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Abstract

Mainstreaming Pricing Alternatives in the NEPA Project

Development Process

Patrick DeCorla-Souza AICP and Fred Skaer

Federal Highway Administration

This paper discusses how pricing can be incorporated into alternatives being considered during

the NEPA process for major highway improvements in metropolitan areas and how the

transportation performance and other impacts of pricing can be evaluated and compared to more

traditional alternatives The paper demonstrates using case study that relatively simple

analytical procedures may be used to estimate the impacts of pricing alternatives and generate

information for use by local decision-makers The case study also demonstrates that pricing

alternatives can accomplish the purpose and need of major highway project in way that

effectively competes with conventional alternatives that exclude pricing while generating net

revenue surpluses to make finding of transportation improvements financially feasible
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Mainstreaming Pricing Alternatives in the NEPA Project

Development Process

Patrick DeCorla-Souza AICP and Fred Skaer

Federal Highway Administration

1.0 INTRODUCTION

Transportation agencies will need to fundamentally rethink the kinds of solutions that make

sense in highly congested metropolitan areas Three forces will cause change in conventional

thinking First precipitous increase in congestion levels will accompany travel growth

Second public resistance to traditional major highway projects will continue due to their

community and environmental impacts And third many States face funding shortfalls Pricing

solutions although currently novel to members of the public and their elected and appointed

governmental officials will gain in acceptance as their real world performance becomes more

widely understood However evaluation tools in current use in transportation decision-making

processes are not well suited for evaluating pricing alternatives against more traditional highway
construction alternatives This paper introduces emerging evaluation tools that can address

pricing and demonstrates how they might be applied to major transportation improvement

being evaluated as part of the National Environmental Policy Act NEPA process

The paper also discusses how pricing concepts can be incorporated into alternatives being

considered during the NEPA process for major highway improvements in metropolitan areas

and how the transportation performance and other impacts of pricing can be evaluated and

compared to more traditional alternatives

As used in this paper the term pricing includes group of measures that all involve collecting

variable toll for highway use with the primary intent of managing travel demand so as to

reduce or eliminate congestion on the priced roadway facility corridor or network Specific

examples and defmitions are presented later in the paper

2.0 THE NEPA PROCESS

2.1 Using the NEPA Process to Agree on Transportation Solution

The NEPA process fl is the forum for evaluating and deciding upon the key features of

transportation improvements for which Federal funding or other Federal approvals are required

Successful completion of the NEPA process is in effect an agreement between the U.S

Department of Transportation USDOT and the project sponsor that the approved project is

eligible for Federal funding It is the culmination of decision-making process that often

involves number of Federal State and local governmental decision-makers working together

to specify in considerable detail what the improvement will include

For major transportation improvements that have high likelihood of having significant

environmental impacts USDOT is obligated by law to prepare an environmental impact
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statement EIS The process of preparing an EIS is highly regulated and is influenced by
hundreds of judicial decisions interpreting the governing laws and regulations Non-regulatory

guidance provides useful but not fully comprehensive roadmap for how to prepare an EIS
Considerable thought goes into how each EIS will address the fundamentals of transportation

decision-making using systematic interdisciplinary approach Each EIS requires customized

approach that is appropriate to the specifics of the situation

The EIS process starts with one or more problems to be solved The problem is framed as the

purpose and need for the action Any given ELS may endeavor to address number of

transportation problems For example it may attempt to address current safety problems current

congestion and delays anticipated congestion and delays inefficient travel patterns due to gaps

in the transportation system etc However in major metropolitan areas most major

transportation improvements frame the purpose and need around attempting to achieve some

desired level of personal mobility

The purpose and need is finalized during preparation of the EIS but in metropolitan areas the

initial work is done as part
of the Comprehensive Coordinated and Continuing 3C

transportation planning process As result the process of arriving at appropriate

transportation solutions must consider the role of the 3C planning process in framing the problem
to be solved Often this involves looking at alternative ways of addressing broad policy goals

and leads to more specific purpose and need statements for specific projects The importance of

the 3C planning process in framing the problem is critical to the eventual solution

Environmental advocacy groups often complain that an overly narrow framing of the problem

inevitably leads to implementation of traditional highway construction solutions Transportation

agencies often complain that too broad framing of the problem leads to such complex

problem that the process of deciding on an appropriate solution involves an unreasonably

extensive evaluation of alternatives

Some purpose and need statements include specific quantitative performance levels that must be

attained in order for project to be considered successful Others use more qualitative

approach relying more on description of the outcome that is sought by the agency that is

advancing project

No matter how planners arrive at purpose and need statement the legal standard is that

USDOT evaluate all reasonable alternatives in its ELS An alternative is considered

reasonable if it meets the essential elements of the purpose and need statement and is practical

or feasible from the technical and economic standpoint and based on common sense To satisfy

the requirement for evaluation of all reasonable alternatives USDOT must ensure that its EIS

process evaluates the full range of alternatives and provides logical rationale for winnowing

down the selection to single selected alternative Pricing strategies may appropriately be

included among the alternatives to be evaluated either by themselves as add-ons to the base case

No Build alternative or in combination with alternatives involving roadway capacity

enhancement During the process the most promising short list of alternatives is evaluated in

comparable detail in the draft EIS The fmal EIS focuses on considering public and agency input

to arrive at and present single preferred alternative The EIS process is concluded with
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Record of Decision This fmalizes the selection process by presenting the essential elements of

the selected alternative

Not all actions are advanced with an EIS If USDOT is unclear whether an EIS is needed it can

first prepare an environmental assessment EA to assist in making that determination The lpgal

requirements for an EA generally correspond to those for an ELS but are not as rigorous If

USDOT determines after appropriate public comment and interagency coordination that the

action will have no significant impact then it concludes the NEPA process by presenting the

selected alternative in Finding of No Significant Impact FONSI

2.2 The Scoping Process

Whether the NEPA process is done with an EIS or an EA the process begins with an attempt to

determine what issues and topics to address and at what level of detail This process is called

scoping or early coordination Ideally the scoping process will carefully review previous and

ongoing work that has bearing on the particular action at hand This would include review of

the 3C transportation planning process mentioned above and other comprehensive or single

topic plans e.g plans for transportation land use air quality or water quality Scoping should

also look at transportation and related projects that could affect the decision for the action under

study in the NEPA process The goal of scoping is to nail down the scope of the analysis and

coordination tobe undertaken during the NEPA process This includes developing or refining

the purpose and need for the action identifying the range of alternatives to be evaluated

developing set of criteria for evaluating alternatives determining which potential

environmental consequences require the most study identifying appropriate public involvement

and interagency coordination opportunities and deciding on analytical methodologies to be used

in the course of the NEPA process

The scoping process engages members of the public and representatives from other agencies and

govenunents in addressing the items mentioned above It is therefore an excellent opportunity to

make suggestions that reflect on the viability of pricing alternatives in the NEPA process For

example one might suggest that the purpose and need be framed as reducing traveler delay and

variability in travel time rather than as building additional highway capacity Such suggestion

would be strengthened by offers of specific evaluation criteria and performance measures to

substitute for or supplement traditional measures such as volume/capacity ratios In addition

one could specifically suggest that certain types of alternatives including pricing be studied in

the NEPA process either by themselves as add-ons to the No Build base case or in

combination with roadway capacity enhancement In cases where funding for capacity

expansion alternatives is uncertain pricing alternatives could be considered for study as interim

solutions Finally one could suggest specific methodologies to use in evaluating such

alternatives

2.3 Evaluating Pricing Alternatives in the NEPA Process

As mentioned earlier the term pricing includes group of measures that all involve collecting

variable toll for highway use with the primary intent of managing travel demand so as to

reduce or eliminate congestion on the priced roadway facility corridor or network Other than
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conventional toll road alternatives pricing has usually not been included among alternatives

identified during the scoping process Pricing measures to manage peak demand such as time-

of-day tolls or high occupancy toll HOT facilities have not generally emerged from the

scoping process primarily because they were considered untested or politically unacceptable

Yet there are examples of projects such as the SR 91 expansion in Orange County CA where

pricing has been shown to be publicly acceptable while enhancing mobility reducing

environmental impacts and generating new revenues to pay for highway construction or to

provide for alternatives to solo-driving

Given the growing number of real world experiences in evaluating and implementing pricing

concepts it appears that the time is ripe to give more serious consideration to pricing alternatives

during the NEPA process Under FHWAs Value Pricing Pilot Program several feasibility

studies have been funded to assess the role pricing can play in highway expansion projects

Among the pricing studies completed or underway are

US Route 101 corridor study Mann and Sonoma Counties CA
1-25/US 36 Value Express Lane feasibility study Denver CO

Feasibility study for extension of 1-15 FasTrak Express Lanes San Diego CA

Pre-implementation study for expansion of 1-10 Katy Freeway with managed lanes

Houston TX

Feasibility study for expansion of C-470 with HOT Lanes Denver CO

Feasibility study for HOT lanes in the median of US Route Santa Cruz County CA
Feasibility study for expansion of US 217 Portland OR

Feasibility study for HOT lanes on 1-40 Raleigh/Piedmont region NC

Feasibility study for HOT lanes on 1-30 in Dallas TX

While many of the above studies have been undertaken as separate studies with results feeding

into the NEPA process three studies 1-15 Express Lanes US Route and US 217 are being

conducted as part of or in close coordination with the NEPA process

The real world success of value pricing suggests that there is need to mainstream such studies

into the NEPA process However problems exist such as

lack of understanding of the range of pricing possibilities both among professional

planners and engineers as well as stakeholders and the general public

Concerns of politicians about the prospects for public acceptance and

lack of awareness of analytic and evaluation tools available to assist planners in

developing information on the impacts of pricing alternatives to help in decision-making

The remaining sections of this paper attempt to provide guidance on how these issues can be

addressed We discuss

FHWA support of transportation agency efforts to achieve broader public

understanding of pricing possibilities

How barriers to public acceptance can be overcome

FHWA efforts to support transportation professionals in analysis and evaluation of

pricing alternatives
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3.0 EXPANDING THE UNDERSTANDING OF PRICING POSSIBILITIES

FHWA has developed an mformation kit available for downloading at www.valuepricing.org

to assist in increasing professional and public understanding of pricing concepts The kit

addresses four main types of pricing alternatives involving road user charges

Variable Tolls on Toll Roads

HOT Lanes i.e High Occupancy Toll lanes

FAIR Lanes i.e Fast and Intertwined Regular lanes

Variable Tolls on Existing Free Roads

The rest of this section of the paper provides summary of each strategy It should be noted that

under current federal law pricing strategies applied to existing free Interstate facilities must
obtain federal approval through FHWAs Value Pricing Pilot Program prior to implementation

Pricing strategies on free non-Interstate facilities may obtain federal approval under Section 129

of Title 23 of the U_s Code

3.1 Variable Tolls on Toll Roads

variable toll refers to the fluctuation of toll rate Typically the toll is higher during peak
travel hours and lower during off-peak or shoulder hours i.e the times right before and after

peak hours The toll may also vary by day of the week and by vehicle type The fluctuation in

toll generally follows predetermined schedule The primary intent is to encourage shifts in

travel away from the peak periods It may also encourage travelers to shift to another mode of

transportation or to change routes With fewer people traveling during congested periods the

remaining peak period travelers will have decreased delays Advances in technology such as

electronic toll collection make the adoption of variable tolling easier to implement and allow

traffic to flow even more freely Vehicles are equipped with transponders and transponders are

read by overhead antennas Ultimately shifts in traffic will result in less need for roadway
expansion on toll facilities By reducing peak period travel demand through changes in travel

behavior introduction of variable pricing on toll roads can reduce the need for new highway

capacity

3.2 HOT Lanes

HOT is the acronym for High Occupancy/Toll On HOT lanes low occupancy vehicles are

charged toll while High-Occupancy Vehicles IIOVs are allowed to use the lanes free or at

discounted toll rate Tolls vary by time-of-day and are collected at highway speeds using

electronic toll collection technology There are no toll booths Tolls may be set dynamically
i.e they may be increased or decreased every few minutes to ensure that the lanes are filly

utilized Motorists are informed of the current toll rates through variable message signs placed in

advance of the entrances to the HOT lanes HOT lanes can be introduced either by converting

existing HOV lanes or by adding new lanes They have been implemented in California and
Texas By maximizing the use of spare capacity on existing HOV lanes HOT lanes can reduce

congestion on general purpose lanes and reduce the need for new highway capacity for
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unrestricted use Variable tolls on new lanes ensure that new lanes will not get congested and
that spare capacity remaining after limited use by HOVs will be fully utilized

3.3 FAIR Lanes

The new value pricing concept called FAIR Fast and Intertwined Regular lanes was developed

by FHWA to overcome equity concerns that sometimes surround efforts to implement variable

tolls on previously untolled highway capacity FAIR lanes involve separating congested

freeway lanes into two sections Fast lanes and Regular lanes The separation may be done with

methods as simple as using plastic pylons and lane striping The Fast lanes would be

electronically tolled with tolls set dynamically i.e in real time to ensure that traffic moves at

the maximum allowable free-flow speed Users of the Regular lanes would still face congested

conditions but would be eligible to receive credits iftheir vehicles had electronic toll tags For

example if the current toll on the Fast lanes were $4.00 vehicles on the Regular lanes could get

credit amounting to $1.00 i.e 25 percent of the current toll The credits would be form of

compensation for giving up the right to use the lanes that had been converted to Fast lanes

Accumulated credits could be used as toll payments on days when traveler chooses to use the

Fast lanes or as payments for transit or paratransit services which would be subsidized using

toll revenue from the Fast lanes

FAIR lanes could increase vehicle throughput by as much as 50% on Fast lanes The higher

throughput occurs because freeway vehicle throughput under free flow conditions is

significantly higher than when it is congested FAIR lanes could Inc rease person
throughput even more with the provision of high quality transit and paratransit services

This in turn could lead to more efficient use of existing highway lanes and thereby reduce

the need for new highway capacity

3.4 Variable Tolls on Existing Free Roads

By introducing tolls on existing toll-free facilities such that tolls are higher when traffic demand
is higher traffic can be reduced and much or all of the congestion eliminated With such pricing
of existing free roads commuters would shift to other modes routes or destinations or may
choose to travel before or after the peak times when tolls are higher Present traffic volumes in

metropolitan areas are so excessive that even small reduction in traffic can eliminate much of

the time lost because of congestion And the revenue from tolls can be used to help pay for

improvements to transportation -- both highway and transit Improvements in transit service will

increase coimnuter choice and encourage even more commuters to abandon their cars leading to

even greater traffic reduction cleaner air and safer and quieter streets This in turn could lead to

more efficient use of existing highway lanes and thereby reduce the need for new highway

capacity

3.5 Lessons Learned from Implemented Projects

The SR 91 Express Lanes in Orange County CA opened in December 1995 as four-lane toll

facility in the median of 10-mile section of one of the most heavily congested highways in the

United States The toll lanes are separated from the general purpose lanes by painted buffer and
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plastic pylons There are eight general purpose lanes four in each direction As of November

2001 tolLs on the Express Lanes varied between $1 and $3.60 in the westbound direction and $1

and $4.75 in the eastbound direction with the tolls changing by time of day to reflect the level of

congestion delay avoided in the adjacent free lanes and to maintain free-flow traffic conditions

on the toll lanes Traffic volumes for discrete time intervals during the day are monitored on

regular basis on the Express Lanes When volumes approach levels at which free flow of traffic

might be at risk new toll schedule is developed and published To discourage additional

traffic tolls are raised for those time periods when volumes are close to the maximum volumes

that can support free flow All vehicles must have an electronic transponder to travel on the

Express Lanes Vehicles with three or more occupants pay reduced toll These vehicles go

through special toll collection lane for HOVs so that they can be identified as vehicles eligibld

for the discount

During heavy congestion periods 40 percent of total vehicular traffic is carried on the

express lanes even though they comprise only one-third of the capacity because

throughput is higher under free flow conditions Due to higher HOV use on the lanes

the percentage of person travel on the lanes is even higher

In addition to SR 91 other pilot pricing projects have been implemented and are addressing

many community concerns Revenues from pricing have been used to provide the traveling

public with additional travel choices and to increase their mobility Lane pricing has provided

premium service for those willing to pay for it and has provided for congestion-free movement

of transit vehicles Pricing has promoted more efficient use of highway capacity and delayed

the need for new capacity thereby saving tax dollars Pricing has decreased time wasted waiting

in congestion and the uncertainty of delay times By reducing congestion and increasing vehicle

occupancy and transit use pricing has also reduced air pollution and fuel consumption Projects

implemented through FHWAs Value Pricing Pilot Program see www.valuepricing.org for more

information have taught important lessons

Pricing can work it can reduce congestion and change travel behavior and provide

additional travel choices

Pricing can provide much needed revenues for expansion of transportation services

Pricing can be politically and publicly acceptable Surveys of motorists on SR 91 have

repeatedly shown high level of support from all income groups recently completed

public opinion survey in San Diego found that both users and non-users of the

dynamically priced 1-15 HOT lanes strongly support the use of pricing Support is high

across all income groups with the lowest income group expressing stronger support than

the highest income group 80%vs 70% While this appears to be counterintuitive it

may be explained by the fact that lower income motorists are more likely to have jobs

which require them to be punctual at work or they have child care arrangements which

require them to be punctual in picking up their children from day care at the end of the

day This possibly explains their strong support for an option which allows them to

bypass congestion on those days when they absolutely need it in order to be punctual and

avoid severe consequences
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Implemented pricing projects have demonstrated that pricing makes sense in conjunction with

added highway capacity especially on freeways It also makes sense where existing HOV lanes

are either underutilized or ovei-utilized and where existing toll facilities are congested The

technology is not yet ready for general pricing of non-freeway type facilities although advances

have been made in using Global Positioning System UPS technology for pricing of trucks on

all types of road facilities in European countries In the U.S one study suggests that use of

GPS technology for pricing passenger cars may be as much as 20 years away due to the need to

have the required technology incorporated into all vehicles at the time of manufacture

4.0 OVERCOMINGBARRIERS TO PUBLIC ACCEPTANCE

Conventional wisdom suggests that it is extremely difficult for the public to accept value pricing

alternatives These public concerns are discussed below along with ways they have been

addressed in existing or proposed value pricing projects

4.1 Concerns About Paying New or Higher Tolls

Unless they get something in return few members of the public are willing to pay higher tolls on

existing toll facilities or new tolls on roads they currently use for free For example some

freight transportation companies have expressed concerns with increased costs associated with

pricing Value pricing projects have overcome these concerns in two ways

On toll facilities rather than raising tolls during peak periods discounts have been

offered during off-peak periods to vehicles using transponders However this could

result in loss of revenue In one case in order to avoid loss of revenue the flat cash

toll rate charged during all time periods has been raised above that charged to vehicles

with transponders in the peak periods This has also provided an incentive for motorists

to obtain electonic transponders saving labor costs for toll collection staff and reducing

toll agency operation costs

On free facilities general purpose free lanes have remained free with new tolls being

charged only on new lanes or on previously restricted lanes so that motorists always

have choice to travel free of charge Trucking companies indicate that they like having

the option to pay premium price to bypass congestion as long as free but congested

option is also available to them

4.2 Concerns About Double Taxation

Tolls are often viewed as just another tax increase which will lead to bigger government

Many believe that pricing involves double taxation once through gas taxes and again through the

imposition of tolls Another major barrier to public acceptance is the suspicion of some that

politicians will divert revenues from any pricing scheme to their pet projects instead of using the

revenues to benefit those who contribute the revenues These concerns have been addressed in

two ways

10

1RB 2003 Annual Meeting CD-ROM Paper revised from original submittaL



Clear commitments have been made that toll revenue will be used strictly to support

transportation services or facilities in the corridor where the revenues are collected

Some states have instituted rebates on state fuel taxes paid on tolled facilities With

transponder technology it is possible to do this without excessive adninistrative costs by

providing mileage-based credits on the monthly bills that motorists receive

4.3 Concerns About Equity

Some perceive tolls as being regressive since they can have disproportional impact on low
income groups taking larger share of their incomes Pricing can be perceived as favoring high

income travelers offering them higher level of mobility than those less wealthy can afford

These concerns can be addressed in one of three ways

The revenue generated by the pricing project can be used to mitigate the perceived

inequity by financing transportation improvements such as new or improved transit

services that benefit lower income travelers However the use of pricing revenue to

support transit services presents number of institutional challenges that have not been

fully overcome Support for use of toll revenue for transit is strong in some metropolitan

areas such as New York where even the local automobile club supports the use of toll

revenue for transit based on the understanding that more people riding in transit vehicles

results in less congestion for motorists However this type of strong support may not

prevail in other metropolitan areas

Toll revenues may be used to provide life line toll credits to low income travelers

With lane pricing all travelers in the regular lanes may be provided with small credits

which can be accumulated and used to pay for transit fares or highway tolls as in the

FAIR lanes concept Drivers from low income households could be provided with

credits at higher rate than that provided for middle and upper income households

4.4 Concerns About Traffic Diversion

Possible diversion of traffic from tolled freeways to free surface streets is concern for those

who live in neighborhoods through which traffic is diverted Traffic diversions to secondary

roads caused by imposing pricing can have their own impacts on communities and safety that

must be evaluated However if value pricing is used to pay for new highway capacity which

might otherwise be delayed or not built diversion of traffic from tolled freeways to free surface

streets will be less of an issue This is because when freeway capacity is expanded traffic could

actually be diverted away from surface streets to the expanded freeway due to faster travel

conditions When value pricing is introduced without capacity expansion as in the case of HOV
lanes converted to HOT lanes or FAIR lanes on existing right-of-way diversions will actually

occur from secondary roads to the freeway because of the additional throughput of vehicles

made possible and the resulting reduction in congestion on general purpose lanes Of course
nowhere in the U.S is there any consideration being given to forms of pricing which involve

pricing all lanes on existing freeways while secondary roads in the corridor remain free Such

11
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strategy
would result in negative impacts on secondary facilities That is one reason why such

strategies are not under serious consideration in the U.S

4.5 Concerns About Privacy

Some members of the public are concerned about their privacy since they would be required to

use electronic vehicle transponders allowing Big Brother to know where and when they travel

This issue has not been big concern in the Northeast where over 10 million motorists

voluntarily use E-ZPass transponders However if privacy is concern those concerned about

having their privacy compromised can be satisfied if the toll collection system allows use of

anonymous smart cards with stored value such as those in use in Japan However such systems

are more expensive than the transponder systems currently used for toll collection in the U.S

Toll booths another way to maintain anonymity are not amenable to variable tolls an essential

feature of value pricing to manage demand

4.6 Credibility as Congestion Management Toot

Some question the ability of pricing to make dent in the severity of congestion in metropolitan

areas It is ttue that the success of pricing
solutions depends largely on traveler behavior

changes which in turn depend on availability of alternative modes and employer policies

regarding work hours and telecommuting Travel behavior changes are difficult to predict
and

may vary with economic cycles Fortunately evaluation data from several implemented projects

are now available and these data are being used to make credible case for the magnitude of

congestion relief and additional revenues for transportation that can result from pricing

strategies

5.0 ANALYSIS OF PRICING ALTERNATIVES

This section of the paper discusses available tools and provides guidance on how transportation

professionals can perform analysis and evaluation of pricing
alternatives

5.1 Available Analysis Tools

An analyst attempting to generate information on the impacts of pricing alternatives needs tools

to

Forecast travel demand impacts i.e changes in modal shares for commuters peak

period and daily traffic on highway facilities in the travel corridor HOV and toll-paying

vehicle volumes etc

Estimate mobility impacts i.e changes in travel delays vehicle and person throughput

user costs for tolls etc

Estimate environmental impacts including the social costs or benefits of any changes in

vehicular travel

Based on the above information an analyst can generate measures of financial feasibility e.g

excess of costs above revenues and measures of economic efficiency e.g excess of social

benefits over public implementation costs

12
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Through the Travel Model Improvement Program TMIP FHWA has been developing and

disseminating advanced travel demand forecasting techniques to estimate the travel effects of

pricing alternatives Four-step travel demand models are being used in many cases to

estimate traffic impacts of pricing alternatives e.g recent study in Portland OR When
results from four-step models are available FHWAs Surface Transportation Efficiency Analysis

Model a.k.a STEAM may be used to generate estimates of mobility impacts STEAM can

also be used to generate estimates of variety of environmental impacts from vehicle operation

on the highway These estimates are generated at the system level to ensure that only net effects

are reported pricing study in the Twin Cities MN has used STEAM to estimate the mobility

and environmental impacts of alternative strategies fl

However the above procedures tend to be complex and often expensive to implement

Therefore at initial stages in study when it is desirable to evaluate wide range of alternatives

use of these tools may be cumbersome Quick-response sketch planning procedures are

feasible solution for initial evaluation or screening of reasonable alternatives especiaLly in

areas that do not have the resources to implement complicated four-step modeling procedures to

evaluate broad range of pricing strategies early in the study process

FHWA has developed quick-response sketch planning tools which can assist in travel demand

and impact estimation at the screening stage FHWAs IMPACTS model IZ provides for

estimation of impacts for pricing alternatives Other tools developed by FHWA such as its

Sketch Planning Analysis Spreadsheet Model a.k.a SPASM and its Spreadsheet Model for

Induced Travel Estimation ak.a SMiTE 14 may also be modified for use in evaluation of

pricing alternatives FHWAs SMITE model was modified for the case study analysis presented

below The modified model is called SMITE-Managed Lanes SMITE-ML and may be

downloaded with case study project data from www.fhwa.dot.gov/steam go to the Related Links

page

5.2 Case Study Alternatives

The case study presented below demonstrates application of screening analysis techniques using

typical major freeway widening proposal in large metropolitan area detailed description

of the analysis is provided in companion paper Data were obtained from the draft EIS

document The proposed project is 14 miles long The existing freeway facility has lanes and

the alternatives evaluated involved expansion to 10 lanes or 12 lanes The purpose and need

statement identified four main purposes for the project

Improve access to activity centers

Preserve the link in the transportation system which sustains the regional economy

Meet the transportation needs of growing population

Upgrade the regions transportation infrastmcture

Three conventional Build alternatives were evaluated for the EIS In addition No Build

alternative was evaluated in the draft EIS for comparison purposes The conventional

alternatives included
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Alternative Add one concurrent HOV lane in each direction

Alternative Add one FIOV lane in each direction reconfiguring the cross-section in

each direction to two local lanes and three inside Express lanes including the HOV
lane

Alternative Add two barrier-separated HOV lanes in each direction for total of six

lanes in each direction four regular and two HOV

Three pricing alternatives which address the purpose and need statement were developed for the

case study analysis in addition to the above conventional alternatives evaluated in the Draft EIS

These pricing alternatives were variations on the No Build alternative and two of the three Builds

alternatives Note that the pricing
alternatives were not identified in the scoping process for this

EIS and were therefore not evaluated in the EIS The case study is simply intended to illustrate

how pricing alternatives could have been evaluated

In each pricing alternative tolls would be charged only during peak hours 6-10 am and 3-7 pm
on priced express lanes and would vary dynamically to ensure that traffic flows freely at all

times including the peak hour of each peak period This would ensure premium delay-free

service for transit and paratransit riders carpools and toll-paying vehicles It is important to

understand that the primary intent of pricing is not to reduce mobility or freedom of travel but to

increase it by providing funding and uncongested travel conditions for better quality cost-

efficient alternative modes while instituting fmancial incentives to encourage use of these modes

In the alternatives developed pricing revenues would fund high quality alternatives to solo-

driving including demand-responsive paratransit services express bus or Bus Rapid Transit

BRT services and non-motorized options And solo drivers willing to pay would enjoy

higher level of mobility

The physical configurations for each of the three pricing alternatives developed for this case

study are described below

Alternative Divide the existing four-lane cross section in each direction into two

sections of two lanes each one local and the other priced express with free access for

HOV and transit vehicles Provide toll credits to motorists using regular lanes as in the

FAIR lanes concept This is essentially the 8-lane No Build alternative with pricing

add-on

Alternative Add one concurrent lane in each direction Using bamers divide the new

5-lane cross section into two sections two regular lanes and three priced express lanes

with free access on the express lanes for carpool and transit vehicles This is essentially

the 0-lane Alternative with pricing add-on

Alternative Add two barrier-separated priced express lanes in each direction with free

access on the express lanes for carpool and transit vehicles This is essentially the 12-

lane Alternative with pricing add-on
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Note that pricing add-on to the 10-lane Alternative was not evaluated Barrier-separated

priced lanes on 10-lane cross-section are evaluated under Alternative

5.3 Forecasting Travel Demand Impacts of Alternatives

pivot point mode choice model 16 incorporated into SMffE-ML was used to estimate

impacts of the alternatives on peak period mode shares pivoting off of estimated No Build mode

shares in the year 2020 Table presents the results from this analysis for one of three segments

into which the project was divided for analytical purposes The results are for the southern

segment which had mid-range traffic levels For this segment the model estimated

An additional 3400 transit person trips for conventional Alternatives and

An additional 21000 to 24000 transit person trips for pricing Alternatives and

As shown in Table carpool use estimated by the model ranged from an increase of about

14000 person trips for the conventional alternatives to smaller increases of 8000 to 12000

person trips under the pricing alternatives Note that pricing does not generate as much carpool

use as conventional alternatives because some would-be carpool commuters are attracted to

transit due to the superior transit services under pricing alternatives provided with funding from

toll revenues

5.4 Evaluation of Analysis Results

Table presents key evaluation information for the six alternatives for all three freeway

segments combined as estimated by SMITE-ML

Delay Reduced

Table first presents the delay reduction estimates in person hours daily for each of the six

alternatives The pricing alternatives reduce significantly more delay than alternatives with the

same physical configuration but no pricing Table suggests that pricing Alternative which

does itot increase capacity is still able to reduce delay significantly Delay reduced amounts to

more than 75% of the delay reduction with conventional Alternative which does increase

capacity by one lane in each direction Thus if funding is not available in timely fashion for

capacity improvement alternatives this alternative could be very good interim solution

Alternative which involves the same amount of new capacity and the same configuration as

conventional Alternative reduces delay by about 50% more than Alternative Similarly

Alternative which involves the same amount of new capacity and the same configuration as

conventional Alternative reduces delay by almost 50% more than Alternative

Cost per Hour of Delay Reduced

The bottom line of Table also presents
the cost of each alternative per hour of delay reduced

As the table shows the most cost-effective alternative with regard to delay reduction is

Alternative It costs only about $3 per hour of delay reduced On the other hand the
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conventional Alternatives and and pricing Alternative are the least cost-effective They

cost about $9 to 13 per hour of delay reduced

Toll Revenue

Gross annual toll revenue is relatively lower for Alternative primarily because toll rates are

lower since the four regular lanes are less congested and travel time saved by taking the priced

lanes is correspondingly lower Revenues shown in the Table are gross revenues For

Alternative approximately 25% of the revenue will be needed to pay for credits to motorists in

the regular lanes assuming credit payout of 25% of the toll rate

Transit Subsidy

Estimates of new transit trips from the mode choice model see Table were used to calculate

new transit subsidies that would be needed to support service for the new trips and provide

discount fares Additional public subsidies were estimated at 50 cents per passenger mile based

on nationwide subsidies of $23.5 billion supporting 50 billion passenger miles annually

Estimates of new transit trips were used to calculate new transit subsidies that would be needed

to support service for the new trips and provide discount fares Table shows the resulting

transit subsidy estimates Transit use under the pricing alternatives is about two and one-half

times its use under the conventional alternatives This results in need for new public subsidies

for transit which are about eight times the new subsidies needed for the conventional

alternatives

Annualized Public Costs

Table presents estimates of annualized highway fac.ility construction and right-of-way costs

based on estimates from the Study report These are then aggregated with annualized transit

subsidy and pricing infrastructure and operation costs to get total annualized public costs Total

annualized public costs including capital costs for highway facilities is higher for the pricing

Alternatives and relative to the comparable no pricing Alternatives and primarily

because of the larger transit subsidies needed

Net Financial impact

Despite the very conservative assumptions that were used in estimating toll revenue the pricing

alternatives bring in gross toll revenues estimated at about 70-75% of the new public subsidy

needs for transit under Alternatives and and about 25% of that needed for Alternative If

alternative sources can be found for transit tiinding the toll revenue will be available to provide

source of funding to support construction bonds for the highway improvements

Net Benefits

The estimated excess travel delay costs during project construction and external costs from

increases in vehicular travel relative to the No Build alternative were subtracted from estimates
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of user benefits i.e time and fuel savings to get net annual benefits The present value of

benefits over 20-year period was estimated assuming 7% discount rate

Net Present Value

The present value of public costs for 20-year period is then subtracted from the present value of

benefits aggregated over all three segments to get net present value The pricing alternatives all

demonstrate significant positive net present values ranging from $517 million to 1.7 billion

Only one of the three conventional alternatives Alternative has positive net present value

amounting to $138 million However this is much lower than any of the pricing alternatives

6.0 CONCLUSIONS

As pricing becomes increasingly tested and proven in the real world it is moving out ofthe

laboratory and into the field This indicates that the time is ripe for pricing to be more seriously

considered during the NEPA process the forum for
arriving at major transportation decisions

Given the variability of situations across the country the authors offer no specific guidance on

how or when this consideration is most appropriate -- as part of the planning process that lays

the foundation for the NEPA process during NEPA scoping or as part of the detailed

consideration of alternatives under NEPA Nevertheless this paper has introduced
relatively

simple analytical procedures that may be used to estimate the impacts of pricing alternatives and

generate information for use by decision-makers The case study has also demonstrated that

pricing can often effectively compete with conventional alternatives in addressing the purpose

and need of major highway project while generating net revenue surpluses to make

transportation improvements fmancially feasible

Transportation agencies could use techniques such as those discussed in this paper to evaluate

pricing alternatives and provide impact information to decision-makers Transportation agencies

could also undertake concerted effort to educate the public about pricing alternatives and their

advantages and disadvantages during the alternatives development phase of any study for

major highway project in metropolitan area As discussed in this paper FHWA has developed

several tools both for public education as well as for analysis and evaluation These tools will

make it easier for transportation agencies to incorporate pricing alternatives into NEPA studies

for major highway projects in metropolitan areas

Evaluating pricing alternatives in the NEPA process will be an evolving practice for many years

to come Practitioners will need to constantly monitor the work of their peers One resource to

assist in this effort is the FHWA sponsored NEPA community of practice ReNEPA
http//nepa thwa.dot.gov
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TABLE SUMMARY OF IMPACTS OF ALTERNATIVES

Conventional Alternatives Pr1dn Alternatives

Nol No2 No3 No4 NoS No6

Travel Demand on Southern Se2ment

Total daily person trips 445000 445000 445000 445000 445000 445000 445000

Solo driver 178000 160952 160952 160952 142266 144864 149103

Carpool 35600 49238 49238 49238 47383 45849 43345

Transit 8900 12310 12310 12310 32851 31787 30051

Total 222500 222500 222500 222500 222500 222500 222500

Total daily vehicle trips 333689 335570 337453 341123 303954 312830 345622

Portion of daily vehicle trips On Freeway 280299 289488 292094 297620 249723 268079 309107

On Arterials 53390 46081 45359 43503 54231 44751 36515

Estimated Impacts for Entire Corridor

Total travel delay reduced daily person hours 89221 94490 118597 68962 143520 173343

Gross annual revenues from tolls mil.$ $0 $0 $0 $28 $31 $9

Total annualized costs for pricing mil$ $0 $0 $0 $3 $3 $3

Annual transit subsidy increase mil.$ $5 $5 $5 $42 $40 $37

Annualized highway facility cost mu $250 $303 $272 $14 $303 $272

Total annualized public cost mu $255 $308 $277 $59 $346 $312

Present value of benefits Mil.$ $2279 $2420 $3075 $2053 $4184 $5073

Present value of costs mil $2704 $3266 $2937 $477 $3667 $3306

Net present value mu -$425.22 -$845.84 $137.56 $1428 $516.88 $1766.32

Cost per hour of congestion delay

reduced $11 $13 $9 $3 $9 $7
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assmg himself off as the best

friend of the black man since

Abe Lincoln

And now before those

wous have been licked he

Parks without first

building case for doing it

But whether Hahn acted for

reasons of conviction politics or

just felt the need to establish

that he isnt pushover Fm

going to say something in the

mayor8 defense Los Angeles

ought not to be choosing or

holding on to police chief on

the basis of skin color simple as

that

Given the LAPD history of

brutality we can all understand

why the African American

commimity feels sense of

comfort in seeing Willie

Williams or Bernard Parks at

the helm But if we wanted top

cop who best reflected the new
L.A color-wise wouldnt we go
brown

C.nthnied from Bi

sources available including

$140 million in cash reserves and

$12-million line of credit from the

federal government which has

never been tapped

The agency is also set to in

crease tolls again throughout its

system Sunday which could in

crease revenue by about $3.1 mil

lion year
Fares at the main San Joaquin

Hills toil plaza will increase from

$2.50 to $3 for cash-paying drivers

who travel the entire road any time

of day
Those who use FasTrak tran

sponder an electronic billing de
vice will pay maximum of $2.75

25-cent increase during peak

travel times

Kreutzen said the San Joaquin

Hills toll road made scheduled

debt payment of $35.9 million three

weeks ago
The TCA will make all future

bystanders And the crime rate

last checked is not on Parks

side

Theres only one question

that matters as the Police

Commismon figures out whether

to send Parks into early

retirement and this is it

Is he getting the job done

You could argue all day and

night without consensus

because there is no easy answer

Its like trying to figure out if

the school principal is getting

the job done and you cant trust

everything you hear from

teachers or students

Parks is reformer who made
the LAPD honest and

professional in ways it has never

been But morale has sunk

because hes like the

overbearing Dad who inspects

your plate after dinner and

sends you off to your room for

not clearing every pea
We dont have problem

bond payments and the financial

picture looks very strong for the

agency over the next five years he

salt

We are not in panic mode yet
We will be fine at least until 2007

said Orange County Supervisor

Todd Spitzer who sits on the San

Joaquin Hills board of directors

But we had better do reality

check about this toll road in 2003

and beyond to determine what we

are going to put into place to en
sure its solvency

Spitzer said the projected per
formance of the San Joaquin Hills

has been dramatically overstated

since the beginning The elected

officials who sit on the tollway

board already are doing lot of

soul-searching he sairL

Is our duty to the bondholders

or our constituency those who

elected us Spitzer said The
magic answer isnt always going to

be raising tolls

This is not the end Norma

Foster president of the group said

after the coin toss Well battle on

behalf of the people of Los An
geles

Attorneys for the group vowed

to seek an injunction that would
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necessary
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revenue for the San Joaqurn Hills flights and

toil road has been 9% to 10% business na

year several percentage points be- oners or tray

low projections There has been ances

some concern that the growth rate The offic

might not keep pace with the cialized traii

roads debt payments which are tentialy

scheduled to increase over the 30000 feet

years acting app
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Foothill and Eastern tollways as concerned

BBB investment grade economy ha
in tourism
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ficers will

sonalities and the lifestyles of net

work founders Paul and Jan

Crouch

The Crouches drive expensive

ears and own several homes in

cluding Newport Beach estate re
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According to year 2000 tax docu

ments Trinity Christian Center of

Santa Ana which oversees net

work of Thnity Broadcasting or
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zeal Parks has guarded his

empire from the highest turret

sniping at critics and heading off

every attempt to open the

department to outside review by

citizens or profàsionals

Well never know bow deep
and wide the Rampart scandal

ran because Bernard Parks in

the moment that sealed his

entry into the control freak hail

of fame wouldnt let anyone in

to have look

You have to admire the mans

confidence ego or whatever it

was But how effective can he be

with rockbottom morale and

mayor he refuses to work with
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Hahn talked about what tough

decision this was dont know

thinkParksmadeiteasyfor

him
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By HEATHER LOURIE
JOEL ZLOTNIK

andJAMES KELLEHR
The Orange Càunty Register

Wall Street sent warning

Tuesday that the ojerators of

the San Joaquin Hills 73 Toll

Road may have trouble paying

their bills when rating agency

downgraded the roads bonds to

junk status

The announcement comes as

the tollway plans to increase

rates Sunday the third hike in

two years and analysts said

more hikes nay be on the way
We think theyll have to keep

raising rates over time said

Cherian George senior direc

tor of public finance at Fitch

Ratings in New York They
may have to do more of it

He said the downgrade was

based on lower-than-expected

revenue growth

Revenue from the 73 Toll

Road was at 77 percent of pro
jections for all of 2001 with

monthly low of 72 percent in

December
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Toll-road bonds are junk
Debt rating agency reacts to flagging

revenue on the San Joaquin Hills tollway

There may not be scenario

where you can generate enough

revenue where you can pay
those bonds said County Su
pervisor Todd Spitzer

toll-road board member Thats
the message Fitch is sending

Were not in panic mode but
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Jonathan Lansnsr Battle lines

forming drivers vs bondholders

killed in 63-car pileup in dense fog near Fresno
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Ceadaued frees Dl

creased risk and serious financial

problems forth toll road

The elower.than.expected traffic

growth on the toll road had already

prompted two of three Wall Street

rating agencies to downgrade more

than Sib In corridor bonds to

the lowest Investment grade Last

week Fitch XBCA went step fur

ther and kicked It rating down to

speculative grade or so-called junk

bond status

The San Joaquin Hills toilvay

which runs from Newport Beach to

north of San Juan Capistrano Is

part of 51-mile network of toll

roads built and operated by the

Transportation Corridor Agencies

Each of the networks two corn

dora-the San Joaquin and the

Focthill-Ealernbae Its own

board of directors and financial ob

The San Joaquin Hills toliway

has long been the problem chIld of

the feinily Transportation analysts

blame Its low rideruhip on factors

that have hampered similar toll-

road projects across the country

lower-than-expected population

growth recessions and competing

public highways

The San Diego Freeway and

Interstate they lay remain vi

able options for drvers who might

not want to spend as much as $3 to

shave 10 to 15 minutes from

Vesk-hour trip

Both freewayL which run

through central Orange County

have been steadily Unproved over

the years Including elimination of

the notorious congestion at the El

Toro The dreaded Interchange

linking the two freewayÆ has been

completely rebuilt and widened

Two Recessions Take Toll

on San Joaquin Corridor

From an economic standpoint

the San Joaquin Hills toll road has

been battered by two recessions

since It opened slowing growth in

Orange Coemty md particularly in

the areS served by the toliway

In 1997 report traffic consult

ants Wilbur Smith Associates con

cluded that traffic growth wa hurt

by significant economic down-

turn In Orange County and the rest

of Southern California during the

early to mld-1990s

Researchers said the recession

delayed increaaes In employment

in Orange County for at least six

years
and somewhat longer along

the San Joaquln.hllls corridor

By the time the toll road opened

the Smith report stated employ

ment levels In the project area

were still lower than they had been

in 1990 and about 21% less than

had been forecast for 1997

The and 405 are very viable

alt.fnatives and the growth In

housing and commercial develop

ment has not occurred as rapidly

thought said Kia Mortasavi man

ager of planning for the Orange

County Transportation Authority

Peter Fielding professor at UC

Irvines Institute of Transportation

Studies predicted In the mid-1990

that the San Joaquin Ellis would

encounter financial difficulties be
cause of lack of motorists for

such large highway He said

smaller four-lane road would have

accommodated growth for many

years
as long as tolls were raised

and lowered based on demand

This advice was rejected

Fielding said

Whether the San Joaqwn Hills

will default on its bond Is unclear

But If It doe It will not be the only

tollway in the nation to have suf

fered severe financial setbacks

The Chicago Skyway defaulted

on Its bonds for about 10 years be

fore it finally recovered In the

msd-1980s During that time the

tollway stopped paying Interest to

bondholder. The Cbuapeake Bay

Tunnel went into default as well in

the late lflOs

Today the Garcon Point Bridge

east of Pensacola Fla Is on the

brink of default on Its bonds The

$100-million project
includes

314-mile long bridge and more than

seven miles of tonnecting roads

Peter Samuel editor of Toll

Roads Newsletter haad In Mary

land said some of these operations

recovered and resumed paying In

terest to bondholders

Many of these macis depended

on development for their success

Samuel said But the expected de

velopment often takes lot longer

than the booster say ltwth

Forecasts by Wilbur Smith As

sociates had originally
celled for

94500 riders day on the San Joa

qum Hills toll road durfr first

year of operations But by spring

six months after its grand opening

the tollway was averaging only

48250

Tollways FellShort of

Projections From Start

Toil officials predicted the short

fall would not hurt the corridors

ability to meat
expenses

and pay

the interest on Its bonds They also

predicted the gap would disappear

within year

It didnt

Prom July 1998 to June 1999

projections called for the road to

earn almost $51 million In toll rev

enue from 28.5 million riders But it

actually collected $42.6 million

from 24.8 million transactions

The latest available figures indi

Cate that the gap is widening For

the first six months of fiscal year

2001-02 projected revenue was

about $37 million from 18.5 million

rider The actual revenue was $28

rnlliion from 13.2 million ndero

Ii trends continue the to

enue for the current tlsca

might be about $56 millior

26.5 million motorists The

tions call for almost $73 roil

revenue from million drivi

The question facIng corn

fidala Ia whether revenue ca

pace with the roads dab

merits which increase ever

for the life of the bonds Tb

service Is scheduled to
go

$46.7 million In January

$186 million in 2034

Kreutzen said he
is cot

that the San Joaquin Hil

meet Its financial obligstlor

2007 There is cash rest

$140 million and $12-milli

eral line of credit which ex

five years The toll agency

been cutting its sdnunir

costs to save money

To help pay the debt serv

corridor agency already has

$36-million infusion of cast

the settlements of lawsuits

to the Orange County bsnkr

Today transportatIon

are considering ways
to re

the toflway including me

the two boards that govern

Joaquin Hills the Foothill

Eastern turnpikes

They say they hope to

proposals to the corridors

ship this year

Bond rating reports shc

the transportation authority

sidenng refinancing the

mg bonds of all three toil

Revenue would be combi

cover the annual debt aer

the unified system

My goal is to do solo

term fix Kieutzen said

The Foothill and the

tollways are the healthiest

three highways with riders

fling ahead of projections

8% Bond rating agencli

evaluate the agencies del

described the economic out

the two turnpikes as stable

TOLL Roads FutureinDoubt

rONKEI.5554.ssAng

The San Joaquin toll road which goes from Newport Beach to

of San Juan Capistrano handles about 72000 drivers pe

100
years ago
open heart

surgery didnt

exist

Today
10000 procedures later

we dont miss beat
In 1902 group of people with visionary spirit opened Western

Medical Center-Santa .ja Orange Countys tlrst hospital Later

we performed another advance our first op.n heart surgery

Today we continue to expand our cardiac waicee to provide

some of the latest in advanced diagnostics and surgery

Western Medical Center

Santa Ana
Tenet HeolthSyatern

Celebrating 100 years of caring
Western M.dci Center-Santa Ma 1001 North Ilieth Avenue Sante MU CA 9270
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Troubled Tollway to

Get Financial Review

By DM WEIIC.EL now
The measure

grants board

members the power to create
Operators of th San Joaquin hiring committee and seek pro-

Hill toll road
Thursday agreed to posals from national

trsneporta
hire an Independent consultant to tion consujtajmte with experience
study the highway economic In toll road financing The con-
problems and determine how to tract amount Is not to exceed
keep the coastal

Orange County $50000 and whoever is hired wjfl
turnpike solvent

answer to the board of directors
tollways board of directors LiodhoIm Laguna Niguel

unanimously approved propo.aJ cowmcllwoma called for an Indeby cbalrwo Linda IAndholm pendant analysis after FIICh lB
to hire an outside firm to

complete CAa Wall Street ratings agency
financial analysi of the 15-mile

downgraded to junk status about
highway that runs from Newport $1 billion of the $1.8 billion InBeach to San Juan Capistrano bonds sold to finance the San Joa

would like second set of gum Hills
tollway

eyes for our board L4ndjioim Board members also are con-
said We need to take some poet- cerned about chronic failure of
tive

steps to improve the eco- the highway to meet revenue and

San Joaquln Hills Tranapo.tvon Coerdor Agency board member Bert Heck lIstens to the dISCUSSIOn
nonilc future for Highway 73 The traffic projections since it opened

The board unanimously approved hiring financial Consultant in contract not
exceeding $50000 financial news is not good right in 1996 Tollway figurea show the
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gap between projected and actual

performance Ia widening

Though they acknowledged
that the roids financial problems

are aenous board members said

the situation is not criticil They
noted that traffic continues to

grow on the toliway and the corn
dor agency has the resources to

cover Its intereat payments until

2007

This should not be construed
to mean theres crisis sold

board member William Cray-

craft who Is the mayor of Mission

Viejo applaud and
support the

review Maybe It should have
been done sooner

Toll road officials said the turn

pike has $140 million In cash re
serves the ability to raise tolls

and $12-million federal line of

credit that has not been tapped

They noted that two other Wall

Street
ratings agencies have not

lowered their assessments of the

tollways bonds to lUXin status

central
Poland cityof Lodz which

before World
11 was the home of the

countf5second.larg Jewish
COmmUnityMoetowj

treated fellow
Jews whowere forced zOto the Lode ghettoHe also played an active role inthe Re4staj

movement Aitethe ghettc was elinunted he wassent to Au.cjt
Mostow
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and author after

the war legained nter0
attentjo0 for

Writing end
narrating 1969 docu
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called POtoator The Pho
tographez

The film was baseri 00400 colorslides
taken by Walt Genewwhwho w5 the

Austrian chief accotent of the Lode
ghetto for theNagls The

pictures were dia
Covered In 1987
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Transit Frustrated by low ridership and revenue
San Joaquin Hills board votes to hire consultant
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Py JOEL ZLOTNIX
and HEATHER LOURIE

The Orange County Register

The
financially belea

guered San
Joaquin Hills 73

Toll Road would be bailed out
by its richer eastern sister un
der

proposal approved
Thursday

The board that runs the 73
voted

unanimously to seek

merger with the
Foothilj/

Eastern 241/261/133 Toll
Road after

receiving finan
cial analysis that said the 73
would otherwise default on

its bond repayment in 2012
This option is

lifejacket
that if we dont take well
drown said board member
Will lain Ossenmacher Dana
Point councilman

The 73 which runs from
San Juan Capistrano to New
port Beach has failed to meet
traffic projections Since it

opened in 1996 The 241 from
Ranco Santa Margarita to

Anaheim Hills has exceeded
project ions The merger
would shift $14 million

year
from the 241 to the 73

FoothjJJ/Fstern customer

Drew Kovacs 48 of Hunting
ton Beach said the merger is

the Wrong way to solve prob
lems on the 73

Why should
salvage

something on the other side
of town for poor management he asked The 241
people shouldnt be

bailing
out the 73

But members of the 241
board

say the 73s default
would hurt the agencys cred
it as it seeks to borrow money
for 6-mile extension of the
Foothill 241 Toll Road to
San Clemente In February
the 73s bonds were down
graded to junk status by
Wall Street

rating agency
The

separate 241 board is
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73 toll board pursues bailout
Transportg Merger with successfnJ
241 would shift $14 million year to 73

___________
Seeking merger

The governing board of the San Joauin
fulls 73 Toll Road on Thursday voted to
seek merger with the more successful

Foothill/Eastern Toll Road

ootJuJfl/Eist.m 241/261/133 Toll Road

scheduled to consider the

Consolidation
proposal June

13 Board members said they
need to look at the details but
are open to the idea to protect
the

integrity of the whole
toll-road system

______ 1ui3\We have the responsjbjlit
to do whats best for all or

ORANGEOrange County and not just

COtJNTYone board or another said

Scott Diehi chairman of the
241 board and San Clemente

5ore cor Atec.eCouncilman

The Register

Strictet

sewer
rules up
for vote

Envfronm.nt



Local Friday April 26 2002 FROM PAGE 1/ORANGE COUNTY The Or

tollways already share same staff

5y JOCI ZLOTNIK
The Orange County Register

The board of the San Joa

quin Hills 73 Toll Road on

Thursday asked for merger
with the Foothill/Eastern

241/2611133 Toll Road
which is more financially sta

ble

Arent the toll roads already

one operation

Although the toliways

share the same staff and

marketing they are legally

separate They were built us

ing separate bonds and the

debt is paid off by customers

and taxpayers paying sep
arately depending on which

road they use or live near

And elected officials from

different areas sit on two

separate boards

What would be the process to

merge them
The consolidation propos

al needs approval of the

RELATED STORY
ON PAGE

Foothill/Eastern board The

board is expected to con
sider the plan at its meeting

June 13 If approved the

process would begin to cre

ate new joint-powers au
thority That authority would

acquire the assets and pay
the debt of the existing agen
cies and refinance the debt

of both roads Before final

sign-off on the merger offi

cials would conduct and con
sider results of $2.5 million

study to predict revenue and

traffic on the two roads

140w wIll the people who sit on

both boards maintain their fidu

ciary responsibility to each in

evaluating this deal

Four officials sit on both

toll-road boards Supervisor

Todd Spitzer Supervisor

Tom Wilson Irvine Council

woman Beth Krom and San

Juan Capistrano Councilman

David Swerdlin Wilson and

Swerdlin were absent from

Thursdays meeting

Krom said that she has

constituents who use both

roads and that she looks at

the issue from their perspec
tives She said serving on

both boards gives her the

chance to view the toll roads

as one system

Its not such schizo

phrenic position she said

Wilson said board mem
bers could vote in favor of

the merger for the 73 and be

opposed to it from the 241s

perspective

We want to do the right

thing for both and have to

look at them individually

Wilson said

Would merger be fair to the

people who paid taxes for the

241 or those who pay tolls on

COUNTY LINE Local

Question Should 241 tollioad

board bail out the 73 toll road

the 241

Officials said the overall

health of Orange Countys
toll-road system needs to be

maintained Commuters

should see no impact on tolls

because of the consolidation

It seems like the best way
to go to keep everything go
ing said 241 board member
Michael Duvall Yorba

Linda councilman just

think right now they need

little bit of helping hand
If the 73 goes into default

analysts said it could threat

en the ability to finance the

proposed southern extension

of the 241

What is the problem on the

73
The 73 has failed to meet

established revenue and traf

fic projections Revenue was

at 77 percent of projections

for all of 2001 Because of

the shortfalls the ongoing

ability to repay bonds used

for the roads construction is

in question According to the

financial analysis if financ

ing isnt restructured the

TCA would default on bond

payments beginning in 2012

Wasnt there another

toil-road Issue this week
Yes but it involved sep

arate agencies The Oran
County Transportation At
thority on Monday agreed to

buy the 91 Express Lanes

from private tollway com
pany for $207.5 million

The express lanes are in

the center of the Rivers ie

91 Freeway in Anaheim

Hills

Contact Zlotnik at 949 492-0484 or

e-mail jzlotnik8ocregister.com

FROM PAGt

whole-heartedly back the

project

What residents fear said

14 Duncan one of the

c.I

big government of intrusive

change of being very cold

and nonsympathetic to all the

citizens

The problem is really one

of comammication And its

tee expand to include three or

four more residents

As far as Im concerned

what we want is to have an in

viting environment in that ar
ea for all izens of Pla

tigatol
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Residents want voice

Mildred

Beach watch
health advisory is issued when bacteria levels exceed state standards

Swimmers and surfers are urged to stay out of the water in the posted areas

The ocean is closed to water-contact activity when sewage is present

list of current bacteria-related ocean health advisories

Sa
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associate superintendent of el- construction Such default

ementazy education at Gen would occur when the TCA can
Grove Unified School District no longer maintain Its promise

The con1rence which con- to bondholder to earn $1.30 lbr
tinues

through Tuesday In- eveydoflrofdebl
chides wOltshops on testing and possible solution TCA offt

standard student discipline dais say Is to flnuaJolnt powers
and presentation about authorftythatwouklbuyandop.
shool safety terrorism and erate the San Joaquin Hills and
snipers the Foothill-Eastern whic has

The group also will unveil higher than expected tramc and
guide for principals to help theq revenue The purchase could be
understand and Implement the financed through $4 billion. In
No Irild Left Behind Act the tax-free bOnds
federal education lav passed in On Thursday the boards Of
2001 and the cornerstone of both tolirosda agreed to forman
President Bushs education ml- Inteilni body to test the waters
tiative for permanent consolidation It

During the convention about Is made up of21 members drawn
150 volunteer pun si Łjpay. from the existing boards that
chologists WI1F be manning oversee the two tollroads
public hotilne to answer ques- The only dissenting vote
tions about education and chll- caine from EEie Norby the
dren brother and chief of staf of liii-

The hotline will begin operat- ervisor Coils Nor-by whoserves
Ing Sunday at 1p.m and can be as his alternate on the Foothill

reachedat800944-lg0lorbye. Eastenboard
mall on the groups Web sfte Norby said an interim merger
www.naesp.org was premature

Barnard said her district like The exploratory panel will

many others has had to curtail hire financial and legal experts
the number of professional con- to edmplete an analysis of the
ferences Its employees attend In -proposed merger It Is also re
light of the states muttiblifion- sponsible for develqplng finan
dollar fiscal crisis cia plan and drafting the docu

All education groups have meets for bon4 sale

felt dip this year In All non merger business spe
attendance numbers because cifically related to the Foothifi

of budget cuts said association Ea$ern and the San Joaquin
spokeswoman June Million Hills Will continue to be handled
And then of course there Is the by their respective boards
war At its firstmeeting Thursday

The belt tightening at the new panel appointed Super-
schools around the country corn- t7IsOr Tom Wihion as Its chair
blned with anxiety over the war litan
and airline travel have meant Whether the mergerproceeds
about 1000 fewer attendees than depends on the findings of traf
last years convention in San An- æc and revenue study due by
tonlo Million saId July

_____________________ There is concern that deci

_____________________ sions by the Irvine Co to dra

matically scale back resldenti$
How to Reach Us and commercial development in

east Orange County might hurt

Subseription Services thO Foothill-Eastern
800 252-9141 If It does the merger could be
Orange County City Desk In Jeopardy. ft could also dlish
Phone 714966-7715 plans for moving forward with
Fax 714 966-7711 the controvel-sial Foothill South
E-mail

toliway through South County
ocdesk@latjmes.com If the studies show it is not
Mailing Address feasible and it will not pencil out
Los Angeles Times there Will be no sale and the cx-

Orange County Edition
ploratory joint powers authority
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Introduction and Background

Induced travel

Background

Several recent studies have demonstrated an association between increases in

highway capacity and increases in vehicle miles of travel VMT That phenomenon
called induced travel has increasingly been cited as basis for rethinking travel demand

modeling land-use/transportation interactions and the environmental impacts of highway

projects Yet before the policy community can firmly conclude that induced travel is an

important phenomenon one lingering doubt must be addressed Do new highways really

induce additional travel or are the associations between lane miles and VMT driven by

reverse causal link namely that new highways are built in anticipation of expected

increases in travel demand The debate remains contentious in part because the

empirical evidence on induced travel is mostly from aggregate data that are better suited

to establishing correlations than causality As Noland and Lem 2000 note the studies

to date while often supportive of the hypothesis do little to illuminate the behavioral

underpinnings of the phenomenon Determining causality with data that are aggregated

over broad geographic areas such as counties or states is difficult and focusing on

individual projects can help clarify matters In this light we examine three highways in

rapidly growing urban area to pose the following question Do new highways influence

urban development in ways that suggest that they induce new automobile traffic or are

urban growth patterns somewhat impervious to the completion of new highways

Behavioral impacts of new highways

If increases in highway capacity cause increases in VMT the behavioral

underpinnings can be divided into two broad classes First an increase in capacity that

reduces congestion and lowers travel times reduces the full cost of travel This lower

price of travel can induce more travel This is part of the underpinning of Downs 1962
law of peak hour expressway congestion Second increases in highway capacity that

lower travel times can facilitate changes in urban development that are associated with

longer trips and thus more VMT see e.g Noland and Lem 2000 Downs 1996 Hills

1996 The focus of this report is on the second class of behavioral changes of induced

travel caused by increased highway capacity i.e the link between highways and urban

development Specifically this paper is before and after study of the impact on house

prices of the construction of toll roads in Orange County California

Downs 1962 1992 also discusses how increases in highway capacity can induce shifts in travel from

different times of day routes and modes With the exception of changes in mode it is not clear that

changes in trip scheduling or route will increase VMT even if those shifts contribute to increases in peak

period congestion For that reason we follow Noland and Lem 2000 who note that the effect of highway

capacity on inducing new or longer trips should be key focus for research on the link between VMT and

highway capacity



Empirical study using the Orange County Toll Roads

Since 1993 fifty-one new centerline miles of toll road have opened in Orange

County Collectively those roads extend the Countys relatively dense highway network

into the rapidly growing southern part of the County See Figure for depiction of the

highway and toll road network in the County The San Joaquin Hills Eastern and

Foothill corridors California State Routes 73 241 261 and portion of 133 have all been

in Orange Countys Master Plan of Arterial Highways since the 1970s but planning for

the toll roads began in earnest when the Transportation Corridor Agencies TCAs were

created in 1986.2 In 1987 the TCAs determined that state and federal funds would not be

sufficient to finance the roads and state legislation passed in that year allowed the roads

to be built as toll facilities

The TCA toll roads were chosen because they provide rare opportunity to

examine significant expansion of highway capicity in rapidly growing suburban area
and to test using readily available data growth pattern before and after the highways

were built The fact that the TCA highways are toll facilities has some impact on both

induced travel and the link between the roads and urban growth The argument for

induced travel in many ways hinges on the fact that virtually all highway construction in

the United States for the past several decades has been for roads that do not charge tolls

Highway travel is thus unpriced in the sense that drivers do not pay for the additional

congestion that they cause during peak period Induced demand as originally popularized

by Downs 1962 1992 is intimately linked to the theoretical proposition that persons

will increase their driving on free highways in response to increases in capacity that

reduce congestion commonly proposed policy solution to the problem of induced

demand is to charge for highway travel during peak times i.e to impose toll that vary
with congestion levels e.g Vickrey 1963 Small Winston and Evans 1989 While the

TCA toll roads do not vary the toll with either the time of day or congestion levels one

could argue that the existence of even flat toll should attenuate the induced demand

effect which has been documented in studies e.g Hansen and Huang 1997 Noland

1998 of free highway capacity

That argument is well taken and our response is threefold First while the ideal

case study for this research would be highways built in growing suburban areas such

cases are rare and the Orange County case study brings countervailing advantages in data

availability and model calibration The data for much of the empirical work needed for

the Orange County case were readily available Also the population and employment

growth model had been tested on Orange County data such that much work on model

validity had been completed in Orange County Second there are few suburban areas

detailed case study of the toll roads conducted as separate research revealed that few persons in the

County regarded the roads as likely to be built before the creation of the TCAs Boarnet DiMento and

Macey 2002 It is unlikely that land development would have anticipated the roads before the formation

of the TCAs in 1986 and more generally the early 990s when construction began on the toll road

network is the earliest time that development would likely have anticipated the roads For discussion of

the history of the toll roads drawn from archival documents and expert interviews see Boamet DiMento
and Macey 2002



with current highway investment programs that are comparable in size to Orange

Countys

Third recent theoretical research Arnott 1998 suggests that even congestion

tolled highway capacity is likely to influence urban growth patterns although the

influence might not be as strong as if the new capacity were unpriced The implication for

this research is that links between highways and urban growth are likely to persist even if

the capacity is congestion tolled and would likely be even more apparent in the case of

the flat tolls used by the TCAs

In the first part of this report we employ both hedonic regression analysis and

multiple sales techniques to examine how the opening of the toll road network alters

house prices in nearby corridors In the second part we use census tract population and

employment growth model to examine impact of the toll roads on urban development

patterns

Urban economic theory posits that the influence of highway improvements on

urban growth patterns acts through land prices If highways improve accessibility that

accessibility premium will be reflected in higher land prices and ceteris pan bus higher

house prices and higher priced land will be developed more densely As first step in

better understanding the link between highways and urban development we examine

how the construction of the Orange County toll road network altered house prices in

nearby corridors Understanding the link between house prices development patterns

and induced travel requires first understanding those related literatures which we
summarize below



II Literature Review

Induced Travel

Downs 1962 offered one of the earliest theoretical justifications for induced

travel stating the improvements in highway capacity lower the cost of peak hour travel

and thus can create additional peak hour traffic More recent research has focused on the

link between VMT and highway capacity rather than peak hour traffic The empirical

literature especially works that have been influential in policy circles is quite new

Important recent empirical research on induced travel includes the research of Goodwin

1996 Hansen and Huang 1997 and the report of the Special Advisory Commission

on Truck Road Assessment 1994 The SACTRA 1994 report examined traffic growth

in comdors that had increases in capacity and also compared actual and forecast travel

along new and improved corridors Both pieces of evidence led SACTRA 1994 to

conclude that mduced travel is real phenomenon concluding that on average traffic

increased by 77% due to capacity expansion

Hansen and Huang 1997 used panel data for California counties to examine

statistically how VMT is influenced by state highway lane miles controlling for

other factors such as county population and per capita income They concluded

that the elasticity of VMT with respect to lane miles ranged from 0.3 to 0.7 for

counties and 0.5 to 0.9 for metropolitan areas Virtually all elasticity point estimates

were significant at conventional 5% or better levels Nolaud forthcoming found

similar results using the same methodology with data for U.S states and Noland

and Cowart forthcoming also found similar results with data on metropolitan

areas from the mid-Atlantic region of the United States The results have provided

support for the idea that induced travel is an important transportation

phenomenon but the issue of causality remains point of some controversy As

Noland and Lem 2000 note the research to date provides little information on the

underlying behavioral foundations of whether and how increases in highway

capacity cause increases in VMT. To increase our understanding of the behavioral

links between highway construction and induced travel this paper focuses on the

link between highways and urban growth patterns

Highways and Urban Development

The literature on highways and urban development has focused largely on the

question of whether highways contribute to the decentralization of metropolitan areas

The evidence reviewed by Boamet and Haughwout 2000 suggests that transportation

infrastructure is only one of several factors that influence metropolitan decentralization

although there is debate about the relative importance of transportation versus other

factors see e.g the exchange between Cervero and Landis 1995 and Giuliano

1995 The empirical literature initially focused on how highways influence the relative



growth of central cities and suburban rings An often-cited example of this work is the

study by Payne-Maxie 1980 that examined the influence of suburban beitways on the

growth of suburbs and central cities in fifty-four United States metropolitan areas The

authors conclude that beitways have little impact on overall growth of the metropolitan

area and they also conclude that the intra-metropolitan economic and land use effects

that do exist are likely to be transfers from one place to another within the metropolitan

area Payne-Maxie 1980 pp 114-116 Yet the work by Payne-Maxie 1980 and

similararticles on the detenninants of decentralization such as Bradford and Kelejian

1973 Mills and Price 1984 and Palumbo Sacks and Wasylenko 1990 divided

metropolitan areas into two components central cities and the remaining suburban ring

This geographic focus is relatively crude and allows little analysis of finer scale impacts

of highways on metropolitan growth patterns Partly for that reason we use data on

house sales prices that are matched via geographic information system GIS to street

addresses This allows more detailed geographic study of the effect of highways on

urban development

Hedonic Price Studies of Highway Access

In the United States studies of the impact of highways on nearby land and house

values date to the beginnings of the Interstate Highway program e.g Adkins 1959
Mohring 1961 The technique of hedonic price analysis was later formalized by Rosen

1974 and there have since been several studies of the impact of highways on house

prices Huang 1994 reviewed the literature on hedonic price studies of the influence of

highway access on house prices He concludes that the early studies from the 1950s and

960s usually showed large land price increases near major highway projects The later

studies from the 1970s and less often the 1980s typically showed smaller and often

statistically insignificant land price effects from highway projects Giuliano 1989 in

reviewing the literature on the effect of transportation infrastructure on urban

development comes to the same conclusion namely that later studies show smaller

impact of highway access on home values Both Giuliano 1989 and Huang 1994

argue that as the highway system was developed in many urban areas the value of

access to any particular highway was reduced because accessibility is now generally good

throughout the network in most United States cities Huang also notes that for

residential properties noise and other disamenities will reduce the value of locating close

to highway Langley 1976 1981 in study of homes near the Washington Beltway

concluded that house prices
increase with distance from the highway out to distance of

1125 feet and then decrease with distance beyond 1125 feet Langley interprets
this as

evidence that the disamemties of highways dominate the value of access for distances of

less than 1125 feet

The literature on highways and house prices echoes the broader literature on

highways and urban growth Giuliano 1989 1995 in reviewing both literatures

concluded that the influence of transportation on urban development patterns is growing

less important Yet most of the evidence that led Giuliano to that conclusion is based on

data that are aggregated to broad geographic distinctions such as central cities and

suburban rings more recent hedonic price study by Voith 1993 found that highway



access measured by travel time by highway to the downtown influenced house prices in

the Philadelphia area and that the magnitude of that effect increased during the 1980s

Overall the literature on house prices and highway access like the literature on highways

and urban development has often used data that are aggregated to geographic scale that

can obscure fine-grained links between highways and growth patterns Thus the link

between highways and metropolitan growth and any ensuing link to induced travel

remains incompletely understood

Population-employment growth model

Population and employment growth models have long history in regional

science and urban economics Steinnes and Fisher 1974 Bradford and Kelejian 1973
Mills and Price 1984 Carlino and Mills 1987 More recently the two equation

population and employment growth model has been reformulated in an explicitly spatial

econometric framework Boarnet 1994 The motivation for the spatial treatment is that

within urban areas the link between population and employment growth extends beyond

geographic boundaries Population changes in geographic unit depend not only on

employment changes within the same jurisdiction but also on employment changes in

labor market area that typically extends beyond that jurisdiction Similarly employment

changes depend on population changes in surrounding labor markets This leads to

spatial structure in the econometric model and the problem of spatial dependence across

observations is more severe for smaller observations of the sort that are inherent in

intra-metropolitan as opposed to inter-metropolitan models

Boarnet 1994 applied spatial econometrics to Carlino and Mills 1987 lagged

adjustment model of population and employment growth to handle this problem of spatial

dependence across observations The theoretical rationale was that interactions across

observations New Jersey municipalities in the case of Boarnets 1994 study are

mediated by commuting relationship Thus the link between population and

employment is best modeled as dependence within labor-market areas or

commutersheds which given the small size of New Jersey municipalities almost

certainly were larger than any one munuipaI observation

Since then the model in Boarnet 1994 has been adapted by other authors to

study problems that include the employment impacts of urban rail transit Bollinger and

Ihlanfeldt 1997 the link between urban and rural development Henry Barkley and

Ban 1998 and the influence of highway location on urban growth Boarnet 1996 This

research is yet another effort to apply the growth model to illuminate another ongoing

policy debate in this case the chicken and egg problem of highway construction and

and urban development The model is applied to the fast-growing south Orange County

before and after it received major highway investment in the last decade



III Research Strategy

House Sales Price Analysis

If the toll roads changed that pattern of accessibility in Orange County that

should be capitalized into house prices We have data on every home sale in Orange

County from 1988 through the early part of 2000 Because these data span period that

ranges from the early planning stages of the toll roads through the opening of most of the

network we expect to see house prices decrease with distance from the toll road in the

later years of our data set but not in the earlier years

The toll roads are built and operated by the Transportation Corridor Agencies

TCAs special purpose government agency formed in 1986 with the sole purpose of

building the roads Portions of the toll road network exist in County planning documents

that date to the 1970s Yet it was not until the TCAs developed plan to raise money

primarily through tolls first proposed in 1988 that the prospect of the roads became

serious possibility Even then construction started on small 7.3-mile portion in 1990

and the rest of the network was built in stages beginning in 1993 The first part of the toll

roads the Foothill Corridor Backbone was opened in 1993 the San Joaquin Hills

Transportation Corridor opened in 1996 and later portions of the Foothill and Eastern

Transportation corridors opened in 1999 Figure shows the toll road network Figure

also shows population density as of 1990 for census block groups in Orange County so

that the toll road and highway networks can be viewed alongside existing development

patterns Table lists each segment with the date that construction started and the date

the construction was completed

Even with some foresight on the part of home buyers we expect that the market

assessment of the likelihood that the roads would be built will rise over the early years of

our data implying that the full value of the toll roads would not be capitalized into house

prices in 1988 Forexample the San Joaquin Hills corridor was the subject of litigation

until 1993 In all the 1CM have opened fifty-one new centerline miles of toll highway

in Orange County Of those toll roads the two segments the opened the earliest the

Foothill Corridor Backbone and the San Joaquin Hills Corridor are the focus of this

study as they were built and opened in essentially the middle of the span of our data

providing good comparison of accessibility values before and after the segments

opened For those roads we expect to see no effect of distance to the toll road before

some threshold year but declining house prices
with increasing distance from the road

after the threshold.4 Threshold years are chosen to reflect when the housing market most

likely viewed the road as being likely to be built Different threshold years were tested

as is discussed below

Based on Langleys results 1976 1981 we exclude homes that are within 1125 of the toll road to

avoid confounding the value of access with noise and other disamenities that are experienced close to

highways



Population and Employment Growth Model

The second part of the empirical study in this report involves the use of two-

equation population and employment growth regression model to examine the link

between highway access and urban growth in south Orange County The model is briefly

reviewed here See Boarnet 1994 for detailed description

The model follows long tradition of intraurban population and employment

location models e.g Bradford and Kelejian 1973 Carimo and Mills 1987 Mills and

Price 1984 Steinnes and Fisher 1974 The observations in the case of the Orange

County research are census tracts in the county The dependent variables are the change

in population and employment in each tract

The independent variables can be grouped into three classes variables that

measure transportation access variables that measure non-transportation local amenities

and variables that represent the simultaneity between population and employment growth

within an urban area This latter point warrants some further discussion Population

changes within census tract depend in part on employment changes in surrounding

labor market area Employment changes within census tract similarlydepend on

population changes within surrounding labor market area Those labor market areas are

likely to be larger than census tracts so that the simultaneity between tract population

and employment links tract variables to variables measured over larger area The labor

market variables are fonned by taking weighted sums of values from surrounding census

tracts The formal implementation benefits from the ideas of spatial econometrics

pioneered in e.g the work of Anselin 1980 1988

The motivation for the census tract population and employment growth model has

its roots in bid rent theory as developed for example in the well known urban location

models of Alonso 1964 Mills 1972 and Muth 1969 For an excellent description

see Fujita 1989 Bid-rent models theorize that persons and firms will choose locations

within urban areas based in part on the transportation access and other amenities found at

those locations Population and employment changes are inherently disequilibrium

phenomena as the equilibrium condition in bid-rent models is that persons and firms

cannot improve their position by moving Following Carlino and Mills 1987 the model

census tract population and employment growth model links the disequilibrium

phenomenon of differential census tract growth to equilibrium bid-rent theory through

lagged adjustment model The lagged adjustment model assumes- that census tracts adjust

to equilibrium population and employment levels slowly and that changes in tract

population and employment are adjustments toward equilibrium See Boarnet 1994 for

full discussion of the development of the model

The model explains tract population and employment growth as function of

various tract characteristics including socioeconomic and demographic variables and

local amenities In this research major extension from an earlier Orange County case

study Boarnet 1999 is the inclusion of highway and toll road dummy variables in the

transportation access class which enter both population and employment growth



equations as independent variables in the simultaneous system of equations The

beforelafter test of the impact of toll roads can be constructed by fitting this population

and employment growth model on data from two time periods before and after the

opening of the toll roads The before period is defined as the decade from 1980 to

1990 before the toll roads were open and before virtually all of the construction for those

toll mad began The after period is the years from 1990 to 1997 which saw the

development and opening of much of the toll road network For the before period the

toll road dummy variable will measure access to phantom road line on map that

represents where each toll road will be built If the toll roads were built strictly to serve

future growth the toll road dummy variable should behave much the same way in the

model in both before and after period If on the other hand the toll rads alter urban

growth patterns the impact of the toll road should be reflected by changes in toll road

dummy variables across the two time periods



IV House Sales Price Analysis

Data

Dataquick Inc provided information about physical characteristics of houses
such as dwelling size lot size number of bedrooms number of bathrooms and street

address and information on house sales such as year of sale price and loan amount

Geographic Data Technology Inc and the California Department of Transportation

provided GIS maps of Orange Countys street network which include the center lines of

freeways toll roads and local roads as well as the entrance and exit ramps of all grade-

separated highways Two major neighborhood characteristics are used in this study

namely crime rate and school quality School quality was proxied by average SAT score

Crime rates were calculated based on data from California Department of Justices

Justice Statistics Center 1999 and the California State Department of Finance

Demographic Research Unit 1999 SAT scores for Orange County were obtained from

the Los Angeles Times 1999

There are 367841 records of single-family detached dwelling unit sales in Orange

County from 1988 to the first quarter of 2000 We used Arcview-GIS to geocode the

home addresses based on the street network map mentioned earlier and selected only

those that were perfectly matched i.e the street number is found on street segment with

the exact same name as in the address and the house is matched to the correct block side

of street and approximate location within the block We tested several address matches

by comparing the GIS match to published street maps to develop the methods and criteria

for an exact GIS address match See Table for the distribution by year of the number of

house transactions and those that were geocoded with perfect address match We also

used Arcview-GIS to link the locational characteristics to each house school district

and police department jurisdiction is assigned to each house by joining the house location

from the address match to the both the school district and police department jurisdiction

base maps Then an SAT score and crime rate were assigned to each house transaction

based on the year of sale and the school district or police department jurisdiction

associated with the houses location

After the GIS processing of raw data the data set was filtered for missing data

apparent data entry errors and non-arms length transactions We dropped all observations

with missing key variables such as size lot size and number of bedrooms and

bathrooms We also dropped observations with inconsistent data such as four-bedroom

house with floor area less than 500 square feet or houses with more than 10000 square

feet and fewer than bedrooms As for non-arms length transactions we dropped all

observations with sales price less than $25000 and observations with loan amounts

greater than 125% of the sale price See Table for the distribution of number of

observations by year after the inappropriate data were filtered out After address

matching and filtering inappropriate data we were left with 275185 sales in Orange

County from 1988 to the first quarter of 2000
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Hedonic Price Regressions

We analyzed access to toll roads using hedonic price analysis for corridors

surrounding the two oldest segments of the toll road network the Foothill

Transportation Corridor Backbone FTCBB and the San Joaquin Hills Transportation

Corridor SJHTC.5 The regression specification is shown below

ao aiSQFT a2Bedroom a3Bath cx4Lotsize asAge

a6SATscore aiCrimeR ate a8DtrBefore a9Dt rAfter

/iYEARie

Where home sales price

SQFT size of dwelling in square feet

Bedroom number of bedrooms

Bath number of bathrooms

Lotsize size of lot in square feet

Age number of years since residence was constructed

SATscore average SAT scores for the school district that contains the home

CrimeRate total violent and property crimes per 1000 residents in the

municipality where home is located

YEARI Dummy variable for year of sale ranging from 1988 index to

1999 index 12 2000 is the omitted year

We measured the effect of distance from the toll road with two variables

DtrBefore and DtrAfter Both variables measure the straight-line distance from each

house to the nearest toll road on-ramp.6 DtrBefore measures distance to the nearest toll

road on-ramp before threshold year that was chosen to mark when the toll roads became

serious possibility DtrAfier measures distance to the nearest toll road on-ramp in all

years during and after the threshold year Thus DtrBefore and DtrAfter are defined as

shown below

DtrBefore Dtrl ThresholdDummy
DtrAfter DtrThresholdDummy
Where Dtr straight-line distance from each house to the nearest toll road on-ramp

The corridors now carry the names of routes of the state highway network The San Joaquin Hills

corridor is the southern extension of State Highway 73 the Foothill corridor is State Highway 241 and the

Eastern corridor is combination of an extension of State Highway 133 and portions of State Highways

241 and 261 To avoid confusion with pre-existing portions of the state highway network we refer to the

corridors by name rather than number and so will use FTCBB and SJHTC to refer to those two corridors

respectively

Visual examination of GIS maps confirmed that straight-line distance is strongly correlated with street

network distance This is due in part to the relatively dense network of surface streets in the corridors that

we studied Because we are testing the hypothesis that distance from the toll road is reflected in house

values good proxy for driving distance will suffice if the hypothesis test is accepted For that reason and

due to the additional computational difficulty of calculating road network distance straight-line distance

was used for this analysis
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ThreshoidDuimmy for all home sales that Occur before the threshold year for sales

in the threshold year and in subsequent years

Threshold years are defined both on an priori basis and by analyzing which
definitions of threshold years yielded regressions with maximum log-likelihood value

The variables in the hedonic regression include structure-specific characteristics

SQFT Bedroom Bath Lotsize and Age neighborhood characteristics SATscore
CrimeRate year dummy variables to control for the real estate cycle and the toll road

distance variables that are the focus of this analysis The structure-specific and

neighborhood characteristics are similar to those used in other hedonic studies e.g
Dipasquale and Wheaton 1996 Haurin and Brasington 1996 Li and Brown 1980
The structure-specific variables include all variables in the Dataquick data set that were

reported with frequency and reliability that allowed them to be used in this study.7 The

neighborhood variables SATscore and CrimeR ate were included to control for two local

characteristics that can affect house prices Homes were address matched to school

districts and municipalities and then the SATscore and CrimeR ate data for the

appropriate year was matched to each sale

We analyzed sales prices in corridors around the FTCBB and SJHTC both to

isolate property markets that were internally homogenous and to focus on areas that

would be most likely to experience improvements in accessibility from the toll roads
Initial analyses on the full Orange County data set suggested that the hedonics for

different sub-markets behave differently For example the price of properties within

several miles of the coast is strongly affected by distance from the coast Also the

markets in the northern and southern half of the county behave differently both in relation

to the time-series properties and in relation to specific hedonic characteristics Lastly we
expected accessibility from the toll road to be reflected primarily in prices of homes

along the toll road corridors

The corridor around the FTCBB was chosen to include all homes that were closer

to FTCBB on-ramp than to any other toll road or highway on-ramp There were only
123 home sales within 1125 feet of the FTCBB out of 29197 sales in the FTCBB
corridor and so whereas for other corridors we explicitly excluded homes with 1125 feet

of an on-ramp we did not exclude those few homes for the FTCBB Unlike other

corridors we did not impose maximum distance cutoff for the FTCBB The FTCBB
corridor is somewhat more isolated from the rest of the highway network Of the sales

within the FTCBB corridor approximately 95% of were within three miles of an on-

ramp The corridor for the SJHTC included all homes more than 1125 feet from
SIHTC on-ramp and less than two miles from SJHTC on-ramp The two mile limit was
imposed to isolate areas near the SJHTC and to avoid places that might be close enough
to the parallel Interstate that improvements on that highway would confound the

For example the variables that denote swimming pools view properties and
garages were missing in

well over half of the observations
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analysis.8 Also homes that were closer to an on-ramp on Interstate than to SJHTC

on-ramp were excluded from the analysis to reduce the potentially confounding

influence of the parallel Interstate corridor

Structural Tests

The literature on hedonic price analyses includes both linear and log-linear

specªfications Huang 1994 concludes that there is no single dominant hedonic price

specification and we followed common practice by using Box-Cox test to examine the

relative performance of linear and log-linear specifications of the regression in Equation

In the log-linear specification the log of all variables was used in the regression

Because the year dummy variables take on value of zero the Box-Cox regressions were

run separately for each year Homes with Age equal to zero were dropped from the log-

linear specifications and thus from the Box-Cox tests

To compare the performance of linear and log-linear specifications we

normalized the original data by their geometric means Pindyck and Rubinfeld 1991
showed that MLE and OLS yield the same results with normalized data The OLS results

of the normalized data for linear and log linear forms can therefore be compared directly

and the best-fitting model with the highest adjusted R2 is chosen as the preferred

specification For the FTCBB the linear specification is preferred in all years other than

1989 For the SJHTC the linear specification is preferred in seven of thirteen years

1991 through 1996 and 1998 Based on these results we used linear specifications for

both the FTCBB and the SJHTC Because the log-linear specification requires excluding

new homes which have Age equal to zero and because new homes are approximately

one-fifth of all sales in the SJHTC corridor we felt that the linear specification should

be preferred even in the case of the SJHTC for which the Box-Cox test gave more

ambiguous results about the appropriate specification

We first chose threshold years to reflect the time when the housing market was

most likely to view the completion of the two segments of toll road as certainty The

results are-shown in Table For the FTCBB we chose two thresholds one year before

construction began 1989 and the year construction began 1990 The SJHTC was the

subject of litigation until early 1993 and so we chose 1993 as the threshold for that

corridor

Regression Results and Discussion

Looking first at the structure-specific variables variables Table shows that

larger homes sold for higher price homes with more bedrooms sold for less in both the

FTCBB and SJHTC corridors more bathrooms increased sales price older homes sold

The Interstate corridor parallel to the SJHTC was improved substantially in the mid-I 990s and thus we

wish to attempt to Isolate areas where the effect of the SJHTC is likely to dominate the effect of improved

accessibility on Interstate

13



for less near the FTCBB and for more near the SJHTC.9 Homes in school districts with

higher SAT scores sold for more in the SJHTC corridor but for less near the FTCBB
Higher crime rates had no significant impact on sales prices near the FTCBB but were
associated with higher sales prices near the SJIITC Both the SJHTC and the FTCBB
corridors are in tow-crime upper income areas with good schools The wrong signs on
the SATscore and CrimeR ate variables likely reflect the small variation in those variables

in the corridors that we examined and the fact that variations in those variables are

correlated with other unmeasured aspects of geographic desirability Lastly distance

from the coast in feet was included for homes in the SJHTC corridor and as expected
the effect is negative homes sold for more than $60000 less with each mile from the

coast

The year dummy variables show the time pattern of home prices in southern

California Home prices appreciate rapidly in the late l980s lost value in the recession

years of the early 1990s and began to appreciate again in 1995 for the FTCBB corridor

and 1997 for the SJHTC corridor

The distance variables show the expected pattern negative gradient appears

after the threshold year for both the FTCBB and the SJHTC Specifically the

coefficients on DtrBefore are insignificant and the coefficients on DtrAfier are

significantly negative in all three regressions After the threshold year home prices

decrease ceteris paribus by approximately $1.30 per foot almost $7000 per mile from

the FTCBB and by approximately $4.50 per foot or almost $24000 per milefrom the

SJHTC

Selection of Threshold Year

While the results in Table suggest that the toll roads created an accessibility

premium and by inference could have contributed to changing development patterns we

prefer to also analyze different threshold years We defined threshold years for both the

FTCBB and SJHTC that ranged from 1989 to 1998 This allows us to examine every

possible threshold year without choosing the endpoints of our data We ran the

regression in equation allowing the threshold year to take on values from 1989

through 1998 and then chose the threshold year that yielded the largest log-likelihood

The negative coefficient on Bedroom is indicative of higher-priced luxury home market with larger

homes that have relatively few bedrooms Local real estate experts and persons familiar with the Dataquick
data agreed that house prices in south Orange County are more influenced by dwelling size than by the

number of bedrooms and that the negative coefficient on Bedroom was not surprising The positive effect

of Age near the SJHTC was likely due to the generally young age of homes in the area For example real

estate experts suggested that new homes when sold in resale market often show price increases due to

improvements such as landscaping that are not reflected in the price of the new home

Choosing endpoint years would create considerably unbalanced test as the number of observations in

the endpoint year would be substantially smaller than the number of observations in all other years creating

some concern that statistical results could be driven by those differences in the number of observations

Also note that given the span of the data it is unlikely that the effect of the toll roads would be first felt at

either endpoint year Lastly note that given that the data for 2000 include only the first couple of months
we regard 1999 as the endpoint year for the data for purposes of this analysis
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value This allows the data to suggest which threshold year gives the best explanatory

power Log-likelihood values for threshold years for the corridors are shown in Table

The log-likelihood surface is quite flat suggesting that the choice of threshold

year has little impact on the overall explanatory power of the hedonic regression Of
course the choice of threshold year can matter somewhat more for hypothesis tests on the

DtrBefore and DtrAfter variables and so it is reassuring that the maximum likelihood

technique gives results that are generally consistent with the results in Table

For the FTCBB the maximum log-likelihood value is attained when the threshold

year is 1993 Table shows the coefficients and t-statistics for the DtrBefore and

DtrAfier variables for each threshold year so that one can see how the hypothesis tests

are affected by the choice of threshold year For threshold year of 1993 the coefficient

on DtrBefore is insignificant and the coefficient on DtrAfter is significantly negative

consistent with the FTCBB creating negative house price gradient with distance from

the toll road Note that the magnitude of the accessibility affect is larger for threshold

year of 1993 than for threshold years of 1989 or 1990 Also note that from Table the

hypothesis of an insignificant DtrBefore coefficient and negative DtrAfier coefficient is

confimied for any threshold year on or before 1993 Construction on the FTCBB began
in 1990 and the first segment of that portion of toll road opened in 1993 so the

significantly negative coefficient on DtrBefore for later threshold years likely reflects that

the accessibility of the FTCBB is captured in both the DtrBefore and DtrAfier variables

for years after 1993 Overall the results in Table strongly support the hypothesis that

the FTCBB created an accessibility premium that previously did not exist in that corridor

For the SJHTC the results in Table show that 1997 is the threshold year that

maximizes the regression log-likelihood value The SJHTC opened in November of

1996 Looking at the results in Table the coefficients on DtrBefore and DtrAfter are

the opposite of our hypothesis for 1997 threshold DtrBefore is significantly negative

in that year and DtrAfter is not significant Looking at how the coefficients and

hypothesis tests vary with different threshold years the coefficient on DtrBefore is

generally insignificant for thresholds before 1994 while DtrAfter is generally

significantly negative The exception is significantly negative DtrBefore for 1990

threshold For 1994 and later threshold years the pattern is reversed with DtrBefore

being significantly negative while DtrAfier is not significant We believe these results

reflect at least in part the effect of substantial improvements that were completed in the

nearby Interstate corridor in the mid-1990s

The interchange between Interstates and 405 major peak hour traffic

bottleneck in this region was substantially improved and capacity in the interchange

was increased during the mid-1990s The Interstate corridor is an alternative commute

route for many residents in the SJHTC corridor To the north and east of the SJHTC

corridor homes further from the SJHTC are closer to Interstate Thus one explanation

for the insignificant coefficient on DtrAfier for later threshold years is that the expected

negative price gradient with distance from the SJHTC is confounded with the negative

price gradient in the opposite direction from the improved Interstate corridor Overall
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the approximately contemporaneous improvements in the parallel Interstate corridor

make it more difficult to isolate an accessibility premium associated with the SJHTC than

with the FTCBB Also the improvements in the Interstate corridor suggest that earlier

threshold years before the Interstate improvements were completed might better

isolate the premium from the SJHTC Lastly if home buyers anticipated the completion
of the SJTTC threshold as late as 1997 could include some portion of the accessibility

premium in the DtrBefore coefficient For all these reasons we believe earlier threshold

years give more reliable information on the effect of the SJHTC and for threshold years

before 1994 the results are generally consistent with what was found for the FTCBB

State Route 22 The Controlled Corridor

Lastly to verify our method we use our technique to examine corridor that had

no substantial capacity improvements during this time period We chose the State Route

SR 22 corridor in northern Orange County According to Caltrans the SR-22 had no

important increases in capacity during the study period We ran the regression in

equationl on sales farther than 1125 feet from the SR-22 but less than two miles from

SR-22 defining DtrBefore and Di rAfter based on threshold years as was done for the

FTCBB and SJHTC Of course the threshold years do not reflect real changes in

capacity and so we expect there to be no meaningful difference in the coefficients on

DrrBefore and DtrAfter We examined the SR-22 to verify that the before and after test

does not generate differences in price gradients for corridors where no difference should

exist

In Table we chose 1993 as threshold year for the SR-22 as that year is

approximately in the middle of the data The coefficients on DtrBefore and DtrAfter are

both insignificant implying no difference in the effect of distance from the highway

before and after the admittedly arbitrarily chosen threshold year In Table we show the

coefficients and t-statistics for DtrBefore and DirAfier for threshold years that range from

1989 through 1998 The coefficients on both distance variables are insignificant for all

threshold years providing robust evidence that the before and after test gives no

evidence of change in price gradient for an unimproved corridor This provides some

reassurance that the changes in price gradient for the FTCBB and the SJHTC are

associated with the construction of those toll road segments and not with any statistical

artifact of the analytical technique

Multiple Sales Price Analysis

An alternative method of analyzing house price changes is to develop indices

based on multiple sales of the same property e.g Bailey Muth and Nourse 1963
Case Pollakowski and Wachter 1991 The advantage of this technique is that it

controls for any time-invariant characteristics of the property or location including

characteristics that cannot be measured in the data set When applied to an event study

such as the construction of the toll roads it is typical to develop multiple sales price

indices for two areas an area near the toll road treatment group borrowing

terminology from standard research design literatures and an area more distant from the
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toll road control group For an example of this technique applied to the Miami rail

transit system see Gatzlaff and Smith 1993

The treatment and control groups must be chosen by the researcher and should be

as similaras possible for all characteristics other than the event being examined For our

purposes this implies choosing areas near the toll road corridor and more distant from the

corridor that are otherwise similar Choosing areas near and very distant from the toll

road while that clearly creates stark difference in toll road accessibility across the two

groups also risks comparing areas that are not otherwise similar In particular the toll

road corridors generally run through middle and upper income areas in the rapidly

growing suburban fringe of south Orange County Past research has demonstrated that

prices indices in different locales appreciate differently in ways that appear to be linked

to characteristics of the neighborhood Case and Mayer 1996 Case and Shiller 1994
Mayer 1993 Smith and Tesarek 1991 For example preliminary analysis of our data

suggested that south Orange County emerged earlier and more strongly from the

depressed real estate market of the early and mid-1990s For those and other reasons we
chose control and treatment groups that are relatively close to each other so that the two

groups would likely differ only in access to the toll roads

For both the FTCBB and the SJHTC the treatment group is homes between 1125
feet and one mile from the nearest toll road on-ramp The control group is homes

between two and three miles from the nearest toll road on-ramp More dramatic variation

in distance from the toll road and thus toll road access would have allowed more stark

comparison but given the development patterns in Orange County we felt that choosing

homes further than three miles from the toll road risked comparing control and treatment

groups that were not sufficiently similar

For both the FTCBB and SJHTC we developed multiple sales price indices for

homes in the nearby 1125 feet to one mile and more distant two to three miles

corridors Given that the FTCBB and SJHTC were constructed and opened during the

span of our data we expect nearby homes to get larger accessibility premium and thus

appreciate faster than homes in the more distant corridor

Following Gatzlaff and Smith 33 the regression for developing the sales price

index is shown below

lnP21/P11 131Y881 32Y89 .. f3YOO1

where P1 first sale for the same property

P2 second sale for the same property

Y88 dummy variable equal to if first sales was in 1988

if second sale was in 1988

otherwise

dummy variables for Y89 through Y00 correspond to the years 1989

through 2000 and are defined similarly to Y88

regression error term
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Sales price indices for the nearby 1125 feet to one mile and more distant two to

three miles corridors around the FTCBB are shown in Table The indices for the

FTCBB are graphed in Figure Note that the nearby index appreciates more rapidly

during the last few years of our study period This is consistent with the toll road creating

an accessibility premium that caused nearby houses to appreciate more rapidly during the

study period

The price indices in Table are derived from the regression coefficients shown in

Appendix Because the coefficients are point estimates the price indices and similarly

the change in price indices for the nearby and more distant corridors are also estimated

from the data We examined whether the change in the regression coefficients from 1988

through 2000 was significantly different across the two corridors In Table we show

the change in the regression coefficient from 1988 to 2000 the coefficient on the 2000

dummy variable minus the coefficient on the 1988 dummy variable and the standard

error of that change We also show the 90 percent and 95 percent confidence intervals

for the change in coefficients from 1988 to 2000 for both the nearby and the more distant

corridors Note that the 90% confidence intervals for the change in year coefficients do

not overlap implying that the changes in the year coefficients and hence house price

appreciation is significantly different for the nearby and more distant FTCBB comdors

at the 90 percent confidence level

Also in Table we show the price indices for the nearby 1125 feet to one mile

and more distant two to three miles corridors around the SJHTC toll road graph of

those price indices is shown in Figure and the coefficients from the estimating equation

for the nearby and more distant SJHTC corridors are shown in Appendix Note from

Table and Figure that the index for the nearby corridor is higher than the index for the

more distant corridor until 1996 In 1996 and later years the more distant corridor has

higher price index In Table we show the change in the regression coefficient from

1988 to 2000 for both the nearby and more distant corridors the standard error of that

change and the 90 and 95 percent confidence intervals for the change in year coefficients

over the study period The 90 percent confidence intervals for the nearby and more

distant corridors for the SJHTC overlap implying that there is no statistically significant

difference in appreciation of homes across the nearby 1125 feet to one mile and more

distant two to three miles corridors around the SJHTC from 1988 to 2000

Overall the results from the multiple sales price method show evidence that the

FTCBB positively influenced the appreciation of nearby homes but give no similar

evidence for an effect of the SJHTC on home price appreciation It is important to note

that the multiple sales price method is especially limited when applied to the SJHTC

corridor The multiple sales price technique requires that the two corridors nearby and

more distant be identical on all characteristics other than access to the toll road For the

SJHTC that assumption is problematic The SJHTC is approximately four to five miles

from the Coast such that homes south of the SJHTC are almost certainly influenced by
the desirability of Coastal locations Similarly homes in the more distant corridor to
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the north of the SJHTC are within few miles of the 1-5 corridor and could have

benefited from the improvements in capacity on that corridor that occurred at roughly the

same time that the SJHTC opened Overall we find it very difficult to believe that the

nearby and more distant corridors around the SJHTC provide good controlled

experiment that holds factors other than toll road access constant In that regard the

FTCBB provides more clean experiment and we also prefer to give more weight to the

hedonic regressions for both the FTCBB and the SJHTC since the hedonic analysis

allows some ability to control for potentially confounding factors We conclude that the

multiple sales price technique for the SJBTC illustrates the difficulty of finding good

control and experimental corridors around that toll road and we are persuaded by the

evidence from the cross-sectional regressions and the multiple sales price technique for

the FTCBB that the toll roads created an accessibility premium that is reflected in home

sales prices beginning approximately in the mid-1990s

As in the cross-sectional regression analysis we also used the multiple sales price technique to examine

price indices in nearby 1125 feet to one mile and more distant two to three mile corridors around the

SR-22 As we expected the price indices for the nearby and more distant corridor for the SR-22 tracked

each other very closely and the change in the year dummy variables for the nearby and more distant

corridors were not statistically significantly different from each other The SR-22 does not have the

confounding influences of coastal access and proximity to other parallel and improved corridors and so the

results of the multiple sales price technique applied to the SR-22 suggest that there is no change in

accessibility premium associated with that road during the study period as expected since that corridor had

no important capacity improvements from 1988 to 2000
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Population and Employment Growth Model

The second component of the empirical study in this report involves the

simultaneous population and employment growth regression model that was developed

by the principal investigator Boarnet 1994 and 1999 The model and the empirical

study based upon it have been extended to examine the link between highway access and

urban growth in south Orange County by expanding the period of study to cover the

period after the toll roads were opened and including highway access variables as

explanatory variables for growth We also improved the performance of the original

model by testing various alternative specifications as well as by improving the definitions

of the variables The results of this case study can provide additional evidence to buttress

our conclusion about induced travel demand that we have drawn in the previous sections

We review the original model in the next section Then we describe extensions

and changes that we made to the model in section Data sources are discussed in

section and econometric results in section Finally we conclude with discussion of

the results in section

Overview of Population and Employment Growth Model

The derivation of the two-equation population and employment growth model can

be found in Boamet 1994 and 1999 The original system of population and employment

growth equations is given by

i\POP Xfl1 a1LWEMP1 -tWAEMP %POP1

AEMP1 Yfi2 a2IWP0P11 -2IWAPOP1 EMP

where

LPOP population growth from time period t-1 to

iEMP employment growth from time period t-1 to

POP population in time period

EMP1 employment in time period

matrix of location characteristics that affect population growth
matrix of location characteristics that affect employment growth

identity matrix

weight matrix

and vector of i.i.d normal disturbances

In both equations the subscripts referring to census tract on which labor

market is centered are suppressed The matrices and capture various characteristics

of census tracts at the beginning of the period of study These include variables that may
affect population and employment growth such as demographic characteristics housing
stock location-specific amenities etc In addition the land use variables such as amount
of residential land commercial and office etc were included to reflect such location

characteristics as constraints imposed by local governments zoning regulations Lastly
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places dummy variables were used to control unobserved characteristics of mumcipalities

and census defined places Together these variables determine how persons and firms

locate within metropolitan area The lists of variables are given in Tables to 10

The weight matrix reflects the relationship between census tract on which the

labor market is centered and neighboring census tracts determined to be within the same

labor market The five specifications of are described briefly here See Boarnet

Chalermpong and Geho 2002 for more detailed discussion

neighbor matrix

Element equals one if tracts andj border each other and zero otherwise

neighbor matrix normalized

Similar to neighbor matrix but the elements are row normalized

distance-based matrix

Element w4 equals one if the distance between the centroid of tracts andj is

less than 10 miles and zero otherwise

Weighted inverse distance-based matrix

Element equals -a where is the distance between tracts andj and

is set equal to 0.67 as was used in Boarnet 1992

Tract-to-tract flow matrix

Element equals the commute journey-to-work flows between tracts and

The tract-to-tract flows data were obtained from the STP 154 from the Bureau of

Census

Given the definition of population employment growth can be explained partly by

the initial level of population employment in the labor market defined by

Specification Issues

Periods of analysis

To examine the growth impact of toll roads we applied the population and

employment growth model reviewed in the previous section to the periods before and

after the toll roads were opened The years between 1980 and 1990 are the before

period and the years from 1990 to 1997 are the after period for purposes of fitting the

population-employment growth model Note that there is little reason to suspect that land

markets anticipated the construction of the toll roads much before 1990 since the TCAs
had no viable funding mechanism until 1988 and the house price analysis in the previous

section shows no evidence of the roads producing an accessibility premium that is

reflected in house prices until at the earliest 1990 In the house price analysis the

evidence for an accessibility premium is not consistent until 1994

21



Highway access dummy variables

To explicitly account for the impact of highway accessibility on population and

employment growth we included dummy variable that reflects the presence of

highways as an additional independent variable in the matrices of location characteristics

and in both equations More importantly we also included similardummy
variable for toll roads These dummy variables take value of one if census tract

contains at least one centerline of highway or toll road and zero otherwise As
mentioned earlier the toll road dummy variable which is the key to the empirical test is

included in both before and after growth model even though the toll roads exist only
in the after period The statistical significance of the toll road dummy variable in each

period from these estimations reflects the impact of the new highways on development
patterns in southern Orange County If for example the coefficient of the toll road

dummy variable is statistically and positively significant in both periods we may
interpret this result as evidence that the toll roads were constructed in anticipation of the

growth On the other hand if the coefficient is not significant in the before period but

becomes
significant in the after period we may conclude that the toll roads

trigger the

growth The empirical results will be discussed more fully in section

Land use variables

We used measures of land use as independent variables in the regression in part
to proxy for local attitudes toward development These variables arebased on the 1990
land use classification developed by Aerial Information Systems Inc Ideally the land

use variables should reflect the initial development condition of census tracts Therefore
the 1990 data may not be suitable for the before period of study which began in 1980
However we used these variables in some of our specifications in the before period as
the proxy for the land use variables in the desirable year that we lack

In the original specification we use the amount of land devoted to certain uses as

explanatory variables For example an amount of agricultural and vacant land may
reflect the potential for development and population and employment growth large
amount of land occupied by single-family detached housing units may signify residential

zoning and therefore may indicate an openness to further population growth Reasoning
that the amount of land devoted to certain activities may not fully capture development
potential we explored another specification of these variables i.e the ratio of the

amount of land devoted to certain uses relative to the total land area in given census

tract In this way census tract with large fraction of vacant land may be more likely to

experience faster growth census with high fraction of commercial or retail land use

may have strong agglomeration economies and may therefore experience higher

employment growth

In the other strand of specifications we omitted the land use variables altogether
This specification is used to test the explanatory power of the land use variables

22



Additional explanatory variables

We attempt to explain the impact of agglomeration benefits on employment
growth with the proportion of employment by industrial sector in each tract However
the data on employment at such disaggregate level is quite limited and we could only
acquire the retail employment data by census tract Yet we feel that it is important to

include some proxy for agglomeration in the growth equations Therefore the ratio of
retail employment to total employment in the initial year of each period 1980 in the

before and 1990 in the after periods was included as an exogenous variable in the

employment equations location characteristics matrix

Alternative definitions of dependent and explanatory variables

We also estimated version of the model using population and employment
densities Reasoning that the growth relationship may be in the form of density we
hypothesized that the change of population employment density in given tract depends
on the initial population employment density of the labor market and so on However
the results obtained when using this definition of dependent and explanatory variables

yielded poor results prompting us to abandon this specification

Improving the performance of the model

Following earlier studies Boamet 1994 1999 we employed several

demographic socioeconomic and housing variables to construct the location

characteristics matrices and These include proportion Hispanic and Black persons
percentage of housing stock built prior to 1940 and 1960 and several land use variables
defined as total tract area in given use We also included dummy variables for census

places to control unobserved characteristics within places such as crime property tax

rates and school quality See Tables through 10 for the list of variables In addition to

these variables we made several changes to the specification of the model to improve its

peribrmance These are discussed below

In the original specification we attempt to explain the growth of dependent
variables population and employment by the level of those variables at the beginning of
the study period This is according to the theoretical model discussed earlier In this case
the dependent variable is an absolute growth over the period i.e population

employment growth between 1980 and 1990 for the before period and 1990 and 1997
for the after period The independent variables are the initial level of the dependent
variables for each period i.e population employment in 1980 for the before period
and 1990 for the after period

To control for the impact of regional economy we also examined an alternative

definition of dependent variables that we call growth fraction Growth fraction is

defined as the share of total growth in the county and is therefore relative measure of

growth that isolates the county-wide trend For example the population growth fraction is

defined as population change in census tract divided by total population change in the
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county over study period If the toll road has no impact on population and employment
growth we should not be able to explain the variation of growth fraction by the presence
of the toll road

Data

The data that we used to estimate the population-employment growth equations

include employment and population housing stock age demographic and land use data
as well as the five specifications of weight matrices The entire analysis is based on 1980

census tracts for the after period 1990 to 1997 the 1990 tract definitions were
converted to 1980 tract definitions to allow consistency in the model specification across

time periods Since we used the same geographic unit of observation i.e the 1980

census tract the weight matrices that reflect spatial relationship between census tracts are

the same in both before and after periods

We obtained additional data that were used to estimate the population-

employment growth equations for both periods from two different sources First the

Southern California Association of Governments SCAG provided employment and

population data for 1997 as well as 1980 and 1990 retail employment Since the data are

available by 1990 census tract similarprocedures as those in the original case study were
used to convert the data into 1980 census tract for consistency and comparability between
the 1980-1990 and 1990-1997 analyses Second GDT Inc provided GIS maps similar
to the one used in previous sections for ArcView spatial analysis The procedure yielded

highway and toll road dummy variables Of the 415 census tracts in Orange County 162
tracts contain at least one highway centerline and 16 tracts mostly in the southern part of
the County contain at least one toll road centerline

Regression Results and Discussions

The estimation results of population-employment growth equations are presented

in Tables 11 through 26 There are four tables for each specification The first two tables

are system of population-employment growth equationsior the before period 1980-
1990 and the second two are for the after period 1990-1997 In each table there are

five columns each one for specification of the neighbor weight matrix

Without Land Use Variables SpecfIcation

Tables 11 through 14 show the regression results of the specification in which
land use variables were not used We used the

original definition of the variables i.e the

level of population and employment Due to the poor performance of this specification

without land use variables especially in the employment equations we decided to use

land use variables in the rest of our specifications

Level Specfl cation

In the regression results reported in Tables 15 through 18 population and

employment variables are in levels or absolute changes This specification is called
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Level Land use variables are in the absolute amount of land devoted to certain

activities The major differences are the inclusions of percentage of retail employment
toll road and highway dummy variables These are the key difference from the original

work that will be present in the rest of the specifications Another difference is the

exclusion of residential land use variables lull 10 lul 120 and lul 140 from the

population equation We reasoned that since the land use data is from 1990 the last year
of the before period the amount of residential land at the end year may not be good
explanatory variable over the ten year period prior to that year

In general the performance of this family of specifications is good Note the

substantial improvement over the without land use specification in employment
equations In both systems of equations before and after land use variables are

generally highly significant in all equations In the 1980s system the coefficient of 1980

population has the wrong sign as the lagged adjustment model requires negative

coefficient on that variable for the system to be dynamically stable The issue of
stability

in lagged adjustment models has received considerable attention much of which is

beyond the scope of this research Various studies have found coefficients that do not

imply dynamic stability but the robust results reported in this study for coefficients on
the toll road variable provide reason to believe that issues of model specification will not

influence the conclusions of this research For further discussion of stability in

population and employment growth models see Boarnet Chalermpong and Geho

2002

The coefficient on the toll road dummy variable in the population equation is

positively significant at 95% significance level for all specifications of This

coefficient however is negatively significant in the family of employment equations

The coefficients on the highway dummy variable are not statistically significant in both

the population and employment equations for any specifications of Turning to the

1990s system we found the general pattern of coefficients similar to the 1980s period
An important difference is that the coefficient on the toll road dummy variable switched

sign in all employment equations except for the flow matrix specification for The
statistical significance of this variable however decreased On the other hand the

coefficients on the toll road dummy variable are still positive and statistically significant

in all specifications of The significance level of this variable also increased in all

population equations

Level II and Level III Spea/Ications

We report the estimation results of two alternative specifications closely related

to the previous one in Tables 19 through 26 In the first alternative specification Level

II reported in Tables 19 through 22 the only difference is that we left out all land use

variables but the ones that reflect the amount of developable land agriculture and vacant

land In the other specification Level III reported in Tables 23 through 26 we included

commercial and industrial land use variables 1u1210 through lu1340 as ratio of land

devoted to those uses divided by total land in the census tract The estimation of both of
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these specifications Level in particular produced poor fit in the employment
equations

Interpretation of the Regression Results

We originally intended to choose preferred specification from the four different

specifications in Tables 11-26 decision about which specification should be preferred

can be based on various regression diagnostics including the R-squared the signs of the

coefficients on the lagged values of population and employment which relate to the

structure of lagged adjustment model that forms the basis for equations and as

discussed in Boarnet 1994 and Boarnet Chalermpong and Geho 2002 the

performance of the different matrices and other diagnostics that can be applied to the

regressions Preliminary analyses suggested that determining preferred specification

would be complicated and more detailed analysis was beyond the scope of this research

Thus the interpretations offered here are based on all the regression results.2

The coefficients on the toll road variables display remarkably stable pattern

across all four specifications Hence decision about preferred specification is unlikely
to affect the interpretation offered here Summarized briefly the coefficient on the toll

road dummy variable in the population change regression is typicallypositive and

significant in both the before 1980-1990 and after 1990-1997 time periods The

coefficient on the toll road dummy variable in the employment change equation is

typically negative and significant in the before 1980-1990 time period but that same
coefficient is typically insignificant in the after 1990-1997 time period The toll road

corridors were ceteris pan bus areas of high population growth both before and after the

toll roads were built Yet the corridors were areas of low employment growth before the

toll roads were built while those same corridors showed employment growth that

controlling for other factors did not differ from the county average after the toll roads

were built

This provides evidence that the toll roads changed the pattern of employment
growth in Orange County Note that the model in equations and is simultaneous

model such that employment growth is estimated based on among other things

population growth in surrounding labor market area Thus the finding that the toll roads

influenced employment growth holds while controlling for the pattern of population

growth The influence of the toll roads on employment growth which can be inferred

from the regression results is not simply due to the fact that employment followed

population to the growing corridor areas The influence inferred from the changing sign
and significance on the toll road dununy variable in the employment equation can be
credited to the toll roads even after controlling for contemporaneous population growth

Interpreting further one might conclude that the toll roads were located in areas

of pre-existing high population growth which suggests that the roads were placed where

growth would occur in the future Yet once the roads were built there is evidence that

In later work we have examined in more detail various specification issues related to the model in

equations and See Boarnet Chalermpong and Geho 2002
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the existence of the toll roads exerted an independent effect on employment growth in the

census tracts that contained the toll highways Thus even if as the regressions suggest
the toll roads were built in areas that were growing rapidly for other reasons the

construction of the roads appears to have altered the growth pattern and in particular the

employment growth pattern in the toll road corridors

VI Conclusion

The empirical analysis of house sale prices provides evidence that the

construction of the first two portions of the Orange County toll road network created

accessibility premia that are reflected in home sales
prices analyses The evidence is

especially strong in that regard for the FTCBB and the evidence suggests that the

accessibility premium for that road shows up with increasingly large magnitudes up until

the time that the first portion of the FTCBB opened This is consistent with what
standard urban and land use theory would predict While the evidence of an accessibility

premium is less strong for the SJHTC we conclude that much of the ambiguity in the

statistical results for that corridor is caused by other confounding factors that are
correlated with distance from the SJITC toll road It is encouraging that the hedonic

regressions which allow some ability to control for confounding influences give
evidence of the appearance of an accessibility premium after the litigation over the

SJHTC had concluded

The population-employment growth regressions provide evidence that the toll

roads altered the pattern of employment growth nearby The toll road corridors were
controlling for other factors low employment growth areas before the roads were built
while employment growth in the corridors typically did not differ from other areas in the

county again controlling for other factors after the toll roads were built Coupled with
the evidence from the house price analysis this is strong support for the hypothesis that

the toll roads altered urban growth patterns in Orange County

The implication for induced travel is that the evidence from Orange County
suggests rather strongly that new highways change the geographic pattern of

accessibility Overall our results are consistent with recent research that has suggested
that induced travel is real phenomenon and our results are consistent with the

hypothesis that changes in development patterns are one cause of induced travel
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Taco Bell agreed to meet

with delegation from the

Coalition of Immokalee

Workers ImmOkalee is the

area in southern Florida

where most of the tomato

pickers work

Despite the promise of

meeting Taco Bell spokes

woman Laurie Gaiuiou said

the companys position would

not change

We do not get involved in

another companys labor dis

putes Gannon said

Labor experts say Taco Bell

and other corporations

should heed such protests

The proliferation of e-mail

cell phones and the Internet

means 18- to 24-year-olds

Taco Bells target market

who are interested in fair

working conditions can be

connected

Ive been impressed said

Kent Wong director of the

UCLA Center for Labor Re
search and Education This

particular campaign seems to

have developed significant

momentum over the last sev
eral months

Student and labor-rights

groups helped curtail Nikes

use of low-paid labor re

cently Locally last year Jus
tice for Janitors won better

contracts for maintenance
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OCTA OKs

$123 million

in freeway

bettennent

By HEATHER LOURIE
The OranOe County Register

The countys transporta
tion agency gave the go-ahead

Monday to $123.1 million in

freeway improvements to un
dog bottlenecks across

Orange County
The dozen projects include

one on the San Diego 1-405
Freeway that falls within

controversial tollway non-

competition zone They range

from new auxiliary lanes to

improved ramps One project

calls for newly configured

interchange connecting the

Garden Grove 22 Freeway

to the Orange 57 Freeway

Another calls for restoring

lane on the Riverside 91
Freeway

Much of the work is ex
pected to begin next year

That would make huge
difference said motorist

Brenda Champlin 4.0 of La

Habra who crisscrosses

Orange County each week for

her vending-machine busi

ness cant find any time of

day where there isnt con
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nights four-alarm blaze Seven businesses in the Mesa
West Building Park were destroyed Investigators were

trying to determine the cause At left Helen Burger of

Huntington Beach wipes away tears after viewing the

wreckage Burger was the office manager of Burger

Qjiality Upholstery where she has worked for 25 years

The business which was founded in 1948 was destroyed

in the fire It had been located in the building sincei985

David Estrada right of Fullerton is the companys shop

foreman Photos Bruce Chambers The Register
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FROM PAGE

gestion problem
The Orange County Trans

portation Authority also agreed

to pay the operators of the San

Joaquin Hills 73 Toll Road

$40000 year so it can make

improvements to the San Diego

1-405 Freeway from Sand

Canyon Avenue to Jeffrey

Road
That agreement is result of

controversial contract with

the state To protect toll reve

nue state officials agreed not to

widen freeways near toll roads

unless they compensate the

tollways for lost revenue

We brought together re

gional solution said Super
visor Todd Spitzer also chair

man of the Orange County

Transportation Authority

The taxpayers were well

served
The payout would only be

triggered though if the oper
ators of the 73 could not meet

their bond payments and show
the improvements pulled riders

off their road

Added Susan Withrow also

an OCTA directoc Its not im
mediate and may not happen at

all

PROTEST
FROM PAGE

workers by going directly to

building owners bypassing

labor contractors

The fast-food industry has

never been held responsible

for the conditions in the field

this is new way to get into

th farm-worker problem by

going to consumers said

protest organizer Greg Asbed

The average
farm worker

earns about $7500 year ac

cording to the U.S Depart

ment of Labor

Tomato workers are paid

tion is first said organizer

Laura Germino
Taco Bell could help by

urging growers to pay cent

more per pound and provide

medical insurance and sick

days she said

Along the 13 stops so far

they go to Flagstaff today

the group has been joined by

union minority and civ

il-rights groups including the

United Auto Workers the

Service Employees Interna

tional Union the Korean Im
migrants Workers Associ

ation the United Farm

Workers and Justice for Jan
itors

Taco Bell purchases toma

encourage resolution of the

labor dispute because the pro
tests are affecting Taco Bells

image and disrupting restau

rant operations Gannon said

The campaign hasnt had

much impact on sales howev
er After three years of mostly

declining sales at Taco Bell

restaurants open for more
than year they have risen

each month since October

200L
Asbed said he thinks the in

crease in sales since October

resulted from consumers

looking for bargains during

recession and after Septem
bers terrorist attacks

Students were out in force

Beach watch
health advisory is issued when bacteria levels exceed state standards

Swimmers and swiers ae ur9ed to stay out of the water the posted areas

The ocean is closed to watercontact activity when sewaqe is present

list of current bacteria-related ocean health alsories

Source Orançe CouMy Health Care Aqeacy Environnieiti Health Nision The Reqister



Transit Stipend to San

Joaquin Hills operators

would compensate for

any motorists who move

to San Diego Freeway

By DAN WEIKEL

TIMES STAFF WRITER

For the second time in recent

months Orange County transpor

tation leaders have agreed to pay

toll road operator for the right to

Improve public freeway

The paymentpotentially

$40000 yearwould compensate

operators
of the San Joaquin Hills

toliway for any customers It might

lose If major bottleneck along the

San Diego Freeway is eliminated

The push to relieve severe con

gestion at Jeffrey Road In Irvine

on the San Diego Freeway Is one of

12 freeway choke points that the

Orange County Transportation

Authority hopes to fix in $123-mil

lion improvement efforts

The San Joaquin Hills tollway is

covered by an agreement that re

quires public highway projects
to

compensate it under certain cir

cumstances for any lose of

business

OCTA officials had feared that

eight
of 12 pending choke-point

projects along the Santa Ana and

San Diego freeways might be sub

ject to the requirement But nego
tiations with the Transportation

Corridor Agencies the toliways

operator eliminated all the propos

als except one

For $40000 we avoided law

suit to stop
the bottleneck project

said Supervisor Todd Spitzer

chairman of the OCTA board

The San Joaquin Hills toliway

which runs from Newport Beach to

San Juan Capistrano is part of

51-mile network of turnpikes oper

ated by the Irvine-based agencies

The others are the Foothill the

Eastern and short stretch of

Highway California 133 Laguna

Freeway
All the routes are covered by

protection agreements that require

public highway projects within five

miles of the toll roads to reimburse

for losses of motorists If the agency

cannot pay the interest on its

bonds

Such noncompetition clauses

have become controversial in

Orange County especially the pact

between Caltrans and the Califor

nia Private Transportation Co
which operates the 91 Express

Lanes on the Riverside Freeway

The private lanes run along the

middle of the freeway

Critics say the Express Lanes

deal can stand In the way of any

major Improvements to the River

side Freeway one of the most con

gested highways In Southern Cali

fornia

Recently OCTA agreed to pay

$4 million to California Private

Transportation just to add 1000-

yard westbound access lane

Toll officials say thefr noncom-

petition agreements are more flex

ible than the Express Lanes pact

and allow competing projects to

proceed as long as they pay the toll

agency for losses

Of the choke-point projects the

toll agency concluded that lane

addition on the northbound side of

the San Diego Freeway between

Sand Canyon Avenue and Jeffrey

Road might decrease traffic by

about 60 motorists day tiny

fraction of the 80000 trips made

daily on the toliway The agree

ment requires OCTA to compen
sate the agency for the loss of tolls

If it cannot meet its debt payments

and if decrease in motorists oc

curs on the 16-mile tell road

through west Orange County The

touway board is expected to ap

prove the deal Thursday

We came to an agreement that

will Improve traffic and protect our

bondholders said Clare Cliniaco

Transportation Corridor Agencies

spokeswoman The noncompeti

ton clause doesnt stop Improve

ment projects
from happening

Mondays action Is part of an ef

fort by OCTA to remove 12 bottle

necks on the Santa Ana San Di

ego Riverside and the Garden

Grove freeways Intimately the

authority wants to eliminate 30

choke points It has identified

It took about 1001

nearly four hours to br1i-cile

und controL The flames we

ported at 658 pm at 1012

Lane In the southwest con

the city

uTheheat of this fire wi

tresnely intense Nobody

even get In said Capt. Kirk

slit spokeonan for the

Mesa Fire Department

The walls of the structurE

to be braced so Investigators

work inside Arson investi

have also been asked to inapt

building

Los Angeles Times

In addition to the tollway com

pensation plan OCTA approved

$83 million for preliminary design

engineering and environmental as

sessments for five of the 12 proj

ects The proposals include ramp

wideninga and new lanes

The five choke points are on the

southbound Interstate at Culver

Drive In Irvine Oso Parkway In

Mission Viejo Camino Capistrano

in San Juan Capistrano and Aveni

da Pico In San Clemente

COUNTYWIDE

Engineering ontrac

Mid for CenierLhe-

Transportation leaders adi

the CenterL4ne project
Moor

awarding $38-million contr

preliminary engineering wo

the proposed light-rail syster

Irvine to Santa Ana

The board of the Orange

Transportation Authority

Parsons Brinekerhoff Sot

California engineering firm

work on the 15-mile rail lint

sons was among three finalisi

Th1s In milestone In tht

ess said Tim Keenan vice

man of the OCTA boarcL

begin to put the lines on thi

It Is an important first step

FOUNTAIN VALLEY

Open House Set on

Sewage-Recycling P1

An open house tonight wi

residents chance to learr

about the Orange County

Districts $600-million groui

ter replenishment project

will turn sewage into drinki

ter

District staff will give del

the purification technolog

about district construction

log adding traffic light on

Street at the south entrance

district headquarters

The open house which

chide exhibits is from 530

p.m at the headquarters

Ellis Ave

-/3- i2

OCTA to Pay Toliway for

Right to Add FreewayLanes

Paying Price to Pave

The Orange County TransportatIon Authotity has agreed to pay

the San Joaquln Hills toll road operators up to $40000 year

for the rIght to make Improvements to the neattly San DIego

freeway Transportation officials had feared noncompete clauses

In toll road contracts would affect more of OC1s choke-poInt

Improvement projects

Connector Improvement

How to Reach Us

Subscription Services

800 252-9141

Orange County Cit7 Desk

Phone 714 966-7715

Fax 714966-7711

E-mailt O28klOtimsS.CO1fl

Mailing Address

Los Angeles Times

Orange County Edition

City Desk

1375 Sunflower Ave

Costa Mesa CA 92626

Lottery Results

For Monday March ii 2002

Fantasy Five 7.13-14-16-24

Daily Three 3.0.5

Daily D.sbr

WinnIng Spirit

12 Lucky Charms

Ii Money Bags

Race Time 142.53

R.isiIta on the hntiun.t

www.iatImes.com/lOttery

General ksfsqmatlon

800868-8379
Results not available at this number

Source Orange County lpanaport.atJon Authortty



noi gram costs $400 but because of

he v-nona Factor The thieves 90% of

them women easily could have afibrded

the stolen items They stole not for greed but

because of dark need within

How can you tell the difference Nancy

Clark director of the program says shoplift

ers whose problems are psychological rather

than financial react to their crimes with

shock and shame Theyre apt to steal things

they cant use such as too-big clothes

What Clarks clients dont do Is deny they

committed the crime That would elminate

Ryder Clark said she also doesnt admit peo
ple who have drug or alcohol problems In

addition to 400 hours of volunteer work Ry
der was sentenced to drug counseling after

ttakesabigmagnlrlngglasstogoover

toll-road agreements Thats what

Riverside County officials discovered

recently when they fine-combed deal

that would allow the Orange County Trans

portation Authority to buy the 91 Express

Lanes

There In the small print appeared lan

guage similar to an egregious clause In an

earlier agreement involving the toll lanes

That clause can prevent any public improve

ments to the Riverside Freeway that might

affect the toll lanes In other words It corn

nits the travesty of tying the publics hands

taxpayers cant improve their own trans

portation system

The Ironic part is that OCrA wants to buy

the lanes to overcome the old clause that

altrans agreed to several years ago so

Orange andRiverside counties can make the

needed improvements The legislation allow

ing the purchase actually bans non-compete

clauses

So whats this wording In the new pur
chase deal that would keep Caltrans from in

terfering with OCTAs ability to bring in toll

revenue Though OCA denies it this

clearly looks like non-compete language

Caltrans improvements to nearby roadways

could pull people off the toll roads and thus

intrfere with OCTAs income

What happened Is that the OCTA rah Into

sentencing The women In grain

steal because of the thrill of ctmg some
thing for nothing But that doesnt make
their crime any less serious There are no

equivalent programs for people who steal

out of need

Irogreaaive as the program Is It also

needs to build track record Several hun
dred clients have passed through the shop-

lifters group during the last five years but no

one has kept statistics on whether it reduces

repeat crimes

Its time to develop some data Icleptoma

nia can be as tough to beat as alcoholism

Clark said especially since Its hard to avoid

tempting situations Almost everybody has

to go shopping sometime

the same problems other toll-road owners

have experienced Investors want some

guarantees the toll road will brthg them good

returns They dont want better freeways for

the public Interfering with revenue

Thats an understandable way to get toll

roads financed but its not good public

policy Even the less-restrictive non-corn-

pete clauses for Orange Countys other toll

roads fall to serve the publics best Interest

Those clauses would force the state to repay
toll-road agencies for any losses incurred be-i

cause of publicly financed freeway Improve

ments Its not the Job of California motorists

and taxpayers to provide warranties for

bond investors

Riverside County officials want anything

that looks like non-compete clause re
moved from the purchase deal If not theyth

stall the buyout

That no-improvements clause created

hellish conditions for Riverside County com-
muters If roads between the two counties

arent Improved the Orange County

economy wiJipay steep price as well as em-j

ployers move plants closer to their workers

Both sides want this to work out and

probably will find solution ut it took

Riverside Countys carefUl look at the deal to

uncover the troubling language and that

shouldnt have happened çlood for them for

getting out that magnIlnglass

-2.-0L

FamiliarClauseTakes Toll
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generated by construction from the ordinance standards during the hours between a.m and

p.m on weekdays and Saturdays this exemption does not indude Sundays or holidays

4.8.2 METHODOLOGY

The noise measurement survey prepared for this Program EIR to determine existing noise

levels used BrUel Kjr 2236 automated digital noise data acquisition system for short-term

15 minutes readings This instrument automatically calculates both the Equivalent Noise Level

LEQ and Percent Noise Level L% for any specific time period The noise monitor was

equipped with BrUet Kjr 1/2-inch electric microphone and was calibrated with BrUel

Kjr calibrator with calibrations traceable to the National Bureau of Standards Calibration for

the instruments is performed annually and is certified through the duration of the

measurements This measurement system satisfies the ANSI American National Standards

Institute Standards 1.4 for Type precision noise measurement instrumentation

Existing roadway noise levels in terms of CNEL for the roadways anticipated to be affected by

project-related traffic were calculated using computation of highway noise In prepanng these

computations the Highway Noise Model published by the Federal Highway Administration

FHWA Highway Traffic Noise Prediction Model FHWA-RD-77-108 December 1978 was

used The CALVINO noise emission curves developed by Caltrans were used with the FHWA
model because these curves better model the California vehide mix The FHWA Model uses

traffic volume vehicle mix vehicle speed and roadway geometry to compute the equivalent

noise level computer code has been written which computes equivalent noise levels for

each of the time periods used in the calculation of CNEL Weighting these noise levels and

adding them together results in the CNEL for the traffic projections used

4.8.3 EXISTING CONDITIONS

The project study area is defined as the Ranch Plan project site and the immediately contiguous

properties To determine the existing noise environment at the proposed project site ambient

noise measurements were taken on January 28 2004 at one location Site and on March 29

2004 at four locations Sites through The locations of the noise measurement sites are

depicted in Exhibit 4.8-3 Noise levels were measured for 15 minutes at each location with the

exception of Site where 30-minute measurement was performed The measurement results

are presented in Table 4.8-3 in terms of equivalent noise levels LEQ maximum noise levels

minimum noise levels and percentile noise levels L% The L50 percentile level for example

represents the noise levels exceeded 50 percent of the time and represents the median

ambient noise level The L90 noise levels represent the background noise levels that are

exceeded 90 percent of the time

TABLE 4.8-3

EXISTING NOISE MEASUREMENTS

Sound Level in dBA
S1t SI.t Tim LEQ Linax 110 LO 190 Lmn

1213p.m 51 72 44 38 33 29

18 12.13 p.m 39 49 43 38 32 29

108 p.m 45 54 47 44 41 37

150p.m 42 53 45 41 39 37

234p.m 41 53 44 34 31 30

816p.m 44 56 47 42 38 35

Effects of vehicles entering the Nortrirop Grumman TRW Capistrano Test Site removed

Source Mestre Greve Associates June 2004
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The noise measurement sites were near the western perimeter of the proposed project The

measured noise levels show that even at the perimeter of this primarily undeveloped area noise

levels are relatively low Noise levels further inside and along the eastern perimeter of the

project site are likely slightly lower as they are removed from areas of activity In general the

sources of noise affecting the site consisted of birds wind blowing through vegetation and

distant traffic in addition to local sources of noise described below

Site is located near the current terminus of Avenida Pico off of the entry road to the Northrop

Grumman TRW Capistrano Test Site The primary source of noise affecting the recorded noise

levels was six vehicles entering the TRW site Background noise included birdcalls and distant

traffic Table 4.8-3 presents the recorded noise levels during the entire measurement period

along with an edited version of the measurement that removed the periods when vehicles

passed by the site entering the TRW site The results of the measurements show very low

noise levels when the effect of the vehicles is removed Background sources of noise included

bird and distant traffic noise The average noise level would not be expected to drop much

below the 40 dBA level during the daytime Nighttime noise levels would be lower as wildlife

actMty ceased along with levels of traffic on roadways in the vicinity of the site

Site is located just beyond the end of San Juan Creek Road The primary sources of noise at

Site were distant traffic and noise generated by activities in the nearby residential areas The

noise environment around Site would be characterized as quiet with an average noise level of

45 dBA

Site is located approximately 1000 feet north of Ortega Highway in the existing agricultural

operations The primary source of noise at Site was truck traffic associated with the

agricultural operations Background noise sources induded birds distant traffic and distant

agricultural operation activities

Site is located near the Santa Margarita Water District Chiquita Water Reclamation Plant

Noise sources affecting Site included overhead aircraft birds and wind through vegetation

No discernable noise from the Water Reclamation Plant was detected No discernable noise

from the Water Redamation Plant was detected which is reflective of ongoing conditions at the

plant These types of facilities do not generate significant noise levels

Site is located near the south end of Tesoro High School Noise experienced at Site

included activities at the high school traffic on Oso Parkway birds and distant traffic

Existing Roadway Noise Levels

The distances to the existing 60 65 and 70 CNEL contours for selected roadways in the vicinity

of the project are identified in Table 4.8-4 The CNEL at 100 feet from the roadway centerline is

also presented These represent the distance from the centerline of the road to the contour

value shown The values represent existing noise levels and do not take into accountthe effect

of any existing noise barriers or topography that may affect ambient noise levels Where the

line of sight between an observer and roadway is blocked by substantial object e.g
berm block wall or building the traffic noise levels are reduced by minimum of

approximately dB

The roadway segments presented in the table are those that are projected to experience 0.5

dB or greater traffic noise CNEL increase due to the development of the project or are

projected to experience 1.5 dB or greater traffic noise CNEL increase over existing conditions

in the future with the project Existing traffic noise levels along all roadways assessed in the

traffic study prepared for the project are presented in Appendix
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TABLE 4.84a

EXISTING ROADWAY TRAFFIC NOISE LEVELS

CB at DIitance to CNEL Contourb feat

RoadwaySegment IOU TOCIIELIO5CNELIOOCNB

1-5

Avery Parkway to Junipero Sena 80.5 499 1075 Z31

Junipero Serra to Ortega Hiway 80.4 490 1.056 2.275

Ortega Highway to San Juan Creek 80.0 465 1003 2160

San Juan Creek to Stonehill 80.0 462 996 2.147

Stonehill to Camino Las Ramblas 79.7 445 958 2.063

Camino Las Ramblas to Camino de Los Mares 80.0 465 1003 2.160

Camino de Los Mares to Avenida Vista Hermosa 79.8 454 977 2105

Avenida Vista Hermosa to Avenida Pico 79.5 432 931 2007

SR-73

Oso Parkway to Crown Valley Parkway 72.5 147 317 684

Crown Valley Parkway to 1-5 72.4 145 313 673

SR-241

North of Antonio Parkway 69.6 94 204 438

Antonio Parkway to Oso Parkway 66.1 55 119 255

Oso Parkway

East of 1-5 70.7 111 240 517

West of Marguerite Parkway 69.1 88 189 406

Matuejite Parkway to Felipe Road 69.1 88 189 406

Felipe Road to Antonio Parkway 69.1 88 189 406

East of Antonio Parkway 67.8 72 155 333

West of SR-241 67.4 67 144 310

East of SR-241 66.2 56 121 260

Crown Vafley Parkway

West of Marguerite Parkway 69.1 88 189 406

East of Marguente Parkway 68.9 84 182 392

West of Antonio Parkway 67.0 63 136 294

JuniperoSerra

Westof 1-5 63.5 RW 80 171

Ortega Highway

1-5 to Rancho Viejo 72.8 154 332 715

West of La Novia 71.6 128 275 593

East of La Novia 70.7 112 242 521

WestofLaPata 69.9 98 212 457

East of New Ortega Highway 65.5 50 108 233

San Juan Creek Road

West of La Novia 62.0 RW 64 137

East of La Novia 61.1 RW 55 118

Avenida Vista Hennosa

East of 1-5 66.2 56 121 260
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TABLE 4.8 Continued
EXISTING ROADWAY TRAFFIC NOISE LEVELS

CNEL DncetoCNELContoweet
Roadway Segment 100 ft CNEL 65 CNEL 60 CNEL

Av.nlda Pico

Eastofl-5 69.0 86 185 399

WestofLaPata 66.8 62 133 286

La Pata to Avenida Vista Hermosa 63.6 RW 81 175

East of Avenida Vista Hermosa 61.0 RW 54 117

Canino Capistrano

South of Paseo de Colinas 59.0 RW 40 86

North of Junipero Serra 59.0 RW 40 86

Juniporo Serra to Roso 62.5 RW 68 146

Antonio Parkway

North of SR-241 67.8 72 155 333

Empresa to SR-241 67.2 65 140 302

Empresa to Banderas 67.4 67 144 310

Oso Parkway to Crown Valley Parkway 67.8 72 155 333

South of Crown Valley Parkway 65.3 48 104 224

North of New Ortega Highway 64.0 RW 86 185

North of Ortega Highway
64.0 RW 86 185

Avenida La Pata

South of Ortega Highway 58.0 RW RW 73

South of Avenida Pi 60.2 RW 48 103

Camino Vera Cruz

Camino de Los Mares to Vista Hermosa 61.6 RW 128

Avenida Talega

East of Avenida Vista Hermosa 52.0 RW RW RW

Modeled

From roadway center$ine

RW Contour does not extend beyond roadway nght-of-way

Source Mestre Greve Assoaates June 2004

The table shows that high traffic noise levels are generated along 1-5 and SR-73 i.e 72.4 to

80.5 dB CNEL Considerable noise levels are generated along SR-241 Oso Parkway Crown

Valley Parkway Ortega Highway Avenida Pico arid Antonio Parkway i.e 61.0 to 72.8 dB

CNEL Moderate noise levels are experienced along Junipero Serra San Juan Creek Avenida

Vista Hermosa Camino Capistrano and Camino Vera Cruz i.e 59.0 to 66.2 dB CNEL Noise

levels along Avenida La Pata and Avenida Talega are minor i.e 52.0 to 60.2 dB CNEL

Existing Aircraft Noise Levels

Airport Operations The project site is not located in the immediate vicinity of any airfield and

is not directly impacted by noise generated by any airport operations Enroute aircraft overfly

the project site and are audible at times However because of the relatively low aircraft noise

levels experienced on the site and the limited time that this occurs aircraft do not generate

noise levels on the project site that approach the Countys noise standards
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4.12 RECREATION

4.12.1 INTRODUCTION

This section discusses the potential park and recreation impacts associated with the proposed

project It examines the existing and future parks and recreation opportunities in the project

vicinity and the potential impacts of the proposed project on these resources

Methodoloay

The information in this section is based on the Recreation Element the Resources Element

and the Transportation Element of the Orange County General Plan Information concerning

off-site recreational facilities involved review of the City of San Juan Capistrano General Plan

Recreation Element the City of San Clemente website the San Onofre State Beach Revised

General Plan internet research relating to the various private and public recreational facilities in

the project area and personal communication with various state county and city personnel

Study Area

Parks and recreational facilities within two-mile radius of the proposed project were included

for review in this EIR

4.12.2 EXISTING CONDITIONS

Offslte Recreational Uses

There are over 11000 acres of County regional parks number of public parks and recreation

areas surrounding the project area variety of parks are located within two-mile radius of the

project site In addition to these nearby park sites residents can enjoy variety of other

recreational opportunities within two-mile radius such as hiking and golfing on both public and

private courses These facilities are discussed below and their location depicted in

Exhibit 4.12-1

Parklands

State Parks

San Onofre State Beach

San Onofre State Beach is located within the County of San Diego on MCB Camp Pendleton

property the Orange/San Diego County line serves as its western and northern boundary The

City of San Clemente in Orange County lies immediately to the west

The California Department of Parks and Recreation prepared Revised General Plan

for the San Onofre State Beach in June 1984 The 1984 Revised General Plan is .the

most current and it is not in the process of being updated at this time personal

communication Valdez It identifies four distinct areas within the park boundaries

Cristianitos Trestles Beach also known as the San Mateo Creek Surfers Beach and

San Onofre Bluffs Only Cristianitos and Trestles Beach would be potentially affected by

the Ranch Plan project

San Onofre State Beach is state beach operated by the California Department of Parks and

Recreation under lease agreement with the United States of America specifically the

RPojects\RMVUOO8EIR4.12 eaon-O6Oo4.doc 4.12-1 Section 4.12
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Department of the Navy The 50-year lease agreement was signed in 1971 and is set to expire

in 2021 The following provisions regarding state beaches as found in Section 501 9.56c of the

Public Resources Code PRC indude the following guidance pertinent in plan formulation for

resource management and recreational development

State beaches ..consist. .of areas with frontage on the ocean or bays designed to provide

swimming boating fishing and other beach-oriented recreational activities Coastal areas

containing ecological geological scenic or cultural resources of significant value shall be

preserved within state wildernesses state reserves state parks or natural or cultural

preserves..

San Onofre State Beach was established to make available to the public the natural beach

bluffs and related geological ecological and cultural features along the northern coast of San

Diego County including important uplands east of the 1-5 freeway in the valley of San Mateo

Creek and to provide for the enjoyment and use of these areas in ways that take full advantage

of the recreational opportunities thus afforded while protecting the natural and cultural values of

the region Department of Parks and Recreation 1984

The portion of San Onofre State Beach northeast of 1-5 is composed of the Cristianitos area

Cristianitos lies immediately adjacent approximately 500 feet to the southern boundary of the

Ranch Plan It is the only area within two-mile radius of the proposed project and as such

the focus of this evaluation As described in the Revised General Plan approximately 1000
acres of scenic open space at the northwest end of Cristianitos were recommended for

development with hiking trails primitive camps primitive group camp and natural preserve

Currently in the northern portion of Cnstianitos the hiking trails have been constructed though

the rest of the facilities have not yet been developed The San Mateo Campground is located

approximately one-third mile from the beach and 3.3 miles from the Ranch Plan boundary The

campground offers facilities for tent and recreational vehides

San Mateo Canyon where San Onofre State Beach is located is the last remaining

undeveloped coastal canyon southerly of Crystal Cove State Park available for public

recreational use Its value as recreational resource stems from the relative lack of urban

development The undeveloped nature of the State Beach and especially Cristianitos which is

the largest parcel 1182.7 acres provides for variety of recreational experiences

Cristianitos offers the public access to undisturbed natural resources including biological

resources which they can enjoy as part of nature study programs or while hiking or bike riding

The topography surrounding the State Beach provides natural barrier to much of the

urbanized areas in the adjacent City of San Clemente

Existing Regional Parks

The countywide system of regional parks provides about 16000 acres of land dedicated to park

and recreation uses in Orange County Three regional parks General Thomas Riley

Wilderness Park Caspers Wilderness Park and ONeill Regional Park fall within two-mile

radius of the proposed project boundaries Each of these parks is part of the Countys overall

park system and provides large expanses of area for active and passive recreational uses

Although facilities are planned as part of the County of Orange Master Plan of Riding and Hiking

Trails there are no existing trails that link these regional parks These parks are discussed

below
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Genera Thomas Riley Wilderness Park

The General Thomas Riley Wilderness Park is located in unincorporated Orange County
south and west of the community of Coto de Gaza and east of the communities of Rancho

Santa Margarita Las Flores and Wagon Wheel Canyon The entrance of the park is located at

the corner of Oso Parkway and Coto de Gaza Drive The park boundary is adjacent to Planning

Area 12 of the Ranch Plan

In January 1983 524 acres for the park were irrevocably offered by the Coto de Caza

Development Corporation to the County of Orange and accepted the same day The property

was offered for public park and recreational purposes and was named Wagon Wheel Canyon
Wilderness Park This park is regional wilderness park that is defined in the Recreation

Element of the Orange County General Plan as

regional park in which the land retains its primeval character with minimal improvements
and which is managed and protected to preserve natural processes The park

generally appears to have been affected primarily by forces of nature with the imprint

of mans work substantially unnoticeable has outstanding opportunities for solitude of

primitive and unconfined type of recreation is sufficient size as to make practicable its

preservation and use in an unimpaired condition and may also contain ecological

geological or other features of scientific educational scenic or historical value Section

VII

The Wagon Wheel Canyon Wilderness Park which was renamed the General Thomas Riley

Wilderness Park was formally opened to the public and dedicated to Supervisor Riley on

December 10 1994 The park covers an area of mostly rolling hills and major oak groves
There is no General Development Plan GDP for the park however the Orange County Board

of Supervisors approved an interim operations plan on September 27 1994 This interim

operations plan currently remains in place personal communication Huggins As part of

the interim phase the park offers low impact recreational activities including hiking mountain

biking and horseback riding There are also two vista points within the park The County also

offers variety of programs to the public induding but not limited to junior ranger college

intemships programs for school dasses nature/educational hikes and stargazing The park is

used by the Boy Scouts for completing work associated with earning their badges Informal

picnicking is available

The natural setting of the park is an important component of this resource Plant communities

known to occur at this park indude scrub grassland riparian and woodland. The plant

communities present provide suitable habitat for variety of plant and wildlife species some of

which are considered sensitive by state and federal resource agencies Sensitive species

known to occur within the General Thomas Riley Wilderness Park indude the orange
throated whiptail San Diego horned lizard red diamond rattlesnake coastal California

gnatcatcher and southern California rufous-crowned sparrow

The General Thomas Riley Wilderness Park is of sufficient size to make practicable its

preservation and use in an unimpaired condition however it should be noted that urban views

and noise are experienced along portions of the trails and vista points In an effort to preserve

natural resources as this park the County has imposed access restrictions to certain areas of

the park that have high quality coastal sage scrub supporting California gnatcatchers primarily
in the north/northwestern portion of the park
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Ronald Caspers Wilderness Park

The Ronald Caspers Wilderness Park encompasses approximately 8500 acres It is

immediately adjacent to Planning Area of the Ranch Plan Existing facilities at the park

indude various multiple use pedestrian and equestrian trails an equestrian day use area Starr

Mesa Equestrian Campground Live Oak Flats Campground and Visitor Center Existing

development at the park is primarily west of Ortega Highway which bisects the park Access is

provided via Ortega Highway

In 1973 the Starr Foundation deeded the northern 3779 acres of the Starr Ranch to the

National Audubon Society for use as wildlife sanctuary In late 1973 and early 1974 the

Orange County Board of Supervisors under the direction of Chairman Ronald Caspers
voted to purchase the southern 5500 acres of the ranch for use as public recreation facility

On April 12 1974 the Starr Viejo Regional Park was opened as primitive wilderness day use

and camping facility On August 20 1974 the Orange County Board of Supervisors changed
the name of the park to Ronald Caspers Wilderness Park in honor and recognition of his

foresight in acquiring and preserving this area of quality wilderness In 1984 an additional

2100 acres was dedicated by RMV bringing the parks total acreage to 8500 However

presently not all the park is accessible to the public

Caspers Wilderness Park provides recreational uses such as camping picnicking hiking

horseback riding mountain biking photography nature study and astronomy The park has

campgrounds restrooms and showers picnic areas an equestrian campground hiking and

equestrian trails Activities indude guided nature walks naturalist programs and telescope

observations

ONeill Regional Park

The ONeill Regional Park encompasses over 3358 acres of oak/sycamore woodlands grassy

meadows riparian chaparral and coastal sage scrub habitats Located in the foothills of the

Santa Ana Mountains ONeill Park offers picnic facilities and overnight camping At its closest

point the park is located approximately one mile west of Planning Area

In 1948 the ONeill family donated the initial 278 acres of Trabuco Canyon to the County of

Orange for use as regional park Throughout the years the ONeill family donated additional

acreage Other neighboring owners such as the Ramakrishna Monastery wishing to preserve

native habitat donated property to the park In 1982 Rancho Mission Viejo dedicated an

additional 935 acres in the Arroyo Trabuco An additional 735 acres in Tijeras Canyon was

dedicated in 1996 and 258 acres were dedicated as mitigation for the Arroyo Trabuco Golf

Course Today ONeill Regional Park is over 3358 acres in size

Recreation opportunities at the park indude wildlife observation bird watching hiking mountain

biking and horse back riding on park trails The park is heavily wooded with coast live oak and

sycamore trees The hillsides surrounding the park are filled with cactus wild buckwheat

sagebrush and chaparral of scrub oak buckthom and mountain mahogany

ONeill Park offers both day use and overnight camping facilities The Oak Grove offers

shaded area turf area and playground for children The Featherly area stretches along

Trabuco Creek seasonal waterway that flows from the Trabuco Peak to the Pacific Ocean

The mile long Mesa area includes viewpoints of Trabuco Canyon The West area presents

scenic trails In each area facilities include picnic tables barbecues water and restrooms

Individual tent and R.V camping is available year round along Trabuco Creek in the main

campground Interpretive programs are frequently conducted Saturdays and Sundays Ranger
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led nature hikes present local history and instruction on native wildlife Campfires programs are

hosted at the amphitheater after sunset throughout the year

Proposed Regional Park

Proposed Prima Deshecha Regional Pam

Prima Deshecha is induded on the Orange County General Plan Master Plan of Regional Parks

as planned regional park Currently the site is used as sanitary landfill with 1.000 acres

permitted for refuse disposal The landfill was opened in 1976 and is scheduled to dose in

approximately 2067 Although full dosure of the landfill is not expected until 2067 portions will

be dosed prior to 2067 Currently there are no recreational activities or facilities available at

the Prima Deshecha site

The proposed Prima Deshecha Regional Park is located south of Ortega Highway within the

jurisdictional boundaries of the County of Orange City of San Clemente and City of San Juan

Capistrano The site encompasses approximately 1.530 acres that includes 570 acres in the

City of San Juan Capistrano 133 acres in the City of San Clemente and 827 acres in

unincorporated Orange County The landfill is located at the southern terminus of existing La

Pata Avenue

Supplemental Environmental Impact Report SEIR is currently being prepared to address

certain modifications to the 2001 GOP needed to ensure physical site stability required by

landfill operations or needed to ensure the stability and success of the environmental mitigation

and restoration components of the overall GOP At this time there are no post-use recreation

concepts being developed

Local Parks

Local parks provide active andlor passive open space areas at non-regional levels specifically

neighborhoods and communities Local parks are further categorized according to area and

purpose community parks neighborhood parks view/lookout parks and mini-parks The

Orange County Recreation Element Master Plan of Local Parks component identifies goals

objectives and policies and provides implementation programs to meet the local recreational

needs of unincorporated Orange County The Master Plan of Local Parks in conjunction with

the Local Park Code is intended to provide for comprehensive local park planning and

programming i.e acquisition development operation maintenance and financing The Local

Park Code requires 2.5 acres of land per 1000 persons when residential dwelling units are

proposed The code also allows for the payment of in lieu fees or combined provision of

parkland and payment of in lieu fees when the community is better served through the provision

of parkland outside but near the property served The County acts as steward for local

parkland dedication holding the land or in lieu fees until acceptance by individual cities

Community parks are defined as 20- to 50-acre local park designed to meet the active

recreational needs of several neighborhoods The following is list of community parks within

two-mile radius of the proposed project

Ladora Ranch County Sports Park

The Ladera Ranch Sports Park is located in the Ladera Ranch Planned Community It is

24-acre county sports park shared by surrounding Orange County neighborhoods Activities

indude four softball and baseball diamonds for youth and adult leagues six league-standard

soccer fields tot lot play areas night lighting at all venues and group picnic areas
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concessions and restrooms The County of Orange and DMB Ladera built the Sports Park

which is located on the western edge of Ladera Ranch and is bounded by Crown Valley

Parkway to the south ONeill Drive to the east and the Arroyo Trabuco to the west

On December 19 2000 the Orange County Board of Supervisors approved an agreement

between the County and the Saddleback Unified School District Recreation and Community

Services Department to provide supervision and scheduling of the sports park The Harbors

Beaches and Parks DMsion of the Orange County Resources and Development Management

Department is responsible for the overall operation and maintenance of the facility Building and

landscape maintenance is provided through administration of contracted services The park

was designed to meet the needs of residents of Ladera Ranch and the surrounding cities and is

open to the public from 7am to 10pm daily personal communication Buchman

Russell Cook Park

Russell Cook Park is one of two major community parks owned and operated by the City of

San Juan Capistrano Cook Park is linear and consists of three parcels totaling 17 acres All

three phases of development are now complete personal communication Ramsey The

three parcels comprising Russell Cook Park are

Cook Park Cordova consists of 9.0 acres on the east side of Calle Arroyo between Via

Entradero and Via Solana Park amenities and uses indude BBQ and fire rings bike

paths equestrian/hiking trails multipurpose fields grassy area parking restrooms

softball and soccer fields and scenic views

Cook Park Del Campo consists of 1.5 acres on Calle Arroyo and Del Campo Park

amenities and uses include bike paths childrens play area equestrian/hiking trails

grassy area and scenic views

Cook Park La Novia consists of 6.5 acres on the east side of Calle Arroyo between La

Novia and Paseo Tirador Park amenities and uses indude automatic irrigation BBQs

and fire rings basketball courts bike paths childrens play area drinking fountains

equestrian/hiking trails grassy area multi-purpose fields parking picnic areas

restrooms and volleyball courts

Forster Ranch Community Park

Forster Ranch Community Park is located at 3207 Camino Vera Cruz and 1291 Sarmeritoso in

the City of San Clemente California Currently the Forster Ranch Community Park contains

8.3 acres of developed park space

The Master Plan of City Facilities for the City of San Clemente states community center

gymnasium pool complex is proposed at Forster Ranch Community Park The Forster

Community Park is proposed to indude total of 22.0 acres The proposed Forster Ranch

Community Park Expansion Phase II indudes several amenities that will be jointly utilized by the

adjacent schools Amenities will indude lighted tennis courts childrens play area an

amphitheater on-site parking maintenance building lighted soccer fields restrooms group

and indMdual picnic area lighted sand volleyball courts and baseball fields

neighborhood park ranges from two to 20 acres in size and is intended to serve the active

recreation needs of particular neighborhood within community The following is list of

neighborhood parks within two-mile radius of the proposed project
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Acu Canyon Park San Juan Capistrano

Descanso Park San Juan Capistrano

Four Oaks Park San Juan Capistrano

Talega Park San Clemente California

Talega Park San Clemente California

Blufftop Park Ladera Ranch

Chaparral Park Ladera Ranch

Township Plunge Ladera Ranch

Hilltop Park Ladera Ranch

Weatherwood Park Ladera Ranch

Poets Park Ladera Ranch

Founders Park Ladera Ranch

Oso Grande Park Ladera Ranch

Creighton Plunge Ladera Ranch

Village Green Ladera Ranch

Wagsdale Park Ladera Ranch

Ridina and Hikina Trails

The Countys regional riding and hiking trails link the harbors beaches parks open space and

recreational areas The Countywide regional trail network indudes 348 miles of existing and

proposed trails induding areas regulated by governmental agencies other than the County of

Orange These riding and hiking trails indude equestrian pedestrian and mountain biking use

The following is list of riding and hiking trails either within the project boundary or within two-

mile radius of the proposed project Their descriptions are illustrated on the Regional Riding

and Hiking Trails Maps in the Orange County General Plan Recreation Element It should be

noted that the following alignments described herein are conceptual Precise alignments will be

determined when the trail is actually developed and factors such as public safety environmental

impacts and development cost are considered The Regional Riding and Hiking Trail Map is

depicted in Exhibit 4.12-2

San Juan Creek Trail

The San Juan Creek Trail is proposed to commence at the Los Piæos Trail San Juan Trail and

Sitton Peak Trail at San Juan Hot Springs The trail would travel west for approximately

one-half mile and extend along San Juan Creek through Ronald Caspers Regional Park

The trail would enter the Ranch Plan boundary and continue in southerly direction running

parallel to Ortega Highway until it reaches Antonio Parkway at which point it crosses under

Antonio Parkway and then under Ortega Highway The trail would travel southwesterly exiting

the Ranch Plan boundary and enter into the City of San Juan Capistrano The trail would

continue to parallel San Juan Creek At La Novia Bridge the trail would cross at-grade and

head south until it crosses under the 1-5 Freeway It would then head southwesterly under the

Camino Capistrano Bridge and proceed over the Atchison Topeka Santa Fe Railroad tracks

The trail would head south and cross to the east side of San Juan Creek at Descanso Park

The trail would continue downstream on the east levee of the creek to Pacific Coast Highway

near Doheny State Beach The portion that runs through Caspers Regional Park is only

accessible to hikers and equestrians The trail is dose to several staging areas and connects to

many trails and parks

The completed trail which is currently partially developed is approximately 15 miles long with

12 miles being located within unincorporated Orange County and three miles within the City of
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San Juan Capistrano of which 2.25 miles are complete personal communication Foster

The San Juan Creek Trail would traverse the Ranch Plan and be contained in the proposed

Rancho Mission Viejo Regional Park Planning Areas and 13 Approximately six miles of the

proposed trail would be located within the project boundary

Trail design provides for the trails to be setback from roads buildings and walls to allow space
for trees and landscaping

Pnma Deshecha Trail

As proposed the Prima Deshecha Trail would extend northerly from the San Onofre State Park

expansion and just south of Avenida Pico where it would connect with the Cristianitos Trail It

would travel in westerly direction along the Southern California Edison easement At Avenida

Vista Hermosa the trail would make proposed at-grade crossing and continue west along the

northern side of Avenida Pico Just east of La Pata the trail would begin to travel north along

the open space to the proposed Prima Deshecha Regional Park The trail continues through

the proposed park and along the northeastern ndgeline to the entrance At the entrance the trail

would cross La Pats and then again follows along the Edison power line easement heading

north to Ortega Highway The trail would terminate at the highway where it would connect with

the San Juan Creek Trail This trail is approximately six miles long with the majority of the trail

located in unincorporated Orange County

The 2001 GOP for Prima Deshecha reflects conceptual alignment for the trail The precise

alignment and timing for implementation of the trail through the landfill would be based on the

ability of the trail to open to the public while avoiding conflicts with the on-going landfill

operation An approximately two miles segment of the proposed Prima Deshecha Trail in close

proximity to the Talega Planned Community is currently under development personal

communication Bubert Upon completion the trail would be located immediately west of

Planning Areas and 11 and would enter the Ranch Plan boundary in Planning Area Slightly

less than one mile of the proposed trail would be located within the project boundary

Cristianitos Trail

As proposed the Cristianitos Trail would commence north of the San Onofre State Park

expansion at approximately Avenida Pico and Cristianitos Road Also at this approximate

location Cristianitos Trail would connect with the Prima Deshecha Trail at the proposed

Avenida Pico Undercrossing It then would travel in northbound -direction gently winding

along the outskirts of the Talega Valley/Rolling Hills Planned Community and along the westerly

boundary of the Talega Valley Open Space Reserve until it reaches Cnstianitos Road At

Cristianitos Road the trail would travel north paralleling the road on the west side for about

one-half mile The trail would then cross Cnstianitos Road to the east side and continue

traveling north until it terminates at Ortega Highway At Ortega Highway it is proposed that the

Cristianitos Trail connect with the San Juan Creek Trail Presently the trail is undeveloped but

90 percent of the trail has been dedicated If Cristianitos Road is incorporated as part of the

SR-241 there is possibility of the trail crossing the corridor along the northern part of

Cristianitos Road This trail is approximately five miles long Approximately two miles of the

proposed Cristianitos Trail is currently under development The portion under construction lies

in close proximity to the Talega Planned Community personal communication Bubert

As previously indicated the trail would enter the Ranch Plan boundary in Planning Area and

extend north through undeveloped portions of Planning Area Slightly more than four miles of

the proposed trail would be located within the project boundary
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Wagon Wheel Trail

Located on the boundary of the project the Wagon Wheel Trail commence in General Thomas

Riley Wilderness Park and follows an existing ranch road south through Wagon Wheel

Canyon The trail crosses Coto de Gaza Drive and Vista del Verde and continues south

through sliver of the park to the southern boundary of Coto de Gaza The trail turns east and
follows an existing ranch road along the property line of Coto de Caza for one-half mile The
trail enters Rancho Mission Viejo property and continues east on an existing ranch road This

ranch road ascends to the west ridge of Bell Canyon and connects to the Bell Canyon Trail

within Caspers Regional Park The trail is approximately three miles long

Other Trails Outside of the Ranch Plan Boundary

Additional trails that fall within two miles of the proposed project indude the Arroyo Trabuco
Trail and the Bell Canyon Trail The Bell Canyon Trail runs for approximately four and half

miles in north-south trending direction through Caspers Wilderness Park and the Arroyo

Trabuco Trail extends approximately seven miles along Trabuco Creek

Staging Locations

Staging areas typically provide parking and amenities such as watering troughs thinking

fountains horse tie-ups benches and shade trees The General Plan intent is that each

staging area will be studied for trail route implementation once planning is accomplished and

adjacent land is developed The following staging areas are shown on the Regional Riding and

Hiking Trails Map within the vicinity of the project see Exhibit 4.12-2

At or near San Juan Hot Springs adjacent to the San Juan Creek Trail and other trails

leading into the Cleveland National Forest

Along the Prima Deshecha Trail near Avenida Pico

Near the San Juan Creek Trail junction with the Prima Deshecha Trail

The staging area proposed near the San Juan Creek Trail junction with the Prima Deshecha
Trail would fall within the boundaries of the proposed project The other two proposed staging

areas would not None of these proposed staging areas are currently under development
personal communication Bubert

Bikeways

Bicycle routes provide an alternative transportation mode for all trips induding commuting

shopping school and recreation The Orange County Bikeways Plan also addresses the

recreational objectives of bicycling This is done in concert with other County-wide recreational

programs such as regional parks and riding and hiking trails The Orange County General Plan

identities three types of bikeways Class bicyde trail is paved facility which is physically

separated from roadway and designated primarily for the use of bicycles Crossflows by

pedestrians and motorists are to be minimized Class Il Bicycle lane is facility featuring

striped lane on the paved area of road for preferential use by bicydes It is located along the

edge of the paved area outside the motor vehicle travel lanes Parking is restricted within

Class II bike lane Where sufficient pavement width exists it may be located between parking
lane and the outside motor vehicle travel lane Class Ill bicyde route is facility typically

identified by green and white Type G93 Bike Route guide signing only There are usually
no special lane designations and parking may be permitted Bicycle traffic may share either the

roadway with motor vehicles or sidewalk with pedestrians and in either case bicycle usage is

considered secondary Bike routes are means to connect otherwise discontinuous segments

RtPoectRMVUOO8EIft\412 Reeoq-O6O8O4doc 4.12-9 Section 4.12

Recreation



The Ranch Pfan Draft Program EIR No 589

of Class or Class II bikeways bikeway route designated on the Bikeways Plan map as

undetermined indicates that the ultimate trail category or dassification and/or its alignment

has not yet been determined or officially adopted due to topographical or right-of-way

constraints or other considerations

Within the project limits there are two designated bikeways as shown on Exhibit 4.12-3

Class Bikeway is designated along San Juan Creek and Class II bikeway is shown on

Antonio Parkway The San Juan Creek Bikeway is also on the OCTAs Strategic Plan for

regional bikeways The San Juan Creek Bikeway is proposed to follow San Juan Creek and

connect Caspers Wilderness Park to Doheny State Beach It is described as mountains-to-

sea bikeway

Golf Courses

The following is list of public and private golf courses within two-mile radius of the proposed

project

Arroyo Trabuco Golf Club

Arroyo Trabuco Golf Club is currently under construction and is scheduled to open in mid-2004

The course will be located east of the City of Mission Viejo and west of the community of Ladera

Ranch The course will be an 18-hole daily-fee public golf club

Coto de Caza Golf Racquet Club

Coto de Caza Golf Racquet Club is private 36-hole country club located in the Coto de Caza

private gated community and is open to residents as well as members from surrounding

communities

Tqeras Creek Golf Club

The Tijeras Creek Golf Club consists of an 18-hole golf course located at 29082 Tijeras Creek

Rancho Santa Margarita It is open to the public

Mission Viejo Golf Course

The Mission Viejo Golf Course is public golf course operated by the City of Mission Viejo It is

located at 26200 Country Club Drive Mission Viejo California

Marbella Golf Course and Countiy Club

Marbella Golf Course and Country Club is private club which provides golf tennis and social

facilities It is located at 300 Golf Club Drive in San Juan Capistrano California

Talega Golf Club

The Talega Golf Club is an 18-hole public golf course located at 990 Avenida Talega in San

Clemente California

Pacific Golf Club and Country Club

The Pacific Golf and County Club is three nines private golf club located at 200 Avenida La

Pata in San Clemente California
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This article presents results from the

first statistically significant study of

cost escalation in transportation in

frastructure projects Based on sam

ple of 258 transportation infrastruc

ture projects rth US$90 billion and

representing different project types

geographIcal regions and historical

periods it is found with overwhelming

statistical signulicance that the cost es

timates used to decide whether such

projects should be built are highly and

systematically misleading lJnderesti

motion cannot be explained by ertor

and is best explained by strategic mis

representation that is lying The poi

icy implications are clear legislators

administrators investors media rep

resentatives arid members of the pub

lic who value honest numbers shouki

not trust cost estimates and cost-ben

efit analyses produced by project pro

moters and their analysts
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onsparative studies of actual arid estimated costs in tralisportatiorl

infrastructure development are few Where such studies exist they are

typically single-case studies or they cover sample of projects too

small to allow systematic statistical analyses Bruzelius et al 1998 Fouracre

et aL 1990 Hall 1980 Nljkanip Ubbels 1999 Fickuell 1990 Skamris

Flyvbjerg 1997 Szyliowicz Goetz 1995 Walmsley Pickett 1992 To

our knowledge only one study exists that with sample of 66 trarisporta

tion projects approaches large-sample study and takes fist step toward

valid statistical analysis Merewitz 973a 973b Despite their many nier

its in other respects these studies have not produced statistically valid an

swers regarding the question of whether one can trust the cost estimates

used by decision makers arid investors in deciding whether or not to build

new transportation infrastructure Because of the small and uneven sam

ples used in existing studies different studies even point in opposite direc

tions and researchers consequently disagree regarding the credibility of cost

estimates Pickrell 1990 for instance concludes that cost estimates are

highly inaccurate with actual costs being typically much higher titan esti

mated costs while ijkamp arid Ubbels 1999 claim that cost estimates are

rather correct Below we will see who is right

The objective of the study reported here was to answer the following

questions in statistically valid manner How common and how large are

differences between actual and estimated costs In transportation infra

structure projects Are the differences significant Are they simply random

errors Or is there statistical pattern to the differences that suggests other

explanations What are the implications for policy arid decision making re

gard irig trarssportatiorl infrastructure development
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Four Steps to Understanding

Deceptive Cost Estimation

We see four steps in the evolution of body of schol

arly research aimed at understanding practices of cost

underestimation and deception in decision making for

transportation infrastructure The first step was taken

by Pickrell 1990 and Fouracre Ailport and Thomson

1990 who provided sound evidence for small number

of urban rail projects that substantial cost underestirna

don is problem and who implied that such underesti

mation may be caused by deception on the part of pro

ject promoters and forecasters The second step was

taken by Wachs 1990 who establishedagain for

small sample of urban rail projectsthat lying under

stood as intentional deception is in fact an important

cause of cost underestimation Wachs began the diffi

cult task of charting who does the lying why it occurs

what the ethical implications are etc

The problem with the research in the first two steps

is that it is based on too few cases to be statistically sig

nificant the pattern found may be due to random prop

ercies of the small samples involved This problem is

solved in the third step taken with the work reported in

this article Based on large sample of transportation in

fi-asti-ucture projects we show that the pattern of cost

underestimation uncovered by Pickrell and others Is of

general import and is statistically significant and the

pattern
holds for different project types

different geo

gi-aphical regions and different historical periods We

also show that the large-sample pattern of cost underes

timation uncovered by us lends statistical support to the

conclusions about lying and cost underestimation ar

rived at by Wachs for his small sample

The fourth and final step in understanding cost un

derestimation and deception would be to do for large

sample of different transportation infrastructure pro

jects what Wachs did for his small sample of urban rail

projects establish whether systematic deception actu

ally takes place who does the deception why it occurs

etc This may be done by having large number of fore

casters and project promoters representing large num
ber of projects directly express

in interviews or surveys

their intentions with and reasons for underestimating

costs This is key topic for further research

In sum then we do not claim with this article to

have provided final proof that lying is the main cause of

cost underestimation in transportation infrastructure

projects We claim however to have taken one sigriifi

cant step in cumulative research process for testing

whether this is the case by establishing the best and

largest set of data about cost underestimation in trans

portation infrastructure planning so far seen by carry-

ing out the first statistically significant study of the is

sues involved and by establishing that our data support

and give statistical significance to theses about lying de

veloped in other research for smaller statistically non

significant samples

As part of further developing our understanding of

cost underestimation it would also be interesting to

study the differences between projects that are approved

on competitive basis by voters at an election and those

that are funded through formula-based allocations One

may speculate that there is an obvious incentive to make

project look better and hence to underestimate costs

in the campaign leading up to an election good sin

gle-case study of this is Kains 1990 article about rail

transit project in Dallas Votes are cast more often for

large rail bridge and tunnel projects than for road pro

jects For example most U.S highway funds are distrib

uted to states based on formula i.e there is no com

petitive process state department of transportation

DOT is likely to have fixed annual budget for con

struction The DOT leadership would presumably want

fairly accurate cost estimates before allocating the bud

get One may speculate that large cost underestimation

is less likely in this situation There arc exceptions to this

scenario Sometimes DOT officials want to persuade

state legislators to increase their budget And states oc

casionally submit bond issue proposals to voters In Eu

rope the situation is similar on important points al

though differences also exist This may explain the result

found below that cost underestimation is substantially

lower for roads than for rail bridges and tunnels and

that this is the case both in the U.S and Europe Need

less to say more research is necessary to substantiate this

observation

Finally we want to emphasize that although the

project sample used in this study is the largest of its kind

it is still too small to allow inore than few subdivisions

if comparative statistical analyses must still be possible

Therefore in further work on understanding cost un

derestimation the sample should be enlarged to better

represent different types of prolects and different geo

graphical locations As to project types data for more

private projects would be particularly useful in allowing

statistically valid comparisons between public arid pri

vate sector projects Such comparisons do nor exist

today and nobody knows whether private projects per

form better or worse than public ones regarding cost un

derestimation The sample should also be ei-iiarged to

contain data for more fixed-link and rail projects Such

data would allow better i.e. statistically corrobo

rated comparative understanding of cost underestima

don for more specific subtypes of projects such as

bridges tunnels high-speed rail urban rail and converi
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tional rail Such an understanding is nonexistent today

As to geography immediate rewards would be gained

from data for projects
outside Europe and North Amer

ica especially for fixed links and roads But even for Eu

rope and North America data on more projects are

needed to allow better comparative analysis

Measuring Cost Inaccuracy

The methods used in our study are described in the

Appendix All costs are construction costs We follow in

ternational convention and measure the inaccuracy of

cost estimates as so-called cost escalation often also

called cost overrun i.e. actual costs minus estimated

costs in percent of estimated costs Actual costs are de

lined as real accounted construction costs determined

at the time of project completion Estimated costs are de

fined as budgeted or forecasted construction costs at the

time of decision to build Although the project planning

process varies with project type country and time it is

typically possible for any given project to identify spe

cific point in the process as the time of decision to build

Usually cost estimate was available at this point in time

for the decision makers If not then the closest availabic

estimate was used typically later estimate resulting in

conservative bias in our measure for inaccuracy see the

Appendix All costs are c.alculated in fixed prices in Euros

by using the appropriate historical sectoral and geo

graphical indices for discounting and the appropriate ex

change rates for conversion between currencies

Project promoters and their analysts sometimes ob

ject to this way of measuring cost inaccuracy Flyvbjerg

et al in press Various cost estimates are made at dif

ferent stages of the process project planning decision

to build tendering contracting and later renegotia

tions Cost estimates at each successive stage typically

progress toward smaller number of options greater de

rail of designs greater accuracy of quantities
and better

information about unit price Thus cost estimates be

come more accurate over time arid the cost estimate at

the time of making the decision to build is far from final

It is only to be expected therefore that such an early es

rirnate would be highly inaccurate And this estimate

would be unfair as the basis for assessing the accuracy

of cost forecasting or so the objection against using the

time-of-decision-to-build estimate goes Simon 1991

We defend this method however because when the

focus is on decision making and hence on the accuracy

of the information available to decision makers then it

is exactly the cost estimate at the time of making the de

cision to build that is of primary interest Otherwise it

would be impossible to evaluate whether decisions are

informed or not Estimates made after the decision to

build are by definition irrelevant to this decisioii What

ever the reasons are for cost increases after decision mak

ers give the go-ahead to build project or however large

such increases are legislators and citizensor private in

vestors in the case of privately funded projectsarc enti

tled to know the uncertainty of budgets Otherwise

transparency and accountability suffer We furthermore

observe that If the inaccuracy of early cost estimates were

simply matter of incomplete information and inher

ent difficulties in predicting distant future as project

promoters often say it is then we would expect inaccu

racies to be random or close to random Inaccuracies

however have striking and highly interesting bias as

we will see below

Another objection to using cost at the time of deci

sion to build as basis of comparison is that this sup

posedly would entail the classical error of compaling ap

ples and oranges Projects change over the planning and

implementation process When for instance the physi

cal configuration of the original Los Angeles Blue Line

Light Rail project was altered at substantial cost to com

prise grade-crossing improvements upgrading of adja

cent streets better sidewalks new fences etc. the pro

ject was no longer the same It was instead new and

safer project and comparing the costs of this project

with the costs of the older less safe one would suppos

edly entail the apples-and-oranges error probleiri with

this argument is that existing research indicates that

project promoters routinely ignore hide or otherwise

leave out important project costs and risks in order to

make total costs appear low Flyvbjerg et al in press

Wachs 1989 1990 For instance environmental and

safety concerns may initially be ignored even though

they will have to be taken into account later in the pro

ject cycle if the project lives on and the project is more

likely to live on if environmental and safety concerns are

initially ignored Similarly ignoring or underplaying

geological risks may be helpful in getting projects ap
proved and no other risk is more likely to boomerang

back and haunt projects during construction Salami

tactics is the popular name used to describe the prac

tice of introducing project components and risks one

slice at time in order to make costs appear low as long

as possible If such tactics are indeed main mechanism

in cost underestimation as existing research indicates

then clearly comparing actual project costs with esti

mated costs at the time of decision to build does not en

tail the error of comparing apples arid oranges but is

simply way of tracking how what was said to be small

inexpensive apple turned out to actually be big expen

sive one

Finally we observe that if we were to follow the ob

jectioris against using the cost estimate at the time of de
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cis ion to build as the basis of tracking cost escalation it

would be impossible to make meaningful comparisons

of costs because no common standard of comparison

would be available We also observe that this method is

the international standard for measuring inaccuracy of

cost estimates Fouracreet al. 1990 LeavittetaL 1993

National Audit Office Department of Transport

1992 NlJkamp Ubbels 1999 Pickrell 1990 Walms

ley Plckett 1992 World Bank 1994 This standard

conveniently allows meaningful and consistent com

parisons within individual projects and across projects

project types and geographical areas This standard

then is employed below to measure the inaccuracy of

cost estimates in 258 transportation infrastructure pro

jects worth US$90 billion

Inaccuracy of Cost Estimates

Figure shows histogram with the distribution of

inaccuracies of cost estimates If errors in estimating

costs were small the histogram would be narrowly con

centrated around zero If errors in overestimating costs

were of the same size and frequency as errors in under

estimating costs the histogram would be symmetrically

distributed around zero Neither is the case We make

the following observations regarding the distribution of

inaccuracies of construction cost estimates

Costs are underestimated in almost out of 10

projects For randomly selected project the like

lihood of actual costs being larger than estimated

costs is 86% The likelihood of actual costs being

lower than or equal to estimated costs is 14%

Actual costs are on average 28% higher than

estimated costs sd39
We reject with overwhelming significance the

thesis that the errol of overestimating costs is as

common as the error of underestimating costs

pO.OO1 two-sided test using the binomial

distribution Estimated costs are biased and the

bias is caused by systematic underestimation

We reject with overwhelming significance the

thesis that the numerical size of the error of

underestimating costs is the same as the

numerical size of the error of overestimating costs

pO.OOI nonparametric Mann -Whitney test

Costs are not only underestimated much more

often than they are overestimated or correct costs

that have been underestimated are also wrong by

substantially larger margin than costs that have

been overestimated

We conclude that the errol- of underestimating costs is

significantly much more common and much larger than

the error of overestimating costs Underestimation of

costs at the time of decision to build is the rule rather

than the exception for transportation infrastructure pro

jects Frequent and substantial cost escalation is the

result

Cost Underestimation by Project

Type

In this section we discuss whether different types
of

projects perform differently with respect to cost under

estimation Figure shows histograms with inaccura

cies of cost estimates for each of the following project

types rail high-speed urban and conventional

inter-city rail fixed link bridges and tunnels and

road highways and freeways Table shows the ex

pected average inaccuracy and standard deviation for

each type of project

Statistical analyses of the data in Table show both

means and standard deviations to be different with

high level of significance Rail projects incur the highest

difference between actual and estimated costs with an

average of no less than 44.7% followed by fixed-link proj

ects averaging 33.8% and roads at 20.4% An F-test falsi

fies the null hypothesis at very high level of statistical

significance that type of project has no effect on per

centage cost escalation p0.OOI Project type matters

The substantial and significant differences among proj

ect types indicate that pooling the three types of projects

iii statistical analyses as we did above is strictly not ap

propriate Therefore in the analyses that follow each

type of project will be considered separately

Based on the available evidence we cor-iclude that

rail promoters appear to be particularly prone to cost

underestimation followed by promoters of fixed-link

projects Promoters of road projects appear to be rela

tively less inclined to underestimate costs although ac

tual costs are higher than estimated costs much more

often than not for road projects as well

Further- subdivisions of the sample indicate that

high-speed rail tops the list of cost underestimation fol

lowed by urban and conventional rail in that order Sim

ilarly cost underestimation appears to be larger for tun

nels than for bridges These results suggest that the

complexities of technology and geology might have an

effect on cost underestimation These results are not sta

tistically significant however Even if the sample is the

largest of its kind it is too small to allow repeated sub

divisions arid still produce significant results This piob

hem can be solved only by further data collection from

more projects

We conclude that the question of whether there are

significant differences in the practice of cost underesti
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FIGURE Inaccuracy of cost estimates in 258 transportation infrastructure projects fixed prices

TABLE Inaccuracy of transportation project cost estimates by type of project

fixed prices

Number of Average cost Standard Level of

Project type cases escalation deviation significance

Rail 58 44.1 38.4 0.001

Fixed-link 33 33.8 62.4 0.004

Road 167 20.4 29.9 0.001

All projects 258 27.6 38.7 0.001
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marion among rail fixed-link and road projects must be

answered in the affirmative The average difference be

tween actual and estimated costs for rail projects is sub

stantially and significantly higher than that for roads

with fixed-link projects in statistically nonsignificant

middle position The average inaccuracy for rail projects

is more than twice that for roads resulting in average

cost escalations for rail more than double that for roads

For all three project types the evidence shows that it is

sound advice for policy and decision makers as well as

investors bankers media and the public to take any

estimate of construction costs with grain of salt espe

cially for rail and fixed-link projects

Cost Underestimation by

Geographical Location

In addition to testing whether cost underestimation

differs for different kinds of projects we also tested

whether it varies with geographical location among Eu

rope North America and other geographical areas

group of 10 developing nations plus Japan Table

shows the differences between actual and estimated

costs in these three areas for rail fixed-link and road pro

jects There is no indication of statistical interaction be

tween geographical area and type of project We there

fore consider the effects from these variables on cost

underestimation separately For all projects we find that

the difference between geographical areas in terms of on

derestimatiori is highly significant pO.OOl Geography

matters to cost underestimation

If Europe and North America are compared sepa

tately which is compulsory for fixed links and roads be

cause no observations exist for these projects in other ge

ographical areas comparisons can be made by t-tests as

the standard deviations are rather different the Welch

version is used For fixed-Link projects the average
dif

ference between actual and estimated costs is 43.4% in

Europe versus 25.7% North America but the difference

between the two geographical areas is nonsignificant

p0.4 14 Given the limited number of observations and

the large standard deviations for fixed-link projects we

would need to enlarge the sample with more fixedlink

projects in Europe and North America in order to test

whether the differences might be significant for more

observations For rail projects the average difference be

tween actual and estimated costs is 34.2% In Europe ver

sus 40.8% in North America For road projects the simi

lar numbers are 22.4% versus 8.4% Again the differences

between geographical areas are nonsignificant pO.S 10

and pO 184 respectively

We conclude accordingly that the highly significant

differences we found -above for geographical location

come from projects in the other geographical areas cat

egory The average difference between actual and esti

mated costs in this category is hefty 64.6%

Have Estimates Improved Over
Time

In the previous two sections we saw how cost un
derestimation varies with project type and geography In

this section we conclude the statistical analyses by

studying how underestimation has varied over time We

ask and answer the question of whether project promot
ers and forecasters have become more or less inclined

over time to underestimate the costs of transportation

infrastructure projects If underestimation were unin

tentional arid related to lack of experience or faulty

methods in estimating and forecasting costs then pri

ori we would expect underestimation to decrease over

time as better methods were developed and more experi

ence gained through the planning and implementation

of more infrastructure projects

Figure shows plot of the differences between ac

tual and estimated costs against year of decision to build

TABII Inaccuracy of transportation project cost estimates by geographical location fixed prices

Europe Nortti America Other geographical areas

Average Average Average

Number cost Number cost Number cost

Project of projects escalation Standard of projects escalation Standard of projects escalation Standard

type deviation deviation deviation

Rail 23 34.2 25.1 19 40.8 36.8 16 64.6 49.5

Fixed-link 15 43.4 52 18 25.7 70.5

Road 143 22.4 24.9 24 8.4 49.4

All projects 181 25.7 28.7 61 23.6 54.2 16 64.6 49.5
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for the 111 projects in the sample for which these data

are available The diagram does not seem to indicate an

effect from time on cost underestimation Statistical

analyses corroborate this impression The null hypothe

sis that year of decision has no effect on the difference

between actual and estimated costs cannot be rejected

pO.22 F-test test using year of completion instead

of
year

of decision with data for 246 projects gives

similar result pO.28 F-test

We therefore conclude that cost underestimation

has not decreased over time Underestimation today is

in the same order of magnitude as ft was 10 30 and 70

years ago If techniques and skills for estimating and

forecasting costs of transportation Infrastructure pro

jects have improved overtime this does not show in the

data No learning seems to take place in this important

arid highly costly sector of public and private decision

making This seems strange and invites speculation that

the persistent existence over time location and project

type of significant and widespread cost underestimation

is sign that an equilibrium has been reached Strong

incentives and weak disincentives for underestimation

may have taught project promoters what there is to

learn namely that cost underestimation pays off If this

is the case underestimation must be expected and it

must be expected to be intentional We examine such

speculation below Before doing so we compare cost

derestimation in transportation projects with that in

other projects

286

Cost Underestimation in Other

Infrastructure Projects

in addition to cost data for transportation irifra

structure projects we have reviewed cost data for several

hundred other projects including power plants darns

water distribution oil and
gas extraction information

technology systems aerospace systems and weapons

systems Arditi et al. 1985 Blake et al 1976 Canaday

1980 Department of Energy Study Group 1975

Dlakwa Culpin 1990 Fraser 1990 Hall 1980 Healey

1964 Henderson 1977 Hufschmidt Germ 1970

Merewitz 1973b Merrow 1988 Morris Hough 1987

World Bank 1994 nd. The data indicate that other

types of projects are at least as if not more prone to cost

underestimation as are transportation infrastructure

projects

Among the more spectacular examples of cost un
derestimation are the Sydney Opera House with actual

costs approximately 15 times higher than those pro

jected and the Concorde supersonic airplane with cost

12 times higher than predicted Hall nd. p.3 The data

also indicate that cost underestimations for other proj

APA journal Sunrirrer 2002 Vol 68 No

ects have neither increased nor decreased historically

and that underestimation is common in both First- and

Third-World countries When the Suez canal was com

pleted in 1869 actual construction costs were 20 times

higher than the earliest estimated costs and times

higher than the cost estimate for the year before con
struction began The Panama Canal which was com
pleted in 1914 had cost escalations in the range of 70 to

200% Summers 1967 148
In sum the phenomena of cost underestimation

and escalation appear to be characteristic not only of

transportation projects but of other types of infiastruc

ture projects as well

Explanations of Underestimation

Error or Lie

Explanations of cost underestimation come In foui

types technical economic psychological and political

In this section we examine which explanations best fit

our data

Technical Explanations

Most studies that compare actual and estiniated

costs of infrastructure projects explain what they call

forecasting errors in technical terms such as imperfect

techniques inadequate data honest mistakes inherent

problems in predicting the future lack of experience on

the part of forecasters etc Ascher 1978 Flyvbjerg et al

in press Morris Hough 1987 Wachs 1990 Few

would dispute that such factors rrlay be important

sources of uncertainty and may result in misleading fore

casts And for small-sample studies which are typical of

this research field technical explanations have gained

credence because samples have been too small to allow

tests by statistical methods However the data and tests

presented above which come from the first large-sam

pIe study in the field lead us to reject technical explana

tions of forecasting errors Such explanations simply do

not fit the data

First if misleading forecasts were truly caused by

technical inadequacies simple mistakes and inherent

problems with predicting the future we would expect

less biased distribution of errors in cost estimates

around zero In fact we have found with overwhelming

statistical significance pcO.OO that the distribution of

such errors has nonzero mean Second if imperfect

techniques inadequate data and lack of experience were

main explanations of the underestimations we would

expect an improvement in forecasting accuracy over

time since errors and their sources would be recognized

and addressed through the refinement of data collection

forecasting methods etc Substantial resources have
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FIGURE Inaccuracy of cost estimates in transportation projects over timer 19101998 fixed prices 111

projects

been spent over several decades on improving data and

methods Still our data show that this has had no effect

on the accuracy of forecasts Technical factors therefore

do not appear to explain the data It is not socalled fore

casting errors or cost escalation or their causes that

need explaining It is the fact that in our of tO cases

costs are underestimated

We may agree with proponents of technical expla

nations that it is for example impossible to predict for

the individual project exactly which geological environ

mental or safety problems will appear
and make costs

soar But we maintain that it is possible to predict the

risk based on experience from other projects thatsome

such problems will haunt project and how this will af

fect costs We also maintain that such risk can and

should be accounted for in forecasts of costs but typi

cally is not For technical explanations to be valid they

would have to explain why forecasts are so consistent in

ignoring cost risks over time location and project type

Economic Explanations

Economic explanations conceive of cost underesti

mation in terms of economic rationality Two types of

economic explanation exist one explains in terms of eco
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nomic self-interest the other in terms of the public in

terest As regards self-interest when project goes for

ward it creates work for engineers and construction

firms and many stakeholders make money If these

stakeholders are involved in or indirectly influence the

forecasting process then this may influence outcomes

in ways that make it more likely that the project will be

built Having costs underestimated and benefits overes

timated would be economically rational for such stake-

holders because it would increase the likelihood of reve

flues and profits Economic self-interest also exists at the

level of cities and states Here too it may explain cost

underestimation Pickrell 1990 1992 pointed out that

transit capital investment projects in the U.S compete

for discretIonary grants from limited federal budget

each year This creates an incentive for cities to make

their projects look better or else some other city may get

the money
As regards the public interest project promoters and

forecasters may deliberately underestimate costs in order

to provide public officials with an incentive to cut costs

and thereby to save the publics money According to this

type of explanation higher cost estimates would be an

incentive for wasteful contractors to spend more of the

taxpayers money Empirical studies have identified pro

moters and forecasters who say they underestimate costs

in this manner and with this purpose i.e to save public

money Wachs 1990 The argument has also been

adopted by scholars for instance Merewitz 973bwho
explicitly concludes that keeping costs low is more im

portant than estimating costs cOrrectly 280
Both types of economic explanation account well for

the systematic undet-estimation of costs found in our

data Both depict such underestimation as deliberate

and as economically rational If we now define lie in the

conventional fashion as making statement intended to

deceive others Bok 1979 14 Cliffe et al. 2000

we see that deliberate cost underestimation is lying and

we arrive at one of the most basic explanations of lying

and of cost underestimation that exists Lying pays off

or at least economic agents believe it does Moreover if

such lying is done for the public good e.g. to save tax

payers money political theory would classify it in that

special category
of lying called the noble lie the lie mo

tivated by altruism According to Bok 1979 this is the

most dangerous body of deceit of all 175
In the case of cost underestimation in public works

projects proponents of the noble lie overlook an impor
tant fact Theircot-e argumentthat taxpayers money is

saved by cost underestimationis seriously flawed Any

one with even the slightest trust in cost-benefit analysis

and welfare economics must reject this argument Un
derestirnating the costs of given project leads to

falsely high benefit-cost ratio for that project which in

turn leads to two problems First the project may be

started despite the fact that it is not economically viable

Or second it may be started instead of another project

that would have yielded higher returns had the actual

costs of both projects been known Both cases result in

the ineflicient use of resources and therefore in waste of

taxpayers money Thus for reasons of economic effi

ciency alone the argument that cost underestimation

saves money must be i-ejected underestimation is more

likely to result In waste of taxpayers money But the ar

gument must also be rejected for ethical and legal rea

sons In most democracies for project promoters and

forecasters to deliberately misinformlegislators admin

istrators bankers the public and the media would not

only be considered unethical but in some instances also

illegal for instance where civil servants would misinform

cabinet members or cabinet members would misinform

the parliament There is formal obligation to truth

built into most democratic constitutions on this point

This obligation would be violated by deliberate under

estimation of costs whatever the reasons may be Hence

even though economic explanations fit the data and help

us understand important aspects of cost underestiina

tion such explanations cannot be used to justify it

Psychological Explanations

Psychological explanations attempt to explain bi

ases in forecasts by bias in the mental makeup of proj

ect promoters and forecasters Politicians may have

monument complex engineers like to build things

and local transportation officials sometimes have the

mentality of empire builders The most common psy

chological explanation is probably appraisal opti

mism According to this explanation promoters and

forecasters are held to be overly optimistic about project

outcomes in the appraisal phase when projects are

planned and decided Fouracre et al 1990 10 Mackie

Preston 1998 Waimslcy Pickett 1992 11 World

Bank 1994 86 An optimistic cost estimate is clearly

low one The existence of- appraisal optimism in pro
moters and forecasters would result in actual costs being

higher than estimated costs Consequently the existence

of appraisal optimism would be able to account in

whole or in part for the peculiar bias of cost estimates

found in our data where costs are systematically under

estimated Such optimism and associated cost under

estimation would not be lying needless to say because

the deception involved is self-deception and therefore

not deliberate Cost underestimation would be error ac

cording to this explanation

There is problem with psychological explanations

however Appraisal optimism would be an important

288 APA journal Summer 2002 Vol 68 No



UNDERESTIMATING COSTS IN PUBLIC WORKS PROJECTS

and credible explanation of underestimated costs ifesti

mates were produced by inexperienced promoters and

forecasters i.e persons who were estimating costs for

the first or second time and who were thus unknowing

about the realities of infrastructure building and were

not drawing on the knowledge and skills of more expe

rienced colleagues Such situations may exist and may
explain individual cases of cost underestimation But

given the fact that the human psyche is distinguished by

significant ability to learn from experience it seems un

likely that promoters and forecasters would continue to

make the same mistakes decade after decade instead of

learning from their actions It seems even more unlikely

that whole profession of forecasters and promoters

would collectively be subject to such bias and would

not learn over time Learning would result in the reduc

tion if not elimination of appraisal optimism which

would then result in cost estimates becoming more ac

curate over time But our data clearly shows that this has

not happened

The profession of forecasters would indeed have to

be an optimistic group to keep their appraisal optimism

throughout the 70-year period our study covers and not

learn that they were deceiving themselves and others by

underestimating costs This would account for the data

but is not credible explanation As observed elsewhere

the incentive to publish and justify optimistic estimates

is very strong and the penalties for having been overop

timistic are generally insignificant Davidson Huot

1989 137 Flyvbjerg et at in press This is better cx

planation of the pervasive existence of optimistic esti

mates than an inherent bias for optimism in the psyche

of promoters and forecasters And optimism calcu

lated on the basis of incentives is not optimism of

course it is deliberate deception Therefore on the basis

of our data we reject appraisal optimism as primary

cause of cost underestimation

Political Explanations

Political explanations construe cost underestima

tion in terms of interests and power Flvvbjcrg 1998

Surprisingly little work has been done that explains the

pattern of misleading forecasts in such terms Wachs
1990 145 key question for political explanations is

whether forecasts are intentionally biased to serve the in

terests of project promoters in getting projects started

This question again raises the difficult issue of lying

Questions of lying are notoriously hard to answer be

cause in order to establish whether lying has taken place

one must know the intentions of actors For legal eco

nomic moral and other reasons if promoters and fore

casters have intentionally fabricated deceptive cost

estimate for project to get it started they are unlikely to

tell researchers or others that this is the case Flyvbjerg

1996 Wachs 1989
When Eurotunnel the private company that owns

the tunnel under the English Channel went public

in 1987 to raise funds for the project investors were

told that building the tunnel would be relativelystraight

forward Regarding risks of cost escalation the prospec

tus read

Whilst the undertaking of tunneling project of

this nature necessarily involves certain construc

tion risks the techniques to be used are well

proven The Directors having consulted the

Maitre dOeuvre believe that 10%. would be

reasonable allowance for the possible impact of un
foreseen circumstances on construction costs.2

Under Water 1989 37

Two hundred banks communicated these figures for

cost and risk to investors including large number of

small investors As observed by The Economist Under
Water l989 anyone persuaded in this way to buy

shares in Eurotunnel in the belief that the cost estimate

was the mean of possible outcomes was in effect de

ceived The cost estImate of the prospectus was best

possible outcome and the deception consisted in mak

ing investors believe in the highly unlikely assumption
disproved in one major construction project after an
otherthat everything would go according to plan with

no delays no changes in safety and environmental per
formance specifications no management problems no

problems with contractual arrangements new tech

nologies or geology no major conflicts no political

promises not kept etc The assumptions were in other

words those of an ideal world The real risks of cost es

calation for the Channel tunnel were many times higher

than those communicated to potential investors as evi

denced by the fact that once built the real costs of the

project were higher by factor of two compared with

forecasts

Flyvbjerg Bruzelius and Rothengatter in press

document for large number of projects that the Every

thing-Goes-According-to-Plan type of deception used

for the Channel tunnel is common Such deception is

in fact so widespread that in report on infrastructure

and development the World Bank 1994 pp ii 22
found reason to coin special term for it the EGAP
principle Cost estimation following the EGAP.princi

pie simply disregards the risk of cost escalation result

ing from delays accidents project changes etc This is

major problem in project development and appraisal ac

cording to the World Bank

It is one thing however to point out that investors

public or private were deceived in particular cases It is
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quite another to get those involved in the deceptions to

talk about this and to possibly admit that deception was

intentional i.e that it was lying We are aware of only

one study that actually succeeded in getting those in

volvedin underestimating costs to talk about such is

sues Wachs 1986 1989 1990 Wachs interviewed pub
lic officials consultants and planners who had been

involved in transit planning cases In the U.S He found

that pattern of highly misleading forecasts of costs and

patronage could not be explained by technical issues and

were best explained by lyi lag In case after case planners

engineers and economists told Wachs that they had had

to cook forecasts in order to produce numbers that

would satisfy their superiors and get projects started

whether or not the numbers could be justified on tech

nical grounds Wachs 1990 144 One typical plan

ner admitted that he had repeatedly adjusted the cost

figures for certain project downward and the patronage

figures upward to satisfy local elected official who
wanted to maximize the chances of getting the project

in question started Wachs work is unusually penetrat

ing for work on forecasting But again it is small-sam

ple research and Wachs acknowledges that most of his

evidence is circumstantial Wachs 1986 28 The evi

dence does not allow conclusions regarding the project

population Nevertheless based on the strong pattern

of misrepresentation and lying found in his case stud

ies Wachs
goes on to hypothesize that the type of abuse

he has uncovered is nearly universal 1990 146

1986 28 and that it takes place not only in transit

planning hut also in other sectors of the economy where

forecasting routinely plays an important role in policy

debates

Our data give support to Wachs claim The pattern

of highly underestimated costs is found not only in the

small sample of projects Wachs studied the pattern is

statistically significant and holds for the project popu
lation mean i.e. for the majority of transportation in

frastructure projects However on one point Wachs

1986 seems to draw conclusion somewhat stronger

than is warranted fFIorecastcd costs always seem to be

/ower than actual costs 24 he says emphasis in orig

inal Our data show that although always 100% may
cover the small sample of projects Wachs chose to study
when the sample is enlarged by factor of 20-30 to

more representative one only in 86% of all cases are

forecasted costs lower than actual costs Such triflesI

percentage pointsapart the pattern identified by Wachs

is general one and his explanation of cost underesti

mation in terms of lying to get projects started fit our

data particularly well Of the existing explanations of

cost development in transportation infrastructure pro

jects we therefore opt for political and economic expla

nations The use of deception and lying as tactics in

power struggles aimed at getting projects started and at

making profit appear to best explain why costs are

highly and
systematically underestimated in transpor

tation infrastructure projects

Summaryand Conclusions

The main findings from the study reported in this

articleall highly significant and most likely conserva

tiveare as follows

In out of 10 transportation infrastructure

projects costs are underestimated

For rail projects actual costs are on average 45%

higher than estimated costs sd38
For fixed-link projects tunnels and bridges
actual costs are on average 34% higher than

estimated costs sd62
For road projects actual costs are on average 20%

higher than estimated costs sd30
For all project types actual costs are on average
28% higher than estimated costs sd39
Cost underestimation exists across 20 nations

and continents it appears to be global

phenomenon
Cost underestimation appears to be more

pronounced in developing nations than in

North America and Europe data for rail projects

only
Cost underestimation has not decreased over the

past 70 years No learning that would improve

cost estimate accuracy seems to take place

Cost underestimation cannot be explained by

error and seems to be best explained by strategic

misrepresentation i.e lying

Transportation infrastructure projects do not

appear to be more prone to cost underestimation

than are other types of large projects

We conclude that the cost estimates used in public

debates media coverage and decision making for trans

portat ion infrastructure development are highly sys

tematically and significantly deceptive So are the cost-

benefit analyses into which cost estimates are routinely

fed to calculate the viability and ranking of projects The

misrepresentation of costs is likely to lead to the misal

location of scarce resources which in turn will produce

losers among those financing and using infrastructure

be they taxpayers or private investors

We emphasize that these conclusions should not be

interpreted as an attack on public vs private spending

on infrastructure since the data are insufficient to de
cide whether private projects perform better or worse
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than public ones regarding cost underestimation Nor

do the conclusions warrant an attack on spending oil

transportation vs spending on other projects since

other projects appear to be as liable to cost underesti

matiori and escalation as are transportation projects

With transportation projects as an in-depth case study

the conclusions simply establish that significant cost un
derestimation is widespread practice In project devel

opment and implementation and that.thls practice

forms substantial barrier to the effective allocation of

scarce resources for building important infrastructure

The key policy implication for this consequential

and highly expensive field of public policy Is that those

legislators administrators bankers media representa

tives arid members of the public who value honest num
bers should not trust the cost estimates presented by

infrastructure promoters and forecasters Another im

portant implication is that institutional checks and bal

ancesiricluding financial professional or even crimi

nal penalties for consistent or foreseeable estimation

errorsshould be developed to ensure the production

of less deceptive cost estimates The work of designing

such checks and balances has been begun elsewhere

with focus on four basic instruments of accountability

increased transparency the use of performance

specifications explicit formulation of the regulatory

regimes that apply to project development and imple

mentauon and the involvement of private risk capi

tal even in public projects Bruzelius et al. 1998 Flyv

bjerg et al. in press
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NOTES

Merewitzs l973a 1973b study compared cost overrun

in urban rapid transit projects especially the San Fran

cisco Bay Area Rapid Transit BART system with over

run in other types of public works projects Merewitzs

aims were thus different from ours and his sample of

transportation projects was substantially smaller 17

rapid transit projects and 49 highway projects compared

with our 58 rail projects 167 highway projects and 33

bridge or tunnel projects In addition to issues of small

sample in our attempt to replicate Merewitzs analysis we

found thathis handling of data raises number of other

issues First Merewitz did not correct his cost data for in

flation i.e. current prices were used instead of fixed ones

This is known to be major source of error due to varying

inflation rates between projects and varying duration of

construction periods Second in statistical tests Mere

witz compared the mean cost overrun of subgroups of

projects e.g rapid transit with the grand mean ofover

run for all projects thus making the error of comparing

prqjects with themselves Subgroups should be tested di

rectly against other Subgroups in deciding whether they

differ at all and If so which ones differ Third Merewltzs

two reports l973a 1973b are inconsistent One 1973a
calculates the grand mean of cost overrun as the average

of means for subgroups that is the grand mean is un
weighted where common practice is to use the weighted

mean as appears to be the approach taken In the other

l973b Fourth due to insufficient information the

values calculated by Merewltz are difficult to verify roost

likely they are flawed however arid Merewitzs one-sided

p-values are misleading Finally Merewitz used debat

able assumption about symmetry which has more impact
for the nonparametric test used than nonnormality has

for parametric methods Despite these shortcomings the

approach taken in Merewitzs study was Innovative for its

time and in principle pointed in the right direction re

garding how to analyze cost escalation in public works

projects The study cannot be said to be true large-sam

ple study for transportation infrastructure however and

its statistical significance is unclear

The Maitre dOeuvre was an organization established to

monitor project planning and implementation for the

Channel tunneL It was established in 1985 and until 1988

it represented the owners In 1988 it was reverted to an

impartial position Major Projects Association 1994 pp
151-153
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UNDERESTIMATING COSTS IN PUBLIC WORKS PROJECTS

The first task of the research reported in this paper

was to establish sample of infrastructure projects sub

stantially larger than that is common in this area of re

search sample large enough to allow statistical analy

ses of casts Here first problem was that data on actual

costs in transportation infrastructure projects are rela

tively difficult to come by One reason is that it is quite

time consuming to produce such data For public sector

projects funding and accounting procedures are typi

cally unfit for keeping tiack of the multiple and complex

changes that occur in total project costs over time For

large projects the relevant time frame may cover 10 or

more fiscal years from decision to build until construc

tion starts until the project is completed and operations

begin Reconstructing the actual total costs of public

project therefore typically entails long and difficult ar

chival work and complex accounting For private pro

jects even if funding and accounting practices may be

more conducive to producing data on actual total costs

such data are often classified to keep them from the

hands of competitors Unfortunately this also tends to

keep data from the hands of scholars And for both pub
lic and private projects data on actual costs may be held

back by project owners because more often than not ac

tual costs reveal substantial cost escalation and cost es

calation is normally considered somewhat of an ernbar

tassment to promoters and owners In sum establishing

reliable data on actual costs for even single transporta

tion infrastructure project is often highly time consum

ing or simply impossible

This state of affairs explains why small-sample stud

ies dominate scholarship in this field of research But de

spite the problems mentioned after years of data col

lection and refinement we were able to establish sample

of 258 transportation infrastructure projects with data

on both actual construction costs and estimated costs at

the time of decision to build The project portfolio is

worth approximately US$90 billion 1995 prices The

project types are bridges tunnels highways freeways

high-speed rail urban rail and conventional interurban

rail The projects are located in 20 countries on conti

nents including both developed and developing nations

The projects were completed between 1927 and 1998

Older projects were Included in the sample in order to

test whether the accuracy of estimated costs improved

over time The construction costs of projects range from

US$1.5 million to US$8.5 billion 1995 prices with the

smallest projects typically being stretches of roads in

larger road schemes and the largest projects being rail

links tunnels and bridges As far as we know this is the

largest sample of projects with data on cost development

that has been established in this field of research

In statistical analysis data should be sample from

larger population and the sample should represent the

population properly These requirements are ideally sat

isfied by drawing the sample by randomized lot Ran
domization ensures with high probability that factors

that cannot be controlled are equalized sample should

also be designed such that the representation of sub

groups corresponds to their occurrence and importance

in the populatIon In studies of human affairs however

where controlled laboratory experiments often cannot

be conducted it is frequently impossible to meet these

ideal conditions This is also the case for the current

study and we therefore had to take different approach

to sampling and statistical analysis

We selected the projects for the sample on the basis

of data availability All projects that we knew of for which

data on construction cost development were obtainable

were considered for inclusion in the sample Cost devel

opment is defined as the difference between actual and

estimated costs in percentage of estimated costs with all

costs measured in fixed prices Actual costs are defined

as real accounted costs deternilned at the time of com
pleting project Estimated costs are defined as bud
geted or forecasted costs at the time of decision to build

Even it the project planning process varies with project

type country and time it is typically possible to locate

for any given project specific point in the process that

can be identified as the time of decision to build Usually

cost estimate was available for this point in time If not

the closest available estimate was used typically later

estimate resulting in conservative bias in our measure

ment of cost development Cost data were collected from

variety of sources including annual project accounts

questionnaires interviews and other studies

Wachs 1989 When planners he with numbeec Journal of Report 352 Crowthorne UK Transport Research

the American PlanningAssociation 554 476-4 79 Laboratoiy

Wachs 1990 Ethics and advocacy in forecasting for pub- World Bank 1994 World development report 1994 Infrastruc
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141-157 World Bank d. Economic analysis of projects Towards re

Walmsley Pickett 1992 The cost and patron- suits-oriented approach to evaluation ECON Report Wash-
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Data on cost development were available for 343

projects We then rejected 85 projects because of insuffI

cient data quality For instance for sonic projects we

could not obtain clear answer regarding what was in

cluded in costs or whether cost data were given in cur

rent or fixed p1-ices or which price level year had been

used in estimating and discounting costs More specifi

cally of those 85 projects we rejected 27 because we

could not establish whether or not cost data were valid

and reliable We rejected 12 projects because they had

been completed before 1915 and no reliable indices were

available for discounting costs to the present Finally we

excluded 46 projects because cost development for them

turned out to have been calculated before construction

was completed and operations begun therefore the ac

tual final costs for these projects may be different from

the cost estimates used to calculate cost development

and no information was available on actual final costs In

addition to the 85 rejected projects mentioned-here we

also rejected number of projects to avoid double count

ing of projects This typically involved projects from

other studies that appeared in more than one study or

where we had strong suspicion that this might be the

case In sum all projects for which data were considered

valid and reliable were included in the sample This cov

ers both projects for which we ourselves collected the

data and projects for which other researchers in other

studies did the data collection Fouracre et al 1990

Hall 1980 Leavitt et al 1993 Lewis 1986 Merewitz

l973a National Audit Office Department of Transport

1985 1992 National Audit Office Department of

Transport Scottish Development Department Welsh

Office 1988 Pickrell 1990 Riksrevisionsverket 1994

Vejdirektoratet 1995 Walmsley Pickett 1992 Cost

data were made comparable across projects by discount

ing prices to the 1995 level and calculating them in

Euros using the appropriate geographical sectoral and

historical indices for discounting and the appropriate

exchange rates for conversion between currencies

Our own data collection concentrated on large Eu

ropean projects because too few data existed for this type

of project to allow corilparative studies For instance for

projects with actual construction costs larger than 500

million Euros 1995 prices FUR US$ 1.29 iii 1995 we

were initially able to identify from other studies only two

European projects for which data were available on both

actual and estimated costs If we lowered the project size

and looked at projects larger than 100 million Euros we

were able to identify such data for eight European pro

jects We saw the lack of reliable cost data for European

projects as particularly problematic since the Commis

sion of the European Union hadjust launched its policy

for establishing the so-called trans-European transport

networks which would involve the construction of

large number of major transportation infrastructure

projects across Europe at an initial cost of 220 billion

Euros Commission of the European Union 1993

75 As regards costs we concluded that the knowledge

base for the Commissions policy was less than well de

veloped and we hoped to help remedy this situation

through our data collection Our efforts on this point

proved successful We collected primary data on cost for

37 projects in Denmark France Germany Sweden and

the U.K and were thus able to greatly increase the num
ber of large European projects with reliable data for both

actual and estimated costs allowing for the first time

comparative study for this type of project in which sta

tistical methods could be applied

As for any sample key question is whether the sam

ple is representative of the population Here the ques

tion is whether the projects included in the sample are

representative of the population of transportation in

frastructure projects Since the criterion for sampling

was data availability this question translates into one of

whether projects with available data are representative

There are four reasons why this is probably riot the case

First it may be speculated that projects that are man

aged well with respect to data availability may also be

managed well in other respects resulting in better than

average i.e nonrepresentative performance for such

projects Second it has been argued that the very exis

tence of data that make the evaluation of performance

possible may contribute to improved performance when

such data are used by project management to monitor

projects World Bank 1994 17 Again such projects

would not be representative of the project population

Third we might speculate that managers of projects

with particularly bad track record regarding cost esca

lation have an interest in not making cost data available

which would then result in underrepresentatiori of such

projects in the sample Conversely managers of projects

with good track record for costs might be interested in

making this public resulting in overrepreseritation of

these projects Fourth and finally even where managers

have made cost data available they may have chosen to

give Out data that present their projects in as favorable

light as possible Often there a-c several estimates of

costs to choose from and several calculations of actual

costs for given project at given time If researchers col

lect data by means of survey questionnaires as is often

the case there might be temptation for managers to

choose the combination of actual and estimated costs

that suits them best possibly combination that makes

their projects look good
The available data do not allow an exact empirical

assessment of the magnitude of the problem of rnisrep
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resetitation But the few data that exist that shed light on

this problem support the thesis that data are biased

When we compared data from the Swedish Auditor Gen

eral for subsample of road projects for which the prob

lems of misrepresentation did not seem to be an issue

with data for all road projects in our sample we found

that cost escalation In the Swedish subsample is signifi

cantly hIgher than for all projects HoIm 1999 PP 1-

15 We conclude for the reasons given above that most

likely the sample is biased and the bias is conservative In

other words the difference between actual and estimated

costs derived from the sample is likely to be lower than

the difference in the project population This should be

kept in mind when interpreting the results from statisti

cal analyses of the sample The sample is not perfect by

any means Still It is the best obtainable sample given the

current state of the art in this field of research

In the statistical analyses percentage cost develop

ment in the sample is considered normally distributed

unless otherwise stated Residual plots not shown here

indicate that normal distribution might not be com

pletely satisfied the distributions being somewhat

skewed with larger upper tails However transforma

tions e.g. the logarithmic one do not improve this sig

nificantly For simplicity therefore no transformation

has been made unless otherwise stated

The subdivisions of the sampic implemented as part

of analyses entail methodological problems of their own
Thus the representation of observations in different

combinations ofsubgroups is quite skewed for the data

considered The analysis would be improved consider

ably if the representation were more even Partial and

complete confounding occur that is if combination

of two or more effects is significant it is sometimes dif

ficult to decide whether one the other or both cause the

difference For interactions often not all the combina

tions are represented or the representations can be quite

scarce We have adapted our interpretations of the data

to these limitations needless to say If better data could

be gathered sharper conclusions could be made

The statistical models used are linear normal models

Le analysis of variance and regression analysis with the

appropriate F-tests and t-tests The tests of hypotheses

concerning mean values are known to be robust to devi

ations from normality Also chi-square tests for inde

pendence have been used for count data For each test

the p-value has been reported This value is measure

for rareness if identity of groups is assumed Tradition

ally p-value less than 0.01 is considered highly signifi

cant and less than 0.05 significant whereas larger

value means that the deviation could be due to chance
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MITIGATION ASSESSMENT
OF

FFC-SOUTH IMPACFS ON
SAN ONOFRE STATE BEACH

Summary

The construction of the CP alternative of the proposed Foothill Transportation Corridor-

South will result in the constructive use of portions of this State Beach significant unit of

Californias State Park System Currently San Onofre State Beach is rare large Southern

California scenic coastal-canyon park with high environmental values recreation use and

potential for expanded recreational opportunities Substantial impainnent of these resources

will result from implementation of the locally preferred alternative that of converting

subunit of the park to strip highway corridor with scant cultural natural aesthetic and

recreational usefulness to the State Park System Opportunities for on-site mitigation

necessary to the public for the loss of this resource are limited by the propertys

fragmentation resulting from project development and environmental constraints Following

review team of park and resource professionals recommend that if subunit is used for

the Foothill Transportation Corridor-South the majority of the inland portion of San

Onofre State Beach be relinquished to the underlying property holder and substantial

mitigation in the form of real property cash and recreational related development be

required from the developer and dedicated to the California Department of Parks and

Recreation prior to commencement of construction

Background

San Onofre State Beach San Onofre State Beach SOSB is located within coastal San

Diego County at the Orange County line All but 90 of SOSBs 2028.8 acres are leased

from Marine Corps Base Camp Pendleton under an agreement which will expire in August

2021

The granting of right-of-way for the use of portion of San Onofre
State Beach is governed by Section of the general provisions of lease
entered into by the Department of the Navy and California State Parks
Section Subjection to Existing and Future Easements and Rights of Way
reads in part

This lease is subject to all outstanding easements and rights of way
for location of any type of facility over across in and upon the
leased property or any portion thereof and to the right of the

government after consultation with lessee as to location to grant such
additional easements and rights of way over across in and upon the
leased property as it shall determine to be in the public interest
provided that any such additional easement or right of way shall be
located so as not to unreasonably interfere with the use of lessees
improvements erected on the leased property and provided further that

any such additional easement or right of way shall be conditioned on the

assumption by the grantee thereof of liability to lessee for such

damages as lessee shall suffer for property destroyed or property
rendered unusable on account of grantees exercise of its rights
thereunder



__
The four subunits three coastal properties with 4.6 miles of beach and an inland parcel of

1182.7 acres make available to the public the natural beach bluffs and related geological

ecological and cultural features of the site and provide for the enjoyment and use of these

areas in ways that take advantage of the recreational opportunities while protecting the

natural and cultural values of the park With 1115631 visitors in 1995/96 SOSB was the

10th most visited park in Californias 264 unit State Park System Camp Pendletons twenty
miles of coastline represent the largest open space south of Los Angeles SOSB is the only

small portion of the Marine Corps base open to the public It is generally acknowledged
that SOSBs largest parcel Subunit contains the last remaining undeveloped coastal

canyon available for recreational use south of Crystal Cove State Park Currently park

development includes 382 campsites 221 in subunit and 161 in Subunit 1s San Mateo

Campground 11.3 miles of trail 6.3 miles of bikeway parking for 110 cars in lot

supporting the trail to Trestles and an amphitheater seating about 100 persons adjacent

to and west of the San Mateo Campground

Spirit of Place Spirit of place is the distinctive character that site possesses this includes

all of the elements that determine the uniqueness of its landscape resources development
and its history It also identifies sites experiential essence sensory emotional

intellectual and spiritual which sets it apart from all other places These characteristics are

part of what makes particular site worthwhile park unit

San Onofre State Beach is one of the last remnants of large coastal open space in Southern

California Sea and sky surf and reef beach and coastal bluff wetland and grassland

sycamore groves and scrub hillsides and arroyos long coastal
strip

and broad coastal valley

all are part of what San Onofre State Beach is All of this is inhabited with wildlife that

make this place vibrant with life This uniqueness provides to those who visit the park an

indispensable respite from the nearby expanding regional urban environment The quiet

rural calm of the valley provides dramatic counterpoint to the din and urgency of nearby

contemporary urban existence Experiencing the broad natural expanses of San Mateo

Valley the coastline and the sea reinvigorates the senses and renews the spirit

The unique coastal conditions at Trestles provide world renowned surfing experience that

cannot be found anywhere else The long approach walk from highly urbanized area to

the beach through relatively unspoiled wetlands area provides sense of transition not

experienced at other surfing beaches The quality variety and year round availability of

multiple surf breaks helped establish surfing as recreation lifestyle culture and part

of Southern Californias identity It continues to draw thousands to Trestles each year
Trestles is such vital surfing experience that for many it is the paragon of surfing

destinations and each visit is pilgrimage

The existence and convenient availability of such an increasingly rare resource and

experience to such large population makes it essential that the
integrity and spirit of place

of San Onofre State Beach be preserved Furthermore the affordability of this coastal

resource for middle and lower income visitors makes it even more important that it be kept



intact and undiminished As coastal areas in the region continue to become more affluent

the value of this parks resources and affordable recreation opportunities to those of low and

moderate income means will also continue to increase

The Project The Foothill Transportation Corridor-South FTC-S is one of three existing

or proposed Orange County toll roads The subject section will start at I-S approximately
.85 miles north of the San Onofre Nuclear Generation Station and extend through the

foothills of the southeastern portion of Orange County where it will connect with an existing

segment Two primaiy alignments for the VFC-S are under consideration but only the CP
alignment traverses state park lands and thus needs to be considered

The Iinpact The CP alignment would be an initial four-lane and ultimately six-lane

arterial leaving I-S and turning north through Subunit and exiting approximately four

miles later The wide center median will be able to accommodate future transit/high

occupant vehicle land HOV corridor development In this distance total of 323.1 acres

24.5% of the subunit would be preempted for construction and dedicated right-of-way

while an additional 63 acres would be temporarily lost during construction Bifurcation of

the subunit results in areas of 480 acres on the west and 609 acres on the east In actuality

the western remainder is effectively further subdivided by the right-of-way and steep

topography into northern and southern pirceIs of 246 and 234 acres respectively In

similar manner the existing San Mateo Campground is isolated from the remainder of the

eastern remainder In summaiy four distinct and isolated parcels will result from the

construction of the FTC-S as proposed See Figure Current Land Use FFC-South

right-of-way

This proposal will have both direct and indirect impacts to existing and proposed
recreational facilities and park resources as enumerated on the accompanying Appendix
and in the Department of Parks and Recreations comments on the Screen Draft Foothill

Corridor 4f Evaluation of Februaiy 20 1997

Scope of Work

This evaluation of impacts to SOSB of the Foothill Transportation Corridor is prepared
under contract number C9617003 with the Foothill/Eastern Transportation Corridor Agency
Under this contract California Department of Parks and Recreation CDPR is to evaluate

the impacts to recreation cultural natural and aesthetic resources the amount of state park
lands directly and indirectly lost as result of the project and determine the compensation
for the identified impacts draft evaluation was prepared and submitted May 16 Under
the original contract with the Foothill/Eastern Transportation Corridor Agencies final

draft was to be prepared by June 18 1997 However following consultation initiated by the

Agencies it was agreed to set this deadline back to August 29 of this year
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Methodology

To fulfill the obligations of the contract CDPR assembled team consisting of the Chief

Ranger and Resource Ecologist from Orange Coast District Landscape Architect from
CDPRs Planning Acquisition and Environmental Design Division and an Archeologist
from the Departments Resource Management Division under the leadership of Park and

Recreation Specialist who was also provided by the Resource Management Division The
assistance of an environmental acoustics specialist was provided by the FFC-S under

separate contract Additional graphic and property consultation assistance was provided by
CDPRs Planning Acquisition and Environmental Design Division while State Park Land
Officer from the Departments Southern Service Center provided insight based upon his

project experience

Project descriptions and other background materials were provided to the San Onofre

Mitigation Assessment Team SOMAT upon its formation and following draft review by
the Transportation Corridor Agencies number of SOMAT members were already

familiar with the project due to their early involvement in the planning project and
environmental review process SOMAT focus was concentrated upon the proposed CP
alignment through SOSB subunits and because of its direct impact to those areas
SOMAT

initially met and toured the project site in mid-March Additional site visits were
made by individual team members during the preparation of this assessment Subsequently
through the use of brainstorming techniques impacts were identified and described Needs
for additional information were also identified and sought or developed Through the

SOMAT meetings which followed alternative potential mitigations were developed analyzed
and discussed This information was reduced to matrix format for management and is

presented for information purposes as Appendix B2 consensus recommendation was then

developed by SOMAT and presented as the Draft Mitigation Assessment of FTC Impacts
on San Onofre State Beach Following review of this draft by representatives of the

Foothill/Eastern Transportation Corridor Agencies clarifying revisions were prepared by the

SOMAT Team Leader and presented to the Management of CDPR Based upon their

decisions final revisions were made and presented as Mitigation Assessment of FTC-South
on San Onofre State Beach in fulfillment of CDPRs contract with the Foothill/Eastern

Transportation Corridor Agencies

Analysis

Units and of SOSB are popular and intensively used park units averaging

approximately 354000 visitors annually over the past four years In rapidly urbanizing

environment they offer unique combination of recreational opportunities and connection

between direct coastal activities and large open space inland areas There is strong sense

of ownership and emotional connection by the users especially the surfing community The

public awareness of the inland Subunit is continuing to grow especially with the

establishment in 1991 of the San Mateo Campground and its subsequent popularity This

2Appendix is presented for information and background purposes and
does not represent the final recommendation of this evaluation



subunits potential has clearly not been fully realized CDPRs Revised General Plan for the

San Onofre State Beach adopted in 1984 provides for not only the existing 161 unit San

Mateo Campground with its amphitheater and trail to Trestles but golf course picnic

area second family campground of about 150 to 200 sites an interpretive site an

equestrian camp and seven primitive or environmental camp areas of up to 20 sites each
The golf course and the equestrian camp have been proposed for development but have not

been authorized in part due to the uncertainty of the FTC-S right-of-way choice See
Figure General Plan Land Use FTC-South right-of-way

As currently proposed the CP alignment will take 243% of Subunit with an additional

5.18% to be directly impacted during the construction phase In the opinion of CDPR the

fragmentation of Subunit by the proposed highway corridor will severely restrict the use

of the property for recreation purposes as well as significantly and irrevocably altering its

environmental setting that of San Mateo Campground and other recreational opportunities

provided for in the units General Plan The linear nature and split elevation of the arterial

and any retaining walls soundwalls and their landscaping will reduce the sites attractiveness

to the public as well as being wildlife barrier and management obstacle These

unnatural and discordant visual elements will intrude upon previously open vistas high

volume noise will impose on normal recreation activities day activities at the campground
as well as its existing night quiet and the amphitheater campfire area will be forever altered

and rendered unusable3 In addition recent redesign of the Basilone Road intersection may
indicate the use of portion of the approximately 90 acres of land held in fee by CDPR and

consequent use of that property as bikeway

In summaty the irrevocable alteration of the setting of Subunit and the elevated

flyway at Basilone Road intersection to portions of subunit significantly reduce their

value as parkland Potential activities such as environmental and equestrian camping may
no longer be feasible uses Elimination of the sewer station water supply facility electrical

and telephone services trailer pump-out holding tank and corporation yard creates

relocation problems which perhaps cannot be resolved on site Any mitigation proposed on
site requires environmental review and concurrence of the lessor and may not be predictably

feasible

SOMAT concluded that the CP alignment will result in take of the functional use of the

majority of Subunit of SOSB and may have significant direct or indirect impacts to park

wetland access and visual resources of Subunit

Limitations to Mitigation

CDPR expects to be made whole from the effects of development of FTC-South To
CDPR this means the provision of viable replacement and mitigation of recreationally

related natural cultural and aesthetic values and from the loss of existing facilities and any

3Appendix C-i presents photo simulation of the impacts of selected
portions of the proposed toll road and Appendix C-2 presents noise analysis
from key locations within San Onofre State Beach which we believe supports
the conclusions of this paragraph



planned recreational uses4 Physical mitigations must be in keeping with the existing unit
designed to serve similar user groups and must be in place pnor to the commencement of

any toliway construction It is recognized that the recommendations developed by SOMAT
for mitigation are limited by number of factors For instanceportions of the analysis are
based upon materials supplied by TCA Design is an on-going process and changes may
affect CDPRs recommendation Secondly it must be borne in mind that there may well

be unforeseen limiting environmental or regulatory factors which could preclude the

implementation of certain recommendations Thirdly any on-site or near-site mitigation
alternative may be limited by decisions of the lessor Representatives of the lessor have
stated upon numerous occasions as well as in writing that any environmental mitigation for

FTC-S must be accomplished with no new dedication of Camp Pendleton property and that

there must be no intrusion on Camp Pendletons operational flexibility So while CDPR
recommends the following mitigations in good faith it can provide no assurance that the
lessor will allow all mitigations to proceed or that all mitigations can be found acceptable

by regulatory agencies Nonetheless it is CDPRs position that these limitations do not
relieve FTC-S of timely mitigation responsibility for all losses incurred by CDPR

Recommendation

In the event that an alignment through SOSB is selected CDPR believes that the following

mitigation for the recreationally related natural cultural and aesthetic impacts as well as
for the loss of the use of recreation facilities and opportunities at SOSB should be provided
by FTC-S based on plans submitted to date

With the exception of the support parking for the trail to Trestles all of Subunit be
abandoned to the lessor shall require amendment and extension of the current lease
As mitigation for this action FTC-S should provide to the satisfaction of CDPR

Full reimbursement for lease renegotiation and the difference to any change of the

lease rate

Monetary compensation to CDPR for revenues lost during construction due to

closure or disruption of CDPR facilities Cash to CDPR for revenues lost during
the remaining period of the lease for those facilities which cannot be relocated
resited or used

41t is the understanding of CDPR that Section 4f protects any planned
recreational uses Paragraph p2 states that

Constructive use occurs when the transportation project does not
incorporate land from section 4f resource but the projects
proximity impacts are so severe that the protected activities
features or attributes that qualify resource for protection
under section 4f are substantially impacted

This interpretation is bolstered by the analysis of impacts to the Prima
Deshecha Landfill resulting from the BX alternative which is addressed in
Screen Draft Foothill Corridor 4f Evaluation Although this site is
currently operating as landfill and its use for recreation purposes will not
occur for 14 to 39 or more years its planned recreational uses appear to be
given equal weight as the actual recreational uses at SOSB



If
necessaiy due to closure during construction provide shuttle service from San

Mateo Campground and Trestles parking to Trestles Beach

Fund CDPR for restoration to natural state of the existing recreational
facility

sites located at Subunit

Fund CDPR for inventoiy and recordation of affected historic structures at San
aemente State Beach Relocation of structures shall be fully funded

Restoration and redevelopment of CDPRs San aemente State Beach property with
an additional 70 unit R.V campground with hookups and mature landscaping
coastal access point 110 seat amphitheater and soundwall to

partially replace San
Mateo Campground

Fund acquisition and conversion of other property in Orange County for OrangeCoast District Offices to replace the corporation yard office space and residential
units to be relocated from San Clemente due to conversion of site to additional
campground units

Upgrade existing San Onofre State Beach Bluffs Campground Subunit and add
an additional 30 full hook-up campsites to

partially replace San Mateo Campground

9. Acquire for dedication to CDPR State Park quality coastal and inland sites of
sufficient size within the region and in the opinion of CDPR of sufficient potential
to replace the recreational values of Subunit and to support

The remaining 61 campground units of the total 161 campsites lost at San
Mateo Campground
The 150 to 200 campsites proposed at the second family campground
Seven environmental campgrounds of no less than 20 sites each and

25-unit family equestrian camp

Preliminaiy areas of interest shall be mutually determined in advance by TCA andCDPR

The acquired sites shall be
fully developed for the above described uses to CDPR

standards and satisfaction prior to commencement of FTC-S construction

10 Funding for CDPRs preparation of Resource Inventory General Plan and
Management Plan documents on all proposed replacement sites

11 Full reimbursement for all
necessary plans pennits and associated CDPR staff time

12 Full market value for real property loss for Basilone Road Intersection and
relocation within CDPR ownership of the Class One bikeway



13 In order to protect the wetland resource of Subunit require best management
practices to reduce erosion during construction including sedimentation basins and
their annual maintenance for the life of the development

14 Redesign and construct 1-5 exchange to eliminate the visual impact of the flyover to

Trestles
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APPENDIX

SAN ONOFRE STATE BEACH
SPIRIT OF PLACE

Spirit of place is consideration which contributes to determining specific areas value

as parkiand in this instance Parcel and the beach at Trestles at San Onofre State

Beach Spirit of Place is term that identifies the intrinsic values that pertain to the

essential and inherent nature of place -- aspects that are not necessarily defined by law

science or economics It identifies sites unique experiential essence sensory

emotional intellectual and spiritual which sets it apart from all other places Spirit of

Place describes the distinctive characteristics that site possesses this includes the

elements that determine this uniqueness of its landscape resources development and its

history These characteristics are part of what makes particular site worthwhile park

unit Components of this sites identity include

Physical features and appearance
Consists of the actual physical structure characteristics and all visible features of

place This includes physiography natural features cultural features land use

development intensities visual quality community character climate seasonal changes

etc

Observable activities functions and events

How inhabitants or visitors interact with space i.e how the landscape coast and the

built environment are occupied or used activity levels and use intensities This can

also include resource activities or events such as whale or bird migrations

Meanings and symbols

Concept of place as cultural artifact places meaning or value beyond its physical

elements An example would be Trestles Beachs value to the surfing community and

its worldwide renown as one of Southern Californias premier surfing locations and role

in surfing history This includes peoples experiential responses emotions feelings and

physical/intellectual stimulation when they visit San Onofre State Beach and what they

later remember about their visit

Further definition of San Onofre State Beachs Spirit of Place includes an understanding of

what the site was in the past what it is now what it will be in the future and what it should

be

What it was

Physical features and appearance

Entire area was rural open space

The only development was the railroad tracks and small community around railroad

stop at San Onofre This development served as bedroom community for the

surrounding area
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Observable activities functions and events

Area was once Juaneno village site

Area has been sparsely populated small agricultural and railroad station communities

Surfing activity became established in the 1930s and grew steadily up to the late 1950s

During the 1960s surfing experienced tremendous growth in popularity due to

exposure in media and popular culture movies music and television

Meanings and symbols

Former Juaneno village and cemetery site

Once part of Rancho Santa Margarita Las Flores

Formerly an agricultural region

Surfing activities at this location beginning in the 1930s helped establish surfing as

significant recreation lifestyle and culture identified with Southern California

Due to the quality and variety of surfing experience found at Trestles and San Onofre

this area has developed worldwide reputation as premier surfing destination It is

regarded as one pf the top three surfing locations along the entire west coast

What it Is

San Onofre State Beach is popular and intensely used Southern California coastal park

unit Its popularity is due in part to its quiet rural coastal open space character which is

accessible to large urban population In addition San Onofre State Beachs natural

resources cultural resources recreation opportunities and its importance as cultural focal

point for the surfing community make San Onofre State Beach an increasingly vital public

part of Southern Californias coastline There is strong sense of ownership and emotional

connection by its users The emotional connection to the beach at Trestles by the surfing

community is especially strong The public awareness and popularity of the inland Subunit

is continuing to grow but the areas full recreational potential has not been realized

The park is currently confronted with conditions issues and problems associated with

preserving its open space character and resources proposed toll road bisecting and

fragmenting the inland Subunit the pressures of adjacent regional urban growth and

preserving and enhancing the quality of the recreation experience The contemporary issues

of regional transportation regional urban growth recreation needs and limited operations

resources are cumulatively eroding the quality of visitor experience and the parks spirit of

place

Physical features and appearance

Lack of urban development including major roadways

One of the last rural coastal canyons in Southern California

Large quiet rural/natural open space landscape in Parcel and surrounding region

Large open space panorama views up San Mateo Canyon and conversely out to the

ocean are prominent features
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Subunit provides large public open space connection to the coast for adjacent

inland open space areas

San Matco Campground good facilities and services

Native American religious site is located at the south end of the San Mateo

Campground
Coastal trail access connection between San Mateo Campground and Trestles Beach

Trestles Beach

Significant wetlands near Trestles Beach

Existing highway and railroad tracks

Park corporation yard is located in Parcel

Agricultural lease lands along San Mateo Creek

Generally low ambient noise except for USMC exercises

Numerous overhead power transmission lines cross the property

City of San Clemente is located to the west Marine Cotps Camp Pendleton is located

to the east

Observable activities functions and events

Family and group camping at San Mateo Campground

Interpretive programs at campfire center in campground

Coastal trail access activity between inland area and the beach

World class surfing at Trestles Beach

Conventional beach recreation along San Onofre coastal areas

USMC aircraft participating in training exercises

USMC live fire exercises within Camp Pendleton are audible in San Onofre State Beach

Offshore seasonal grey whale migrations

Meanings and symbols

San Onofre State Beach and Camp Pendleton coast comprise one of the last few

remnants of coastal rural open space left in Southern California

San Mateo Canyon is the last remaining undeveloped coastal canyon south of Ciystal

Cove State Park available for public recreational use

Rural camping experience is available and close to the large Southern California urban

population

Trestles Beach is an important and integral part of the regional surfing community It

is surfing destination and focal point for surf culture

Coastal trail access walk is considered part of Trestles Beach surfing experience

Park provides respite from urban environment

What It will be

San Onofre State Beach will continue to be popular park because of its location on the

Southern California coastline and the coastal recreation opportunities it offers Current
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regional urbanization trends however will diminish the existing spirit of place and rural
character of the park The inland Subunit will change from quiet rural destination

park area to busy scenic highway corridor Regional urbanization trends and continuing
recreation demand will increase visitation to levels that will stress park resources and
diminish the quality of park visitor experience

Physical features and appearance
New eight-lane toll road will bisect Subunit and fragment that areas integrity as
viable park area

Elevated road fill section Christianitos Road will be developed adjacent to

campground Large highway retaining wall will be included in part of the elevated road
section

There will be higher ambient noise due to FTC-S highway traffic

FTC-S will fragment natural open space connection between the coast and adjacent

public open space areas

Observable activities functions and events

Continuing recreation demand will exert pressure/stress on current use levels and will

threaten/diminish the quality of recreation experience at San Onofre State Beach
Completion of the Foothill Transportation Corridor-South will increase traffic levels and
associated impacts in the region FTC-S will provide greater access to the coast and

substantially increase park visitation levels

Development of the San Mateo Point housing project by Camp Pendleton will introduce

an on-site source of new recreation users which might result in establishing local

surfing territoriality that doesnt exist there now If this occurs conflicts among different

types of surfers or other recreation users may occur as they do now in other areas

Meanings and symbols

Parcel is converted from large scenic rural coastal canyon park to scenic highway
corridor

Parcel integrity physical configuration habitat recreation functions and opportunities
is fragmented

There will no longer be rural camping experience at San Mateo Campground
The coastal trail access walk which is part of the existing surfing experience will be
altered or eliminated
Trestles Beach will remain an important surfing destination but existing experience will

be degraded because of the projects alteration of the setting and visitation increases

will stress recreation cariying capacity levels
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What It should be

The future existence of San Onofre State Beach should strive to preseive its remaining rural

natural open space character as much as possible within the context of the approved or

revised General Plan prepared for this unit The expansive natural/rural open space setting

within this coastal viewshed sets it apart from most other Southern California coastline

areas Visitors should be able to experience coastal recreation in natural/rural setting as

counterpoint to commonplace daily urban life This includes existing and proposed

camping and trail recreation located in the inland San Mateo Canyon area The qualities

that make San Onofre/Trestles premier worldwide surfing destination and vital focal point

of surf culture should be recognized respected and preserved as an important part of

Southern Californias identity Visitors should continue to be able to experience the unique

surfing opportunities and the associated cultural/social activity found at this location

Physical features and appearance

Coastal rural viewshed should be maintained Urban development should be minimized

or screened from view

Inland San Mateo Valley should be maintained as rural open space linked with adjacent

public regional open space areas CP alignment should not be implemented

Existing habitat areas and corridors are enhanced and expanded

Preservation management interpretation and development of the park should be

completed in accordance with the revised General Plan June 1984 for San Onofre

State Beach

Observable activities functions and events

Current public recreation activities surfing beach recreation coastal camping day use

access should be allowed to continue Do not revert to Camp Pendleton militaty use

Coastal recreation should remain at current use intensities in order to maintain or

improve quality of experience

The surfing territoriality that exists in other coastal areas which discourages or excludes

non-local recreation users should be avoided

Varied camping and regional trail opportunities should be fuliy implemented

Meanings and symbols

San Onofre State Beach and the surrounding area/viewshed should continue to be

remaining remnant and example of coastal rural open space that was once common in

Southern California As urbanization of most of the Southern California coastline

approaches completion the value and uniqueness of this public resource will continue

to grew in importance and appreciation by the public Over time San Onofre State

Beachs natural/rural open space setting will be an increasingly dramatic contrast

counterpoint to the surrounding urban region
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San Onofre coastline Trestles should be preserved as world class surfing destination

It is unique recreation resource of the entire continental west coast due to its variety

five distinct surf break experiences within one location availability year round surfing

instead of seasonal and quality of surfing conditions

Coastline and adjacent viewshed should be regarded as cultural landscape exempliIring

surfing as unique Southern California sport culture and lifestyle as well as coastal

recreation in general
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NOISE
Short Term

CP alignment will have light sources

that intrude into the San Mateo

campground

-Provide fimding to enhance existing parkiands

quality of Orange Coast District commensurate with

impacts

-Provide for perpetual graffiti removal on structures

-Maintain coastal view from sowhbound 1-5 exit at

Basione Road by requiring redesign of structure

-Shield all street lights so they do not enter into

campground operations or effect sensitive species

-Design alignment and structures so that vehicular

lights are prevented from shinning into campground

Reduce hours of construction to 700 am to 600 pm
in neighborhood of Campground and use best

management practices to reduce noise

AFFEN
FTC SOUTH CP ALIGNMENT MiTIGATION MATRIX

VISUAL

CP will bisect Subunit and

irrevocably and permanently intelTupt

pk lands setting being the obvious

structure within Subunit

Split elevation toll road and retaining Depress toll road where possible landscape sound and
walls wifi be dominant visual features retaining walls with indigenous native species
in Subunit

Flyway at Basione Road will be Relocate bike trail

dominant visual feature along the

Pacific Coast Highway bike trail

Flyway at Basione Road will be This cannot be mitigated

prominent visual feature in views

from the beach to the north

Significant construction noise

Recreation Areas

Campgrounds

Significant additional noise on Relocate bike hail

distance of Pacific Coast Highway

bike trail

Occasional additional noise on beach Prohibit trucks on toll road

south of flyway from Basione Road

Significant additional noise on main Provide screening soundwall

access trail to beach

Significant additional noise along Provide similartrails outside of Subunit

proposed trails in Subunit

Significant additional noise in San Depress toll road

Matee campground

Sleep interference in San Matco Depress toll road

campground

Speech interference in San Mateo Depress toll road

campground outdoor amphitheater

Significant additional noise at Provide similarsites outside of Subunit

proposed environmental camping sites

Sleep interference at proposed Provide similarsites outside of Subunit

environmental camping sites

Significant additional noise at Provide similarsite outside of Subunit
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Wildlife nceaedlevels of noise will impact

wildlife in open space yeas

-Restore acres in 21 habitat mitigation ratio to

provide for upland species use exotic species

removal habitat restoration Fund maintenance

program

-Provide wildlife crossings at each major dminage

minimum of of sufficient size to accommodate

service vehicles and equestrians

-Provide an endowment for cowbird trapping

sycamore grove at end of Subunit

Sleep interference at proposed Provide similar site outside of Subunit

camping sites in sycamore grove

NATURAL
RESOURCES

Wildlife

PrOVide replacement area

Loss of native migrants endemics and

sensitive species protected by

Endangered Species Act from take

and surrounding buffer areas

Plants

Aquifer

Sedimentation

ii Trestles surf breaks will be silted- in

Loss of 387 acres of high and low -Restore acres in 21 habitat mitigation ratio to

quality Coastal Sage Scrub habitat provide for upland species use

and listed rare plants -Relocate rare plants into suitable locations at 31

ratio and provide for long term protection

-If San Mateo Campground closed relocate major

vegetation to mitigation site at San Clemente

CP alignment enhances the spread of -Provide annual exotic weed control for 1t2 mile

exotic plant species both sides of alignment and through downstream

wetlands

-Allow no exotic plant species into restoration plant

palettes

CP alignment will change runoff -Use best practices to protect the San

quality and quantity from project Mateo/Cristianitos Creek Aquifer from degradation by

footprint and resultant traffic roadway pollutants and hazmat spills

pollutants and hazmat spills -Provide clean water on base and elsewhere when

aquifer becomes unusable by CP

During construction and over the life -Measure sedimentation transport rate increases and

of the project changed sedimentation remove excess CP generated material from system

rates will negatively affect the -Long term monitoring of the tidewater goby arroyo

watershed toad least Bells vireo southwest willow flycatcher

Riverside faiiy shrimp California gnatcatcher and

Pacific pocket mouse

-Provide sediment basins and maintenance for

maximum storm water management assurance for

anticipated 100 year storm water and erosion events

-Provide watershed improvements if sediment

changes are significant

CP alignment will increase flood stage -Protect reambanks from accelerated erosion

erosion impacts to existing features episodes

-Maintain at CP design levels focused erosion from

culverts drains and undercrossings

-Provide sediment basins and maintenance

-Prevent accelerated head-cutting from CP runoff hi

all drainages large and small

Current sediment transport rates need to be measured
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CP Alignment may cause temporary

closure of beach access trail from San

Mateo Campground and severely

impact access from Trestles parking

CP alignment within Subunit

creates potential safety hazard

Maintain beach access from trestles parking lot during

construction and improve pedestrian access to Trestles

Beach.

-Indemnify DPR from injury to park users caused by
CP alignment

-Install and maintain right of way with minimum ft

high fencing on both sides of corridor

and recreational opportunity

de

and best management practices employed Retention

basins may be constructed but must be cleared to

maintain bac1ground flow rates

CULTURAL
Removal of intact portion of SMAD Relocate road alignment further east

NR coastal Juaneno village of Panhe

Impacts to SDI-1075 site of Hechinai -Fund
response temu to monitor impacts

-Fund IW1 recovery of discovered material

Direct impact to site of Forster Fund response team to monitor impacts Fund for

recovery

Direct impact to Historic El Camino Relocate CP alignment further to the east

Indirect impact to Trestles surfing As an historic landscape this cannot be mitigated

lot

OPERATIONAL
IMPACTS

Beach Access

Short term

Long term

Other Trails

Interpretive

Fire Protection

Public Safely

Barners

CP Alignment may reroute beach -Construct multi-use irails from campground to beach

access trail from San Mateo and regional inland trails

Campground and severely impact -Reimburse for
necessary lease changes

access from Trestles Parking lot -Construct pedestrian overpass connecting Trestles

parking to subunit

Of 11.5 miles of existing trails in Replace trails and provide undercrossing connectors

subunit 1.5 will be lost to

alignment

CP alignment will Cause direct loss of -Replace and improve existing nature trail that starts

interpretive opportunities and natural at the San Mateo Campground
area for use in Subunit -Provide for development of interpretive programs

and structures in the local district operation

CP alignment will bisect Subunit -Redesign fire and patrol roads and ensure access to

preventing current fire protection and both sides of CP alignment to allow efficient

patrol activities management of property

-Improve coastal trails at San Onofre SB to

compensate for lost trail access during development
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Utilities

Security

Christianitos Road realignment will -If San Matoo Campground is retained modify
require modification of existing geometries elevation grade campground enirance
entrance connection at San Mateo road to match new Christianitos Road alignment
Campground This -Provide adequate acceleration-deceleration lanes to

raises safety problem due to allow for sufficient stack up space and safe traffic

decreased sight distances and turning movement
decelerating traffic

-Require traffic signal

-Provide new directional signing on toilway and 1-5

CP alignment eliminates existing Identify location relocate and replace trailer

pjtajgjj sanitation station for existing San Matco Campground
location

CP alignment eliminates existing Improve and expand existing Subunit operations

operations storage area in Subunit and storage area Improvements to include vehicle

equipment storage building vehicle wash down area

paving security lighting landscaping office area and

security fencing with gate

CP alignment eliminates utilities for Relocate and replace sewer pump station water
the San Mateo Campground supply lines and all other utilities for San Mateo

Campground

Fragmentation of Subunit by CP Install and maintainS miles of ft high steel mesh
alignment will make operations fencing along west and north boundary of subunits

patrols and park protection from and west boundary of
including total of gates

trespass illegal dumping and other for operations access points

resource damage very difficult to

contain on west and north boundaries

Particularly during construction Use best practices to eliminate fugitive dust

phases impacts to campers

recreational users and operations

Construction and its impacts cause

reduced Campground use and closure

periodically over to years results

in lost revenue

Curtailment of special events and Reimbursement until opening of new campground
recreation camps during construction

results in lost revenue

Proposed CP alignment takes land -Negotiate 50 year lease extension

dedicated for existing and future -Revise San Onofre General Plan

recreation facilities

-Reconstruct campground facilities including

amphitheater and construct soundwall at San

Clemente Second family campground and equestrian

facilities to be developed on new with environmental

campsites and linked trail system to coast and regional

trails

-Relocate San Clement administrative and operation

facilities to south-central Orange County

CampgrouRd

Entrance

Trailer

sanitation

station

Operations

storage area

Fugitive Dust

REVENUE LOSSES
Short term

Long Term

Campgrounds

Full reimbursement during closure and pro-rata

revenue for reduced use until opening of new

campground

Closure of existing San Mateo

Campground amphitheater
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Future

Environmental

Campground

Future

Equestrian

group camp

Future family

Campground

General Nan identifies second Develop equestrian facilities environmental campsii
family campground north of the and linked trail system to coast with regional trails

existing San Mateo Campground CP from new acquisition

aljgpment impacts n2ral setting

Loss of potential of environmental Develop environmental campsites at new acquisition

campsites on Subunit results in lost

recreation opportunity and revenues

and destroys quiet rural setting

General Plan identifies Grop Camp Develop Group and Equestrian Facilities new
and an Equestrian Camp at the far acquisition site along with connections to future

noth end of Subunit CP regional trails

aligmn rural settin

CP alignment will prevent

development of golf course on

Subunit resulting in lost

recreational opportunities and

concession revenues

Provide recreational improvements and new facilities

such as visitor center historical structure

improvements amphitheater center and group picnic

facilities at San Clemente State Beach
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Pictorial Visual Simulation

Appendix C-I.-b
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Appendix C2 Noise Analysis

nt rod uction

Sari Onofre State Beach SOSB is situated just south of San Clemente along portion
of the Southern California coast that runs west to east not north to south It is shaped
like capital The horizontal part of the stretches about mile along the Pacific

Ocean and is one quarter to one half mile thick The vertical part of the stretches

inland about five miles varying in thickness from about one-quarter mile at the southern
end to about three-quarters of mile at the northern end Most of the inland portion is

hilly sloping downward from west to east with drainages likewise running from west to

east The north faces of the drainages are grassy the south faces bushy and there are

small trees along the drainage bottoms There is delightful sycamore grove along
Christianitos Creek at the upper end of the capital

The CP alignment of the proposed Foothill Transportation Corridor-South FTC-S
would enter the inland portion of SOSB at the top of the capital and proceed
downward toward the ocean staying within the inland portion of SOSB for all five

miles It would then swing eastward along the northern edge of the coastal portion of

SOS

The FTC-S noise consultants have measured esting sound levels at several locations

within SOSB predicted future noise levels from the FTC-S and applied criterion which
indicates no noise impact requiring mitigation Any reader who is not deaf will wonder
ho major toll road can pass through long narrow unit of the State Park System with

So little environmental damage The answer is in the criterion used

San Mateo Campground

According to the FTC-S noise consultants existing sound levels in the campground
are 47.1 dBA and future tollway noise levels will be 60.7 dBA Using Caltrans noise

abatement criterion of 67 dBA they conclude that no mitigation is required The
conclusion is based on multiple errors

First it is inappropriate to rely exclusively on the so-called equivalent level because
it gives disproportionate weight to high sound levels thereby discounting long periods of

relative quiet Since the existing environment is characterized by such long intervals of

relative quiet use of tends to overstate existing sound levels It would be much
better to include an understandable description such as existing sound levels are less

than
______

50% of the time Such description would call attention to the fact

that the existing environment will be changed greatly probably by 15 to 20 dBA
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Second it is inappropriate to rely exclusively on because of the importance of sleep

interference After all it is campground where visitors sleep in tents and thin shelled

and probably open recreational vehicles Sound exposure level SEL would be preferable

when traffic is not continuous to gauge sleep interference because it would be capable of

indicating what percentage of visitors would be awakened and how often they would be

awakened There is no doubt that the toliway and the displaced Christianitos Road would

lead to much sleep interference

SEi is measure of the noise dose from single event such as heavy truck passby Its

numerical magnitude and sleep disturbing potential depend on both the maximum sound

level of the event and the duration of the event SEL is also basic building block in the

Caltrans noise model used by the FTC-S noise consultants To obtain the peak hour

used in the FTC-S noise assessment the noise consultants have averaged all the individual

SEi contributions one for each vehicle over the peak hour This process smears each

individual SEL contribution over the hour even when as with heavy truck the individual

event is conspicuously noisy

Third the Caltrans criterion does not do justice to the outdoor amphitheater associated with

the campground which seats over 100 persons and is on the west side of the campground
closest to the proposed FTC-S According to National Academy of Sciences guidelines5 the

intruding noise from the tollway and from the displaced Christianitos Road should be

dl3A less tl1an the existing sound levels in order to avoid speech interference This guideline

codifies what is necessary if listeners are to hear and understand interpretive programs

outdoors It is likely the unmitigated tollway noise will exceed this guideline by 20 dBA

lourth even if were accepted as an adequate descriptor for the existing sounds and

future noise the Caltrans criterion selected by the FTC-S noise consultants is inappropriate

The campground should he protected as an activity category deserving noise

abatement criterion of 52 dBA even though that criterion applies ostensibly to interior

spaces because of the importance of quiet for sleeping outdoors The 15 dBA difference

between the two criteria equals the amount of noise reduction from outside to inside that

otild be afforded frame house with windows open

Proposed environmental primitive campgrounds

The proposed primitive or environmental campgrounds in SOSB are about midway up the

capital closer to the proposed FTC-S than is the San Mateo Campground Hence future

tollway noise levels greater than 60 dBA can be expected In addition an hour-long sound

leel measurement at the southernmost proposed environmental campground on March

i99 yielded 43.9 dBA Leq with the existing sound levels less than or equal to 39 dBA
5i of the time Since the existing sound levels here are lower than at the San Mateo

campground and since the predicted future tollway noise levels must be higher the noise

impact will be greater In particular the first second and fourth criticisms above apply with

even greater force here

CU lOR PPEPARING ENV IMPACT STATEMENTS ON NOISE
onal Academy .f Scenes taslington DC 1977 page VI-4
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Sycamore grove

The sycamore grove at the upper north end of the capital is the site of proposed

equestrian camp where overnight camping would occur It is approximately twice as far

from the proposed toliway as the San Mateo campground This extra distance will make the

future toliway noise approximately 4.5 dBA less or 56.2 dBA An hour long measurement

in the sycamore grove on March 1997 gave 40.3 dBA Leq with existing sound levels

less than or equal to 37.5 dBA 50% of the time In other words the predicted future

toliway noise will constitute greater increase in the sycamore grove than in the San Mateo

campground Sleep interference will also occur

Future inland trails

The inland portion of SOSB invites hiking trail development because of the varied habitat

and terrain Views toward the ocean from the higher elevations would probably be

especially popular Were the FTC-S built however it would have to provide pedestrian

underpasses or overpasses to get to the higher terrain Hikers approaching the underpasses

or overpasses would find their speech interfered with by the toliway noise For some

distance on either side of the tollway they would be more conscious of tollway noise than

of the songbirds and occasional woodpecker which can be heard now Upon reaching the

higher elevations the hikers would inevitably be cognizant of the prominent visual swath cut

through SOSB by the tollway

Old Pacific Coast Highway bike trail

The old Pacific Coast Highway along the northern edge of the coastal portion of SOSB is

now bikeway Were the FTC-S to be built it would be carried on flyway close to or

directly over portions of the bikeway Bicycle riders there who currently enjoy sense of

openness would instead experience sense of massive overpowering concrete structures

Noise levels near the flyway would probably exceed 65 dBA interfering with speech and

obliterating sounds of wind in the bluff grasses

Ocean beach

The prevalence of waves at SOSB which makes it so popular with surfers can produce

relatively high existing sound levels on the beach For example on March 1997 with

winds from true bearing of about 325 degrees existing sound levels were 63.2 dBA Lcq
on the beach with instantaneous levels between 61.5 and 64.0 dBA 80% of the time It is

unlikely that tollway noise will be audible on the beach except when waves are small or

when wind is blowing across the tollway toward the beach At all times however the

elevated flyway will constitute prominent unnatural feature in views from the beach toward

the hills

Trestles beach access trail

Portions of the Trestles beach access trails coming from San Clemente and from the San

Mateo campground vvill probably he exposed to sound levels over 65 dBA enough to
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interfere with some speech In addition to this degradation of the acoustic environment the

present bucolic stroll near wetlands will become dominated by the proximity of the flyway

Comparison sound tape

sound recording illustrating existing ambient noise levels within Subunit with projected

noise levels after FTC-S construction has been prepared This recording provides an audio

comparison similar to the pictorial visual simulation and comparison provided in Appendix
C2 The sounds in the recording were captured on digital audio tape in San Onofre State

Beach on 2/19/97 San Mateo Campground and on 3/9/97 proposed primitive camping site

and sycamore grove and in Danville on 3/28/97 Iron Horse Trail west of an elevated

portion of 1-680

The digital form of the sounds was then transferred without alteration into computer for

editing and mixing Editing consisted of slightly raising or lowering individual segments so

that all would have common reference level Mixing consisted of superimposing the

freeway noise on the last 30 seconds of each segment of San Onofre State Beach sounds

After editing and mixing the sounds were transferred back along with the common

reference calibration level onto clean digital audio tape and thence to the cassette tape

provided to CDPR

The 30 seconds segment of freeway noise was chosen at random from half hour recording

whose equivalent level was 65 dBA During the half hour sound levels were between 63.5

and 67.0 dBA 80% of the time

An improved digital version of the sounds could be provided All that is required is to

use an equalizer to compensate for courtroom sound absorption and to adjust

amplification so that the reference calibration level is heard and measured in he

courtrooni at its proper strength
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APPENDIX
UPDATED VISITOR ATTENDANCE FOR SAN ONOFRE STATE BEACH

1993 THROUGH 1997rJan.jFeb Mar Apr May June4 July Oct Nov Dec Totals

Campground -Subunit

326
______ ______________

3500 10385 8549 13998 10059 8920 6121 2019 882 65589
899 1369 7290 7087 12862 10838 J744 2608 1022 62338

896 2384 1645 8379 5278 5533 J97 10356 6883 4361 2464 5232 64458
1827 3062 2656 4543 3790 8017 12105 14345 5447 2863 2915 2181 63751

1652 2716 3843 6160 7131 7719 14811 17266 6981 5346 2833 1803 78261
-Subunit

11576 17095 25070 22570 16595 29205 41645 40150 37631 16885 15200 297502
13465 9230 18275 18790 17400 23311 28365 29227 24580 21960 10905 20835 236343

12060 62175 12280 15700 23465 21635 28845 33100 48600 77017 17431 19562 371870
14730 10250 15915 19005 24575 28790 33525 28295 22790 22470 17855 15370 253570
16965 18685 21065 17385 29050 25410 41810 37310 28085 23225 20440 16885 296315

Subunit

11607 14550 20820 29605 38390 47175 60216 66381 38214 36405 21837 21497 406697
21590 19133 28488 27493 30982 44115 59706 61098 54504 38778 23198 28273 435358

7576 23320 16962 34130 34576 40603 56472 59465 58904 36816 25484 17908 412216
22556 20058 31932 35763 39480 49786 86607 65692 52511 38527 28500 9563 480975
16314 23956 32014 9789 58531 61580 78346 87009 62438 55036 32114 19625 536752

ground -Subuntt ______
1419 4764 20181 28939 34887 32393 50486 48400 32561 17971 14008 882 286891

15216 9522 17773 20163 23550 39640 58780 41773 24765 22765 18970 10964 303881

4363 13126 12924 28208 21695 35416 30692 61131 44410 24616 11364 10818 298763
6453 6598 20845 28843 26514 38734 39717 44333 27612 13257 13657 3300 269863
6230 9702 19014 18992 44302 33477 46331 61976 25399 22157 10280 4626 302486

1056479

1037920

1147307

1068159

1213814
1104736
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INTRODUCTION
An analysis of the proposed Foothill Transportations CP Alignment impacts on

San Onofre State Beach was presented to the Transportation Corridor Agencies TCA in

August 1997 In summary that report
concluded that this alignment would result in the

constructive use of significant portion of Subunit of San Onofre State Beach This

would impact and fragment it to such magnitude that this subunit would no longer be

of state park quality and should be relinquished to the underlying leaseholder In order to

make the people of California whole for their loss California State Parks presented

recommendation for real property cash and recreational related development to be

required of TCA and dedicated to the California Department of Parks and Recreation

CDPR prior to commencement of project development For details and specifics
of

this referenced assessment CDPRs August 1997 Mitigation Assessment of FTC-South

Impacts on San Onofre State Beach along with its Addendum of July 1998 and the

Correction and Update of Appendix of February 19 1998 should be consulted

Subsequent discussions with TCA representatives showed the need for CDPR to provide

an additional level of detail in order to facilitate TCAs work in providing seamless

transition for replacement of certain of existing park facilities if the subject alternative

were selected It is the objective of this report
to provide this additional level of detail

SCOPE OF WORK
This report presents preplanning relocation and design criteria and cost estimate

information for campground district office and maintenance yard relocation at various

sites This includes review of campground areas including preliminary site evaluations

for at least two locations The report
also includes descriptions of the following the

facilities considered for relocation including San Mateo Campground CDPRs Orange

Coast District office and maintenance yard potential
relocation sites cost estimates

for relocation to candidate sites constraints analysis for each of the relocation sites

including initial resource impact evaluations and relocation criteria

CDPR understands that Transportation Corridor Agencies TCA involvement with

this report
does not mean acceptance by TCA to provide all the items requested by CDPR

as compensation for impacts to CDPR leasehold property

RELOCATION CRITERIA
General criteria was established to help identify select and evaluate relocation

alternatives All criteria are intended to establish minimum standard of mitigation

Final mitigation should be equal to or better than the existing park facilities that will be

impacted by the FTC-South project The mitigation results should be visible to public

park visitors and constituencies The following is the criteria used in this report

OwnershiplLegal Requirements

Fee Title

First preference is given to relocating park facilities to sites where CDPR has or

may have fee title ownership to the property In the case of new land

acquisitions easements or deed resthctions should be minimized if possible

Lease property

Second preference is given to relocating park facilities to sites where CDPR

does not have fee title ownership



Lease Agreement

San Onofre State Beach is located entirely on lands leased from the Department

of the Navy Any relocation sites elsewhere on San Onofre SB must be in

compliance with the lease agreement or have the written approval of the Camp
Pendleton base commander

California Coastal Commission CDP Requirement

The San Mateo campground was developed as Coastal Development Pennit

CDP requirement for lost coastal access due to the San Onofre Nuclear

Generating Station SONGS project Any relocation or abandonment of San

Mateo campground facilities may require review and approval by the Coastal

Commission to assure that coastal recreation and access mitigation is still being

provided for

Regulatory requirements

Relocation of park or District facilities shall comply with all regulatory

requirements of federal state or local agencies as applicable as well as any

environmental requirements

Location

Recreation facilities

All relocated campground facilities shall be sited on coastal park or coastal open

space lands with equal value or utility to those found at the San Mateo

campground and have direct access to the coast

District administrative and operations facilities

District administration facilities may be relocated off state property if it is

necessary to accomplish relocation of San Mateo campground facilities These

facilities should be located on lands purchased for CDPR within four miles of

the San Onofre San Clemente Dana Point area to maintain district operations

effectiveness and accessibility Some of these existing facilities are located in

historic 1930s buildings These buildings must remain on site but may be

readapted to another appropriate use

District maintenance facilities

It would be desirable if District maintenance facilities were at the same location

as the District administrative facilities separate off-site location will be

considered if the district facilities are centrally located to field operations in the

Doheny/San Clemente area Proximity within four miles of the Doheny/San

Clemente area is also needed in order to maintain district operations

effectiveness and accessibility Certain specific operations facilities should be

located at San Clemente SB or San Onofre SB and they are identified in

Relocation Criteria item Facility and spatial requirements

San Clemente SB staff residences

CDPR is participating member of the SONGS emergency plan group In the

event of an emergency at SONGS it is CDPRs responsibility to evacuate San

Onofre SB and San Clemente SB In order to meet this responsibility CDPR
has established on-site staff residences at San Clemente SB so that CDPR staff

will be available to respond to SONGS emergency event in timely manner

minimum of five staff residences must be retained at San Clemente SB in

order to meet CDPRs emergency plan responsibilities for SONGS There are



existing staff residences that are located in five historic 1930s buildings These

buildings must remain on site but may be readapted to another appropriate use

Coastal open space

Replacement of lost open space in Subunit shall be comparable coastal

property located in the Orange County coast area

Access

Public

There shall be direct public trail access from the relocated campground facilities

to the ocean This would be in-kind replacement for the existing coastal trail

access from San Mateo campground to Trestles Beach Relocated park facilities

shall comply with Americans with Disabilities Act ADA requirements

Operations

Park roads and multi-use trails should be accessible to maintenance and

emergency vehicles 12 minimum width The District maintenance facility

must be able to accommodate access by large tractor-trailer vehicles



Facility And Spatial Requirements

The following spatial and facility criteria is based on existing park facilities at the

San Mateo Campground and the Orange Coast District headquarters at San

Clemente SB Relocated facilities should equal or exceed existing facilities

Relocation of San Mateo Campground recreation facilities

Listed in this section are campground elements to be considered for relocation

to another state park unit San Onofre SB San Clemente SB Crystal Cove SP
or new state park acquisition

Certain important development elements have not been quantified because they

are dependent on site specific situations Roads and entrance geometrics have

not been quantified since specific site conditions determine circulation

configurations and dimensions Safe entrances should allow for adequate

acceleration-deceleration lanes 250 minimum length for each minimum 10-

vehicle stack up space in front of the entrance station and vehicle turnaround

loop in front of the entrance station Utility service sewer water electricity

and telephone connections also vary according to availability and each site

situation Additional space may also be needed for visual and acoustic

buffering from surrounding land use and activities

Description Ouantitv Unit size Subtotal area

Campsites 161 1800 sq ft 289800 sq ft

Graded site table w/ cupboard

stove fire ring landscaping

20 40 paved parking spur

wI barriers

300 series combination buildings 800 sq ft 4000 sq ft

Restrooms w/ showers

Entrance station wI restroom 180 sq ft 180 sq ft

Campfire center amphitheater

Stage screen fire pit electrical

lecture podium 110 person seating

capacity pedestrian access trail

20 car parking area lighting and

landscaping

San Mateo maintenance and storage area 48000 sq ft 48000 sq ft

with sewer system lift station

see on-site relocation of OCD

operations facilities section

Building area subtotal sq ft 0.2 acres 4180 sq ft

Recreation area subtotal acres 68.8 acres

Maintenance/storage area subtotal 1.1 acres

Total area acres 70.1



Relocation of Orange Coast District administration facilities

The following district headquarters facilities may be relocated off state park

property San Clemente SB if it is necessary for the relocation of campground

facilities These facilities are currently located in several buildings in the

District headquarters compound

Area in sq ft Type of area

District Superintendent
800 Private office

Visitor Services Superintendent
400 Private office

Maintenance Chief 400 Private office

Administrative Chief 400 Private office

Administrative Supervisor
400 Private office

Administrative Support Visitor Services 400 Secured space

Reception Area 520

Central Files/Archive Storage 1800 Secured storage

Mail/Copy Room 520

Conference/Training Room 1550 Private room

Personnel Functions 1000 Secured files

Accounting Functions 600 Secured files

Accounting Technician 350

Property Custodian 350

Communications/Network Equip Room 400 Secured room

Restrooms MJF 200/200 each

BreakroomlKitchen 520

Office space subtotal sq ft 11210

Visitor Employee Parking sq ft 8800

Total area for District administration sq ft 20010



Relocation of Orange Coast District operations facilities

The following District maintenance facilities may be relocated off state park

property San Clemente SB if it is necessary for the relocation of campground

facilities These facilities are currently located in the District headquarters

compound It would be desirable if these district maintenance facilities were at

the same location as the District administrative facilities separate off-site

location will be considered if the following facilities are centrally located to

field operations in the DohenyfSan Clemente area

Description
Area in sq ft Type of area

Vehicle service facilities

Office 400 Indoor secured

Garage bays w/ lifts 1000 Enclosed

Storage area for tires and parts
1000 Secured

Wash rack 600 Outdoor

Parking and vehicle storage 5000 Outdoor

Warehouse/Storage 3000 Indoor secured

Carpenters shop and lumber storage 1200 Indoor secured

District storage yard building materials 48000 Outdoor secured

portable toilets park furniture fire

rings fencing etc

Building area subtotal sq ft 6600

District storage and vehicle yard subtotal sq ft 53600

Total area sq ft 60200

Relocation of Orange Coast District operations facilities

The following facilities should be relocated to San Clemente SB or the coastal

portion of San Onofre SB

Description
Area in sq ft Relocation area

Ranger station 1800 San ClementeISOSB

Lifeguard headquarters
2000 San ClementeISOSB

Secured storage for evidence ammunition 1000 San Clemente/SOSB

Landscape Tech shop equipment storage 1000 San Clemente

Maintenance Supervisors office 900 San Clemente

Corporation yard/fuel
facilities/vehicle parking 30000 San Clemente/SOSB

San Mateo maintenance yard storage 15000 SOSB

Building area subtotal sq ft 6700

Yard/storage space subtotal sq ft 45000

Total area sq ft 51700

Off-site relocation of San Clemente staff housing

It may be necessary to relocate the mobilehome residences in order to

accommodate relocated campground facilities at San Clemente SB Since the

building residences were built by the Civilian Conservation Corps CCC in the

1930s historical architectural and structural assessment of the building



residences is needed to determine continued or alternative use of those

structures

CDPR is
part

of the SONGS Emergency Plan In the event of an emergency

CDPR has required responsibilities for evacuating people out of the San Onofre

SB area To meet this responsibility CDPR established on-site residences in

San Clemente SB which is within the Emergency Protection Zone to assure

that CDPR staff would be available for SONGS Emergency Plan

responsibilities minimum of five residences must remain at San Clemente

SB to meet this responsibility

Existing number of staff residences at San Clemente SB

building residences

11 mobilehome residences

Replacement of Subunit open space

Coastal property acceptable to CDPR of sufficient size aspect and recreation

potential comparable to the park values lost at parcel shall be acquired in

fee simple dedication to CDPR It is preferred that single coastal site that

provides these values and opportunities be selected The replacement property

must constitute or be part of viable recreation area be of reasonably

equivalent usefulness location and serve an existing public outdoor recreation

need and community as Subunit The property to be acquired must

following full market appraisal of the remaining lease at its highest and best

use be of at least equal value and utility Equivalent public infrastructure

including water sewer electrical telephone utility service shall be provided to

the site

Potential For Future Expansion

If new land acquisitions are involved it is desirable that in addition to

accommodating the relocation of campground or district facilities relocation sites

have potential areas able to accommodate future expansion in order to meet future

recreation or operations needs This also includes compensation for the Parcel

open space lost to the toll road project

It is preferable that new acquisitions have as few deed restrictions and easements as

possible Furthermore the desirability of proposed acquisition will also depend

upon how land use and development restrictions Local Coastal Plans County

General Plans NCCP jurisdictions local municipal plans or zoning etc affect

CDPRs ability to manage and develop new land acquisition as state park unit

Such restrictions or requirements may include permitted building envelopes land

use intensities circulation or traffic controls development requirements etc

Recreation Considerations

Relocation sites should have rural or natural open space character similarto the

San Mateo campground in order to retain similar recreation experience This is

especially important for interpretive programs and facilities such as the campfire

center amphitheater and interpretive nature trail

If relocation facilities are to be added to an existing state park unit such as San

Onofre SB subunit San Clemente SB or Crystal Cove SPs El Mono area the



resulting quantity or intensity of development at the relocation site should not

diminish the quality of recreation experience for the visitor In other words
certain quantity of recreation facilities determined by relocation objectives should

not be forced into an available relocation site at the expense of providing quality

recreation experience or facility

Resource Considerations

Relocation alternatives shall avoid adverse resource impacts at the relocation sites

as much as possible

Cultural resource considerations

Adverse impacts on cultural resources at relocation sites should be avoided or

mitigated

Historic Structures if relocation proposal involves historic structures such as

those found at San Clemente SB Public Resources Code PRC 5024 project

evaluation will be required Structural treatments mitigation alternative

adaptive uses site plan restrictions or additional investigation may be identified

in that evaluation As part of preparing 5024 project evaluation Historic

Structures Recordation Report and Landscape Survey Report need to be

completed These
reports are inventory surveys that identify and describe any

historic structure or site features that may be found on proposed project site

Archeologicallpaleological resources Relocation sites should be surveyed to

determine if there are any archeological or paleological resources Evaluations

can then be made on how the feasibility of specific relocation alternatives is

affected Cultural resource investigations or surveys of alternative relocation

sites will need PRC 5024 project evaluation

Natural resource considerations

Relocation sites should have access to coastal natural resources similar to those

found at the San Mateo campground and Subunit areas Visitors to the

relocated campground facilities should have access or views of habitat areas

wildlife and other natural features in the same manner as at San Mateo

campground

Relocation sites should be suitable in terms of site stability geology soils

hydrology etc. Adverse impacts on natural resources at relocation sites

should be avoided or minimized if possible If habitat mitigation coastal sage

scrub nparian etc is required at relocation site that should be included as

part of relocation costs

Aesthetics viewsheds noise etc

The previous submitted Mitigation Assessment of FTC-South Impacts on San

Onofre State Beach report August 1997 emphasized the uniqueness of the

San Mateo campground setting and recreation experience The search for

suitable relocation alternatives should strive to match or surpass the aesthetic

values found at Subunit If possible the relocation sites should have the

same expansive quiet rural or natural open space character that is presently

found at San Onofre SB Subunit see August 1997 Mitigation Assessment

Report Appendix Spirit of Place



Operational Considerations

Visitor use

There should be no disruption of the availability of public recreation facilities

throughout the implementation of the FFC-S project All relocated or

mitigation recreation facilities should be completed and available for use by the

public when construction in the San Mateo campground vicinity begins
Park operations and maintenance

District operations FTC-S implementation activities shall not disrupt District

operations and maintenance functions If relocation of District facilities is

required to accomplish recreation facility relocation there shall be no time gap
in the availability or use of District facilities existing or relocated facilities

Utilities Full utility service connections sewer water electrical and

telephone should be available at all relocation sites if utility district

annexation or buy-in costs are required those costs should be included as part

of the mitigation There should be no net increase in utilities service costs at the

relocated facilities over what cunent utilities costs are at the
existing park

facilities

Fire protection and mutual aid agreements The availability of fire protection

services at the relocation sites will be factor in determining their acceptability

This includes the availability of and conditions for mutual aid agreements with

fire protection and law enforcement agencies

Radio communications The ability to establish radio communications with the

rest of district operations will be consideration This can be problematic in

areas with significant topography deep coastal canyons high ridges etc. It

may be necessary to install radio repeater station

Economic Considerations

Operational costs

if relocation of the District headquarters office and maintenance facilities is

required relocation of those facilities to site that is central and close to the San

Onofre SB San Clemente SB and Doheny SB units is essential for cost

effective operations

Municipal sewer connections for any relocation site will reduce park

maintenance costs Currently there are municipal sewer connections at the San

Mateo campground and at San Clemente SB San Onofre SBs Bluffs Area
campground facilities use sewer vaults that have to be regularly pumped out

Revenue

If there is time gap between the closing of the San Mateo campground and the

availability of new relocated campground facilities CDPR should be

compensated for lost revenue during the time gap

10 Political Considerations

As relocation alternatives are more clearly delineated political factors need to be

identified and assessed when determining relocation proposals feasibility Local

constituencies supporters and special interest groups should be identified in this

processed project with FTC-Souths significance should provide these groups as

well as the general public with opportunity for input through hearings meetings or



workshops Any relocation plan must be in compliance with Local Coastal Plan

LCP or other local planning county/city General Plan

11 CDPR Resources Required To Implement Agreed Upon Mitigation
There should be no net increase in costs to CDPR for planning coordinating and

responses during the course of future mitigation/negotiations for the FTC-South

project proposal CDPR should be compensated for any reports studies surveys
site planning information gathering public involvement activities responses to

elected officials or staff time incuffed by the FTC-south project It may be

necessary to fund CDPR full time limited term position to be able to perform the

necessary workload and represent CDPR interests on these issues CDPR is not

requesting funding for actions we undertake as part
of our responsibilities under

CEQA or NEPA

FACILITIES CONSIDERED FOR RELOCATION
The following are descriptions of state park facilities that may be relocated because

of direct or indirect impacts from the FTC-South project

San Mateo Campground
The 161 unit San Mateo campground is located in Subunit of San Onofre SB
Facilities include an entrance station five combination buildings campfire center

amphitheater interpretive panels an interpretive nature trail trail access to the

beach at Trestles maintenance/storage area sewer lift station for connection to

the City of San Clemente as well as mature campground landscaping Project cost

of the campground including in 1989 was approximately $4.8 million The

approximate area of the existing San Mateo campground is 69 acres

Orange Coast District Headquarters Office

The existing district headquarters office is located in rehabilitated historic adobe

building at San Clemente SB In the event that San Mateo campground facilities

are moved to San Clemente SB it may be necessary to relocate the district

headquarters offices to new off-site location in order to accommodate

campground relocation plans Since the building is an historic adobe it cannot be

moved Adaptive re-use of the building such as visitor center may be an

appropriate action There are also eight other structures at San Clemente SB that

have historic significance historical evaluation will be needed to determine how
to site relocated campground facilities so that historic structures are not adversely

affected

Orange Coast District Maintenance Facilities

The existing district maintenance facilities are located adjacent to the current

district offices in San Clemente SB As with the district offices it may be

necessary to relocate the district maintenance facilities to an off-site location in

order to accommodate campground relocation plans Certain maintenance facilities

need to remain at San Clemente SB or San Onofre SB to insure their efficient and

continued operation these are listed in Relocation Criteria 4D Facilities And

Spatial Requirements Relocation of Orange Coast District operations facilities
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Other Facilities San Clemente Staff Housing
In addition to the existing district office building and maintenance facilities

relocation alternatives may affect other buildings located in the eastern portion of

San Clemente SB adjacent to the district office These buildings are currently used

for district functions and staff housing Several of these buildings were constructed

in the 1930s by the Civilian Conservation Corps CCC and may be considered

historically significant Buildings determined as historical may have to be kept
intact at their existing locations There also are 11 mobilehome staff residences that

may be affected by relocation alternatives if campground facilities are added to

San Clemente SB relocation of the mobilehome residences will need to be

provided

POTENTIAL RELOCATION SiTES
The following are descriptions of potential relocation sites that CDPR has

considered so far As previously noted CDPR does not want to diminish the quality of

recreation experience or facilities While the following sites have been considered no
doubt others exist CDPR considers it the obligation of TCA if the CP Alignment
alternative is selected to take the responsibility for identifying and securing suitable

locations acceptable to CDPR

Campgrounds
San Clemente SB

This 110 acre coastal state park unit contains 85 family campsites 72 RV
campsites and group use area There is an existing trail that provides access to the

beach from the campground In addition to recreation facilities this park unit also

contains the Orange Coast District administration and maintenance facilities as well

as 19 residences for park staff Some or most of the District facilities and
residences may have to be relocated in order to implement campground relocation

alternative San Clemente SB is located approximately 2.8 miles from the San
Mateo campground

One potential relocation alternative would add San Mateo facilities to existing San
Clemente SB campground facilities The initial review for this report indicates that

there may be up to 18.7 acres available for relocated campground facilities An
estimated 30 mitigation campsites with associated development could be added to

the existing campground development Site planning studies are neededto

determine more definitive numbers and optimum layout The estimated relocation

acreage requires the relocation of District administration and maintenance facilities

and 11 mobilehome staff residences out of San Clemente SB The district

headquarters building is an historic adobe building built by the CCCs in the 1930s
and shall be left in place This building could be adapted as camp store

concession or visitor center There are structures near the district headquarters

building that were also built by the CCCs Currently three of these are use for

district functions and five are used as staff residences These buildings will also

remain on site

Another potential relocation alternative would involve the complete

reconfiguration/redesign of San Clemente SB This approach could result in

improving the quality of overall park facility layout while allowing for the addition

of an appropriate quantity of relocation facilities This alternative however would

11



require the loss of available campsites and recreation use during redevelopment
construction

San Onofre SB Subunit the Boneyard and existing Bluffs Campground
Subunit is located on the coast just south of the San Onofre Nuclear Generating
Station SONGS This coastal terrace area is currently used as park storage area
Assuming 200-foot setback from the bluff edge and 100-foot setback from the

SONGS boundary there is approximately 9.6 acres of coastal terrace in the

Boneyard area that may be available as campground location Site investigation
is needed to determine how much coastal sage scrub habitat is affected More
importantly current geologic stability evaluations of the coastal bluffs will be an

important factor in determining the feasibility of relocating campground facilities

here

In addition to the relocation of facilities to the Boneyard another mitigation
alternative that CDPR has considered for this area would be improving the quality
of existing recreation facilities and experience in the Bluffs Area campground
especially between beach access trails number and number Some of these

improvements include but are not limited to full utility service including

municipal sewer connections redesign of the campground layout to provide
individual sites with more space/privacy new campsite/day-use furniture coastal

pedestrian and bicycle trail for reducing existing circulation conflicts This could

also include soundwall between the campground and Interstate Highway and the

railroad line

Crystal Cove SP El Mono Area

This 2791 acre coastal state park unit is located in Orange County between the

communities of Laguna Beach and Newport Beach CDPR intends to convert the

existing El Mono mobilehome area to park use and facilities as called for in the

General Plan The General Plan proposes 60-unit campground on coastal bluff

in the El Mono area overlooking Pacific Coast Highway and Moro Beach CDPR
anticipates that there will be reevaluation of the General Plan recommendations
as part of preparing the El Mono area for public use conversion to assure the

highest and best public use for the El Mono area Development of more than 60

campsites in the area would require general plan amendment
The entire El Mono area is on septic sewer system that is at maximum capacity

Any conversion of the El Mono area to park use would have to provide for new
municipal sewer connections An existing arch culvert under Pacific Coast

Highway provides access to Moro Beach from the potential inland campground
area

294-unit mobilehome park whose master lease will expire on December 31 1999

currently occupies the site The mobilehome park residents are attempting to obtain

lease extension and continue occupying the area Any conversion of the El Mono
area to park development and use depends on resolution of the lease issues CDPR
cannot predict with certainty when El Mono will be available for conversion to

public use
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Marblehead

This coastal bluff site 250 acres is located between Dana Point and San

Clemente SB It is on the inland side of Pacific Coast Highway and adjacent

railroad tracks The beach in front of the property is in private ownership and is

occupied by trailer park but there is local public beach nearby within walking
distance Currently it is privately owned and is zoned and permitted for residential

and commercial development
Dana Point Headlands

This coastal bluff site 160-170 acres is located immediately west of Dana Point

Harbor It is significant headlands promontory feature along the coast Within

the Dana Point area it is one of the few natural open space areas with coastal views

along Pacific Coast Highway

District Office

Locations to be determined in future investigations and relocation planning

Maintenance Yard

San Onofre SB subunit

This is the existing maintenance and storage area for the coastal portions of San

Onofre SB The coastal terrace area immediately south of the storage area could be

developed as new maintenance area extension

San Clemente SB

San Clemente SBs existing maintenance facilities serve both the Orange Coast

District and the park unit The main district maintenance facilities may be relocated

off site if it is necessary There are certain maintenance facilities however that

should remain at San Clemente SB or be relocated to San Onofre SB These

facilities are identified in Relocation Criteria 4D Facilities and spatial

requirements Relocation of Orange Coast District operations facilities

Other Facilities

San Clemente staff housing should be located within three miles of San

Clemente SB so that relocated staff can remain within the SONGS Emergency
Protection Zone be available to provide backup assistance on Emergency Plan

responsibilities

PREPLANNING COST ESTIMATES FOR RELOCATION TO CANDIDATE
SITES

Includes costs for Relocation of existing facilities demolition of existing facilities

preparation of new site new site and facilities development architectural and engineering

services projectlconstruction management services

Campgrounds

Preplanning cost estimates were based in part on the cost of the San Mateo

campground construction in 1989 That cost obtained from the Division of the

State Architect for construction contingencies architectural and engineering

design services as well as construction management was $4711564 Dividing that

figure by 161 campsites results in cost of $29264 per campsite 20% inflation
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and escalation factor 2% per year for the 1989 to 1999 period was added This

increases the replacement amount per campsite to $35000 per campsite in todays
dollars The cost per campsite includes all development costs to establish the San
Mateo Campground from an undeveloped parcel of land This includes site clearing
and grading site drainage internal site utilities campsite development with

facilities restrooms with showers roads and trails entrance station and entry

development landscaping and irrigation interpretive facilities fencing and gates
refuse collection facilities and signage Itemized cost figures are not available

from the Division of State Architect

In initial project planning preliminary cost estimate information is sometimes used
This information is based on an average of park projects compiled statewide This

guideline which was updated in 1989 identifies an estimated cost of $27000 for

family campsite This includes the construction cost of each site as well as

architectural and engineering design services proportional share of operations

facilities internal roads and trails full utilities service water sewer electrical

etc and contingencies If this figure is adjusted for inflation and escalation

factors this estimate figure will increase to $32400 per campsite in todays dollars

Attempts were made to obtain other coastal campground project costs for

comparison but there has been very little new coastal campground development
within the last twenty years The oniy other recent new coastal campground
construction was at Wilder Ranch State Park in Santa Cruz County That

development was hike-in campground and is not comparable to the San Mateo

campground Most of the Departments campground projects in the last 20 years
have been facility rehabilitation projects

Orange Coast District Office And Maintenance Facilities

real estate survey using the information from the Facilities And Spatial

Requirements section of the southern Orange County coast area is needed to

determine the availability and current cost of suitable commercial office space and
real estate for relocated District facilities In addition to this the costs for moving
personnel furniture equipment vehicles supplies and other District materials

needs to be included in any mitigation solution

Other Facilities

real estate survey of the southern Orange County coast area is needed to

determine the availability and current cost of replacement residences for relocated

San Clemente staff residences If residence relocation is necessary the costs for

moving residents their possessions and if applicable their mobilehomes must also

be included as part of the mitigation solution

If soundwalls are considered for any relocation alternatives $100.00 per lineal foot

for ten-foot high reinforced concrete block wall can be used for estimating

purposes This is based on unit cost of $10.00 sq ft for construction

engineering design services and construction management

Relocation Site Mitigation Costs

mitigation cost of $50000/acre shall be used for impacted Coastal Sage Scrub

vegetation/habitat CSS The source of this amount is the Coastal/Central NCCP
in lieu fee mitigation amount
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Historical structure or archeological/paleological mitigation requires specific site

evaluation Cultural mitigation costs are difficult to estimate until the resource is

identified and mitigation is determined

General Plan Amendments

For each park unit $250000 for each amendment Estimated time to complete

each general plan amendment is to 12 months Potential relocation alternative

scenarios could include more than one general plan amendment depending how

many state park units are involved Any general plan amendments needed for

proposed mitigation would be added to the Departments general plan workload

schedule

NEPA/CEQA Agreements Permits And Approvals

NEPA/CEQA compliance sewer service agreements coastal development permits

NCCP agreements or approvals and other federal state and local regulations will

need to obtained or complied with CDPR staff time Orange Coast District with

technical assistance from the Southern Service Center Resource Management

Division or Planning Acquisition and Environmental Design Division would be

needed to secure these agreements and permits to implement the campground

relocation If any relocation alternative affects historic structures review by the

State Historic Preservation Officer SHPO will be required CDPR is not

requesting funds for actions we undertake as part of our responsibilities under

CEQA or NEPA For other regulatory compliance studies investigations or

agreement processes it may be necessary to fund CDPR full time limited term

position to be able to perform the necessary workload and represent CDPR interests

on these issues Estimated time to complete regulatory reviews and compliance as

well as agreement processes is to 12 months some of these processes may be able

to occur concurrently during General Plan Amendment process

ANALYSIS OF POTENTIAL RELOCATION SITES

This is an evaluation of specific constraints of each individual relocation site This

includes development requirements utilities road/access improvements potential site

mitigation accessibility public operations disabled suitability for proposed park

facilities physical/legal site constraints ability to accommodate future needs or

expansion If not state property what is site availability and what entitlements permits

and approvals are needed Are there any public constituency local special interest

groups or political considerations

Campground
San Clemente SB

San Clemente SB can accommodate some additional recreation development

Relocation of campground facilities to this existing developed park unit will likely

require the off-site relocation of district administration and maintenance facilities as

well as staff mobilehome residences Site study schematic plans should be prepared

to determine potential layouts actual quantities of relocated facilities that could fit

into the existing site and reconfigurations of existing development Careful

consideration should be given so that relocation alternatives do not increase the
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intensity of recreation development to point that the quality of recreation

experience for the San Clemente SB visitor is
significantly degraded Relocation of

the San Mateo campfire center amphitheater to San Clemente will provide more

adequate group facilities than what currently exists at San Clemente
If campground facilities are relocated to San Clemente SB the existing entrance

road should be redesigned to accommodate entry access by more vehicles The
increase in campsites will create more vehicle stackup in front of the entrance

During the high visitation days this will cause long lines of vehicles waiting to enter

the park to back out into the local street system This creates safety and traffic

hazard

Relocation of campground facilities to San Clemente SB will involve issues

concerning historic structures because of the need to relocate District offices and
maintenance facilities Careful site planning is required to avoid any adverse

impacts on historic structures

There are rare plant and weed problems on certain portions of the property which

may need to be addressed depending on the nature and scope of the campground
relocation proposal There are also site drainage and bluff erosion problems on the

seaward portions of the property

Currently there is buffer space between existing campsites and the traffic noise

from Avenida del Presidente and the Interstate highway If relocated campsites
are added this buffer space will no longer exist because it is needed for campsite
relocation sound wall running the length of the park boundary should be

provided in order to mitigate noise impacts on San Clemente campsites
It is not known if there would be any opposition from the adjacent residential

neighborhood to increasing the intensity of recreation development at San
Clemente SB

San Onofre SB subunit

The Bone yard site is coastal terrace area which could accommodate some new
campground development One negative aesthetic aspect is that there is very

prominent view of the San Onofre Nuclear Generating Station Current beach
access is about one and half mile walk away Since there is coastal sage scrub

vegetation on the site NCCP mitigation will be required cultural survey is

needed to determine if there is any evidence of archeological or paleological

resources

Recent events at the nearby Echo Arch area have raised concerns about the geologic

stability of the bluffs area along the San Onofre SB coastline This is due in
part to

drainage from off site sources and natural coastal processes Geologic evaluations

of the coast are currently in progress to determine the near and long term effects and
what it may mean for recreation use in this area This is very popular recreation

destination in Southern California and there will be many constituents who will

strongly support continued coastal recreation use and access to this area

Crystal Cove SP El Mono area

There is good site potential for campground development at the El Mono area The

campground area identified for El Mono is currently terraced mobilehome park
Conversion to an RV campground would be vety feasible since all of the utility

infrastructure already exists Improving the existing sewer system with municipal
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sewer connection however will be essential since the existing system is old Each
of the campsites would have blue water view of the ocean If more than 60

campsites are relocated here the additional campsites could be located below the

terrace in the valley section next to Moro Creek Campground and day use visitors

would have pedestrian access to Moro Beach as well as the parks inland Moro

Canyon watershed and Newport Coast open space lands

CDPR is currently dealing with planning and political issues that will affect the

future of the El Mono area One of these issues is the potential expansion of the El

Mono Elementary School that is adjacent to the proposed campground area This

issue has not yet been resolved

Although the existing master lease is due to expire on December 31 1999 CDPR
expects that the current tenants will attempt to obtain lease extension or new

long-term lease This may affect the timing on the
availability of El Mono for

conversion to public use

There are also some local groups who do not want any change to occur at this park

Marblehead

There is good potential for campground development on this coastal open space

parcel There is no public beach access except to North Beach The property has

at least one steep undevelopable canyon This could provide some valuable habitat

Resource evaluations are needed to determine extent of known resource

sensitivities

The off ramp from the Interstate highway is partially constructed according to

informed Caltrans sources and local interests want the Marblehead developers to

pay for completion of the off ramp The charge against the Marblehead project for

completion of off ramp development will be about $1.5 million new railway

station provides rail service for this area

The parcel however is zoned and has already secured permits for residential and

commercial development
This property was not certified in the Local Coastal Plan LCP The LCP must be

amended to designate this site for park purposes Coastal Development Permit

CDP must subsequently be secured for actual park development Both of these

items must be obtained from the Coastal Commission

Dana Point Headlands

Although this is coastal open space parcel there may be limited developable areas

because of topography This site has problems with geologic instability This

season there was major slide on seaward bluff face Resource evaluations are

needed to determine extent of known resource sensitivities local special interest

group opposes any development on this parcel

Further investigation is needed to determine if an LCP Amendment and/or CDP is

required for establishing and developing this parcel as state park unit

District Office

The current location of District headquarters facilities at San Clemente SB
facilitates efficient District operations due to its close access to existing park units

San Clemente SB San Onofre SB and Doheny SB Any off site relocation of the

District headquarters office needs to be in similar close proximity so that there is no
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loss in operations efficiency and access Identification of specific relocation

alternatives is needed for further evaluation

Maintenance Yard

As with the District office relocation of the District maintenance facilities to

central site is essential to continuing efficient District operations Identification of

specific relocation alternatives is needed for further evaluation

San Clemente SB

The maintenance facilities identified in the facilities and spatial requirements

section to remain at San Clemente SB are those that are needed specifically for San

Clemente SB operations

San Onofre SB Subunit

Relocation of maintenance and storage facilities from San Mateo and/or San

Clemente to the San Onofre SB Subunit storage area is possible This will

involve expanding southward from the existing storage area potential expansion

area of approximately 4.5 acres from the existing storage area will impact existing

coastal sage scrub vegetation If this is the case NCCP mitigation will be required

Other Facilities Staff residences

Alternatives for staff residences need to be identified before any evaluations can be

made
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The Death Ray

Welcome to South Orange County home ofuranium 238 illegal
immigrants rare trout and the mostpowerful military laser in the
world

by Ned Madden

THE VALLEY OF THE WEIRD

The best view of Orange Countys Valley of the Weird is at the topmost point of Rancho San Clemente
Ridgeline Trail dirt-path spine along gully-cut plateau at San Clementes summit 888 feet above sealevel From here you can see most of the Valley of the Weird and what you cant seelike the artillery
range at Camp Pendleton emitting the thumpa-wumpa thoonica-whoopica of an 8-ton howitzeryou canhear

The valley is just few
square miles at the southeast edge of San Clemente on the Orange County/SanDiego County border Its small area crack in space geopolitical black hole where the 89.3 FM

radio signal fades and leaks into 89.5 FM amid the hiss and buzz of distant lightning strikes and
exploding galaxies

Its small but includes the kind of distilled weirdness youd swear needs continent-wide canvas

In addition to your howitzer thunder youve got every radioactive U-235 pellet ever used at the 32-year-old San Onofre Nuclear Generating Station known rarely by its felicitous acronym SONGS cooling in
concrete storage pools and steel casks while awaiting removal to some distant and as-yet-unbuilt U.S
government waste site The plant itself is famous for its

eternally perky D-cup concrete-and-steel
containment domes breast-like in so Hollywood way that theyve appeared as visual gags in Leslie
Nielsen movies Nearby youve got border cops who subject American citizens to random inspectionsof their persons and property at station 70 miles from the U.S.-Mexico border yellow signs of madreand her niæos running in silhouetted paine along the roadside and the palatial former estate of Richard

Nixon

Youve also got paradisiacal beauty of courseacres of lush vine-ripe tomatoes beach for nude
sunbathers and the worlds most perfect breakers near Trestles Beach the Yosemite of Surfing1
according to the Surfrider Foundation Theres even the San Mateo River waterway of rare steelhead
troutthough the Marines plan to build base housing around the trouts river home the county is eager
to blast new toll road the 241 through the adjacent state park and builders have bonneted the wild
country with burned-earth terra-cotta-tiled homes

LY
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Surtline Trestles Lowers
Page of2

A4JI Remember me _______

Pictures do Lowers justice -- not words Just look at almost any
photo of surf contest held at Lowers in the past 10 years and
youll know exactly what the break is about -- flawless lines

corduroy to the horizon Its jewel of wave Mother Natures gift
to Orange Countys swelling population of quality surf-starved

waveriders Its hard not to start babbling when talkng about the
best days at Lowers Dont be surprised if you catch yourself saying
all-time and epic in the same sentence The Pottom line is that
Lowers lives up to its reputatiom Theres just one small problem --

you and the rest of the surfers wlthifl 60nice radus have to

compete for waves with the worlds best

Lowers bends our of the San Mateo Valley wth .ts pebbly coastline

pointing south and sucks in just about any swell coaling from down
under The swells peak in tigrit takeoff zone and its there that

middle-aged ongboarders anxious grommets confident ex-pi-os
and the entire ASP Top 44 paddle in frenzy for Just about every
waco that rolls iii On the best days its not uncommon to see 100-

plus surfers converging cii frye-wave set That leaves 90 or so

people empty handed Tension builds and usually words are

exchanged between the longhoarders catching most of the waves
and the shortboardors who are getting skunked Its rare to see any
wave -- much less any good wave -- go unridden Big swells help
break up the pack and give your average surfer chance to poke
his 63 into shot at glory Oh and one more thing no matterhw large it gets Lowers rarely closes out

Jf vo do hna yourself in perfect position fci one of Trestles cassrc
widows peaks which way do you pc Left or right Typically tIre

iefrs tend to be shorter hollower and punchier with the rights

being longer and better suited for multiple figure eights tn 1969
Chrstran fletcher won big money at the Body Glove Surf Bout II by
launching aerial after aerial on the rampy lefts One year later Kelly
Slater showed the surfing world that the rights are not too shabby
either by blasting few tailsllde off-the-lips and carving 3BPs tc

rake in an easy 30 grand Whichever way you decide to go ycu
probably wont be disappointed with your choice

Best tide in ed in

Beyt swell directron SW
Best size anything above knee-high
Best wind

Perfecto-roeter 1Lake Erie i0Jeffreys Bay
bottom sand rock

Abrlity level You rosy not need to know hcw to turn but YOu oc

riced to know hw to catch wave in crowd

SURFIINE PREMIUM MEMBERS
JYour Email

TRAVEL
US Orange County Trestles

Lowers

Interview with Local

Trestles

Longtime Trestles surfer Dirio

Andino laments the ls of point

guard

Mores

Trestles Spots

Church

Cottons

Lowers

Uppers

Orange County Spots

ui.-yr .-- --

Sup

http//www.surfline.comtraveI/surfi.naps/us/orge county/trestles lowers.cfm 7/28/2004
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uWhat is track asked Dean

Schroeder as he walked the trail

with participants during his February

tracking workshop

Tracks on the trail can reveal

much information Basic track

shapes sizes and arrangements

can tell you who has been on the

traiL Dean found the best bobcat

scrape have ever seen The mud

at the leading edge of the scrape

clearly showed the distinctive

features of bobcat track

Be Prepared Not Scared

On January 31 2004 TDOLC
participated in an important event--

one organized to inform the public

about mountain lions and raise funds

for the victims of the recent attacks

This event was called Be Prepared

NOT Scared The Conservancy set

up display with photos and articles

about mountain lions and human

mortality statistics

What important information did we

present Mountain lions are

essential to the integrity of our

ecosystem Mountain lions cannot

be removed from Orange County
without harming many other species

mountain lion eats about deer

month In many areas in the United

States where the top predators have

been killed the deer.populations

have exploded In order to survive

these large populations often

consume all plants within reach The

many small mammals and birds who

Tour Richard and

Donna ONeills Garden

Support The Conservancy and

take advantage of this rare

opportunity to tour the beautiful

garden of Richardand Donna

ONeill On hillside overlooking

the spectacular San Juan Creek

Valley magnificent large cacti and

other succulents provide an

unexpected palette of shape and

pattern against the expansive Santa

Ana Mountain backdrop

Mike Evans Owner of Tree of

Life Nursery and close friend of

Richard and Donna ONeill will lead

walks through the garden It is

world-class garden that few people

have had chance to see explains

Mike Evans The garden was

designed with the help of Gary

Lyons curator of the desert

gardens at The Huntington Library

Art Collections and Botanical

Gardens in San Marino The

Conservancy
COMMENTS

The Donna ONeill

Winter Tracks

Land Conservancy
at Rancho Mission Viejo

Volume 12 Number

Winter/Spring 2004

Young Explorers discover gypsum crystals during their hike at Forster Ranch in San

Clemente TDOLC provides many community programs Photograph by Rachel Whit

What is this track Dean urged

us to apply our newly gained

knowledge Tiny toenail marks

were visible as dark etching in

lighter soil Stooping to look

brought into view the

ever so-light
impression What is

that track we all

asked ourselves with

continued on page continued on page continued on page



Conservancy Calendar
Winter and Spring Programsat TDOLC

Conservancy programs are available for the general public members and

special groups Please call 949 489-9778 to register for an event arrange

your own outing or receive directions Your registration makes it easier for us

to plan for events Please be prompt for your arrival as we are surrounded by

private land and must lock the gate behind us

In case of rain or overcast skies for astronomy please call the office for

information about possible postponement or cancellation of the event

Guided Nature Walks and Hikes

The late winter and spring.are full ofmystery and surprises When will the

many different wildflowers bloom When will the hills turn green What tracks

will be left after the rain Enjoy the peace of rustling trees and bird songs

Family Nature Walks proceed at childs pace The 3- to 4-mile hikes are

moderate up hill and down.. and then through canyon Call 949-489-9778

for reservations

Astronomy Nights

Learn the constellations and marvel at the creativity of those who saw lions

bears and hunters in the sky Take look through telescope and discover star

clusters nebulae the craters of the moon and other treats Learn how to find

the north starand what light year really means Call 949-489-9778 for

reservations

Family Nature Walks

Enjoy family adventure at TDOLC
In March learn about our Orange

County plants and animals with

Wildlife Bingo As you walk create

your nature reserve necklace key

ring or bracelet

In April seek the unexpected during

our Spring Surprises Walk Discover

unusual items hanging in the trees

and bushes Do they belong in the

wilds

March 28th Nature Bingo

200 -400 pm
Donation $5/adult $2/child

April 10th Spring Surprises

230 430 pm
Donation $5/adult$3/child

Weed Warriors

Help rid The Conservancy of

invisive weeds Help our the native

wildlife...Maintain the food supply

for our animals by protecting their

food plants

March14 900- 1130am

April 17 130 430 pm FREE

Nature Walks

March 28th

April 10th

April 30th

Family Nature Walk Nature Bingo

Family Nature Walk Spring Surprises

Sunset Nature Walk

3- to 4- Mile Hikes

March 27th South iidge Hike

2OO -400 pm
230 430pm
600 7.30 pm

Donation

230 5.30 pm

$5 00/adult $2.00/child

$5.00/adult $3 00/child for Spring Surprises Walk

Help Clear the Trail

How often do you get chance to

do important work in beautiful

surroundings You can help us

clear TDOLC trail We need your
assistance. and your good

cbrnpany Spend afew hours in

beautiful country with great

people Well bring lunch Call

949-489-9778 for directions

March20 800 -1130am

April 17 800 1130 pm
FREE

March 27th See the craters of the moon 630 pm to 830 pm
April 24th See the craters of the.moon 800 pm to 1000 pm

Donation Nonmembers $8.00/adult $6.00/child age up
.1embers $6.00/adult $4.00/child age up
Not recommended for children under

Summary of March Events

/4th Weed Warriors 9am 27th South Ridge Hike 230pm
20th Trail Clearing am 27th Astronomy Night 630 pm
20th First Day of Spring 28th Family Nature Walk

Wildflower Wander pm Nature Bingo 200 pm

Summary of April Events

10th Family Nature Walk

Spring Surprises 230 pm
17th Trail Clearing am
17th Weed Warriors 130pm
24th Wildflower Butteifly Walk

930 am and/or pm
24th Astronomy Night 8pm
30th Sunset Walk 6pm



Wik1lfe Workshops

The Richard and Donna
ONeill Garden Tour
continued from page

garden is wonderful combination of

drought tolerant plants from all over

the world Bring your camera
Scenes from Richard and Donna

ONeills garden appears in Mr Lyons
photographic pictorial book Desert

Gardens This beautiful book

features many elegant southern

California gardens

This is our spring benefit We will

provide three opportunities for tours

a.m 1130 a.m and p.m For

more information and to register for

tour see the registration form on page

eight of this newsletter

Tree of Life Nursery
Benefit Plant Sale

Support The Conservancy on May 15

am to pm by attending our benefit

plant sale at Tree of Life Nursery near
San Juan Capistrano

The Tree of Life Nursery is amazing--
the largest native plant nursery in the

state of California with The widest

selection of native species

Bring the true color fragrance and

seasons of California to your yard and

patio Support wild California with your

planting--and your dollars Proceeds

benefit The Donna ONeill Land

Conservancy Call 949-489-9778 for

directions

Programs of the Orange County
Natural History Association

The Orange County Natural History

Association has great programs Call

to find out about the upcoming

speakers at Irvine Ranch Water

District Visit the museum in Aliso

Wood Canyons Call 949-831-3287

Sierra Sage
Sierra Sage offers monthly lectures

many local hikes and some field trips

for aduIts For information call Paul

arlton at 949-661-9505 Call if you
are interested in supporting national

conservation efforts

WILDFLOWER WANDER...and Butterfly Walk

Wander with naturalist guide through the hills and canyons of the

TDOLC reserve in search of wildflOwers and/or butteflies To assist you
with your identficazion skills we will provide you with wildflower
and/or butterfly list

Bring lunch and plenty of water and wear comfortable walking shoes or

hiking boots hat and sunscreen Cameras and binoculars are welcome
Please cailfor reservations 949-489-9778

Thank you to

The Donna ONeillEndowment

Fund Founders

for their $5000 donations

CRR1SOLAG INC

DAN COPP CRUSHING

CORPORATION

Mr Michael Hayde

OCONNELL LANDSCAPE
MAINTENANCE

Olsen PAVlNGSTONE Inc

Shea Homes/Shea Properties

March 20th First Day of Spring Wildflower Walk

Explore from ridge to canyon looking for March wildflowers
California buttercup blue-eyed grass popcorn flowe and more Also
search for butterflies Receive.a wildflower list and magnfying lens
100 pm 330pm Donation $6 O0/person

April24th Wildflower and Butterfly Walk

Explore fmm ridge to canyon looking for April wildflowers Bring
picnic lunch Receive wildflower list butterfly list and magmfying
lens

930 am 1200 noon Donation $6.00/person
and/or lOOpm 5OOpm



Nestled in the coastal foothills

of southern Orange County lies

wildlife refuge representative of

coastal Southern California as it

appeared before the arrival of the

Spanish settlers more than two

centuries ago

Oak Woodlands Coastal Sage

Scrub and Valley Grasslands

cloak the hills and canyons pro

viding rich mosaic of habitats

Sagebrush buckwheat white

sage lemonadeberry and

monkeyflower are among the

natives found within the scrub

Dense oak canopies traverse the

entire reserve Several coast live

oaks within the woodlands are

estimated to be over 500 years

old The high quality grasslands

dominated by purple needlegrass

delicately follow geologic
contours of the landscape The

spring wildflower display is

spectacular

Secretive mammals such as

the mule deer bobcat gray fox

and mountain lion frequently

leave their tracks in the sand
Hawks soar above and song
birds dart in and out of the trees

Only 10 miles from major
urban center the 1200-acre

reserve offers local wilderness

cYrrIcn tc th ccunmi initi

Nature Walks

Throughout the year guided nature

walks are offered by

biologists and trained docents This

year more than 000 individuals

participated It is our goal to teach

the community about the wondrous

richness of Californias biodiversity

Our Orange County natural legacy is

often taken for granted Orange

County alone has 440 species of

birds five times more than are found

in Yosemite National Park

The Donna ONeillLand Gonservanºy
at Rancho Mission Viejo

2003 Annual Report
The Donna ONeill Land Conservancy is the steward for wildlife

reserve located in the coastal foothills of Southern California Our

mission is to create awareness about the rich natural and

ecological resources of the San Mateo Watershed by providing

opportunities for environmental education biological research

and sensitive recreational access to the 200-acre Donna ONeill

Land Conservancy in Orange County California

TDOLC Ecological Reserve

TDOLC Management and Programs

The Donna ONeill Land Conservancy is non-profit 501 c3
corporation managed by nine-member Board of Directors and paid

full-time executive director

The Conservancy steadfastly seeks to provide opportunities for the

community tO experience the beauty and solitude of wildiands We

provide range of programs from nature walks to natural history

lectures which we advertise in Orange County newspapers and in our

own quarterly newsletter Conservancy programs draw visitors from as

far away as Los Angeles Riverside and San Diego Counties This year

more than9700 individuals participated in Conservancy programs and

229 individuals and families supported the Conservancy as members



Childrens Programs

Nature walks are regularly

provided for groups of children

from scouts to science clubs to

school groups In 2003 more
than 1100 students visited

TDOLC for our field studies

program Scout and Club

programs were also provided

Sixty children and their parents

volunteered to eliminate invasive

species and maintain trails

The Orange County Wildlife

Slide Presentations-for-Projects

program brought photographer

Richard Jacksons intimate

portraits of our diverse species for

free to 5600 children all over the

county In exchange each child

completed project on behalf of

Orange County wildlife from fund-

raising to purchasing land to

letter-writing to planting

Research at the Reserve

South Coast Audubon conducts

Christmas Bird Count on the

reserve annually Members.of the

North American Butterfly Assn
conduct Fourth of July butterfly

count Mountain lion use of the

reserve is being informally

monitored volunteer research

group has been organized to

begin monitoring other species

Astronomy Nights

Astronomers offer the

popular monthly astronomy
nights at the reserve pointing

their telescopes at the

heavens Dark evening skies

are another benefit of protected

wildlands

Stewardship Projects

Control of non-native inva
sive species is one of our most
difficult problems This year
with the help of seventy volun

teers we have removed hun
dreds of artichoke milk Italian

star and Russian thistles We
have also seeded disturbed

areas Ourlatest Eagle Scout

project involves creating video

about The Conservancy and its

programs to attract more
volunteers and support

Community Outreach

Our TDOLC wildlife slide presentation has been shown to 150
individuals in libraries and local community groups We continue to

participate in Orange County Wild an organization designed to link

parks for resource sharing--and increasing public participation with

private county state and federal wilderness parks and reserves

We provided activities at eleven large community events from the

Childrens Drinking Water Festival to Earth Day at UpperNewport
Bay Our newsletter detailing our events is mailed quarterly to more
than 1100 individuals and distributed at libraries and businesses

Our School Sponsorship program provides nature walks for under

priviledged children We have also provided nature walks for many
organizations including college and high school classes scouts
environmental groups and church groups

Wildlife WorkEhops
Lectures More..

Owls bats birds insects

butterflies native grasses and

wildflowers attracted much

community attention This year
these expert-led workshops were
attended and enjoyed by several

hundred individuals

Volunteers

We have had much important assistance from volunteers They are

essential to our operations from office work to trail maintenance to

running our successful annual fund-raiser Date with Nature In

2003 212 volunteers contributed 1850 hours of work

Endowment

25%

Fiscal Year 2003

Programs

11%

______________ Memberships

Fund-raising

41%

Fund-raising

Research iOO Administrative

Management 4%

Memberships .2
Programs

79%

Total 2003 Revenues $124434 Total 2003 Expenses $1 19440



Winter Tracks

continued from page

increasing humility The workshop

was causing us to take stock of our

limitations and unrealized potential

Gato Road is overgrown with

emerging plants making it difficult to

find footprints That didnt stop

Dean What about that hole in the

slope Is that track What do you
think lives there Lets look around

for evidence Start at the hole and

observe the area around it Can you
find any clues Seven feet from the

burrow we found large scattering

of acorn shell remnants This is the

first ground squirrel burrow Ive seen

on the reserve Ground squirrels

started to appear on Gato Road
about two years ago These

squirrels are themselves the tracks

change What is the story behind

their appearance

flock of birds flew overhead

disappearing into an old sycamore
Are those birds tracks queried
Dean Visualize water rippling as

stone strikes its surface The
concentric circles are tracks created

by the pebble If you could trace the

birds path back to its beginning you
would find story that ripples in all

directions

We are in every waking moment
engulfed by the ripples of numerous

stories On and around the trails of

our lives we find the tracks of these

stories and we can choose to read--

or we can simply pass them by
This spring join us and read the

tracks --Laura Cohen Director

Mountain Lion

continued from page

depend on the plants die out The

hawks owls and other predators

suffer because their prey is gone
Deer also have ticks that can carry

Lyme disease On the East Coast

Lyme disease is big problem In

Orange County where the deer

population is kept at healthy

number by the lions few people

contract Lyme disease

Volunteers donated almost

2000 hours of work in 2003 and

they are off to an admirable start in

2004 Thanks to Judy Jeff

Bartholomew La Verne Clark

Claudia Goodwin Shirley Olson
Carla Polak Steve and Lynne

Robertson and Rachel Whiff for

their help around the office

Thanks to our hard-working trail

crews In December Pat Bearderi

Don Kunze Claire Prenovost Steve

Lynne Robertson and Ed

Schlegel In January Don Kunze
Michael Johnson Paul Miszkowicz

Steve Lynne Robertson Helen

Scholfield Rhonda Seamonds

or 18 human deaths per year from

domestic dog attacks

For every person killed by

lion 1200 are struck by lightening

and 100 are killed in hunting

accidents Goats and jellyfish

even account for more human
fatalities than mountain lions In

the year 2000 in Orange County

alone more than 200 people

committed suicide and 198 died in

vehicular accidents

Richard Lorraine Seidmeyer

Rachel Whitt and Tim Williams In

February Ed Schlegel Jeff

Bartholomew Paul Carlton

Pauline Faye Ruth Gardner John

Kaiser Don Kunze Michelle

Thames and Tim Williams

Thanks to students of the El Toro

High School Honor Society

Michelle Deeter Melanie Gardner
Lauren Herzog Elisa Kowal Nhi

Trung Nguyen Ryan Stancil and

Rebecca Ziegler Many thanks

also to Amanda McConnell and

the kids of the Central Youth and

Family Resource Center for

clearing our newest trail

Thanks to Dean Schroeder for h.is

great tracking workshop

The mountain-lion attacks are

tragic but.they must be viewed in

context The fact is that in the U.S
only about human dies from

mountain lion attack every five years

Compare that to 100 human deaths

per year in deer-related accidents

40 deaths per year from bee stings

The Conservancy thanks the

Trail Angels Trails for All and all

the others who organized the

Outdoor Awareness Day We
appreciated the opportunity to

share our information with the

many wilderness enthusiasts

--Geordie Shaw Educator

Volunteer Thanks

Keeping Cougars Wild

Mountain Lion Foundation would

like to find residence at the urban

edge where they can build model

cougar-proof enclosure These
enclosures keep domestic animals

safe during the hours when
mountain lions are most active

cougar is killed every days in

California often for eating

unprotected pets or livestock

Would you like cougar-proof

enclosure for your animals Call

916-442-2666 X100 for an

enclosure application



The Donna ONeill
Land Conservancy
at Rancho Mission Viejo

P0 Box 802

San Juan Capistrano California 92693

949-489-9778 www.theconservancy.org

To receive monthly event list

please send us your e-mail address
Printed on 100% post-consumer

at tdok@lanset.com
recycled paper

Tour the Magnificent Richard and Donna Neil Garden

Visit the private world-class garden designed by Donna ONeill with assistance from Gary Lyons
curator of the desert gardens at The Huntington Library Art Collections and Botanical Gardens in

San Marino Enjoy spectacular view of the San Juan Creek Valley and the Santa Ana Mountains

Learn about the art of

designing with cacti

succulents and drought

tolerant plants from our local

area--and around the world

Bring your camera

This is our spring benefit

On May we will provide

three opportunities for tours

9a.m 1130 a.m and

pm To participate please

send this form with your

check in the enclosed

envelope Call 949-489-9778

for directions and further

information Register now1

Participation is limited

Non-Profit Org
U.S Posiage

PAID

Permit No 230

San Clemente CA 92672
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INFORMATION ON LEVELS OF
ENVIRONMENTAL NOISE

REQUISITE TO PROTECT
PUBLIC HEALTH AND WELFARE
WITH AN ADEQUATE MARGIN

OF SAFETY

MARCH 1974

PREPARED BY
THE U.S ENVIRONMENTAL PROTECTION AGENCY

OFFICE OF NOISE ABATEMENT AND CONTROL

This document has been approved for general availability It does not constitute standard
specification or regulation

For sale by the Supermtendent of Documents U.S Government Printing Office Washington D.C 20402 Price $2.10
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FOREWORD

The Congress included among the requirements of the Noise Control Act of 1972 directive that the

Administrator of the Environmental Protection Agency ...develop and publish criteria with respect to

noise.. and then publish information on the levels of environmental noise the attainment and

maintenance of which in defined areas under various conditions are requisite to protect the public health

and welfare with an adequate margin of safety

Not all of the scientific work that is required for basing such levels of environmental noise on precise

objective factors has been completed Some investigations are currently underway and the need for

others has been identified These involve both special studies on various aspects of effects of noise on
humans and the accumulation of additional epidemiological data In some cases considerable period
of time must elapse before the results will be meaningful due to the long-term nature of the

investigations involved Nonetheless there is information available from which extrapolations are

possible and about which reasoned judgments can be made

Given the foregoing EPA has sought to provide information on the levels of noise requisite to protect

public health and welfare with an adequate margin of safety The information presented is based on
analyses extrapolations and evaluations of the present state of scientific knowledge This approach is

not unusual or different from that used for other environmental stressors and pollutants As pointed out
in Air Quality Criteria-Staff Report Subcommittee on Air and Water Pollution Committee on Public

Works U-S Senate July 1968

httn /www.nonoise.or/librarv/leve ls74/Ieve 1s74.htm 1/16/2004
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Section

RATIONALE FOR IDENTIFICATION OF LEVELS OF ENVIRONMENTAL NOISE
REQUISITE TO PROTECT PUBLIC HEALTH AND WELFARE

BASIS FOR IDENTIFYING LEVELS

For the identification of levels to protect against the direct disease-producing effects of noise protection

against hearing loss is the guiding consideration At this time there is insufficient scientific evidence

that non-auditory diseases are caused by noise levels lower than those that cause noise-induced hearing
loss In the event that future research renders this conclusion invalid this document will be revised

http //www.nonoise.org/library/levels74/1evels74 1/16/2004
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accordingly see Appendix in addition to direct disease-producing health effects interference by

noise with various human activities such as speech-perception sleep and thought can lead to

annoyance and indirect effects on well-being All of these direct and indirect effects are considered here

as effects on public health and welfare It is important to note however the distinction between

voluntary and involuntary exposures Exposures to high levels of environmental noise are often

produced or sought by the individual For example voluntary exposures to loud music are common
Consequently the concept of total individual noise dose with regard to annoyance must be applied only

to involuntary exposure although of course this argument does not apply to the effects of noise on

hearing

further consideration is the physical setting in which the exposure takes place Although there are no

data to justify the assumption it is judged here that whereas small amount of speech interference in

most outdoor places is not detrimental to public health and welfare the same is not true for most indoor

environments Based on this reasoning adequate protection of the public against involuntary exposure to

environmental noise requires special consideration of physical setting and the communication needs

associated with each

In the next subsection the above rationale is applied to identify the maximum noise level consistent with

an adequate margin of safety for the general classes of sound found most often in the environment

Certain special classes of sound such as infrasound ultrasound and impulsive sounds are discussed in

the final subsection

17
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IDENTIFICATION OF MAXIMUM EXPOSURE LEVELS TO AVOID SIGNIFICANT
ADVERSE EFFECTS

Hearing

Basic Considerations

The following considerations have been applied in identifying the environmental noise levels requisite

to protect the hearing of the general population For detailed derivation justification and references see
Appendix

The human ear when damaged by noise is typically affected at the 4000 Hz frequency first and
therefore this frequency can be considered the most noise-sensitive frequency The averaged

frequencies of 500 Hz 1000 Hz and 2000 Hz have traditionally been employed in hearing

conservation criteria because of their importance to the hearing of speech sounds Since there is

considerable evidence that frequencies above 2000 Hz are critical to the understanding of speech

in lifelike situations and since 4000 Hz is considered the most sensitive frequency 4000 Hz has

been selected as the most important frequency to be protected in this document

Changes in hearing level of less than dB are generally not considered noticeable or significant

As individuals approach the high end of the distribution and their hearing levels are decreased

http//www.nonoise.org/Iibrary/levels74/levejs74.htm 16/2004
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they become less affected by noise exposure In other words there comes point where one

cannot be damaged by sounds which one cannot hear

The noise level chosen
protects against hearing loss up to and including the 96th percentile of the

population ranked according to decreasing ability to hear at 4000 Hz Since the percentiles

beyond that point are also protected see consideration number virtually the entire population
is protected against incurring more than dB noise-induced permanent threshold shift NIPTS

Explanation of Identified Level for Hearing Loss

Taking into account the assumptions and considerations mentioned above the 8-hour exposure level

which protects virtually the entire population from greater than dB NIPTS is 73 dB see Figure
Before this value of 73 dB for 8-hour exposures can be applied to theenvironmental situation however
certain correction or conversion factors must be considered These correction factors are
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PAcE1GE OF OutArIcuN
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Figure Percentage of Exposed Population That Will Incur No More Than dB NIPTS Shown as

Function of Exposure Level Population Ranked by Decreasing Ability to Hear at 4000 Hz See
Appendix for Rationale

Intermittency allows the exposure level to be dB higher This correction factor is required because

most environmental noise is intermittent not at steady level but below 65 dBA more than 10% of any
one-hour period and intermittent noise has been shown less damaging than continuous noise of the

same Leq
This correction should normally be applied except in situations that do not meet this criterion

for intermittency
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Correction to yearly dose 250 to 365 days requires reduction of the exposure level by 1.6 dB All

data used as the basis of Figure come from occupational exposures which are only 250 days per year
whereas this document must consider all 365 days in year

Correction to twenty-four hour day the identified level of 73 dB is based on 8-hour daily exposures
Conversion to 24-hour period using the equal-energy rule requires reduction of this level by dB This

means that continuous sounds of 24-hour duration must be dB less intense than higher level sounds

of only hours duration with the remaining 16 hours considered quiet

Using the above corrections and conversions implies that the average 8-hour
daily dose based on

yearly average and assuming intermittent noise should be no greater
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than
Leq8 735-1.6 76.4 dB Extending the duration to 24 hours would yield value of 71.4 dB

For continuous noise this value would be 66.4 dB However since environmental noise is intermittent
this level is below that which is considered necessary to protect public health and welfare In view of

possible statistical errors in the basic data it is considered reasonable especially with respect to

margin of safety to round down from 71.4 dB to 70 dB Therefore the level of intermittent noise

identified here for purposes of protection against hearing loss is

Leq24 70

For explanation of the relationship between exposures of Leq8 75 dB and Leq24 70 dB please see

page

Adequate Margin of Safety

Section 5a2 as stated previously requires an adequate margin of safety The level identified to

protect against hearing loss is based on three margins of safety considerations

The level protects at the frequency where the ear is most sensitive 4000 Hz

It protects virtually the whole population from exceeding dB NIPTS

It rounds off in the direction of hearing conservation downward to provide in part for uncertainties

in analyzing the data

Activity Interference/Anlloyance

Basic Considerations

http//www.nonoise.org/Iibrary/levels74/Jevels74.htm 1/16/2004
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The levels of environmental noise which interfere with human activity see Appendix for detailed

dicussion depend upon the activity and its contextual frame of reference I.e they depend upon
defined areas under various conditions The effect of activity interference is often described in terms
of annoyance However various non-level related factors such as attitude towards the noise source and
local conditions may influence an individuals reaction to activity interferences
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The levels which interfere with listening to desired sound such as speech or music can be defined in

temis of the level of interfering sound required to mask the desired sound Such levels have been

quantified for speech communication by directly measuring the interference with speech intelligibility as
function of the level of the intruding sound relative to the level of the speech sounds

The levels interfering with human activities which do not involve active
listening have not been as well

quantified relative to the level of desired sound These
relationships are more complicated because

interference caused by an intruding sound depends upon the background level and the state of the human
auditor e.g the degree of concentration when endeavoring to accomplish mental task or the depth of

sleep etc Fortunately there is wealth of survey data on community reaction to environmental noise

which although subject to some shortcomings when taken alone can be used to supplement activity
interference data to identify noise levels requisite to protect public health and welfare Thus the levels

identified here primarily reflect results of research on community reaction and speech masking

Identified Levels for Interference

The level identified for the protection of speech communication is an

Leq
of 45 dB within the home in order to provide for 100% intelligibility of speech sounds Allowing for

the 15 dB reduction in sound level between outdoors and indoors which is an average amount of sound
attenuation that assumes partly-open windows this level becomes an outdoor

Leq
of 60 dB for

residential areas For outdoor voice communication the outdoor
Leq

of 60 dB allows normal

conversation at distances up to meters with 95% sentence intelligibility

Although speech-interference has been identified as the primary interference of noise with human
activities and is one of the primary reasons for adverse community reactions to noise and long-term

annoyance the 10 dB nighttime weighting and hence the term is applied to give adequate weight

to all of the other adverse effects on activity interference For the same reason dB margin of safety
is applied to the identified outdoor level Therefore the outdoor identified for residential areas is

dB See Appendix for
relationship Of

Leq
to Lb

The associated interior day-night sound level within
typical home which results from outdoors is 15

dB less or 40 dB due to the attenuation of the structure The expected indoor daytime level for typical

neighborhood which has an outdoor of 55 dB is approximately 40 dB whereas the nighttime level is

approximately 32 dB see Figure A-7 This latter value is consistent with the limited available sleep

http//www.nonoise.org/library/levels74/jevcls74.htrn 1/16/2004
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criteria
D-5

Additionally
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these indoor levels of 40 dB during the day and approximately 32 dB at night are consistent with the

background levels inside the home which have been recommended by acoustical consultants as

acceptable for many years see Table D-l0

The effects associated with an outdoor day-night sound level of 55 dB are summarized in Table The

summary shows that satisfactory outdoor average sentence intelligibility may be expected for normal
voice conversations over distances of up to 3.5 meters that depending on attitude and other non-level

related factors the average expected community reaction is none although 1% may complain and 17%
indicate highly annoyed when responding to social survey questions and that noise is the least

important factor governing attitude towards the area

Identification of level which is dB higher than the 55 dB identified above would significantly

increase the severity of the average community reaction as well as the expected percentage of

complaints and annoyance Conversely identification of level dB lower than the 55 dB identified

above would reduce the indoor levels resulting from outdoor noise well below the typical background
indoors see Table and probably make little change in annoyance since at levels below the identified

level individual attitude and life style as well as local conditions seem to be more important factors in

controlling the resulting magnitude of annoyance or community reaction than is the absolute magnitude
of the level of the intruding noise

Accordingly of 45 dB indoors and of 55 dB outdoors in residential areas are identified as the

maximum levels below which no effects on public health and welfare occur due to interference with

speech or other activity These levels would also protect the vast majority of the population under most
conditions against annoyance in the absence of intrusive noises with particularly aversive content

Adequate Margin of Safety

The outdoor environmental noise level identified in Table provides dB margin of safety with

respect to protecting speech communication This is considered desirable for the indoor situation to

provide for homes with less than average noise reduction or for persons speaking with less than average
voice level higher margin of safety would be ineffective most of the time due to normal indoor

activity background levels

The dB margin of safety is particularly desirable to protect the population against long-term

annoyance with higher probability than would be provided by the levels protecting indoor and outdoor

speech communication capability alone The dB margin clearly shifts community response as well as

subjective annoyance rating into the next lower

22
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Table

SUMMARY OF HUMAN EFFECTS IN TERMS OF SPEECH COMMUNICATION
COMMUNITY REACTIONS ANNOYANCE AND ATTITUDE TOWARD AREA

ASSOCIATED WITH AN OUTDOOR DAYINIGHT SOUND LEVEL OF 55 dB re 20

MICROPASCALS

MAGNTTUDE OF EFFECT

Speech Indoors 100% sentence intelligibility average with dB margin of safety

100% sentence intelligibility average at 0.35 meters

Speech Outdoors 99% senlence intelligibility average at 1.0 meters

95% sentence intelligibility average at 3.5 meters

Average None evident dB below level of significant complaints and threats of legal

Community action and at least 16 dB below vigorous action attitudes and other non-level

Reaction related factors may affect this result

fcompiaints 111% dependent on attitude and other non-level related factors

Annoyance 1% dependent on attitude and other non-level related factors

Attitudes Towards

Area
Noise essentially the least Important of various factors

Derived from Appendix
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response category than would be observed for the maximum level identified with respect to speech
communication alone According to present data this margin of safety protects the vast majority of the

population against long-term annoyance by noise It would reduce environmental noise to level where
it is least important among environmental factors that influence the populations attitude toward the

environment To define an environment that eliminates any potential annoyance by noise occasionally to

some part of the population appears not possible at the present state of knowledge

http//www.nonoise.org/library/Ievels74/levels74.htm 16/2004
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INTRODUCTION

1.1 BACKGROUND

Although the nations transportation system provides wide
range of benefits it also

generates
unintended adverse impacts on environmental quality and human health Since the late 1960s and early
970s increased recognition of environmental and health problems has led to significant policy actions

aimed at reducing these impacts Legislation on clean air and water protection of
environmentally

sensitive habitats and species noise control and regulation of hazardous materials transportation among
others have been successful in addressing some transportation impacts

This
report discusses transportations impacts on the natural environment and provides quantitative

estimates of those effects at national level It provides comprehensive compilation of data on all of the
environmental implications of the transportation sector The document addresses all primary modes of
transportation in environmental media and covers wide range of transportation activities

infrastructure construction vehicle maintenance travel operations and maintenance and disposal This
document presents data that can be used as indicators of the magnitude of environmental problems
associated with transportation

PURPOSE
EPA intends this document to serve as resource for transportation and environmental decisionniakers
researchers and the public The

report compiles statistical information from many environmental data
sources and identifies information that can be used to track environmental performance EPA has three
goals for this document

To describe the full range of environmental impacts associated with transportation

To identi quantified national-level data on these impacts and

To assess gaps in data and limitations of various indicators

This is the second edition of EPAs compilation of environmental indicators for the transportation sector
Since the first version of this

report was completed in 1996 large amount of new environmental
information has become available Environmental databases have been updated methodologies have been
revised and new studies have been conducted This document updates the environmental data and has
been restructured to improve the

presentation and discussion of environmental indicators

SCOPE OF STUDY
When people think about the enviroimiental impacts of transportation they often think about habitat loss

from road construction and air pollution from motor vehicle use They often fail to consider other
environmental consequences associated with

transportation such as the impacts of vehicle manufacture
and supporting facilities This study is unique in its attempt to quantfji the full range of environmental
Impacts caused by transportation It examines the full

range of environmental consequences associated
with four modes of transportation and for the transportation sector as whole The life-cycle of
transportation activities and facilities is examined although some upstream and downstream effects are
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not emphasized This study attempts to address the full
range of environmental issues associated with

transportation at summary level

MODES OF TRANSpORTA1-ION

This
report presents environmental information for four modes of transportation

Highway The highway system includes road infrastructure and on-road motor vehicles

including automobiles light-duty trucks buses and freight trucks

Rail The rail system includes intercity passenger rail Amtrak rail transit light rail heavy rail
and commuter rail and freight rail

Aviation The aviation system includes general and commercial aviation

Maritime The maritime system includes water-borne freight as well as passenger ferries and

recreational boats

In addition this report compiles data on enviroimiental impacts for the transportation sector as whole
and identifies the contribution of travel and transportation-related industries in comparison to other

sectors of the economy

LIFE-CYCLE OF TRANSPORTATION ACTIVITIES

This
report addresses the life-cycle of transportation activities and facilities

Infrastructure construction Construction and development of transportation facilities such as

roadways railways airports and navigation channels

Vehicle manufacture Production of vehicles and
parts including motor vehicles railcars and

locomotives aircraft and ships and boats

Travel Vehicle operations to transport people and goods

Operations maintenance and support Activities to support travel such as application of

deicing chemicals as well as operation of facilities to support travel such as gas stations airport

terminals and marinas and

Disposal Disposal or recycling of vehicles parts and facilities

The upstream effects from fuel processing storage and distribution are also discussed briefly

ENVIRONMENTAL CONSEQUENCES

This report examines the effects of transportation on all environmental media air water and land
Because pollutant releases can have multi-media effects this report generally presents environmental

information by pollutant It addresses

Criteria air pollutants --Pollutants that adversely affect human health and welfare carbon

monoxide CO ground level ozone 03 and its
precursors lead Pb nitrogen dioxide NO2

particulate matter PM and sulfur dioxide SO2
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Toxics Pollutants that cause or may cause cancer or other serious problems such as

reproductive effects or birth defects or adverse ecological effects

Greenhouse gases Compounds that contribute to global climate change by trapping heat

within the Earths atmosphere carbon dioxide methane nitrous oxide and several other

compounds

Chiorofluorocarbons and stratospheric ozone depletion Man-made chemicals that are
known to deplete stratospheric ozone

Habitat and land use Adverse effects on wildlife ecosystems and endangered species such
as habitat destruction or fragmentation

Water quality and aquatic resources Adverse effects to the water quality in lakes streams
rivers or groundwater and the ecosystems that depend on them

Hazardous materials incidents Releases of hazardous materials during transportation

Noise Unwanted sounds that interfere with communication or cause adverse health effects
and

Solid waste Disposal of materials and parts through recycling reuse or shipment to landfills

IMPACTS DE-EMPHASIZED OR EXCLUDED

We have limited the
scope of this study to the direct impacts of transportation infrastructure and activities

It does not address the full indirect upstream downstream and historical impacts Impacts de
emphasized or excluded include

Certain long-run and cumulative impacts For example no analysis of the historical

destruction of wetlands and forests to build
existing highways or the enviromnental benefits that

would accrue if land use reverted to historical uses

Upstream impacts Some examination of the manufacture of vehicles but not raw inputs from
the steel or chemical industries limited evaluation of gasoline/oil refining

Downstream impacts Some consideration of the disposal of tires waste oil and vehicles but
not full analysis of all disposal impacts such as wastes resulting from airport operations or
industrial processes

Indirect impacts No analysis of the effects associated with industrial or residential

development that may occur near new transportation facilities

Local impacts No analysis of impacts in specific watersheds urban areas or regions

Cultural aesthetic and social impacts No analysis of these impacts and

Resource depletion impacts Nonrenewable resource depletion e.g use of fossil fuels by
motor vehicles is not addressed as separate issue because it does not damage the environment

per se

REPORT STRUCTURE
number of changes have been made since the original edition to improve the reports utility They

reflect Input from
panel of environmental

experts from the U.S Department of Transportation U.S
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Department of Energy and academic institutions who were asked to provide input on the organization of

the report They include

More focus on national statistics that can serve as indicators This report focuses solely on

environmental data that reflect national impacts local examples are not presented in this report

In addition the report presents trend data where available to provide measure of progress and

direction

More focus on context Context is important in determining how problematic environmental

impacts are and how much progress is being made For example the share of impacts from

transportation sources affects how much importance should be placed on these effects e.g if

transportation source is very small share of total releases .we may assign less importance to

controlling this source Exposure to pollution and resulting health and welfare impacts affect

the importance of pollutant releases e.g if most areas of the nation attain air quality standards

for lead emissions of lead from aircraft may not be significant health issue Finally when

examining environmental Impacts it is important to be aware of the level of activity producing
the effect e.g significant reductions in air pollutant emissions from motor vehicle travel are

more striking given rapid increases in vehicle travel

More focus on data issues The report includes discussion of the major databases and data

sources available It highlights the limitations and weakness in these sources as well as gaps in

environmental information

Compilation of the impacts of the entire transportation sector The
report includes chapter

that summarizes the full transportation sector contribution to each enviromnental issue In the

initial edition of this report impacts were addressed only in separate chapters for each mode of

transportation which did not allow for easy review of the total impact of transportation or

comparisons of modal impacts Although number of reviewers suggested more modal

comparisons comparisons of effects per passenger mile or ton mile are not included in this

report

This report is structured as follows

Introduction

Chapter Introduction The report begins with brief introduction to environmental indicators

discusses the strengths and weaknesses of various types of indicators and presents information on data

availability and limitations

Transportation Environmental Indicators

Chapter Transportation Indicators Summary This chapter is organized by environmental topic and

summarizes the contribution of transportation as whole to each impact as well as the contributions of

specific transportation sources e.g modes and sub-modes

Effects per passenger mile or ton mile may vary significantly in different places by time of day and by type
of trip Also the modes are not exact substitutes for each other the levels of service on the modes differ and

the types of trips and types of freight carried by each mode differ Given the level of effort required for this

compilation and distinct nature of the research the U.S Environmental Protection Agency will undertake

separate research effort to develop such comparisons
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The
report goes on to provide more detail on environmental

impacts associated with each mode of

transportation Each chapter presents discussion of environmental effects and quantified indicators
organized by type of transportation activity

Chapter Highway Indicators

Chapter Rail Indicators

Chapter Aviation Indicators

Chapter Maritime Indicators

Data Issues

Chapter Data Availability and Next Steps This chapter identifies the major environmental databases
used to track the environmental impacts of transportation and develop the indicators presented in this

report It also highlights data gaps and potential next steps

1.2 DEFINITION OF INDICATORS

The term indicator is used
throughout this

report to refer to quantitative estimates of the magnitude or
severity of problem or issue Indicators may be based on measurements or modeling National estimates
of environmental impacts are typically derived from modeling or other methods of extrapolation from
focal or site-specific data

WHAT INDICATORS CAN DO
Indicators can be extremely useful in guiding transportation and environmental

policy discussions They
can

Assess the magnitude of environmental problems Indicators can highlight environmental

problems by providing information on the largest sources of environmental problems By
identifying the full range of impacts indicators can also provide broad perspective on
environmental issues

Help set priorities By identifying problems and the share of problems caused by specific
activities indicators can help set priorities particularly for research and among issues needing
new or improved policies

Develop performance measures and track progress toward environmental goals Ideal
indicators can be tracked

consistently and reliably tracked over time and used to develop
measures of environmental performance and track

progress toward meeting targets

Educate policymakers transportation and environmental stakeholders and the public By
providing information on the contribution of transportation to environmental problems indicators
can help inform the public about environmental issues in

transportation

WHAT INDICATORS CANNOT DO
It is important to keep in mind that indicators can be misapplied so care should be taken to consider their

limitations Briefly indicators cannot serve the following purposes



INDICATORS OF THE ENVIRONMENTAL IMPACTS OF TRANSPORTATION

Isolate effects of individual
regulations Indicators may show improvement in certain area

e.g mobile source air emissions and air quality but generally will not describe the root causes
underlying that improvement In other words they may show the net results but not why the
situation improved For example indicators may show decreasing air emissions but these could
result either from policy-driven per-mile emissions reductions or from reduced travel due to

recession or rising fuel prices

Provide an economic analysis Indicators do not provide information about the benefits of
travel and related activities For example deicing salt application has significant environmental

impacts but is beneficial in allowing travel and saving lives during storms Indicators say
nothing about the costs or benefits of policies that might alleviate such environmental impacts

Define acceptable levels of impact or rates of progress Indicators may describe objectively the
amount of impact or rate of progress but subsequent policy decisions must be made about
whether given impact or rate of

progress is acceptable Indicators of environmental impact
should not be used alone for setting priorities for regulatory action Instead cost-effectiveness of
policy options should be considered

TYPES OF INDICATORS

This report uses three-stage framework for identifying environmental indicators

Outcomes

Outputs

Activities

These stages are shown in Figure 1-1 Transportation-related activities infrastructure construction
vehicle manufacture travel maintenance and support and disposal result in releases of pollutants or
damage to habitats These outputs in turn have human health or welfare effects

Indicators can be developed at each of these
stages Ultimately people care about environmental

outcomes however because of data gaps and the difficulty associated with isolating transportations share
of an impact from that of other sources outcome indicators often are not available Each type of indicator
is described below with short synopsis of strengths and weakjiesses and examples of indicators

OUTCOME INDICATORS

Indicators of outcomes are measures of end results They provide quantitative information on health
environmental and welfare effects resulting from transportation Outcome indicators are desirable
because they provide information about the effects that people care about Unfortunately quantified
estimates of environmental outcomes are often unavailable or uncertain Also it is frequently difficult to

separate the effects of transportation from other sources In practice many outcome indicators are subject
to uncertainty or are qualitative in nature For example the number of states identifying highways as

source of habitat loss could be considered an outcome indicator because it provides sense of magnitude
about highway construction impacts on ecosystems However states may determine sources of habitat
loss differently and the indicator does not say exactly how much habitat

acreage has been lost Other
examples of outcome indicators include

Number of wildlife deaths
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Changes in the abundance of species

Number of cases of illness or mortality

OUTPUT INDICATORS

Output indicators provide information on the amount of releases emissions or incidents that are

associated with environmental damage or the amount of land or resources consumed They do not

quantify the actual damage that takes place but provide information about outputs that are known to be
associated with human health environmental or welfare effects Measurements models or other

methodologies are often available to estimate outputs consistently over time Examples of outcome
indicators include

Quantity of pollution emitted or released

Number of hazardous materials incidents

Levels of noise

ACTIVITY INDICATORS

Activity indicators provide information about the extent of activities that are known to produce adverse
enviromnental effects Activity data tend to be the most readily available of all indicators Examples
include

Number of lane miles constructed

Number of vehicles manufactured

Number of vehicle miles traveled

Quantity of deicing chemicals purchased minus inventories

While activity data are readily available they are limited as environmental indicators because activities

do not always correspond directly to environmental harm For example all elseequal increasing vehicle
travel should produce greater quantities of pollutant emissions however motor vehicle emissions have
been declining since the 1970s despite significant increases in vehicle travel because emission control

technologies have improved Likewise number of industries have
significantly reduced pollutant

outputs through improved technologies and pollution prevention



Figure 1-1 Effects of Transportation and Related Activities on the Environment

UNRELATED
ACTIVITIES
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IDEAL INDICATORS OF TRANSPORTATION IMPACTS
An ideal indicator

Focus on end results Information should be provided on outcomes such as number
of illnesses caused not outputs or activities that cause outcomes

Isolate
transportation share of the impact The indicator should identify the effect

of transportation rather than providing an estimate of environmental quality that may
depend on numerous sources

Be reasonably certain Although modeling may be
necessary to estimate the national

effect the indicator should be generally agreed upon as reasonably accurate and reliable

Be stated in meaningful units The indicator should be presented in units that allow

comparison to other sources of problem or to goal

In practice there are tradeoffs between these traits Although outcome indicators are the most
desirable type of environmental information data on environmental outcomes is

typically not
available or tracked consistently When outcome measures are available it is often impossible to

identify the contribution of transportation separately from other sources For example one
measure of outcomes for air quality is the number of people living in areas that do not meet one
or more of the national ambient air quality standards NAAQS However even if we know how
many people are exposed to poor air quality this figure does not tell us about the contribution of

transportation to the problem The estimation of health and welfare effects such as the number of
cases of

respiratory problems associated with transportation-related pollution can also be the

subject of significant debate

In general the best available indicators of transportations impact tend to be output indicators
measures of the quantity of pollution emitted or released or the number of incidents known to

cause environmental damage Estimates of outputs tend to be estimated reported or tracked more
consistently than outcome measures As result this

report focuses primarily on output
indicators It is Important however to keep end results in mind when examining output
indicators Not all emissions or releases are equal health and environmental results depend on
exposure to pollution and other factors such as the location and time of releases In this

report
activity indicators are presented when output data are unavailable

1.3 PRESENTATION OF ENVIRONMENTAL INDICATORS

The following sections of this
report present information on the environmental consequences

associated with four modes of transportation highways rail aviation and maritime
transport

summary chapter highlights the effects of transportation on the environment and the relative

magnitude of impacts from each mode Individual chapters for each mode follow the summary
chapter In the modal

chapters subsections focus on the effects of each
transportation activity

infrastructure construction vehicle manufacture travel operations maintenance and support
and disposal
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Each environmental Impact is presented with

Description of Impact---- brief discussion of environmental effects relating to

transportation activities The focus here is on processes that cause environmental
outputs

generally emissions releases or incidents not on why the outputs are harmful e.g
brief discussion of sources of air pollutant emissions from aviation travel not how
different air pollutants affect health and welfare An overview of each pollutant and the

contribution of transportation is provided in the summary chapter at the end of this

report

Impact Factors list of some of the primary factors that affect the magnitude of
environmental impact

Indicators of Environmental Impact The key indicators that have been quantified are

presented Because of data availability output indicators predominate Outcome
indicators are presented when available activity measures are presented when output
information is not available

10



TRANSPORTATION INDICATORS SUMMARY

This chapter summarizes national indicators of the environmental impacts of transportation

Transportation is defined broadly here to include transportation infrastructure construction and
travel on the nations

transportation system as well as related activities such as transportation
equipment manufacturing infrastructure maintenance and vehicle support This chapter identifies

the contribution of the
transportation sector as whole to specific environmental problems

Quantitative indicators and trends are presented as available

The availability of data for tracking the environmental impacts of
transportation varies greatly for

different aspects of the environment and types of transportation activities Airpollution and
greenhouse gases from travel are among the most well understood impacts of transportation and
estimates of emissions from travel have been quantified by mode Many other environmental
effects such as the impacts of transportation systems on habitat fragmentation and water quality
have not been fully quantified nationally In most cases impacts associated with activities such as
transportation equipment manufacturing and facility maintenance have not been tracked

consistently or aggregated to the national level

In this chapter indicators are presented on nine environmental topics

Cntena air pollutants

Foxics

Greenhouse gases

Chlorofluorocarbons and stratospheric ozone depletion

Habitat and land use

Water quality

Hazardous materials incidents

Noise and

Solid waste

This chapter compares the relative contribution of different transportation sources modes and
activities to each of these environmental issues The chapters following this one provide more
detail on each mode of transportation highway rail aviation and maritime

2.1 CRITERIA AIR POLLUTANTS

Critena pollutants are those for which the U.S Environmental Protection Agency EPA has
established National Ambient Air Quality Standards NAAQS to protect public health and
welfare There are seven criteria pollutants with primary standards ozone 03 carbon monoxideCU nitrogen dioxide NO2 sulfur dioxide SO2 lead Pb particulate matter with

11
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aerodynamic diameter less than or equal to 10 micrometers PM10 and particulate matter with
aerodynamic diameter less than or equal to 2.5 micrometers PM2 Health effects of these
pollutants vary but include respiratory and cardiopulmonary problems headaches reduced
learning ability and premature mortality These pollutants also contribute to acid rain reduced
agricultural yields harm to vegetation damage to building materials and decreased visibility

The effect of motor vehicles on air quality is one of the most recognized environmental
implications of transportation Recognizing the magnitude of the problem regulations under the
Clean Air Act and Amendments have

dramatically reduced motor vehicle emissions of major
criteria pollutants The U.S Environmental Protection Agency tracks air quality trends through an
extensive

monitoring network and maintains program to estimate and track emission trends
Emission estimates provide an indication of how much pollution is being released by different
types of sources while monitored air quality data provide an indication of the severity of an air

quality problem

Monitoring data from across the U.S show dramatic decreases in air pollutant concentrations
since the early l970s Between 1978 and 1997 concentrations of ozone one-hour have fallen

by 30 percent carbon monoxide concentrations have fallen by 60 percent and lead concentration
have fallen by 97 percent Between 1988 and 1997 the total number of days exceeding air quality
standards has dropped 56 percent in Southern California and 66 percent in the rest of the United
States.2 These dramatic improvements in air quality have been due in part to significant
reductions in

transportation-related emissions as presented below Still air pollution problems
remain through large parts of the country and transportation remains significant contributor to
this problem

EMISSIONS FROM TRAVEL

Transportation contributes to air pollution primarily through the release of pollutants during the
fuel combustion process Pollutants are also emitted during the refining and processing of fuels
and fuel evaporation Transportation

sources consumed about 66
percent of

the petroleum used in the U.S in 1997

Carbon Monoxide

Combustion of fuel during travel is

major source of carbon monoxide CO
emissions contributing about 61 percent
of all CO emissions nationwide Motor

vehicles are the primary transportation

source of CO emissions contributing
about 94 percent of travel emissions

The new PMo and ozone standards are on hold under court order as of the date of publication of this

repori

U.S EnironmentaI Protection Agency National Air Quali and Emission Trends Report 1997
pp 63

U.S Depaent of Energy Transportat ion Ener Data Book Edition 18 Table 2.5

Source U.S Environmental Protection Agency NationalAir
Pollutant Emission Trends 1900-1997
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Carbon monoxide has become less of national air quality problem over the past twenty years as
CO concentrations in the air have decreased by 60 percent nationwide In 1997 only three

counties Los Angeles County CA Fairbanks AK and Imperial County CA had monitoring
sites that failed to meet the NAAQS for CO Declining transportation emissions have contributed

significantly to the reduction in total CO
emissions Carbon monoxide emissions from

transportation fell by 41 percent between 1970

and 1997 compared to an 11 percent reduction

in emissions from non-transportation sources

over this time period Contributors to reduced

CO emissions from motor vehicles include

national standards for tailpipe emissions new
vehicle technologies and use of oxygenated

gasoline

Although exceedances of the CO standard have

fallen significantly high concentrations of CO ____________________________________
often occur in areas with heavy traffic

congestion In cities as much as 95 percent of

all CO emissions may come from on-road

vehicles

Ozone and its Precursors

Ground level ozone 03 is the most

pervasive air pollution problem in the U.S

Despite 30 percent drop in one-hour

ozone concentrations in the air between

1978 and 1997 about 47.9 million

Americans lived in 77 counties with ozone

concentrations above the pre-existing

NAAQS in 1997 About 101.6 million

Americans lived in counties with ozone

concentrations above the level of the new

eight-hour ozone NAAQS

Ozone is formed in the atmosphere

through the reaction of volatile organic

compounds VOCs and oxides of

nitrogen NOr in the presence of heat and

sunlight Ozone and these precursor

pollutants can be transported by prevailing

weather patterns to an area hundreds of

miles away from pollution sources

Transportation is major source of the

volatile organic compounds and oxides of

nitrogen that contribute to ozone formation

Transportation sources emitted 31 percent

of VOCs and 36 percent of NO in 1997 as

ti boats 8%

1%

Rail 1%

leay duty motor vehicles

Light duty motor vehicles

79%

Figure 2-2 CO Emissions from Travel 1970-1 997

100.000
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60.000
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in
F- F- F-

Source U.S Environmental Protection Agency
National Air Pollutant Emission Trends 1900-1997

Solvent use In vehIcle

manufacludnglreflnlsgMlg Service

2% stations

Figure 2-3 Share of VOC Emissions from Transportation 1997

Source U.S Environmental Protection Agency NationalAir

Pollutant Emission Trends 1900-1997

Source U.S Environmental Protection Agency 1/ationalAir

Pollutant Emission Trends 1900-1997
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shown in Figures 2-3 and 2-4 VOCs are

emitted both from fuel combustion and

fuel evaporation Service stations and

solvent use in vehicle
manufacturing and

refinishing also emitted significant

amounts of VOCs Diesel vehicles emit

NO at much higher rates than gasoline

vehicles as result heavy-duty motor

vehicles and rail are much larger

contributors to NO emissions than to

emissions of VOCs

4000

ix
Significant progress has been made in

reducing VOC emissions from

transportation and VOC emissions from

transportation sources have dropped 56

percent between 1970 and 1997 in

comparison to 24 percent reduction from
non-transportation sources Most of the tonnage

reduction has come from light-duty motor vehicles

In contrast NO emissions have proven more difficult to control Nationally NO emissions

increased by about 11 percent between 1970 and 1997 NO emissions from transportation
increased

percent over this time penod Most of the increase in NO from transportation came
from non-road sources like rail aviation and maritime transport NOx emissions from motor
vehicles actually dropped percent between 1970 and 1997 despite 127 percent increase in

vehicle miles traveled

Lead

In the early 1970s automobiles were the

major contnbutors of lead Pb emissions to

the atmosphere As result of EPAs
regulatory efforts to remove lead from

gasoline transportation sector emissions of

lead have declined dramatically leading to

the virtual elimination of lead as an ambient

air quality problem Concentrations of lead in

the air decreased by 97 percent between 1978

and 1997 with total emissions of lead down
98 percent between 1970 and 1997

Today metals
processing is the major source

of lead emissions and the highest ambient air

concentrations of lead are found near ferrous

and nonferrous smelters battery

manufacturers and other stationary sources

Aviation is now the only major source of lead emissions from the transportation sector Because
industrial processes are now responsible for all violations of the lead standard EPAs lead

monitoring now focuses on these point sources

Figure 2-5 VOC and NOx Emissions from Travel

1970-1997

Source U.S Environmental Protection Agency NationalAir

Pollutant Emission Trends 1900-1997

Figure 2-6 Lead Emissions from Travel

1970-1997
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Source U.S Environmental Protection Agency National

Ar Pollutant Emission Trends /900-1997
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Particulate Matter

Particulate matter is the term used to describe mixture of solid particles and liquid droplets
found in the air These particles vary widely in size and can remain suspended in the air for

extended periods EPA has established National Ambient AirQuality Standard NAAQS for

both coarse particles under 10 microns in diameter PM10 and fine particles under 2.5 microns in

diameter PM25 Fine particles are thought to be most harmful to human health because their

small size allows them to penetrate the lungs resulting in decreased lung function increased

respiratory symptoms and disease and premature death PM is also the major cause of reduced

visibility in parts of the U.S and can adversely affect plants animals and materials PM can be
emitted directly or formed in the atmosphere as result of reactions of SON NOR and other

gases

Most particulate matter emissions

come from sources that are not

traditionally inventoried such as

wind erosion fugitive dust from

paved and unpaved roads and

agriculture Travel contributes

more toward fine PM PM25 than

to PM10 but still makes up just

about percent of PM2.5 emissions

nationally as shown in Figures 2-

and 2-8

Particulate matter emissions tend

to be associated most with diesel

engines so heavy-duty motor

vehicles are the largest source of

transportation-related PM
emissions In contrast to their

share of most other pollutants

light-duty motor vehicles make up

relatively small portion of

transportation emissions

Figure 2-7 Share of PM10 Emissions from Transportation 1997

Direct emissions of PM10 from the

transportation sector declined by

26% between 1970 and 1997

Emissions from non-

transportation sources have fallen

due to controls on industrial

sources and construction

activities as well as measures to reduce street dust emissions including the use of clean anti-skid

materials like washed sand better control of the amount of material used and removal of material
from roads as soon as ice arid snow melt

Recreational boats 6%

Freight shIps 6%

IAlrcraft 10%

7%

leavy duty motor vehicles

6ht duty motor vehicles

Source U.S Environmental Protection Agency National Air

Pollutant Emission Trends 1900-1997

1997

Source U.S Environmental Protection Agency National Air

Pollutant Emission Trends 1900-1997
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Sulfur Dioxide

Sulfur dioxide SO2 is less pervasive air quality problem nationwide compared to carbon

monoxide ozone and particulate matier Over the period 1978 to 1997 concentrations of SO2 in

the air declined by 55 percent Fewer than 100000 Americans lived in counties with air quality
concentrations above the level of the SO2 NAAQS in 1997 Despite the small number of
exceedances of the SO2 standard sulfur dioxide emissions remains an environmental problem
SO2 contributes to particulate matter in

Figure 2-9 Share of SO2 Emissions from Transportation 1997the atmosphere and acid rain

Transportation is relatively minor

source of SO2 emissions contributing

about
percent of total SO2 emissions

nationwide Production and refining of

petroleum for
transportation also

contributes about
percent of national

SO2 emissions.4 SO2 is formed when fuel

containing sulfur- mainly coal and oil

is burned and during metal smelting

and other industnal
processes The highest

monitored concentrations of SO2 are

recorded in the vicinity of large industrial

facilities In contrast to industrial sources SO2 emissions from transportation have trended

upward through the l970s and 1980s largely due to increases in emissions by ships and boats
substantial decline in heavy-duty vehicle emissions occurred however between 1992 to 1994
EPA recently promulgated new
rule that requires significantly

lower sulfur content for gasoline
00

which in turn will help to reduce

motor vehicles emissions of 1.75

VOCs CO and NO since sulfur

in gasoline inhibits the

performance of the catalyst on

advanced technology vehicles

Comparative Trends

Trends in transportation

emissions 1970-1997 are shown

in Figure 2-10 As described

above there has been significant

progress in reducing

transportation emissions of air

pollutants since the early 1970s

1.00

Petroleum production and refining emissions were estimated based on SIC codes 1311 Crude Petroleum
and Natural Gas 1381 Drilling Oil and Gas Wells 1382 Oil and Gas Field Exploration Services 1389
Oil and Gas Field Services NEC and 2911 Petroleum Refining Source U.S Environmental Protection

Agency NET Viewer This figure was then multiplied by 66.2% the percent of petroleum used for

transportation Source U.S Department of Energy Transportation Energy Data Book Edition /8

Fr.IghI 35%

AIc.ft

R.II 11%

H..sy d.ty nos v.bicI

ht dsty moto o.hIe

Source U.S Environmental Protection Agency NationalAir

Pollutant Emission Trends 1900-1997 and NET Viewer

Ficiure 2-10 Transoortatjon Emissions 1970-1 997
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Source U.S Environmental Protection Agency NationalAir

Pollutant Emission Trends /900-1997
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Transportation emissions have decreased substantially for three of the major pollutants emitted by

transportation sources CO VOC and lead Transportation-related emissions of NO have risen

slightly but most of this increase has been from non-road sources Motor vehicle emissions of

NO have actually fallen percent between 1970 and 1997 despite 127 percent increase in

vehicle miles traveled

The contribution of emissions from different transportation sources varies significantly by

pollutant as shown in Figure 2-1 Light-duty on-road vehicles emit the most CO NON and
VOC emissions of any mode of transportation Light duty vehicles are used for the vast majority
of all vehicle miles of travel and passenger miles of travel Heavy-duty motor vehicles contribute

large portion of particulate matter emissions and NO emissions primarily because diesel

vehicles emit much more of these pollutants than gasoline vehicles Marine vessels are major
source of sulfur dioxide Aircraft are the main source of lead emissions from

transportation since
the phase-out of leaded gasoline

Figure 2-11 Travel and Criteria Pollutant Emissions by Mode of Travel 1997
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Source Vehicle miles passenger miles ton-miles U.S Department of Transportation Bureau of Transportation
Statistics National Transportation Statistics /998 Emissions U.S Environmental Protection Agency National

Air Pollutant Emission Trends 1900-1997 Travel Statistics are for 1996 and emissions estimates are for 1997
Vehicle miles and passenger miles do include recreational marine vessels Ton miles figure is for domestic freight
and assumes all on road transport is by heavy duty vehicles

EMISSIONS FROM VEHICLE MANUFACTURE MAINTENANCE AND SUPPORT

In addition to emissions from travel criteria pollutant emissions are released from transportation-
related activities including vehicle manufacture and maintenance and

support operations These
activities release very small portion of total criteria pollutant emissions with the exception of

VOCs as shown in Figure 2-12

via ion
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INDICATORS OF THE ENVIRONMENTAL IMPACTS OF TRANSPORTATION

Figure 2-13 compares the contribution

of different types of transportation

manufacturing facilities to air

pollutant emissions and to the number
6%of establishments and value of

shipments by industry The motor 5%
vehicle and equipment manufacturing

4%
industry is by far the largest

transportatjonrelated
manufacturing 3%

industry and is responsible for about
2%half of all

transportation

manufacturing establishments and 1%

two-thirds of the value of shipments
0%It is also

responsible for the
majority

voc NOxof emissions from transportation.

related
manufacturing industries

Criteriapollutants are also released

from aviation ground support

equipment and in the maintenance and
support of the transportation system

Figure 2-13 Criteria Pollutant Emissions from Transportation Vehicle and Equipment
Manufacturing 1996
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Figure 2-12 Percent of Point Source Emissions from
Transportation Vehicle and Equipment Manufacturing 1996
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SUMMARY

2.2 TOXICS

Hazardous air pollutants HAPs commonly referred to as air toxics or toxic air pollutants areknown or suspected to cause cancer or other serious human health effects or ecosystem damageSection 112 of the Clean Air Act now lists 188 pollutants or chemical
groups as hazardous air

pollutants and targets sources emitting them for regulation Compared to the criteria pollutantsless information is available concerning potential health and environmental effects of HAPs
Toxic air pollutants are known however to have variety of environmental effects including the
potential for some HAPs
to damage aquatic

ecosystems

Figure 2-14 Mobile Source Contribution to HAP Inventories

National Total HAP Emissions National Emissions of
based on 1993 NTI 30 Draft Urban Area HAPs 1990

According to EPAs 1993

National Toxics

Inventory NTI mobile

sources released

approximately 21 percent

of hazardous air

pollutants out of 8.1

million tons of air toxics

released nationwide

Recognizing that not all

toxics are national

problems EPA has also

compiled an interim 1990 emission inventory for 30 proposed urban HAPs associated with areasources Of these HAPs that pose the greatest threat to public health in urban areas about 40
percent of emissions came from mobile sources Urban areas tend to have higher proportion of
emissions coming from mobile sources than rural areas

Toxics are also released from manufacturing facilities and are reported in the EPAs Toxic
Release Inventory TRI The

transportation equipment industry SIC Code 37 represents smallshare of TRI reported waste in comparison to its scope in the U.S economy In 1996 the
transportation equipment industry was responsible for 1.6

percent of waste but encompassed 8.5
percent of employment and 12.5

percent of the value of shipments among the industries reportingtoTRJ.5

Over time chemicals have been added to the TRI deleted or redefined To enable comparisonbetween years the Table 2-1
reports releases of chemicals required to be

reported in all yearscalled core chemicals

U.S Environmnt Protection Agency Office of Pollution Prevention and Toxics /996 Toxics Release inventoryPublic Data Release /0 Years of Right-to-Know industry Sector Analyses December 998 Table 1-5
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INDICATORS OF THE ENVIRONMENTAL IMPACTS OF TRANSPORTATION

Table 2-1 Core Toxic Chemicals Released from Transportation Manufacturing Facilities Subset of
TRI

Inventory in thousands of pounds 1988-1996
Year On-road vehicle RflecjJthØnt Aircraft Ship- and boat- Total

equipment manufacturing manufacturing bulldiuig and Transportation
maflüfactUilng SIC374 SIC 372 repaIr SlC 373
SIC 371 375

3792
1988 116724 ______ 2210 40270 17966 174960
1994 85151 1906 11297 13826 110274

Source U.S Environmental Protection Agency Office of Pollution Prevention and Toxics 1996 Toxics Release
Inventory Public Data Release /0 Years of Right-to-Know Industry Sector Analyses December 1998 Table 14-3

The majority of transportation industry toxic releases come from facilities involved in

manufactunng motor vehicles and car bodies SIC code 3711 and motor vehicle
parts and

accessories SIC code 3714 Toxic chemicals may be released to the environment as air

emissions surface water discharges underground injection or on-site land releases The vast
majority of releases from transportation-related manufacture were releases to air which include
stack emissions equipment leaks evaporative losses and releases from

building ventilation

systems

Overall the quantity of core toxic chemicals released from transportation-related manufacturing
facilities declined by over 50 percent between 1988 and 1996 On- and off-site releases of core
chemicals decreased from nearly 175 million pounds in 1988 to 89.5 million pounds in 1996
Reductions in releases were due in part to source reduction on-site waste management and
tranfers off-site for waste management One-fifth of firms submitting forms to TRI in the

transportation equipment sector SIC Code 37 reported undertaking one or more source
reduction activities during 1996 Good operating practices and raw material and process
modifications were the two source reduction activities cited most often by the motor vehicles and
car bodies industry SIC 3711 and the motor vehicle

parts and accessories industry 3714 the
two largest sources of waste Aviation and motor vehicle industries had the highest percentage of
waste undergoing either on-site or off-site waste management In 1996 within all

transportation
manufacturing industries about 54 percent of toxics were recycled chemicals were recovered and
made available for further use Another percent were used for energy recovery combusted to

generate heat or energy and 13
percent were destroyed through treatment.7

2.3 GREENHOUSE GASES

Greenhouse gases trap heat within the earths atmosphere While most greenhouse gases occur

naturally and serve to keep the planet hospitable to life increasing concentrations of greenhouse
gases in the atmosphere threaten to alter the earths climate dramatically The worlds most
respected scientists

agree that the threat of global climate change is real and that potential impacts

The
transportation manufactunng industry as defined in this report excludes portion of the industries

that fall under SIC code 37 Transportation Equipment It excludes the following SIC codes 3761 Guided
Missiles Space Vehicles 3764 Space Propulsion Units Parts 3769 Space Vehicle Equipment nec
3795 Tanks Tank Components and 3799 Transportation Equipment nec
Calculated based on U.S Environmental Protection Agency Office of Pollution Prevention and Toxics 1996
Toxics Release Inventory Public Data Release 10 Years of Right-to-Know Industry Sector Analyses December 1998
Table 14-9
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SUMMARY

are significant including extreme weather conditions rising sea levels and damage to agriculture
and ecosystems

Transportation is major contributor to emissions of carbon dioxide C02 the most important
greenhouse gas Based on global warming potential CO2 accounts for about 84 percent of total

greenhouse gas emissions in the U.S The remainder is made up of methane percent nitrous
oxide percent halocarbons and other human-made gases such as HFCs and PFCs
percent.8 Greenhouse

gas emissions from
transportation have been rising in contrast to

emissions of other air pollutants in large part because travel growth has outpaced improvements
in transportation energy efficiency In particular for motor vehicles the largest source of
carbon dioxide emissions from transportation vehicle fuel economy has been

stagnant over the

past few
years as more travel has shifted from automobiles to less efficient light trucks including

pick-up trucks sport utility vehicles and minivans

In the following discussion highlighting the percentage of total greenhouse gas emissions from

transportation note that transportation sources are subset of mobile sources As result the
share of emissions from travel is smaller than the share reported for mobile sources in national

greenhouse gas emission inventories compiled by the U.S Department of Energy and U.S
Environmental Protection Agency.9

Figure 2-15 Share of CO2 Emissions from Transportation 1997

CARBON DIoxIDE

Transportation sources emitted

approximately 31 percent of all

carbon dioxide emissions from fossil

fuel combustion in the U.S in 1997
In addition emissions from refining

petroleum in the United States for

transportation sector use

compromised about percent of

total emissions Not accounted for

are the emissions associated with

extracting crude oil imports of

crude oil made up 42 percent of U.S
PeueumReflnvigesmatejS1994

petroleum consumption in 1997 and
u.s Enviromiiental Protection Agency Inventory of US Greenhouse Gas

refining oil that is imported as Emiss ions andSjnkj /990-1997 March 1999 draft and U.S Department
refined petroleum percent of U.S of Energy Manufacturing Energy Consumption Survey 1994

petroleum consumption in 1997io

U.S Department of Energy Energy Information Administration Emissions of Greenhouse Gases in the

United States 997 October 1998 Table ES2
Transportation sources do not include farm equipment construction equipment and

utility equipment
which are considered mobile sources Note that recreational boating is included as transportation source
in this report even though it is not purely for

transportation purpose
Percent of emissions from petroleum refining were calculated based on energy data for SIC code 2911

Source Manufacturing Energy Consumption Survey /994 this figure was then multiplied by 66.2% the

percent of petroleum used for transportation Source U.S Department of Energy Transportation Energy
Data Book Edition 18 Other energy data reported conic from U.S Department of Energy Transportation
Energy Data Book 18 Edition Table 1.8

PetroleumRe Other 3%
Recreational boats 1%

Freight ships 2%

Aviation 14%

Rail 2%

Heavy duty motor vehicles

16%
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INDICATORS OF THE ENVIRONMENTAL IMPACTS OF TRANSPORTATION

Transportation sources emitted 460.4 million metric tons of carbon in 1997 out of total of 1.48
billion metric tons of carbon from fossil fuel combustion.H Most transportation emissions come
from on-road motor vehicles About 78 percent of transportation emissions come from on-road
vehicles and approximately 14 percent come from aircraft with the remainder from rail ships
boats and other sources Carbon dioxide emissions from travel have been growing rapidly in

contrast with trends in other air emissions Transportation emissions increased about 10 percent
between 1990 and 1997 growing from 419.1 million metric tons to 460.4 million metric tons of
carbon.12

In addition to direct release of CO2 dunng fossil fuel combustion CO2 and other greenhouse
gases are released from upstream fuels processing distribution of fuels vehicle assembly and

facility maintenance It is estimated that for gasoline light-duty vehicles CO2 emissions from
feedstocklfuel distribution and production equal approximately 25 to 30 percent of the amount of
CO2 emitted from the vehicle as shown in Table 2-2 Car assembly and materials emit another 16

percent of the amount emitted from the vehicle In total upstream processes emit another 41 to 46
percent of the CO2 emitte1 from the vehicle for light-duty gasoline vehicles and about 28 percent
of the CO2 emitted from the vehicle for heavy-duty diesel vehicles

Table 2-2 Full Fuel Cycle CO2 -equivalent Emissions for Light-duty Motor Vehicles grams per mile
Study Fuel Vehicle Feed/Fuel Car Total

Use distribution assembly Emissions... ._.._ --
M.A Delucchi ConvenonaIasohno 44

.-.

Argonne National Reformulated gasoline 333.7 101.6 55.9 491.2
Laboratory.1991 Dieselfuel 325.0 56.8 42.1 423.9

Diesel fuel heavy-duty 2052.1 369.0 206.0 2627.1
Gasoline 272.4 749 347.3

U.S Department of

Energy August 1996

fy includes CO2 emissions other estimates are for CO2 equivalent emissions and consider C02 Ct-I4 N2O NOR
CO and NMOCs

Sources MA Delucchi Argonne National Laboratory Emissions of Greenhouse Gases from the Use of
Transportation Fuels and Electricity ANLIESD/TM-22 Vol 1991 Table 9.U.S Department of Energy
Alternatives to Traditional Transportation Fuels 1994 Vol Greenhouse Gas Emissions DOE/EIA-058594/2

August 1996 Table

Fossil fuels can also be used for producing products such as plastics asphalt or lubricants that

store carbon for long periods of time Asphalt used in road construction for example stores
carbon Fossil fuels used in the manufacture of materials like plastics for motor vehicles can also

store carbon if the material is not burned

IL

U.S Environmental Protection Agency Inventory of U.S Greenhouse Gas Emissions and Sinks 1990-1997
March 1999 draft
12

U.S Department of Energy Energy Information Administration Emissions of Greenhouse Gases in the

United States 1997 October 1998 Table 10

22



SUMMARY

METHANE

Travel contributes less than one

percent of methane CH4 emissions

nationally with the majority of

emissions coming from landfills

and agriculture Methane emissions

from transportation in 1997 were

estimated at 234000 metric tons

down about 11000 metric tons

from 1990 levels Nearly 95 percent

of transportation emissions of

methane come from on-road

vehicles with the vast majority of

those from light-duty vehicles

Aircraft emit approximately

percent of transportation methane

emissions with smaller amounts from

NITROUS OXIDE

In 1997 travel was the second

largest source of nitrous oxide

N20 emissions producing about

20 percent of N20 emissions in the

U.S Other major sources of N20
are agricultural soil management
and adipic and nitric acid

production Travel was associated

with 206000 metric tons of nitrous

oxide in 1997 up nearly 30 percent

from the 159000 metric tons

emitted in 1990

Transportation-related N20 is

product of the reaction that occurs __________________

between nitrogen and oxygen

during fossil fuel combustion Like

NO emissions N20 emissions are

closely related to fuel characteristics air-fuel mixes and combustion
temperatures as well as use

of pollution control equipment In particular N20 can be formed by the catalytic processes used
to control NO and CO emissions

2.4 CHLOROFLUOROCARBONS AND STRATOSPHERIC OZONE DEPLETION

Chlorofluorocarbons CFCs are human-made derivatives of hydrocarbons For decades CFC-12
also known by the trade name Freon was used as the refrigerant in motor vehicle air

conditioning systems In response to increased scientific
understanding of damage to the ozone

layer worldwide ban on the production of
ozone-depleting substances including CFC-12 has

been implemented Ozone loss in the upper atmosphere is likely to lead to an increase in cataracts

Figure 2-16 Share of CH4 Emissions from Transportation 1997
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Figure 2-17 Share of N20 Emissions from Transportatjon 1997
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and skin cancer could weaken the human immune system and can have significant effects on
agnculture and plant and animal life By signing the Montreal Protocol on Substances that

Deplete the Ozone Layer and Copenhagen Amendments the United States committed to

eliminating the production of all CFCs by
the end of 1995 On December 31 1995

CFC-12 production essentially ended in _________________________________________
the U.S

It is still legal to use existing stockpiles of

CFC-12 but several companies have also

developed new substitutes In order to

make sure existing CFC-12 is not released

to the atmosphere EPA issued regulations

under the Clean Air Act to require

mechanics to recycle CFC- 12

1997Hydrofluorocarbon HFC- 34a became the

standard automobile air conditioner

refrigerant in 1994 and HFC emissions

have been growing as CFCs gradually

disappear from the automobile fleet as

shown in Figure 2-18 HFCs which

contain no chlorine have no effect on stratospheric ozone but are greenhouse gas

1995 1996

UI

1960 199 1992 1993 1994

2.5 HABITAT AND LAND USE

Development of transportation infrastructure has direct and indirect effects on land use and
habitat Land is used directly for public and private transportation infrastructure including roads
parking lots railway terminals airports and marine cargo facilities In addition the development
of these facilities may stimulate changes in land uses including the development of commercial
residential and industrial areas which in turn can reduce or fragment habitat

LAND USE AND HABITAT FRAGMENTATION

Use of land for
transportation infrastructure can adversely impact sensitive ecological resources

such as endangered plant and animal species It can also have more significant impacts through
fragmentation of habitats and

secondary development While all forms of transportation
infrastructure can adversely affect wildlife and habitat highways and roads tend to be viewed as
the most significant cause of concern because of their pervasiveness and their linear nature which
can form barriers to wildlife The linear nature of highways and railways to lesser extent

because they tend to be narrower divides wildlife habitat into smaller more isolated pieces of
land that can create barriers between functional areas

Transportation infrastructure is extensive in the United States and growing Public roads occupied
an estimated 17345 square miles of land in the United States in 1997 percent increase over

Figure 2-18 Estimated U.S Emissions of CFC-12

and HFC-134a 1990-1997

Source U.S Department of Energy Energy Information

Administration Emissions of Green house Gases in the United

States /997 October 1998 Table 31
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the amount in 1990 Between 1945 and 1997 public road mileage increased by about 19%
from 3.32 million miles to 3.96 million miles Existing rail mileage is approximately 177000
miles of track.4 There were 18345 airports in the U.S in 1997 21 percent increase since 1980

Although infrastructure is pervasive national-level information on the cumulative impacts of

transportation infrastructure on wildlife and ecological systems is limited Most transportation-

related impacts on wildlife and habitat are studied at the local level

DREDGING AND IMPACTS TO AQUATIC RESOURCES

Dredging is undertaken to

improve nav.igation for water-

borne transportation Damage
to habitat can occur because of

disturbance and removal of

bottom material and disposal of

dredged material The U.S

Army Corps of Engineers

dredges and disposes of about

200 to 300 million cubic yards

of material annually from

Congressionally-authorized

navigation improvement and

maintenance projects In

addition permit applicants

e.g port authorities terminal

owners industries and private

individuals dredge an

additional 100 million cubic

yards annually from navigation projects i.e ports berths and marinas.5

material can be disposed of in open water or on land Open water disposal can alter

bottom habitats decrease water quality and adversely affect marine organisms If not

contaminated dredged material can also be used for beneficial purposes such as construction

beach nounshment land creation wetland creation and wetland restoration Each year

approximately 60 million cubic yards of dredged material is disposed of in the ocean at

designated sites.6 At least 24 percent of dredged material disposed by the U.S Army Corps of

Engineers in 1998 was used for beneficial
purposes beach nourishment wetlands nourishment or

creation as shown in Figure 2-19

Estimate based on data from U.S Department of Transportation Federal Highway Administration

Highway Statistics 1990 1995 1996 and /997 Table HM-60
Association of American Railroads www.aar.org as cited February 14 1999

U.S Environmental Protection Agency Ocean Dumping Program Update EPA842-F-96-003 1996

httpj//www.epa.gov/OWOW/OCPD/oceans/update3html and Army Corps of Engineers Navigation Data

Center Dredging Statistics Database

U.S Environmental Protection Agency Ocean Dumping Program Update EPA842-F-96-003 1996

b.ttp2Liwww.epa.gov/OWOW/OCPD/oceans/update3 .htrnl

Figure 2-19 Disposal/Use of Material Dredged by U.S

Army Corps of Engineers 1998
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WETLANDS

Wetlands are specific type of habitat that has received special attention because they perform
important ecological functions including providing habitat for variety of species and improving
water quality by removing nutrients and some contaminants Highway development has

historically been source of wetland losses as has dredging for waterway projects.17

Of the 12 states providing information about wetland losses in 1996 305b reports states

reported wetland losses due to highway or bridge construction states reported losses due to

dredging and state reported

losses due to marina development Fiaure 2-20 Sources of Recent Wetland Loss

as shown in Figure 2-20 Of
the states that reported

Reskiential Development/Urban Growth

sources of degraded wetland Agriculture

integrity reported that road Higiway/Bri Construction

construction was cause
Hydrologic Modification

Currently most states are not
lncjstrial Development

equipped to report on the

integrity of their wetlands and iYedging

national trends cannot be Manna Development

drawn from this limited

information

Although adverse
Impacts on Source U.S Environmental Protection Agency Office of Water National

wetlands may be unavoidable Water Quality lnventoy 1996 Report to Congress April 1998

for some projects

compensatory mitigation efforts arc now undertaken to mitigate for unavoidable wetland losses

Mitigation banking is mitigation technique in which wetland losses are offset by efforts to

restore or create other wetlands of comparable value For the most recent fiscal years the ratio of
wetland creation to wetland loss from the Federal Aid Highway Program has been

greater than
2.21 In the fiscal years 1996 to 1998 about 10815 acres of wetlands were created in

response
to 4537 acres lost due to the Federal Aid Highway Program for net increase of 6278 acres.8

There IS some debate about the effectiveness of wetland mitigation options in terms of wetland
function

WILDLIFE COLLISIONS

Collisions between vehicles and wildlife can impact certain wildlife populations Collisions
however are more frequently regarded as safety concern because they can lead to vehicle

damage and loss of human life Collisions between transportation vehicles and wildlife can occur
with all modes of transportation motor vehicles trains aircraft and maritime vessels and
recreational boats

U.S Environmental Protection Agency Appendixes from tile National Wafer Quality Inventory 1996
Report to Congress pjL/www.epa.gov/OW/resources/9698/appendjxj5

U.S Department of Transportation Federal Highway Administration Wetlands No-Net-Loss Summary
Data 1998

10 12

Number of Mates reporting
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There is incomplete data on

the extent to which animals

are killed by collisions with

transportation vehicles and

vessels nationwide The most

complete data are for bird and

other wildlife strikes with

aircraft which have been

monitored by the Federal

Aviation Administration since

1965 Quantitative analyses

from 1991 to 1997 show an

increasing number of

collisions over time as shown

in Figure 2-21 Birds were

involved in 97 percent of all

stnkes As development

patterns have
disrupted migratory patterns of birds some airports have become major bird

flocking areas due to the sufficient amount of open space

Data on collisions between

animals and motor vehicles is

less complete but also shows

trend of increasing animal-

vehicle collisions The Highway

Safety Information System

HSIS reports on motor vehicle

crashes in five states Illinois

Maine Minnesota Utah and

Michigan for 1985 to 1990

revealed total of

approximately 208300 animal

crashes over this period

Although some crashes

involved domestic animals

Michigans crash report

indicated whether the crash was _______________________
deer related For Michigan

almost all the hit-animal crashes 99.7 percent were deer related and recent data from Minnesota
indicate that over 90 percent of animal crashes involved deer Data from the five states shows
69 percent increase in animal collisions with motor vehicles over the period 1985 to 1991

INTRODUCTION OF NON-NATIVE SPEcIEs

Introduction of non-native species such as non-native grasses and vegetation can be
significant

problem with adverse consequences on habitat and ecosystems Non-native species may compete
with native species for food and force out existing creatures

Ships are known to be source of introduction of non-native species to bodies of water Although
national data are not available on damages to ecosystems or species loss due to introduction of

Figure 2-21 Number of Reported Strikes between
Wildlife and Civil Aircraft

Source U.S Department of Transportation Federal Aviation

Administration Wildlfe Strikes to Civil Aircraft in the United States

1991-1997 September 1998

Figure 2-22 Number of Animal Collisions with Motor

Vehicles reported to HSIS

Source U.S Department of Transportation Federal Highway
Administration Tumer-Fairbank Highway Research Center HSIS
Summary Reports Investigation of Crashes with Animals March
1995 FHWA-RD-94-156 iittpLLtthrc.gov/hsis/94-156ht
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non-native species via ship impacts in specific bodies of water have been identified For
example over 130 non-native species have been introduced to the Great Lakes since 1800 and
nearly third are believed to have been carried in by ships

19

Highway maintenance has also been
source of introduction of non-native species of

grasses and vegetation Highway right-of-way
has in many instances been planted with non-native grasses which have spread and forced out
native

vegetation from the area around highways

2.6 WATER QUALITY AND AQUATIC RESOURCES

Transportation affects water quality in four ways the creation of impervious surfaces can
adversely affect water quality due to faster rates of runoff lower groundwater recharge rates and
increased erosion pollutants such as vehicle exhaust oil and dirt and deicing chemicals are
deposited to roadways and other impervious surfaces leaking underground storage tanks
release petroleum to groundwater and in the maritime sector oil spills affect the water quality
of inland waterways and coastal areas

IMPERVIOUS SURFACES

The construction of surface transportation facilities creates impervious surfaces which can harm
water quality in number of ways including

Runoff from roadways runways and
parking lots can produce increased pollutant loadings to

wetlands and streams unless the runoff is treated

A.n increase in the amount of impervious surfaces results in lower recharge rates for

groundwater

Construction of surface transportation facilities contributes to increased erosion which also

occurs as result of increased runoff from impervious surfaces

Impervious surfaces are associated with all modes of transportation but are most extensive for
the highway system and airports The growth in road mileage in the United States has been
relatively slow increasing by 19 percent from 1945 to 1997 Lane mileage in the United States
has grown faster from an estimated 2693604 miles in 1984 to 3968813 miles in 1997 47
percent increase

20

Traffic levels are much higher in urban areas than in rural locations thus pollutant levels from
highway runoff are higher in urban areas than rural areas Runoff pollution includes particulates
and heavy metals from vehicle exhaust fumes copper from brake pads tire and asphalt wear
deposits and dnps of oil grease antifreeze hydraulic fluids and cleaning agents

In the aviation sector national data on the amount of land area covered by airport runways and
facilities is not readily available although the amount is believed to be quite large The number of

airports with paved runways increased by more than 60 percent between 1980 and 1997 from just
under 5000 to over 8000

Council on Environmental Quality Environmental Quality 1993
Includes all nonlocal lane mileage from Table HM-60 in Highway Statistics 1984 and 1997
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RELEASES OF DEICING CHEMICALS CLEANING FLUIDS AND WASTEWATER
Use of deicing chemicals facilitates travel during winter weather conditions and is particularly
important for highways and airports Rock salt is the principal deicing agent used in winter road
maintenance

throughout the nation Environmental impacts of road salt include adverse effects to
roadside vegetation harm to soil structure and potential impacts on drinking water and aquatic
life The actual amount of salt applied to roads nationally is not known but statistics on road salt

sales are available Approximately 16 million tons of highway salt were sold in 1997.21

Aircraft deicers and anti-icers used in North America are based on glycols such as ethylene
glycol diethylene glycol and propylene glycol while runway and taxiway deicers are typically
formulated with combination of urea glycols sodium formate and/or potassium acetate
Glycols are biodegradable but can reduce the oxygen available to aquatic life in waters to which
deicing and anti-icing fluids are released Urea degrades to ammonia and nitrate which are toxic
and can contaminate drinking water It is estimated that 11.5 million gallons of deicing products
are used annually in aviation.22

Wastewater is another water quality issue associated with transportation Facilities such as gas
stations maintenance shops service stations and freight terminals impact water quality through
runoff of gas oil and dirt spills during refueling waste releases to sewer systems and cleaning
of freight tank intenors Truck railcar and ship cargo interiors that

carry fluids must be washed
resulting in the output of spent cleaning fluids water treatment system sludge and tank residues

RELEASES FROM LEAKING UNDERGROUND STORAGE TANKS

Underground storage tanks USTs are used to store fuel at gas stations and other facilities as
well as other chemicals Leaking petroleum USTs can be source of groundwater contamination
Releases from tanks and piping occur from corrosion of older unprotected steel tanks and piping
or from cracks in tanks made from other materials The UST regulations that EPA issued in 1988
established number of corrective action requirements for UST owners and operators including
the requirement to clean up soil and groundwater as needed to protect human health and the
environment EPA regulations required that by 1998 all existing USTs have spill protection
through catchrnent basins automatic shutoff devices overfill alarms and mandatory corrosion

protection for steel tanks and piping As result of these stringent regulations there has been
decrease in the number of active petroleum USTs in the U.S as petroleum UST

systems have
been closed

Data on number of active tanks and the cumulative number of closed tanks releases reported
cleanups initiated and completed and emergency responses are compiled in EPAs Corrective
Action Measures reports formerly called STARS Strategic Targeted Activities for Results
System summarized in Table 2-3

21

Salt Institute 1998
http//www.saltinstitute.org/33htmlhjghways

22
Dltri ed Chemical Deicers and the Environment Lewis Publishers 1992
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Table 2-3 Corrective Action Measures Reports for the Entire U.S 1996 1998

Time Period Mthe Tafflis Conflæned Cleanups C1ea1ps
croed Fnltltdd Cod

Half FY 1996 1093018 1043437 314720 241787 141185
200 Half FY 1996 1064478 1074022 317488 252615 152683
1HalfFY1997 1031960 1111266 329940 276603 162431

200 Half FY 1997 969652 1150824 341773 292446 178297
1st Half FY 1998 919540 1186341 358269 301842 192065

Half FY 1998 891686 1236007 371387 314965 203247
Cumulative

Source U.S Environmental Protection Agency Office of Underground Storage Tanks Corrective Actions Measures

Archive http//www.epa.gov/swerust /catlcamarchv.htm
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OIL SPILLS AND OTHER RELEASES TO WATER IN THE MARITIME SECTOR

Oil spills during marine transport are the most publicized adverse impact of the maritime industry

because of the severe damage to the maritimeenvironment they can cause The discharge of solid

wastes and sewage by maritime vessels can also affect water quality especially in coastal areas

where the volume of traffic is high

Oil Spills

While the number of incidents in which oil was spilled has increased since 1982 the volume of

fuel spilled has actually declined in recent years Increased safety standards and enforcement

resulting in part from the Exxon Valdez spill have led to dramatic decline in the volume of fuel

spilled in recent years
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Figure 2-23 Number of Fuel Spills and Total Volume of Fuel Discharged Annually 1982-1997

5000

EjNunther of Incidents

dVolume of fuet spilled

14.000

12000

10000

8000

6000

4.000

too

000

Source U.S Department of Transportation Bureau of Transportation Statistics National Transportation Statistics

1998 Table 4-42
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Dumping of Solid Waste

No information is available on environmental damage caused nationally by dumping of solid
waste from ships It is estimated however that the U.S maritime sector generates over 800000
metric tons of garbage annually.23 No information was available on the quantity of this waste that
is disposed of at sea as opposed to at port The most pronounced effects of solid waste dumping
are entanglement ingestion and ghost fishing when discarded fishing gear continues to catch
finfish and shellfish

Sewage Dumping

Two major effects of sewage dumping are the introduction of microbial pathogens into the
environment and reduction in dissolved oxygen levels No nationwide indicators of the
environmental impacts of sewage dumping are available The U.S Coast Guard estimates that 90
to 95 percent of U.S commercial vessels and 75 to 80 percent of recreational vessels are
equipped with marine sanitation devices.24 Marinas were reported to be source of pollution on
percent of surveyed miles with 25 percent of impaired river miles reporting marinas as source
of pollution This pollution could be from variety of factors including sewage oil spills and
other waste.25

2.7 HAZARDOUS MATERIALS INCIDENTS

Hazardous materials are shipped by all modes of transportation and accidents in all modes that
release hazardous materials damage the environment The number of hazardous materials
incidents reported to the Hazardous Materials Incidents System HMIS rose from about 8880 in
1990 to 13853 in 1997

Most reported incidents

occurred in the highway
Figure 2-24 Number of Hazardous Materials Incidents

1990-1997
sector with rail and

aviation
reporting the next

largest number of

incidents Although the

number of reported

incidents has grown the

iIiIiItIItijincident rate is uncertain

The increase in reported

incidents could be due in

.0

part to improved reporting

or increased economic
1990 1991 1992 1993 1994 1995 1996 1997

activity Ton-miles and

vehicle miles of freight

increased over the 990s

but data are not available on the level of shipment of hazardous materials nationally

23
National Research Council Marine Board Clean Ships Clean Ports Clean Oceans Controlling

Garbage and Plastic Wastes at Sea National Academy Press 1995
24

U.S Coast Guard
25

U.S Environmental Protection Agency Appendices from the National Water Quality Inventory 1996
Report to Congress
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2.8 NOISE

The
transportation system is major source of noise in the United States Intrusive noise can

degrade the
quality of life for people in affected areas In extreme cases intrusive noise can pose

threat to hearing Sound is measured on non-linear scale in units of decibels An adjusted
scale using A-weighted decibels emphasizes those sound frequencies that humans hear
best On this scale 10-dBA increase is perceived as doubling of sound Sound above 65dBA is considered armoying and sound above 125 dBA is painful Noise generated from the
transportation system generally falls above the annoyance level but below that which is painful
Noise can cause stress and other health problems and can affect the habitat of species living near
the roadway

Recent national data on exposure to noise by different transportation sources are not available An
estimate of the percent of the population exposed to different levels of transportation noise is

available for 1980 however as shown in the following table

Table 2-4 Percent of U.S Population Exposed to Different Levels of Transportation Noise 1980
MOde 55 dBA Annoyance Lev 65 dBA Communication Inteference

Highway 37.070 7.O
Rail 2.4/

Aviation 9.0/o 2.0I
Source Organization for Economic Cooperation and Development OECD Indicators for the Integration ofErnnronmental Concerns into Transport Policies OECD Publications 1993

Noise levels are site specific and dissipate as the distance from the source increases Noise is

primarily problem produced by surface transportation and aviation because of the loud sounds
produced by motor vehicles trains and aircraft and their

proximity to residential areas

As shown in Table 2-4 estimates from 1980
suggest that exposure to highway noise is the most

significant transportation noise problem in terms of the number of people exposed to high levels
of noise with aviation also significant problem Noise from aircraft has been significantly
reduced from 1980 levels however Noise associated with road

transport comes primarily from
engine operations but also includes

noise generated from pavement-wheel Figure 2-25 U.S Population Exposed to DNL of 65dB
contact aerodynamic effects and the or Greater from Aircraft

vibration of structures Typical noise

levels for highway vehicles
range from

about 7OdBA for freeway traffic to 85

dBA for heavy truck Noise barrier

construction has been used to mitigate

this noise exposure but recent estimates

of noise
exposure are not available and

exposure levels are not known

nationally Noise associated with rail

transport comes primarily from engine

operations but also includes rail-wheel

contact aerodynamic effects and

vibration of structures during 1975 1980 1985 1990 1995 2000
operations At the national level

_________________________________________________
railroad noise is not considered

Source U.S Department of Transportation Federal Aviation
significant problem although at the Administration Reprint of Preamble to the Amendments to

PART9I Stage 2Aircraj Phaseout 1995
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local level noise impacts from rail may be severe Typical noise levels are 89dB for an electric

locomotive 93dB for diesel locomotive and 120 dBA for locomotive whistle

Noise is the most recognized environmental impact from aircraft The U.S Federal Aviation
Administration FAA has focused its noise control efforts primarily on regulating aircraft and
engines which has resulted in significant reductions in

exposure to aircraft noise Regulations
define three classes of aircraft in terms of their noise levels with stage being the loudest and
stage aircraft being the quietest All stage aircraft have already been phased out and the last

stage aircraft over 75000 pounds must be removed from service by December 31 1999 Other
types of controls to reduce aircraft noise exposure include modification of flight paths and timingof aircraft operations usually to minimize nighttime operations and soundproofing of buildings
subject to the severest noise exposure

The FAA measures noise through measurement called the Day-Night Sound Level DNL
which is also expressed in decibels dB Areas subject to DNL of 65dB or above are considered
incompatible with residential uses but may be

compatible with other uses The population
exposed to DNL of 65dB or higher has been falling over time as Stage aircraft are phased out
It is estimated that by the

year 2000 less than 0.5 million
people will be exposed to DNL of

over 65dB down from about 7.0 million people exposed to that sound level in 1975

2.9 SOLID WASTE

Disposal of parts and vehicles aircraft and vessels is the last phase of the life-cycle analysis of
the environmental impacts of the transportation sector National statistics on solid waste
generation by the transportation sector are only available for the highway sector In the maritime
sector most ship disposal shipbreaking is done overseas and in the aviation sector many older
aircraft after are exported

Motor vehicle dismantling operations generate both solid and fluid waste Fluids including motor
oil antifreeze and air

conditioning refrigerants are recovered to the extent possible and
reprocessed or sent to energy recovery facilities Many vehicle parts such as radiators and
catalytic converters contain valuable metal materials and are usually removed before

scrappage
for recycling or reuse In addition the battery fuel tank and tires are also removed before
disposal for safety or environmental reasons

Figure 2.26 Number of Motor Vehicles

Scrapped Annually thousands 1970-1 995

MOTOR VEHICLE SCRAPPAGE

Over 11 million motor vehicles were scrapped

in 1996 The number of vehicles
scrapped has

not grown proportionately with the motor

vehicle fleets as the average age of vehicles has

grown over time Figure 2-26 shows the number

of vehicles
scrapped from 1970-1995

Approximately 75 percent of the material

collected from scrapped vehicles steel

aluminum copper is recycled and 25 percent is

landfilled Scrapped vehicle waste comprises

about 1.5 percent of total municipal landfill

00

00

1970 1975 1980 1985 1990 1995

Year

Source U.S Department of Transportation

Bureau of Transportation Statistics National

Transportation Statistics 1998 Tabk 4-45
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waste.26

MOTOR OIL

Used motor oil is an environmental hazard as it contains concentrations of detergents heavy
metals and other toxics

Improperly disposed motor oil is an extremely concentrated water
contaminant One

quart of motor oil can contaminate million gallons of fresh water Over 70

percent of motor oil is burned or rerefined 13.4 percent of used motor oil is illegally dumped and
10.1 percent is landfilled.27

TIRES

The characteristics that allow tires to last many thousands of miles on vehicles also make them
difficult to dispose of Many landfills do not allow tire disposal because tires decompose very
slowly collect gases from other garbage and then gradually float up to the surface of the landfill
Since they retain stagnant water tires are ideal

breeding grounds for mosquitoes In addition they
contain oil making them fire hazard When ignited tires emit toxic

gases and the use of water
to extinguish tire fires can result in soil and water contantination Tire fires are very difficult to

put out sometimes burning for more than year In 1996 some 266 million tires were scrapped
of which 76 percent were recovered.28 Recovery removes tires from the municipal waste stream

through recycling use as fuel and exports to other countries Despite efforts to remove tire

dumps about 800 million tires remain in stockpiles nationwide and represent an ongoing
environmental hazard.29

BATTERIES

Lead-acid batteries are the largest source of lead entering the waste stream Close to three-fourths

by weight of the lead-acid batteries shipped domestically in 1989 were automotive batteries

Improper disposal of lead-acid batteries can cause environmental damage since the
average

vehicle battery contains 18 pounds of lead pounds of plastic and gallon of acid The national

recycling rate for lead-acid batteries is high however about 90 percent are recycled.36

RAIL EQUIPMENT AIRCRAFT SHIPS AND BoATs AND PARTS

Solid waste from aircraft and ground support equipment includes batteries tires brake pads and
other used vehicle components The main impact of disposal of non-recycled vessel parts is that

they contain toxic components e.g batteries and engine parts Estimates of the health and
environn-iental impacts of disposal of rail cars aircraft and ships and boats are not available

26
U.S Environmental Protection Agency Profile of the Motor Vehicle Assembly Industry EPA Office of

Compliance Sector Notebook Project September 1995
U.S Environmental Protection Agency Municipal Solid Waste Fact Book Internet Edition

httPJ/wwwepagov/epaoswer/nonhw/muflcpl/factooklmswf/
28

Scrap Tire Management Council http//www.rma.org
29

Hilts Michael Broadening the Market for Scrap Tire Rubber Solid Waste Technologies 101 14-19

January/February 1996

Battery Council International www.ibstl.com U.S Environmental Protection Agency Characterization

of Municipal Solid Waste in the United States 1997 Update Prepared by Franklin Associates Ltd May
1998
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HIGHWAY ENVIRONMENTAL INDICATORS

This chapter describes the environmental impacts of highway transportation Highway
transportation is defined here to encompass all forms of on-road motor vehicle transportation

including travel and related activities involving personal vehicles motorcycles freight trucks and
buses Agncultural-related mobile sources like tractors and off-road recreational vehicles are not

included in this discussion Impacts are described for five categories of highway activities

Highway Infrastructure Construction

Motor Vehicle and Parts Manufacture

On-road Vehicle Travel

Maintenance Support and Operations

Disposal of Vehicles and Parts

3.1 HIGHWAY INFRASTRUCTURE CONSTRUCTION

Highway infrastructure
projects include construction of new roads additions to road capacity and

system preservation projects such as resurfacing and reconstruction Over the five years 1993 to

1997 an average of 16389 miles of Federal-aid roadway improvements were underway each

year On average 492 miles of new routes percent of project miles and 2130 miles of

capacity additions 13 percent of project miles were underway annually while the remaining
miles were system preservation-related projects such as reconstruction and resurfacing
Considerable construction-related activity also occurs on non-Federal-aid highways which make
up over three-fourths of all highway miles.2

Highway infrastructure projects can impact natural resources in and around new or existing rights

of way Development of new roads involves taking of developed or undeveloped land for right of

way and for borrow pits that are used as source of fill material during construction

EnviromiTiental impacts that occur during road construction and widening include erosion

degradation of water quality as result of excessive runoff during excavation activities and air

pollutant and greenhouse gas emissions from construction equipment

Longer-term enviromnental impacts caused by highway infrastructure construction include

fragmentation and loss of habitat and degradation of water quality associated with increases in

impermeable road surfaces Indirectly road construction contributes to changes in land use

patterns which can have more extensive effects on habitat Motor vehicle-related infrastructure
such as paved parking lots and driveways also destroy and fragment habitat Upstream effects are
also associated with the manufacture of asphalt concrete steel and other materials used in

highway projects

U.S Department of Transportation Federal Highway Administration Highway Statistics 1997
November 1998 IV-43

U.S Department of Transportation Federal Highway Administration Highway Statistics 1997
November 11998 Table HM-l8
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Environmental regulations and environmental management activities by transportation agencies
limit the amount environmental damage caused by highway construction detailed
environmental

impact statement EIS is usually required prior to project development and
impacts on environmental resources such as wetlands or endangered species and their habitats are

usually mitigated through project modifications During construction erosion impacts are
minimized through careful project management and efforts are now being made to address

polluted runoff from highways through stormwater management programs

LAND USE AND HABITAT DISRUPTION

DESCRIPTION OF IMPACT

Taking of land for new highway may adversely affect sensitive ecological resources such as

endangered plant and animal species or their habitats Since the annual increase in road mileage is

relatively small compared to the existing system the aggregate national impacts associated with
direct loss of habitat to new construction are low Roads however can have significant impact
locally and regionally Roads can split natural habitats decreasing habitat

necessary to support
certain species populations and reducing interaction with other communities Habitat

fragmentation also affected by the volume of traffic is known to produce declines in both the
number of species diversity and their populations abundance

Wetlands are specific type of habitat that has received special attention because they perform
Important ecological functions Wetlands support diverse range of species and provide critical

habitat for more than half of all endangered fi5h and amphibian species in the United States
Wetlands also provide other desirable functions such as flood control mitigation of damage from
erosion and improvement in water quality by removing excess nutrients and some chemical
contaminants Due to the linear nature of highway projects many cross watercourses and some
may have unavoidable adverse effects on wetlands

Although significant wetland losses have occurred
historically due to highway development and

urban development compensatory mitigation efforts are now undertaken to mitigate for

unavoidable wetland loss The national policy ofno net loss of wetlands has
recently been

strengthened with new priorities to produce net increases in wetland
acreage resulting from

Federal-aid highway projects Questions still remain however about the effectiveness of

wetland mitigation approaches in terms of wetland function

FACTORS THAT AFFECT IMPACT

Type of construction activity maintenance capacity expansion

Ecological conditions/type of land i.e wetlands forest etc
Species/habitat in and near the right of way
Type of road surface aved/unpaved and barriers to wildlife crossing

Implementation of various efforts to avoid or mitigate impacts e.g wildlife crossings

INDICATORS OF ENVIRONMENTAL IMPACT

Wetland
acreage affected by highways is the only measure of habitat loss associated with road

construction that is tracked nationally Quantified data on other environmental outcomes from
highway infrastructure such as losses of endangered species and habitat fragmentation are not

36



HIGHWAY IMPACTS

available at national level The amount of highway construction and land area occupied by
highways provide an indication of environmental impact These measures however are limited
because they do not provide information on environmental mitigation practices the sensitivity of
wildlife in project area or secondary effects

WETLANDS LOSSES AND GAINS FROM MITIGATION

The Clean Water Act requires states and other junsdictions to provide variety of information on
water quality to EPA as part of 305b reports However flexibility in the 305b reporting

requirements means that reporting of wetlands-related impacts due to road construction is not
mandated Only 12 states provided information about wetlands losses in 1996 305b reports Of
these states 50 percent reported wetlands losses due to highway/bridge construction.3 Of
states reporting sources of degraded wetland integrity 37 percent reported that road

construction was cause while 87 percent reported urban run-off as cause Trend data are
unavailable because reporting methodologies vary from

year to year

Source U.S EPA Appendices from the National Water Quality Inventory 1996 Report to Congress
htpL/www.epa.gov/OWIresourcesi9698/apyendixxIs

While historically transportation has been source of net wetland losses in recent years the
Federal-aid Highway System has been net contributor to wetland

acreage through mitigation
projects

Table 3-1 Wetland Losses and Creation Associated with the Federal Aid Highway Program
Year Wetland Acres Impacted Wetland AcresUlUgated Ratio of Wetlands Created

to Wetlands Lost

1568 3554 2.3

1699 4483 2.6
1270 2778 2.2

FY 1996

FY 1997

FY 1998

Source U.S Department of Transportation Federal Highway Administration Wetlands No-Net-Loss Summary
Data 1998 Data based on figures reported by FHWA Regional Offices

ANP OCCUPED BY HIGHWAYS

In 1997 public roads occupied an estimated 17345 square miles of land 11.1 million acres not

including road shoulders and medians This area equals less than 0.5 percent of U.S land area It

is an increase from 17013 square miles 10.9 million acres in 1990

Other sources included agnculture states and residential development and urban growth 10 states
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Table 3-2 Land Area Occupied by Roadways 1990-1997 Square Miles
Year Rural Roads 3tads Tot $4tciads lnse

frôIfl.f99O

1990 13402 3610 17013 -%
1995 13278 3926 17205 1.1%..
1996 13284 3963 17247 1.4%
1997 13363 4012 17375 2.1%

Source Estimate based on data from U.S Department of Transportation Federal

l-ighway Administration Highway Statistics 1990 1995 1996 and 1997 Table HM-60.4

Rural roads made up approximately 77% of all land used for highways occupying an area larger
than the state of Maryland Urban roads took up 23% of total land used for highways occupying
an area larger than the state of Delaware

One study estimated that paved and unpaved public roads including medians and shoulders
occupy about 25000 square miles of land if off-street parking garages carports and driveways
are included the land area increases to 29000 square miles

Source Delucchj MA Bundled Pnvate Sector Costs of Motor Vehicle Use Report No in the Series The
.4 nnua/zed Social Costs of Motor Vehicle Use in the US Based on 1990-9/ Data Davis CA University of
Calforiiia Davis Institute of Transportation Studies

LANE MILEAGE

There were approximately 8.24 million lane miles on roadways in the U.S in 1997 This is an
increase of nearly 167000 lane miles since 1990 2.1 percent increase

Table 3-3 Lane Miles 1990-1997

Year Lane Miles Increase

From 1990

1990 8071708 -%

1995 8158181 1.1%

1996 8177823 1.3%

1997 8238494 2.1%

Source U.S Department of Transportation Federal Highway Administration

Highway Statistics 1990 1995 1996 and 1997 Table HM-60

ROAD MILEAGE

Between 1945 and 1997 638998 new miles of public roads were added in the United States 19

percent Increase in road mileage The most significant increases in road mileage occurred in the

l950s and 1960s Between 1990 and 1997 road mileage in the United States increased by 91357
irules or 2.4 percent

Values calculated based on number of lane miles times estimated average width per road type interstate

highways 12 ft rural other arterials 11.9 fi urban other arterials II .8 ft rural collectors 11 ft urban
collectors 11.3 ft local roads 11 ft
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Table 3-4 Public Road Mileage 1945 1997

Year Public RoaMileae Increase

from 1945

1945 3319286 -%

1950 3312975 0%
1955 3418214 3%
1960 3.545693 7___
1965 3689666 11%
1970 3730082 12%
1975 3838146 16%
1980 3859838 16%
1985 3863913 16%
1990 3866927 16%
1991 3883921 17%
1992 3901082 18%
1993 3905212 18%

1994 3906596 18%

1995 3912227 18%
1996 3933986 19%

1997 3.958284 19%

Source U.S Department of Transportation Federal Highway Administration

Highway Statistics Summary to 1995 Table HM-21 Highway Statistics 1996
and 1997 Table HM-12

HIGHWAY RUNOFF AND WATER QUALITY IMPACTS

DESCRIPTION OF IMPACT

At highway construction sites run-off particularly where groundcover is removed can cause
erosion of soil sedimentation in water bodies and other changes that disrupt aquatic habitats such
as fish-spawning areas and water vegetation Longer term effects of roadway infrastructure
include changes in watershed hydrology Unpaved roads contribute to sedimentation as soil and
gravel run off into stream channels Impervious road surfaces increase both the volume and rate

of surface water runoff and act as conduit for wide variety of toxic pollutants Pavement
covers soils and vegetation that would otherwise slow and absorb runoff before it reaches

receiving bodies of water and stormwater systems speed the flow of runoff to sewers Higher
volumes and faster rates of runoff in turn increase sedimentation nutrients and acidity of water
High volumes of runoff from hot paved surfaces can also boost surface water temperatures

harming fish and other aquatic life

Average daily traffic ADT also has strong influence on the quality of runoff Because ADT
levels are higher in urban areas than rural locations pollutant levels in highway runoff are higher
in urban areas Contaminants are deposited on roadway surfaces median areas and rights-of-way
from atmospheric fallout vehicle exhaust lubrication system losses tire and brake wear
transportation load losses deicing agents and paint from infrastructure During storm events
rainwater washes out atmospheric pollutants and upon surface impact or snowmelt it picks up
roadway deposits and runs off into receiving water bodies

Runoff pollutants from vehicles include particulates and heavy metals from exhaust fumes
copper from brake pads tire and asphalt wear deposits and drips of oil grease antifreeze
hydraulic fluids and cleaning agents Indirectly vehicles also contribute to polluted runoff by
carrying solids from parking lots urban roadways construction sites farms and dirt roads
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FACTORS THAT AFFECT IMPACT

Paved surface area

Level of traffic activity

Rate of deposition of contaminants on road surface
per vehicle

Precipitation activity antecedent dry period storm intensity and duration total amount
of rainfal Vsnowme It

Drainage characteristics

Ecology and other aspects of receiving water bodies type size diversity potential for

dispersion

INDICATORS OF ENVIRONMENTAL IMPACT

Information on water quality is compiled by states but it is difficult to determine what portion of
impaired river miles and lakes are directly affected by highway runoff As result the actual
contribution of highways to poor quality of water bodies is unknown Paved surface area serves
as an indicator of runoff impacts because impervious surfaces are associated with higher rates of
runoff

MPAIRED WATERWAYS IMPACTED BY HIGHWAY RUNOFF AND URBAN RUNOFF

In 1996 of the 693905 river miles surveyed urban runoff was estimated to be leading source of
impairment for 13 percent of impaired river miles up from 11 percent in the 1994 report

Of the 16.8 million acres of lakes reservoirs and ponds surveyed 417138 acres were reported to
be impaired due to highway maintenance and runoff

percent of impaired lake acres
percent of total lake acres surveyed The proportion of impaired lake acres reported affected by
urban runoff decreased from 24 percent to 21 percent between 1994 and 1996 and the number of
impaired estuaries affected by urban runoff decreased from 59 percent to 46 percent

Source U.S Environmenial Protection Agency .4 ppendixes from the National Water Quality In ventory .1996 Report to

Congress

EMViS SURFACES

The exact contribution of
transportation to urban runoff is not known but it is expected to be

large since road surfaces occupy significant portion of land in urban areas 19 percent
according to Tolley 1995 While road mileage is not growing quickly paved mileage is growing
more rapidly.5 While total road mileage increase 19 percent between 1945 and 1997 paved road
mileage increased almost threefold 278 percent The

percentage of roads in the U.S that are

paved has increased from about 19% in 1945 to 61% in 1997

This has implications for increased runoff Impacts but also has other implications such as reduced
particulate emissions from re-entrained dust and perhaps higher speeds of travel and greater emissions perVMT for certain pollutants
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Table 3-5 Unpaved and Paved Public Road Mileage 1945-97

1945 2681316 637970 19%

1950 2532978 779997 24%
1955 2422428 995786 29%
1960 2315224 1230469 35%
1965 2235066 1454600 39%
1970 2071661 1658421 44%
1975 1982786 1855360 48%
1980 1787145 2072692 54%
1985 1749855 2114057 55%
1990 1612104 2254822 58%
1991 1604317 2279603 59%
1992 1.598345 2302736 59%
1993 1627525 2277686 58%
1994 1564416 2342179 60%
1995 1533958 2378268 61%
1996 1553913 2380072 61%

2409935 61%1997 1548349

Sources US Department of Transportation Federal Highway Administration

Highway Statistics Summary to 1995 Table HM-2 12 Highway Statistics 1996
and Highway Statistics 1997 Table HM-12
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3.2 MOTOR VEHICLE AND PARTS MANUFACTURE

The motor vehicle and motor vehicle equipment industry is the largest manufacturing industry in

North America accounting for about percent of gross domestic product GDP.6 Nearly 6.1

million
passenger cars and 5.7 million commercial vehicles were manufactured in the U.S in

l996 There are approximately 4467 motor vehicle and equipment facilities in the U.s 39% of
which are in the Great Lakes Region.8 The massive size of the automotive industry and the
diverse nature of parts required to produce car requires the

support of many other major U.S
industries such as the plastics and rubber industry and the electronic components industry

Facilities involved wIth the manufacturing of automobiles are located across the U.S and are

organized based on the types of products produced Businesses involved in the manufacturing of
these products range from the large multi-national automakers to small independent automotive

parts suppliers

The many different production processes employed to manufacture motor vehicle require vast
amount of material input and

generate large amounts of waste The outputs resulting from the

various stages of production range
from air emissions from foundry operations to wastewater

containing spent solvents from surface painting and finishing For the industry as whole
solvents such as toluene and acetone comprise the largest number of releases The large quantity
of solvent releases can be attributed to the solvent-intensive fmishing processes employed by the

industry In addition to being used to clean equipment and metal parts solvents are components
of many coatings and finishes applied to automobiles during the assembly and painting/finishing
operations

Federal regulatory programs such as the Clean Air Act and the Resource Conservation and

Recovery Act RCRA of 1976 which addresses solid and hazardous waste management
activities have helped to reduce the environmental impacts of vehicle equipment manufacture

Voluntary initiatives by the automotive industry to explore pollution prevention opportunities
also have reduced environmental impacts

TOXIC RELEASES

DESCRIPTION OF IMPACT

The manufacture of motor vehicles and equipment results in environmental impacts through the
release of toxics to the air soil and water The top five toxic pollutants by volume generated by
the motor vehicle manufacturing industry include xylene glycol ethers toluene methyl isobutyl
ketone and N-butyl alcohol These are solvents used to clean equipment and metal parts and are

U.S Department of Commerce Bureau of Economic Analysis

U.S Department of Transportation National Transportation Statistics 1998 Table 1-28
wbts.govThtsprod/nts/

U.S Environmental Protection Agency Sector Notebook Motor Vehicle Assembly Jndusty 1995
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used in many coatings and finishes.9 The industry has reduced toxic releases considerably in

recent years through mix of voluntary and mandated actions

The manufacturing process begins with foundries that cast metal products which are used in the

production of motor vehicles and motor vehicle equipment Foundries create number of wastes

that may pose enviromriental concerns Dust is created during sand preparation molding and
shakeout and is of concern due to the carcinogenic potential of the crystalline silica in the sand

Gases containing lead cadmium particulate matter and sulfur dioxide are created during iron

melting Wastewater generated primarily during slag quenching operations and by wet scrubbers

employed as air pollution control devices may contain cadmium and lead

The next major process in the manufacturing of automotive parts is metal fabrication Metal
fabrication involves the shaping of metal components Many automotive parts including fenders

hubcaps and body parts are manufactured in metal fabricating shops Each of the metal shaping

processes can result in waste metalworking fluids Metalworking fluids typically become

contaminated with extended use and reuse and they may contain constituents of concern

including toxics such as cadmium chromium and lead Many fluids may also contain chemical

additives such as chlorine sulfur and phosphorus compounds phenols cresols and alkalines In

the past such oils have commonly been mixed with used cleaning fluids and solvents including
chlorinated solvents Air emissions may result through volatilization during storage fugitive
losses during use and direct ventilation of fumes

Following fabrication metal parts must be finished Numerous methods are used to finish metal

products and surface preparation operations generate wastes contaminated with solvents and or

metals depending on the
type of cleaning operation Concentrated solvent-bearing wastes and air

emissions may arise from degreasing operations Chemical treatment operations can result in

wastes that contain metals of concern Electroplating operations can result in solid and liquid
waste streams that contain constituents of concern Related operations including all non-painting

processes can contribute wastes including scrap metals cleaning wastewater and other solid

inaterials

Once the various automotive parts are produced they are ready to be brought together for

assembly Due to advances in tecimology well designed operating procedures and the

implementation of strategies to limit waste from assembly little waste is generated during the

actual assembly of an automobile The final phase of motor vehicle manufacture is painting
Various solid and liquid wastes may be generated throughout painting operations and are usually
the result of paint application and drying cleanup operations and disposal of leftover and unused

paint as well as containers used to hold paints

FACTORS THAT AFFECT IMPACT

Number of vehicles built

Efficiency of controls and efforts to reuse or recycle chemicals including pollution

prevention

Amount of chemicals transferred to other locations for recycling energy recovery or

treatment

U.S Environmental Protection Agency Sector Notebook Data Refresh /997 May 1998 T2
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Types of chemicals released toxicity

Exposure to impacts population in vicinity of
manufacturing facility

INDICATORS OF ENVIRONMENTAL IMPACT

No quantified data on human health impacts such as increased incidence of cancer from toxics
or habitat and

species impacts are available Estimates of TRI releases are available however

Toxic RELEASES

According to the 1996 Toxic Release Inventory 728 motor vehicle-related manufacturing
facilities SIC codes 3711 3713 3714 3715 3716 3751 and 3792 released nearly 73 million

pounds of toxic pollutants to the environment in 1996 as shown in the table below The largest

quantity of toxic chemicals were reported released from industries
producing motor vehicles and

car bodies SIC code 3711 and motor vehicle parts and accessories SIC code 3714

Table 3-6 Toxic Chemicals Released from Motor Vehicle-Related Manufacturing Facilities 1996

pounds per year

SIC Industry Type Total On-Site Total Off-Site Total Quantity
Releases Jeleases Released to the

Transfer to Environment

___________________ Dispàsal
3711 Motor Vehicles Car Bodies 40.587234 1517251 42104485
3713 Truck Bus Bodies 4.770261 133698 4903959
3714 Motor Vehicle Parts Accessories 16.080845 4348414 20429259
3715 Truck Trailers 821756 16370 1838126
3716 Motor Homes 1353532 1438 1354970
3751 Motorcycles Bicycles Parts oöosöo25o
3792 Travel Trailers Campers 1276632 49181 1325813

TOTAL 66611460 6075402 72686862

Note On-site releases from Section of Form Off-site releases from Section of Form

Source U.S Environmental Protection Agency Office of Pollution Prevention and Toxics 1996 Toxics
Release Inventory Public Data Release 10 Years of Right-to-Know Industry Sector Analyses December 1998

Table 14-3

Total production-related waste for motor vehicle-related manufacturing totaled 271.3 million

pounds of toxic chemicals in 1996 Of the total production-related toxic waste 12 percent
underwent on-site waste-management either recycling use for

energy recovery or treatment on-
site and 61 percent was transferred off-site for waste-management In total 57 percent of total

production-related toxic waste was recycled

Source U.S Environmental Protection Agency Office of Pollution Prevention and Toxics 1996 Toxics Release

Inventory Public Data Release- /0 Years of Right-to-Know Industry Sector Analyses December 1998 Table 14-9

Most toxic releases from motor vehicle-related manufacturing facilities were emitted to the air
Because chemicals have been added to the Toxic Release Inventory TRI deleted or redefined
over time the

following table
reports only releases of core chemicals required to be reported in

44



HIGHWAY IMPACTS

all years l988-1996 Releases of core chemicals dropped by 48.56 million pounds 42

percent reduction between 1988 and 1996

Table 3-7 Toxic Chemicals Core Released from Motor Vehicle-Related Manufacturing Facilities

SIC 3711 3713 3714 3715 37163751 and 3792 1988-1996 thousands of pounds per year

ear ..-_-__--.___ Off-site Totil

Air Water Under- Drect.to TôtaI.On- Releases Releases to
ground land fte the

injection Releases Environmen
1988 101613.4 167.3 14 1731.2 103513.3 13.2110 1167243

79145.9 15 152.8 79313.7 5837.5 85151.3

1995 69200.0 12.5 313.4 69522.9 6332.5 75855.4

1996 62797.2 20.7 541.9 63359.8 4790.1 681499

U.S Environmental Protection Agency Office of Pollution Prevention and Toxics 1995 Toxic.s Release Inventory
Public Data Release 10 Years of Right -to-Know Industry Sector Analyses December 1998 Table 14-14

CRITERIA AIR POLLUTANTS

DESCRIPTION OF IMPACT

Cnteria air pollutants are emitted dunng vanous stages of the manufacturing process Of
particular note volatile

organic compounds VOC result from the
painting and finishing

application processes paint storage mixing applications and drying as well as cleaning

operations These emissions are composed mainly of organic solvents that are used as carriers for

the paint Solvents are also used during cleanup processes to clean
spray equipment between

color changes and to clean portions of the spray booth

FACTORS THAT AFFECT IMPACT

Number of vehicles built

Efficiency of controls and efforts to reduce emissions including pollution prevention

Exposure to impacts population in vicinity of manufacturing facility

Tables for 1988 to 1996 include only chemicals that were reportable in all years for 1988 to 1996 These
tables do not include for example chemicals added in 1990 1991 1994 or 1995 Because non-fibrous
forms of aluminum were removed from the list in 1989 aluminum oxide is not included Reporting
definitions for ammonia hydrochlonc acid and sulfuric acid have also changed and are not included in

multi-year comparisons The set of core chemicals differs depending on which years are being examined
so the figures in this table may not equal those in other tables that use different years
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INDICATORS OF ENVIRONMENTAL IMPACT

ESTIMATES FROM NATIONAL INVENTORIES

Quantified information on cnteria pollutant emissions from vehicle and parts manufacturing
facilities can be extracted from EPAs national emissions inventory These estimates include only
point sources

Table 3-8 Criteria Pollutant Emissions from Vehicle
Manufacturjn Facilities 1990-1996 short tons

Year VO NO Co SO PM-b

1990 108050 20848 22046 41670 4616
1991 102731 16905 16744 30893 4692
1992 107456 21445 17093 35489 5192

1993 108488 19796 14927 32335 5514

1994 113542 19583 18008 31468 5641

1995 108678 18900 18286 31232 4923

1996 102782 18913 18384 31233 4922

Note Based on following SIC codes 3711 3713 3714 3715 3716 3751 4213

Source US Environmental Protection Agency NET Viewer

Motor vehicle and car bodies SIC 3711 report the largest quantity of emissions of all facilities

within the vehicle manufacturing industry

Table 3-9 Criteria Pollutant Emissions from Vehicle
Manufacturing Facilities by SIC Code 1996

short tons

SIC
Industry Tye VbC NO CO SO2 PM 10

3711 Motor Vehicles and Car Bodies 73936 8683 12528 16641 1803
3713 Truck and Bus Bodies 7299 164 59 59 74
3714 Motor Vehicle Parts Accessories 16174 9924 5704 14311 2794
3715 Truck Trailers 2092 27 15 25 162
3716 Motor Homes 183 18

3537 lndusL Trucks Tractors Trailers Stackers 520 24
3751 Motorcycles Bicycles Parts 2475 53 27 152 60
4213 Trucking 103 21 42

TOTAL 102782 18913 18384 31233 4922
Source U.S Environmental Protection Agency NET Viewer

Most of the VOC emissions from vehicle manufacturing facilities come from solvent utilization

in surface coating for vehicles

Estimates of total VOC emissions from solvent use in surface coating for autos and light trucks

are available for 1970 to 1997 The estimates reported below include both point and area sources
so the figures do not correspond to the figures reported above by SIC category which only
include point sources
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Table 3-10 VOC Emissions from Solvent Utilization in Surface Coating for Autos Light Trucks

Point and Area Sources 1970-1997

Year Thousahd Short

Tons

1970 165

1975 204

1980 165

1985 85

1990 92

1991 90

1992 93

1993 92

1994 96

1995 96

1996 123

1997 132

Source U.S Environmental Protection

Agency National Air Pollutant Emissions

Trends Report 1900-1997 Table A-3

RQRTS FROM LARGE MANUFACTURING FACILITIES

Reports of criteria pollutant emissions from individual large manufacturing facilities are compiled
in EPAs AIRS database These data are not complete They do not include information from all

manufacturing facilities or allow consistent tracking of trends They do however provide basis

for comparing the contribution of motor vehicle manufacturing facilities to that of other industrial

facilities

Table 3-11 VOC Emissions from Motor Vehicle and Parts Manufacturing Facilities reported to AIRS

Industry Type SIC Number of Percent of Pollutant Percent of

Facilities Total Emissions Total

Reporting FacIlities tons/year Emissions

voc Reporting

3465 Automotive Stampings 0.05% 662 0.04%
3711 Motor Vehicles And Car Bodies 56 1.46% 52515 2.94%
3713 Truck And Bus Bodies 21 0.55% 6.087 0.34%
3714 Motor Vehicle Parts Accessories 57 1.48% 14363 0.8%

3715 Truck Trailers 0.18% 1744 0.1%

3716 Motor Homes 0.03% 126 0.01%

3751 Motorcycles Bicycles Parts 0.16% 2149 0.12%

3792 Travel Trailers And Campers 0.13% 692 0.04%

5013- Automotive Parts And Supplies 0.03% 136 0.01%

TOTAL Motor Vehicle Manufacture 156 4.1% 78474 4.4%

Source U.S EPA Office of Air and Radiation AIRS Database January 1999

Figure 3-1 VOC Emissions from Solvent Utilization in

Surface Coating for Autos Light Trucks
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Table 3-12 CO Emissions from Motor Vehicle and Parts Manufacturing Facilities reported to AIRS

Industry Type SIC Number of
Percent of

PoIutant Percent of
Facilities TótÆ EmIsiÆns

Reporting Facilities tonslyear Ethisslàns

voc Reporting

3711 Motor Vehicles And Car Bodies 0.59% 4490 0.12%
3714- Motor Vehicle Parts Accessories 0.2% 1390 0.04%
TOTAL Motor Vehicle Manufacture 0.79% 5880 0.16%

Source U.S EPA Office of Air and Radiation AIRS Databe.se January 1999

Table 3-13 NO2 Emissions from Motor Vehicle and Parts Manufacturing Facilities reported to AIRS

Industry Type SIC Numbel Percent of Poilbtant Percent of

Facilities TOtal EmisSions Total

Reporting Facilities tons/year Emilôns
voc Reporting

3711 Motor Vehicles And Car Bodies 23 0.5% 6602 0.08%
3714-Motor Vehicle Parts Accessories 20 0.43% 8891 0.1%
TOTAL Motor Vehicle Manufacture 43 0.93% 15493 0.18%

Source U.S EPA Office of Air and Radiation AIRS Database January 1999

Table 3-14 SO2 Emissions from Motor Vehicle and Parts Manufacturing Facilities reported to AIRS

Industry type SIC Number of Percent of Pollutant Peftent of

Faclli$ Totaj Emissions Total

Reporting Facilities tonsyear Emissions

voc Reporting

3711 Motor Vehicles And Car Bodies 14 0.58% 5795 0.04%
3714 Motor Vehicle Parts Accessories 19 0.79% 6966 0.04%
375 1-Motorcycles Bicycles Parts 0.04% 118 0%
5013 Automotive Parts And Supplies 0.04% 116 0%
TOTAL Motor Vehicle Manufacture 35 1.45% 12995 0.08%

Source US EPA Office of Air and Radiation AIRS Database January 1999

Table 3-15 PMj0 Emissions from Motor Vehicle and Parts Manufacturing Facilities reported to AIRS

Industry Type SIC Number Of Percent of Pollutant Percent of
Facilities Tolal Emissions Total

ReportIng FacilitIes tons/year Emissions

voc RepOrth9

3711 Motor Vehicles And Car Bodies 0.09 221 0.05

3715- Truck Trailers 0.09 135 0.03

TOTAL Motor Vehicle Manufacture 0.18 356 0.08

Source U.S EPA Office of Air and Radiation AIRS Database January 1999
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3.3 ON-ROAD VEHICLE TRAVEL

Road vehicle travel is the dominant form of transportation in the United States In 1997 about 2.56
trillion vehicle miles were traveled on U.S roads by passenger cars motorcycles buses light-duty
trucks and heavy-duty trucks Vehicle travel has increased rapidly rising from 719 billion miles
in 1960 to 1.11 trillion miles in 1970 to 1.53 trillion miles in 1980 and to 2.14 trillion miles in 1990

Air pollution from motor vehicles is the most widely recognized and studied environmental impact of
transportation Airpollution from vehicle travel comes from by-products of the combustion

process
and evaporation of unburned fuel as well as particulate matter that is entrained by passing
automobiles Vehicle travel also causes other adverse effects such as greenhouse gas emissions noise
problems collisions with wildlife and water quality impacts from oil leaks Hazardous materials
incidents during highway transport may release harmful chemicals to the environment

TAILPIPE AND EVAPORATIVE EMISSIONS

DESCRIPTION OF IMPACT

On-road vehicle travel results in emissions of pollutants that are harmful to human health and welfare
Carbon monoxide CO sulfur oxides SO oxides of nitrogen NO volatile organic compoundsVOC and particulate matter PM are by-products of the internal combustion

process and are
emitted directly from vehicle exhaust VOCs are also emitted during fuel evaporation Evaporation
occurs from vaporization of gasoline during travel running losses after parking while the engine is

still warm hot soak vapors escaping while refueling the vehicle and even as vehicle sits parked
while the engine is cool on hot summer days diurnal emissions

Toxic air pollutants are also emitted by motor vehicles Many toxic air pollutants are emitted in the
form of particulates or VOC Major hazardous air pollutants emitted by motor vehicles include

Acetaldehyde Benzene 3-Butadiene Formaldehyde Toluene and Xylenes

Modem emissions control equipment has significantly reduced the rate at which vehicles emit

pollutants from the tailpipe Lead emissions have been virtually eliminated due to the phase-out of
leaded gasoline Increasingly stringent vehicle emissions standards and reformulated and oxygenated
fuels have led to significant progress at controlling vehicle emissions In fact on-road vehicle
emissions have fallen since the l970s despite rapid growth in vehicle travel Still challenges remain
because rapid growth in travel has offset some of the potential emissions reductions from improved
technologies and continued vehicle travel growth threatens air quality in many urban areas

FACTORS THAT AFFECT IMPACT

Factors that affect the amount of emissions coming from motor vehicles include

Number of vehicle trips number of cold-starts hot-starts hot-soaks

U.S Department of Transportation Federal Flighway Administration Highway Statistics /997 Table VM-
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Vehicle miles of travel VMT
Vehicle type age weight and emissions control technology

Type of fuel consumed gasoline diesel fuel etc
Travel characteristics speed acceleration etc affects emissions

per mile

Factors that influence the amount of environmental damage that occurs from air pollutant emissions
include

Topographical conditions hills valleys etc affects dispersion/dilution of pollutants

Climatic conditions temperature wind rain etc affects dispersion/dilution of pollutants
and formation of

secondary pollutants

Population density affects number of people exposed to pollution

Sensitivity of local ecosystems

INDICATORS OF ENVIRONMENTAL IMPACT

AIR POLLUTANT EMISSIONS

large portion of national emissions of carbon monoxide volatile organic compounds and oxides of

nitrogen come from motor vehicle travel Although there has been steady trend of improvement in

air quality since the 970s air pollutant emissions from motor vehicle travel still remain major

challenge for many urban areas that fail to meet national air quality standards

Table 3-16 Criteria Pollutant Emissions from Motor Vehicle Travel 1997

PollUtant Quantfty Emitted Percent Of total

thousand short tons EmIssions if Pollutant

Carbon Monoxide CO 50257 57.5%

Nitrogen Oxides NOr 7035 29.8%

Volatile Organic Comp VOCs 5230 27.2%
Sulfur Dioxide SO2 340 16%
Particulate Matter PM10 268 8.6%

Particulate Mailer PM2 207

Lead Pb 0.019 0.5%

Note Percentage of emissions from
traditionally inventoried sources does not include agriculture and forestry

fugitive dust or natural sources like windblown dust

Source US Environmental Protection Agency National Air Pollutant Emission Trends 1900-1 997
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Table 3-17 VOC Emissions from On-Road Vehicles 1940-1 997

1940 4817

1950 7251

1960 10506

1970 12972

1980 8979

1985 9.376

1986 8874

1987 8477

1988 8290

1989 7192

1990 6313

1991 6499

1992 6072

1993 6103

1994 6401

1995 5701

1996 5502

1997 5230

Source U.S Environmental Protection Agency NationalAir Pollutant Emissions Trends 1900-1997 Table A-3

Table 3-18 VOC Emissions by On-Road Vehicle Category thousand short tons 1970-1 990

Year Gas Diesel

Light-Duty Light-Ôuty Heavy- Light-Duty Light-Duty Heavy
Vehicles Trucks Duty Vehicles Trucks Duty

Vehicles Vehicles

1970 9193 2770 743 NA NA 266

1975 7.248 2.289 657 15 NA 335

1980 5.901 2.059 611 392

1985 5.864 2425 716 360

1990 3947 1622 432 13 297

1991 4069 1688 423 12 304

1992 3832 1588 334 13 302

1993 3812 1647 326 13 301

1994 3748 1909 414 13 313

1995 3426 1629 327 14 302

1996 2875 2060 293 12 245

1997 2.755 1968 268 12 221

lncludes motorcycles

Source U.S Environmental Protection Agency National Air Pollutant Emissions Trends 1900-1997 Table A-3
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Figure 3-3 NOx Emissions from On-Road Vehicles

___________________ 10000

9000

Source U.S Environmental Protection Agency National Air Pollutant Emissions Trends 1900-1997 Table A-2

Table 3-20 NOx Emissions by On-Road Vehicle Category thousand short tons 1970-1997

Year Gas Diesel

Ught-Duty Light-Duty Heavy-Duty Light-Duty Light-Duty Heavy-Duty
Vehlcies Trucks VeiTcles Vehicles Trucks Vehicles

1970 .1158 1275 278 NA NA 1676
1975 4.725 1461 319 23 NA 2118
1980 4421 1408 300 25 2463
1985 3506 1.530 330 28 2389
1990 3220 126 326 39 2192
1991 3464 1339 326 37 2199
1992 3614 356 308 39 2116
1993 3.680 1420 315 39 2047
1994 3573 1657 351 38 10 2043
1995 3441 1520 332 39 10 1979
1996 2979 1950 329 35 13 1941
1997 2875 1901 326 35 12 1886

lnciudes motorcycles

Source U.S Environmental Protection Agency National Air Pollutant Emissions Trends /900-1997 Table A-2
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Table 3-21 CO Emission

---
1940 30121

1950 45196

1960 64266

1970 88034

1980 78049

1985 77387

1986 73347

1987 71250

1988 71081

1989 66050

1990 57848

1991 62074

598591992

1993 60202

1994 61833

1995 54106

1996 53262

1997 50257

from On-Road Vehicles 1940-1997

Source US Environmental Protection Agency NationalAir Pollutant Emissjos Trends 19001997 Table A-I

Table 3-22 CO Emissions by On-Road Vehicle Category thousand short tons 1970.1997

Year Gas Diesel

Light-Duty Light-Duty Heavy-Duty Light-Duty Light-Duty Heavy-Duty
Vehlcles Trucks Vehicles Vehicles Trucks Vehicles

1970 64031 16570 3712 NA NA 721

1975 59281 15767 7140 30 NA 915
1980

--
53561 16137 7189 19 1139

1985 49451 18960 7716 22 1235
1990 37407 13816 5360 31 1229
1991 40267 15014 5459 30 1298
1992 39370 14567 4569 31 1315
1993 39163 15196 4476 33 1326
1994 37507 17350 5525 32 1411
1995 33701 14829 4.123 33 1412
1996 28732 19271 3766 29 11 1453
1997 27036 18364 3349 30 11 1468

tincludes motorcycles

Source U.S Environmental Protection Agency NationalAir Pollutant Emissions Trends 1900-1 997 Table A-I
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Table 3-23 PM10 Emissions from On-Road Vehicles 1940-1997

1970 443

1975 471

1980 397

1985 363

1986 356

1987 360

1988 369

1989 367

1990 336

1991 349

1992 343

1993 321

1994 320

1995 293

1996 282

1997 268

Source VS Environmental Protection Agency National Air Pollutant Emissions Trends 1900-1997 Table A-5

Table 3-24 PM10 Emissions by On-Road Vehicle Category thousand short tons 1970-1 997

Year Gas Diesel

Light-Duty Light-Duty Heavy-Duty Light-Duty Light-Duty Heavy-Duty
Vehicles Trucks Vehicles Veh4cles Trucks Vehicles

1970 225 70 13 NA NA 136

1975 207 72 15 10 NA 166

1980 120 55 15 12 194

1985 77 43 14 219

1990 61 30 10 224

1991 63 32 10 234

1992 64 31 228

1993 65 31 10 205

1994 62 35 10 204

1995 62 32 181

1996 55 41 168

1997 56 40 154

includes motorcycles

Source U.S Environmental Protection Agency Nationa/Air Pollutant Emissions Trends 1900-1 997 Table A-5

Figure 3-5 PM10 Emissions from On-Road Vehicles
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Table 3.25 PM15 Emissions from

On-Road Vehicles 1990-1997

L3
1991 286

1992 280

1993 257

1994 256

1995 231

1996 221

1997 207

Source U.S Environmental Protection

Agency National Air Pollutant Emissions

Trends 1900-1997 Table A-6

Diesel vehicles produce most of the PM2.5 emissions from on-road vehicles

Table 3-26 PM2.5 Emissions by On-Road Vehicle Category thousand short tons 1970-1997

Year Gas Diesel

Light-Duty Light-Duty Heavy-Duty Ught-Duty Light-Duty Heavy-Duty
Vehlcles Trucks Vehicles Velles Trucks Vehicles

1990 37 19 212

1991 38 21 221

1992 37 20 216

1993 38 20 192

1994 36 23 190

1995 36 20 169

1996 32 25 157

1997 32 25 144

inctJes motorcycles

Source U.S Environmental Protection Agency National Air Pollutant Emissions Trends 1900-1997 Table A-6

Figure 3-6 PM2.5 Emissions from On-Road Vehicles
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Table 3-27 SO2 Eiiissiu

1940

1950 103

1960 114

1970 411

1980 521

1985 522

1986 527

1987 538

1988 553

1989 570

1990 542

1991 570

1992 578

1993 517

1994 301

1995 304

1996 316

1997 320

___flS from On-Road Vehicles 1940-1 997

Source U.S Environmental Protection Agency National Air Pollutant Emissions Trends /900-1997 Table A-4

Table 3-28 SO2 Emissions by On-Road Vehicle Category thousand short tons 1970-1 997

Year Gas Diesel

Light-Duty Light-Duty Heavy-Duly Vehicles

Vehlcles Trucks

1970 132 40 231

1975 158 48 288

1980 159 50 10 303

1985 146 55 11 311

1990 138 57 11 337

1991 143 59 10 358

1992 146 59 10 363

1993 147 60 11 299

1994 141 70 12 79

1995 143 71 11 80

1996 127 95 11 83

1997 129 96 11 84

includes motorcycles

Source U.S Environmental Protection Agency National Air Pollutant Emissions Trends /900-1997 Table A-4
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Table 3-29 Lead Emissions from On-Road Vehicles 1940-1997

1970 171961

1975 130206

1980 60501

1985 18052

1986 10245

_987 3317

1988 2566

1989 982

1990 421

1991 18

1992 18

1993 19

1994 19

1995 19

1996 20

1997 19

Source U.S Environmental

Protection Agency National Air Pollutant Emission Trends 1900-1996 Table A-6

Table 3-30 Lead Emissions by On-Road Vehicle Category short tons 1970-1997

Year Gas

Light-Duty LIght-Duty Heavy
Vehlcles Trucks Duty

Vehicis

1970 142918 22683 8361

1975 106868 19440 3898

1980 47184 11671 1646

1985 13637 4061 354

1990 314 100

1991 13

1992 14

1993 14

1994 14

1995 14

1996 12

1997 12

Sourcc U.S Environmental Protection Agency NagionalAir Pollutant Emission Trends 1900-1996 Table A-6

Figure 3-8 Pb Emissions from On-Road Vehicles
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Despite increasing vehicle travel emissions of all criteria pollutants from motor vehicles have fallen

sInce 1970 These improvements stem from actions taken as result of the Clean Air Act such as

improved vehicle
technologies and cleaner burning fuels

Figure 3-9 Change in Criteria Pollutant Emissions compared to Vehicle Travel 1940-1 997

Toxic EMISSIONS

On-road vehicles are by far the largest source of toxic emissions emitting about 1389111 short tons

per year of hazardous air pollutants

Source U.S Environmental Protection Agency National Toxics Inventory Referenced in U.S Environmental Protection

Agency Nationa/Air Pollutant Emission Trends 1900-1996 January 1998 Table 8-1

Table 3-31 Motor Vehicle Emissions of Toxic Pollutants 1990

Hazardous Air Pollutant Quantity Emitted Perdent of Total

metric tons Emission

Benzene 158.149 60%

Formaldehyde 73874 33%
13 Butadiene 27972 56%

Source .S Environmental Protection Agency Molar Vehicle-Related Air 7oxics Study April 1993
http /www.epa gov/OMSWWW/toxjcs.hm

FUGITIVE DUST EMISSIONS FROM ROADS

DESCRIPTION OF IMPACT

Vehicle travel kicks up dust and dirt from paved and unpaved road surfaces Dust generated from road

travel is called fugitive because it does not enter the atmosphere in confined flow stream Fugitive
dust from travel on roads constitutes large portion of national PM10 and PM2.5 emissions
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Fugitive dust emissions are highest from unpaved roads The quantity of dust emissions from given
section of unpaved road vasies roughly linearly with the volume of traffic When vehicle traverses

segment of unpaved road the force of the wheels on the road surface causes pulverization of surface
material Particles are lifted and dropped from the rolling wheels and the road surface is exposed to

strong air currents in turbulent shear with the surface The turbulent wake behind the vehicle continues
to act on the surface after the vehicle has passed

Fugitive dust from paved roads consists primarily of mineral matter similar to common sand and soil
mostly tracked or deposited onto the roadway by vehicle traffic itself Vehicle carryout from unpaved
areas is probably the largest single source of street deposit It is notable that paved road mileage has
been growing rapidly as existing roads are paved at much higher rate than new roads are built As
recently as around 1975 unpaved mileage exceeded paved mileage

CAUSAL FACTORS

Lane mileage paved and unpaved

VMT by pavement type

Topographical conditions hills valleys etc affecting pollutant dispersion

Climatic conditions temperature wind rain etc affecting pollutant dispersion and

secondary pollutant formation

Population density affecting potential exposure

INDICATORS OF ENVIRONMENTAL IMPACT

Fugitive dust from roads made up 44% of total PM10 emissions and 30% of PM2 emissions in 1997

Source U.S Environmental Protection Agency NationalAir Pollutant Emission Trends 1900-I 997 Tables A-S and A-6

Although unpaved roads comprise about 39% of total road mileage in the U.S they accounted for
83% of the PM10 emissions from road dust in 1997

Table 3-32 PM10 Fugitive Dust Emissions by Road Type 1985-1 997 thousand short tons

Note Change in methodology for estimating PM10

emissions between 1985 and 1990

Source U.S Environmental Protection Agency
National Air Pollutant Emission Trends 1900-

1997 Table A-S

Year Unpaved Paved
roads rdÆds

1985 11664 5080

1990 11234 2248

1991 11206 2399

1992 10918 2.423

1993 11430 2462

1994 11370 2538

1995 10362 2409

1996 12060 2390

1997 12305 2.515

Figure 3-10 PM10 Fugitive Dust Emissions
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GREENHOUSE GAS EMISSIONS

DESCRIPTION OF IMPACT

Motor vehicles are significant user of fossil fuels which release carbon dioxide in the combustion

process Since more carbon dioxide emissions are released as more fuel is consumed vehicle fuel

economy and levels of vehicle travel are the primary determinants of carbon emissions Nationally
ftiel economy by vehicle category e.g automobiles light-duty trucks etc has been stable in recent

years and there has been shift toward more travel by less-fuel efficient categories of vehicles such

as sports utility vehicles and light trucks

Motor vehicle travel also releases other greenhouse gases like methane and nitrous oxide

Transportation-related cntena pollutants including carbon monoxide oxides of nitrogen and

nonmethane volatile organic compounds indirectly affect climate because they alter atmospheric

concentrations of carbon dioxide methane and ozone

FACTORS THAT AFFECT IMPACT

Vehicle miles of travel

Vehicle fuel economy

Type of fuel being used

Vehicle technology

INDICATORS OF ENVIRONMENTAL IMPACT

CARBON DIoxl EMissioNs

In 1996 carbon dioxide emissions from on-road vehicles accounted for approximately 341.1 million

metric tons of carbon MMTC This equals about 76.6 percent of total CO2 emissions from the

transportation sector or about 23.5 percent of CO2 emissions from fossil fuel combustion Carbon

emissions from motor vehicles increased about 11 percent between 1990 and 1996

Table 3-33 Carbon Dioxide Emissions by On-Road Vehicle Category million metric tons of carbon

Year Motor Gasoline Distillate Fuel Oil Diesel LPG Total

Passenger Light Other Buses Total Passenger Light Other Buses Total

Cars Duty Trucks Motor Cars Duty Trucks Distillate

Trucks Gasoline Trucks Fuel Oil

1990 167 74 113 254 45.3 2.2 52 0.3 300.8

1991 1663 741 112 0.6 252.8 1.9 24 43.3 2.2 49.8 0.3 302.9

1992 170.4 74 11.2 0.6 256.8 2.5 45.1 2.3 51.9 0.3 309.0

1993 171.9 77.R 11.7 0.7 262.1 2.6 47.7 2.3 54.6 0.3 317.0

1994 171.0 84.2 10.4 0.9 266.5 2.8 51.7 2.3 58.8 0.3 325.6

1995 158.6 101.3 10.9 0.8 271.6 1.8 3.3 52.7 2.7 60.5 0.3 332.4

1996 161.8 103.4 11.2 0.8 277.2 1.9 3.4 55.5 2.8 63.6 0.3 341.1

Note In 1995 FHWA changed the definition of light duty trucks to include minivans and SUVs Previously they were
included in the passenger car categoly hence the drop in emissions for passenger cars from 1994 to 1995 which is however
offset by rise in light duty truck emissions

Source U.S Environjnental Protection Agency Office of Policy Planning and Evaluation Inventory of U.S Greenhouse Gas
Erniss ions and Sinks 1990-1996 March 1998 Table 2-6
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In contrast to criteria air pollutants

carbon dioxide emissions from motor

vehicles have been rising Total highway
fuel use actually declined over the period

1979 to 1982 but has since been rising

due to increases in vehicle travel that

have more than offset increases in

vehicle fuel economy Although fuel

economy of gasoline personal vehicles

has improved in the U.S from about

13.2 miles
per gallon in 1970 to 20.2

miles per gallon in 1993 fuel economy
has since been flat and is projected to

decline in part due to shift from

automobiles to less fuel efficient light-

trucks.2

NITROUS OXIDE EMISSIONS

Motor vehicles emit approximately 22 percent of national emissions of nitrous oxide Nitrous oxide

emissions from motor vehicles increased by 33 percent between 1990 and 1997

Table 3-34 Nitrous Oxide Emissions from Motor Vehicles thousand metric tons

Year Passenger Light duty Other Buses Total Motor
cars trucks trucks VehIcles

1990 99 48 0.5 154

1991 106 51 0.5 164

1992 115 53 0.5 174

1993 111 64 0.5 182

1994 111 78 0.5 196

1995 108 94 0.5 209

1996 108 87 0.5 202

1997 108 89 0.5 205

Source U.S Department of Energy Energy Information Administration Emissions of Greenhouse Gases in the Uniled
Stajes 1997 October 1998 Table 26

U.S Department of Energy Transportation Energy Databook Edition 18 1998
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100

METHAtIE EMissioNs

Motor vehicles emit less than percent of methane emissions nationwide Methane emissions from
motor vehicles have been fairly stable since 1990

Table 3-35 Methane Emissions from Motor Vehicles thousand metric tons

Year Passenger Light duty Other Buses Total Motor
cars trucks trucks Vehicles

1990 141 63 12 222

1991 132 63 12 211

1992 131 63 12 211

1993 126 75 13 218

1994 117 84 14 220

1995 109 99 14 228

1996 107 94 15 220

1997 104 89 15 213

Source U.S Department of Energy Energy Infonnation Administration Emissions of Greenhouse Gases in the United
States 1997 October 1998 Table 26
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EMISSIONS OF REFRIGERANT AGENTS FROM vEHIcLE AIR CONbmONERS

DESCRIPTION OF IMPACT

Automobile air conditioners are subject to significant leakage with nearly all of the refrigerant leaking
out over 5-year time period Until recently the chiorofluorocarbon CFC-12 also known as Freon-

12 was the
principal refrigerant agent used in automobile air conditioners Other major end uses of

CFC-12 include commercial air
conditioning refrigeration refrigerators and freezers and blowing

agent for foams insulation and packaging CFCs are responsible for depletion of the
stratospheric

ozone layer Stratospheric ozone beneficial for its ability to absorb IJV radiation is however also

greenhouse gas Gases that destroy stratospheric ozone thus have indirect cooling effects Chlorine-

containing chemicals such as CFCs tend to react with ozone and the net effect on global climate is

ambiguous.13

By signing the Montreal Protocol on Substances that Deplete the Ozone Layer and Copenhagen
Amendments the United States committed to eliminating the production of all CFCs by the end of
1995 On December 31 1995 CFC-12 production essentially ended in the U.S It is still legal to use
existing stockpiles of CFC-12 but several companies have also developed new substitutes The 1990
Clean Air Act Amendments CAAA directed EPA to develop regulations to maximize recycling ban
nonessential uses develop labeling requirements and examine safe alternatives Recycling occurs in

service shop involves use of machine to remove impurities and oil and then recharge the refrigerant
into either the same car or different car Reclamation involves removal of all oil and impurities
beyond that provided by on-site

recycling equipment and reclaimed refrigerant is essentially identical
to new unused refrigerant

Hydrofluorocarbon HFC-134a became the standard automobile air conditioner refrigerant in 1994 and
HFC emissions have been growing as CFCs gradually disappear from the automobile fleet HFCs
which contain no chlorine have no effect on ozone but they are greenhouse gas Automobile air

conditioners are the principal end-use for HFC-l34a As of 1994 practically all new automobiles were
using HFC-134a as the refrigerant in their air conditioners and many manufacturers now offer
conversion packages through their dealerships.14

HFC-l34a has lifetime of 15 years and one molecule has 100-year global warming potential 1300
times that of one molecule of CO2 The lack of chlorine in HFCs and their shorter atmospheric
lifetimes reduce the indirect cooling effects of CFCs Thus HFC replacement compounds may be
worse from global climate perspective than their predecessors

FACTORS THAT AFFECT IMPACT

Quantity of refrigerant agent used

Net global warming potential of refrigerant agent used

Net ozone depleting potential of refrigerant agent used

U.s Department of Energy Emissions of Greenhouse Gases in the United States 1995 October 1998 pp
4-5

U.S Department of Energy Emissions of Greenhouse Gases in the United States 1995 October 1998 pp 57-
58
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INDICATORS OF ENVIRONMENTAL IMPACT

FAND HFC EMISSIONS

Quantified data on the contribution of vehicle refrigerant agents to depletion of the ozone layer and

global warming are not available

About 24000 metnc tons of CFC-12 were released in 1997 from all sources not only vehicles down

significantly from the pre-Montreal Protocol level of 113000 metric tons HFC-134 emissions are up
significantly however

NOISE

Table 3-36 Estimated U.S Emissions of.CFC-12 and HFC-134a all sources 1990-1997

thousand metric tons of gas

Year CFC-12 HFC 134a

1990 113

1991 104

1992 81

1993 79

1994 58

1995 52 10

1996 36 14

1997 24 18

Source U.S Department of Energy Energy Information Administration Emissions of
Greenhouse Gases in the United States 1997 October 1998 Table 31

DESCRIPTION OF IMPACT

Noise associated with road transport comes from engine operations pavement-wheel contact

aerodynamic effects and vibrating structures Heavy trucks and buses cause more noise per vehicle

than cars The findings of numerous research projects on the effects of noise and its wider

repercussions indicate that an outdoor sound level of 65 dBA is unacceptable and an outdoor level

of less than 55 dBA is desirable Noise can cause stress and other health problems and lower

property values It can also affect local habitats of species near roads

CAUSAL FACTORS

Level of road activity traffic volumes

Speed of traffic

Proportion of heavy vehicles one truck emits the equivalent noise of 28 to 60 cars

Population density near road

Existence and effectiveness of noise barriers

Effectiveness of devices such as mufflers and quiet vehicles

Organization for Economic Cooperation and Development Indicators for the Integration of Environmental

Concerns into Transport Policies OECD Publications 1993
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INDICATORS OF ENVIRONMENTAL IMPACT

POSURE TO TRAFFIC NOISE

Noise levels are site specific and dissipate with increasing distance from the source as result there
are no national estimates of total noise generated by transportation According to one estimate 37.0%
of the U.S population was exposed to noise levels from road transport great enough to cause
annoyancedefined as Leq greater than 55dBAin 1980 Smaller portions of the U.S population
were exposed to daily noise levels from road transport great enough to cause other effects such as
communication interference muscle/gland reaction and changed motor coordination more recent
estimate is not available

Table 3-37 Percent of U.S Population Exposed to Road Transportation Noise 1980

Outdoor Sound Level in Leq

55 dBA 60 dBA 65 dBA 70 dBA 75 dBA
Annoyance Normal Communscatio Muscie/Glan Changed

Speech Level Interference Reaction Motor

Coordination

37.0% 18.0% 7.0O/o 2.0% 04%
Source Organization for Econonm Cooperation and Development indicators tbr the integration of
Environmental Concerns into Transport Policies OECD Publications 1993

NOISE BARRIERS CONSTRUCTED

Noise barriers are constructed to cut exposure to high levels of highway noise particularly along
interstate highways abutting residential areas While construction of noise barriers suggests that

highway noise is problem barrier construction is not an indicator of an adverse environment impact
per Se More construction may indicate that noise problems are being reduced Still the cost of barrier
construction provides an indication of the price being paid to reduce highway noise exposure

Overall about 1.5 billion dollars is known to have been spent on highway noise barrier construction
in 1995 dcvllars

Table 3-38 Length of Noise Barriers Constructed miles and Cost

Year of Type Type II All Other Length Cost millions of
Construction Barriers Barriers Types total 1995 dollars

Unknown N/A N/A

1970-79 104 71 177 130

1980-89 422 130 15 567 624

1990 45 20 65 92

1991 79 20 101 142

1992 112 19 10 141 184

1993 60 22 85 112

1994 41 16 61 72

1995 78 31 115 141

1970-95 947 329 43 1318 1497
Note Data are produced on 3-year cycle Miles have been converted from kilometers as cited in source
Total may not match the sum of yearly estimates due to rounding

Source U.S Department of Transportation Bureau of Transportation Statistics National Transportation
Statistics 1998 Table 4-45
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Type barrier is built on highway project to construct new highway or to physically alter an
existing highway Type II barrier is built to abate noise along an existing highway often referred to

as retrofit abatement and is not mandatory All other types of barriers are non-Federally funded

DESCRIPTION OF INDICATORS

The potential for commodity releases
during highway transportation is important to consider because

of the large and growing role truck transport plays in domestic freight movement In 1997 truck

transport accounted for 32% of the ton-miles moved during domestic intercity transport excluding
pipehnes.6 Trucks

carry over 60% of the hazardous materials transported in the U.S7

Commodity spills of hazardous materials may impose substantial costs for product loss carrier

damage property damage evacuations and
response personnel and equipment The number of

hazardous material incidents is not necessarily indicative of the environmental impact of such
incidents since it may be possible to clean up most of the materials released If not properly contained
however hazardous materials incidents may cause environmental damage such as air and water

pollution damage to fish and wildlife and habitat destruction The environmental impact of any given
hazardous materials spill is highly site-specific It depends on the

type and quantity of material spilled
amount recovered in cleanup chemical properties such as toxicity and combustibility and impact
area characteristics such as climatic conditions flora and fauna density and local topography It

should be noted that while the overall impact of incidents may be small for the nation as whole any
hazardous material spill may have severe impacts on flora and fauna in the location of occurrence

FACTORS THAT AFFECT IMPACT

Quantity of hazardous materials transported and distance transported
Accident or spill rate

Type toxicity/hazard and quantity of materials spilled

Effectiveness of cleanup efforts

Population density

Sensitivity of local habitats/species

INDICATORS OF ENVIRONMENTAL IMPACT

No statistics were found regarding the number of species or acres nationwide affected by commodity
spills or other hazardous materials incidents

The Hazardous Materials Information System HMIS database maintained by U.S DOT/RSPA
contains record of all reported hazardous materials incidents occurring during truck transport except
for intrastate only operators including type of material spilled number of injuries/fatalities and
estimated clean up costs

U.S Department of Transportation Bureau of Transportation Statistics National Transportation Statistics

1998 January 1999 Table II www .kts.gov/btprod/nts

Atkinson Robert and John Cairns Jr Ecological Risks of Highways In Predicting Ecosystem Risk 1992

66



lL.._

1990 7114 668673.63 1.72
.16 L..J $9637302

1991 7479 671966.94 120253.88 4.60 $10990231

1993 10731 620492.88 302567.03 17414.66
$11060161

1994 13559 535270.88 295335.72 1478.37 $12224619
1995 12505 555598.31 214583.69 56019.01 100002.40 $12285402

--1996 11662 706547.06 279532.19 127217.80 $13978567
1997 11603 629638.50 334787.63 9386.53 0.10 $12714625
Due to multiple classes being involved in single incident the totals above may not correspond to the totals in other

reports MilltCuries mCi are measure of radioactivity

Source U.S Department of Transportation Research Special Programs Administration RSPA Hazardous Materials
Information System

Figure 3-14 Highway Hazardous Materials Incidents 1990-1997

Table 3-39 Highway Hazardous Materials Incident Totals 1990-1997

HIGHWAY IMPACTS
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Table 3-40 Highway Hazardous Materials Incidents 1997

Corrosive Material 4755 76898.59 1668.31 $2166970
Flammable-Combustible Liquid 4711 403180.56 0.13 $5787535
Poisonous Materials 923 4337.93 1654.14 $897872
Oxidizer 377 6752.97 143042.52 $458632

Miscellaneous Hazardous Material 371 70792.37 139023.16 $999760

Combustible Uquid 278 38439.23 $389102
Nonflammable Compressed Gas 123 14416.63 222.13 2242.01 $210898

Flammable Gas 101 5613.64 7024.08 $279321

Organic Peroxide 96 224.82 19.45 $47399

Flammable Solid 87 3000.28 2270.45 $88732

Poisonous Gas 29 552.37 120.31 $82701

Spontaneously Combustible 15 144.01 186.56 $771210

Dangerous When Wet Material 15 240.13 45725.94 $305901

Radioactive Material
0.10 $8000

Very Insensitive Explosive 0.63 932 $840

Infectious Substance Etiologic 0.13 $2

Other_Regulated Material ClassD 17.88 $3684

Explosive Mass_Explosion Hazard 35 $0

Explosive Projection Hazard 5020.25 $216066

Explosive No Blast Hazard
$0

Forbidden
$0

Explosive Fire Hazard
$0

Extremely Insensitive Detonating $0

Explosives Class
$0

Explosives Class
$0

Explosives Class
$0

Flammable Solid Pre 1991 $0

Irritating Material
$0

Other Regulated Material Class
$0

Other_Regulated_Material Class
$0

Other Regulated Material Class $0

Other Regulated Material Class
$0

TOTALS 11.603 629638.50 334787.63 9386.53 0.10 $12714625

Includes only those incidents for which quantities of HazMat releases are known
MilliCuries mCi are measure of radioactivity

Note The total number of incidents is not equal to the sum of incidents by hazard class because one incident may be

reported under two or more hazard classes

Source U.S Department of Transportation Research Special Programs Administration RSPA Hazardous Materials

Information System

Ha.a rdCtass
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COLLISIONS WITH WILDLIFE

DESCRIPTION OF IMPACT

Vehicle collisions with wildlife are concern because of the loss of animal life damage to property
and injuries and fatalities for vehicle drivers and passengers Although few national composite figures
are available many states track the number of animal-related incidents on their major roadways The

Highway Safety Information System HSIS tracks motor vehicle crashes and their cause in eight
states California Illinois Maine Michigan Minnesota North Carolina Washington and Utah
and is source of information on wildlife collisions

Roads passing through wildlife habitat are threat to wildlife especially in the first several years after

new road is constructed It may take several
years for wildlife to adapt to changes such as new

roadway in their habitat As result road mileage may have significant impact on wildlife strikes
and may be more important factor than the amount of vehicle travel Vehicle miles of travel VMT
likely has some relationship to wildlife strikes but the exact nature of that relationship is unclear In

the case of new road the introduction of new VMT into region generally results in increased
strikes Once the habitat adapts to the

presence of the road however the impact of increased VMT is

less clear The size of the animal population in given area is also primary determinant of wildlife
collisions

There is little consensus regarding the most effective means of preventing collisions with wildlife
Wildlife often manages to circumvent protective fencing by jumping over going around or going
through open gates and holes Reflectors lighting underpasses dedicated to wildlife minors and

signage have been shown by some studies to be relatively ineffective at changing the behavior of both
drivers and wildlife

FACTORS THAT AFFECT IMPACT

Habitat fragmentation barriers to crossing formed by roads

Lack of driver education on wildlife hazards and alertness

Gaps in barriers and fences due to human activities

Distance between edge of road and forestlvegetation

Visibility alignment lighting etc
Location of road relative to wildlife habitat urban rural

INDICATORS OF ENVIRONMENTAL IMPACT

NUMBER OF ANIMALS KILLED

In the United States roadkill losses are estimated to be at least million animals per day due to

conflict with traffic while crossing roads

Source Tolley R.S and B.J Turton Transport Systems Policy and Planning Geographic Approach Longman Scientific
and Technical 1995

IS

Fomwalt et al 1980 Colorado Division of Wildlife 1980 California Department ofTransportation 1980
Lehtimaki 1981
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total of approximately 208300 wildlife collisions with motor vehicles were reported in the Highway
Safety Information System HSIS for 1985 to 1991 in five states Illinois Maine Minnesota Utahand Michigan Data from the five states shows 69 percent increase in reported animal collisions over
the 7-yearpenod from 21479 in 1985 to 36332 in 1991 The figure below shows the trend in the
number of animal crashes

Although some crashes involved domestic animals states that reported the type of animal involved in
the crash found that most reported animal crashes involved deer In Michigan almost all the hit-
animal crashes 99.7 percent were deer related and data from Minnesota indicate that over 90

percentof animal crashes involved deer The greatest number of animal crashes by far occurred in November
which

is the mating season for deer The crash rate is substantially higher on two-lane rural roads than
on urban roads for the five states reporting to HSLS 66 percent of animal crashes occurred on two-
lane rural roads

Source U.S Department of Transportation Federal -hghway Administration Turner-FairbariJcs Highway Research CenterHSIS Summary Reports Investigation of Crashes with Animals March 1995 FHWA-RD-94-156
http//tthrc.gov/bsis/94 t56.htm

40

Figure 3-15 Animal Collisions with Motor Vehicles

35

30

25

20

15

10

1985 1986 1987 1988 1989 1990 1991

70



HIGHWAY IMPACTS

3.4 MAINTENANCE SUPPORT AND OPERATIONS

Operation and maintenance of highways involves various activities such as application of de-icing

chemicals and pesticides Vehicle maintenance and support facilities include motor freight terminals

bus yards fuel storage tanks and auto fueling and service stations all of which have associated

environmental impacts

HIGHWAY OPERATIONS ANDMAINTENANE

DESCRIPTION OF IMPACT

Highway operations and maintenance involve activities such as painting of bridges re-striping of

highways de-icing of roadway facilities during winter weather conditions and application of

pesticides to roadside vegetation Each of these activities is associated with potentially harmful

environmental impacts as shown in the text box below

CONTAMINATION ENCOUNTERED IN HIGHWAY OPERATIONS AND MAINTENANCE
NCHRP 1993 based on telephone survey of 16 states19

Lead Paint All states reported that lead paint residues from bridges were problem

Solvents and Pesticides Four states had significant problems with solvents and pesticides at maintenance

yards and with solvents as laboratory wastes from asphalts in particular

Salt Two states had problems with salt runoff from maintenance stockpiles contaminating groundwater
General Maintenance Six states volunteered that they had problems at their maintenance facilities

Deicing is significant contributor to highway runoff problems particularly in northern states where

cold weather necessitates greater use of de-icing chemicals Rock salt is the principal deicing agent

used in winter road maintenance throughout the nation

The use of road salt allows highway travel during snow conditions and is important for delivery of

vital goods and services including emergency support vehicles which save lives to large segments of

the country Although salt is cheap and effective it can cause adverse environmental effects

Environmental impacts of road salt include effects on roadside vegetation harm to soil structure and

impacts on drinking water and aquatic life.20 The effect of deicing runoff is not limited to roadside

vegetation 90% of the salt applied to the street of Buffalo NY for example enters into the city

sewerage system and then reaches Lake Ontario.21

9States surveyed AK AZ FL IL LA MN MO MT NH NY OR PA TN TX VA WA
20

Transportation Research Board National Research Council Highway Deicing Comparing Salt and Calcium

tkfagnesiun Acetate Special Report 235 1991

Tolley R.S and B.J Turton Transport Systems Policy and Planning Geographic Approach Longman
Scientific and Technical 1995
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FACTORS THAT AFFECT IMPACT

The actual extent of water contamination and habitat alteration arising from road salt use depends on

highly site-specific conditions such as watershed characteristics amount of runoff and/or snowmelt
and type of indigenous vegetation

Amount of roadway deicing agent applied

Type of deicing agent used

Climate/weather conditions amount of snow ice rainfall

Amount of high salinity runofflsnowmelt that reaches bodies of water based on runoff

controls and local geography

Depth of groundwater table

Sensitivity of nearby habitats

INDICATORS OF ENVIRONMENTAL IMPACT

ROAD SALTING

Specific outcomes Including wildlife habitat damage reduced fish stocks loss of unique natural

features and corrosion damage to vehicles from increased salinity are not quantified nationally and no

quantified data are available to estimate how much road salt enters groundwater rivers and lakes

Some infonnation about impacts are known

Typically 5-10% of trees along heavily traveled roads are affected by road salt application

Salting of typical road could kill Ito 25 roadside trees per year depending on salt

application rates and roadway proximity to trees

Source Transportation Research Board National Research Council Highway Deicing Comparing Salt and
Calcium Magnesium Acetate Special Report 235 1991

In 1996 states compared to states in 1994 reported wetlands impacts from salinity

Source U.S Environmental Protection Agency Appendices from the National Water Quality Inventory 1996

Report to Congress www.epa.gov/OW/resources

In the past decade 10 million tons of salt have been applied in typical year but applications from

1993 onwards have been significantly higher
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Table 3-41 Highway Salt Sales 1970-1997

1978 10927

1979 11323

1980 8108

1985 10730

1986 11057

1987 9573

1988 11202

1989 11227

1990 10528

1991 9730

1992 10457

1993 17126

1994 18885

1995 14427

1996 20117

1997 16369

Source Salt Institute 1998 http//www.saltinstjtute.org/33.htmIhjghways

Nationally road salt for ice control comprises about one-third of total salt use for all purposes

Figure 3-17 Uses of Salt in the U.S 1996

Chemtals

42%

Water

Treament- lndjt.pl Use AgruItural Salt

1% 7% 3%

Source U.S Geological Survey Salt Minerals information /996

hllnL/m1nera1s.er.usgs.gov/minerals/pubs/commodity/saItJ5go496jf

MOTORFRE1GHT TERMINAL OPERATIONS TANK TRUCK cLEANING
MAINTENANCE AND REPAIR

DESCRIPTION OF IMPACT

Motor freight terminal operations include short and long haul truck activities such as tank car

unloading and cleaning furnishing of terminal facilities for
passenger or freight traffic and cleaning

and maintenance functions including equipment degreasing exterior washing and painting Many of
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these
processes use materials that are hazardous or may in turn generate hazardous waste or

wastewater In addition refueling operations impact the environment through spills and through fuel

tank vapors that are displaced when the tank is filled with liquid fuel The actual impact of terminal

activities on the enviromnent depends on the type and volume of operations levels of cleanliness the

type of wastes generated and wastewater treatment systems in place

Table 3-42 Typical Motor Freight Terminal Operations Materials Used and Types of Waste Possibly

Generated

Process/operation MtedaIs1ised TsofWºtEmisiJóns
Unloading or Solvents alkaline VOC Emissions

Cleaning of Tank cleaners Acid/alkaline wastes

Cars Toxic wastes

Solvent wastes

Residual tank contents

Rust Removal Naval jelly strong Acid/alkaline wastes

acids strong alkalis

Painting Enamels lacquers VOC Emissions

epoxies alkyds Ignitable wastes

acrylics primers Toxic wastes

solvents Paint wastes

Solvent wastes

Paint Removal Solvents paint Paint wastes

thinners enamel white Toxic wastes

spirits Solvent wastes

Exterior Washing Solvents cleaning VOC Emissions

solutions Solvent wastes

Oil and grease

Equipment Degreasers engine Ignitable waste

degreasing cleaners acids alkalis Combustible solids

cleaning fluids Acid/alkaline wastes

Refueling Gasoline diesel fuel Evaporative losses VOCs
Fuel drips and spills

Changing of Lead-acid batteries Acid/alkaline wastes
batteries Batteries lead acid

Source US Environmental Protection Agency/RCRA Fact Sheet Motor Freight/Railroad Terminal Operations 1993

Environmental Protection Agency Profile of the Transportation Equipment Cleaning Industry 1995

An important component of the transportation equipment cleaning industry is the cleaning of tank

truck interiors Although most truck tanks are in dedicated service carrying only one commodity
many must be cleaned after

every top to prevent contamination of materials typical tank truck car

has volume of 3500 to 8000 gallons and generates about 500 to 1000 gallons of wastewater during

cleaning resulting in the output of spent cleaning fluids fugitive VOC emissions water treatment

system sludge and tank residues The disposal and treatment of tank heels can also be source of

pollution for tank cleaning facilities The typical heel volume of tank truck car is 10 gallons per

tank and facilitys wastewater treatment system may be adversely affected by or may not

adequately treat slug of concentrated tank residue Incompatible heels are usually segregated and

resold to reclaimer or shipped off-site for disposal Heels that are composed of detergents solvents
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acids or alkalis can be stored on-site and used as tank cleaning fluid or to neutralize other tank heels

There are 1841 truck/land tank cleaning facilities in the U.S.22

Approximately 90% of transportation equipment cleaning facilities discharge wastewater to publicly

owned treatment works or combined treatment works privately owned by multiple facilities after

some amount of treatment Some facilities discharge directly to surface waters under the National

Pollution Discharge Elimination System NPDES permits or to underground injection wells under

Safe Drinking Water Act permits Allowable emissions could be tracked based on these permits

although actual emissions may vary

FACTORS THAT AFFECT IMPACT

Number of terminals

Type and level of terminal operations

Matertals used during terminal operations

Wastewater treatment capabilities

INDICATORS OF ENVIRONMENTAL IMPACT

Data on water quality impacts to streams rivers and lakes and related habitat due to tank truck

terminal operations are not available Data on health effects from air pollution coming from terminals

are also not available National statistics are not readily available although EPAs MOBILE model

produces emissions factors for hydrocarbons due to refueling on per mile basis

WASTE WATER FROM Bus WASHING

75 percent of transit agencies surveyed collect and treat wastewater from bus washing operations 65%
of transit agencies wash their active bus fleets daily during summer months 81% wash daily during

the winter

Source Based on survey of TCR.P survey 1995 of 120 geographically diverse transit agencies in the U.S and Canada 52

reSpondents Transit Cooperative Research Program Transit Bus Service Line and Cleaning Functions 1995

VOC EMissioNs

Tank car and rail car cleaning operations emit 1.25 million pounds of VOCs per year Data on other

wastes generated from motor freight terminal operations have not been estimated at the national level

Source U.S Environmental Protection Agency Profile of the Transportation Equipment Cleaning Industry 1995

22
Land facilities are those that clean any combination of the following equipment tank trucks rail tank cars

intermediate bulk carriers intermodal tank containers U.S Environmental Protection Agency Profile of the

Transportation Equipment Cleaning Industry 1995
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SERVICE STATIONS PASSENGER VEHICLE CLEANING MAINTENANCE REPAIR
AND REFUELING

DEScRIPTION OF IMPACT

Facilities such as gas stations maintenance shops and service stations impact the environment

through runoff of gas oil and dirt waste releases to sewer systems air emissions and waste disposal

Fueling activities generate air emissions due to VOC losses during transfer There are two types of

refueling losses stage one are losses associated with the refilling of underground storage tanks and

stage two occur during the transfer of fuel from pump to automobile gas tank Both stage one and

stage two losses are counted as stationary source emissions by EPAs Office of Air Quality Planning

and Standards

Relatively small amounts of waste and wastewater are generated from the washing maintenance and

painting of motor vehicle exteriors Typical hazardous wastes generated include spent solvents spent

caustics strippers paint chips and paint sludges Wastewater is generally treated on-site and then

discharged to public treatment works

FAcToRs THAT AFFECT IMPACT

Number of maintenance facilities

Type and level of maintenance operations

Materials used during maintenance operations

Wastewater treatment capabilities

INDICATORS OF ENVIRONMENTAL IMPACTS

EMlssIotIs FROM RaEAsEs OF FUEL AT SERVICE STATIONS

IA

IA

Table 3-43 VOC Emissions from Service Stations 1940-1 997

Year Service Service Service

Stations Stations StatiOns

Stage Stage ii Bteathlng

Emptying

1940 117 130 NA

1950 251 283 NA

1960 365 437 NA

1970 416 521 NA

1980 461 583 NA

1985 207 485 49

1990 300 433 52

1991 295 430 51

1992 303 442 52

1993 309 449 53

1994 322 467 55

1995 334 484 57

1996 341 406 37

1997 359 427 39

Figure 3-18 VOC Emissions from Service Stations

800

700

600

500

400

300

200

100

1940 1950 1960

Breathing Emptying

1970 1980 1990 2000

Source U.S Environmental Protection Agency National Air Pollutant Emissions Trends Report 1900-1997 Table A-3
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LEAKINGIJNDERGROUND STOR GE TANKS UStY flAININO FUEL

DESCRIPTION OF IMPACT

Underground storage tanks USTs are used to store fuel at gas stations and other facilities as well as
other chemicals Leaking petroleum USTs can be major source of groundwater contamination
Releases from tanks and piping occur from corrosion of older unprotected steel tanks and piping or
from cracks in tanks made from other materials

Overfihling and spillage during refueling are also

responsible for accidental releases The UST regulations that EPA issued in 1988 established number
of cort-ective action

requirements for UST owners and operators including the requirement to clean up
soil and groundwater as needed to protect human health and the environment EPA regulations

required that by 1998 all existing USTs have spill protection through catchinent basins automatic
shutoff devices overfill alarms and mandatory corrosion protection for steel tanks and piping

FACTORS THAT AFFECT IMPACT

Number of leaking underground storage tanks USTs
Type and

quantity of materials released from leaking USTs

Spill protection mechanisms

Cleanup efforts initiated and completed

Location of groundwater table

Sensitivity of local ecosystems

Treatment of drinking water

INDICATORS OF ENVIRONMENTAL IMPACT

As result of these stnngent regulations there has been decrease in the number of active petroleum
USTs in the U.S as petroleum UST systems have been closed Data on number of active tanks and the
cumulative number of closed tanks releases reported cleanups initiated and completed and

emergency responses are compiled in EPAs Corrective Action Measures
reports formerly called

STARS Strategic Targeted Activities for Results System

Table 3-44 Corrective Action Measures Reports for the U.S 1996 1998

Time Penod Active Tanks Tanks Cksed CÔntfriWºd Cleanups ifJps
RIeases Initiated

luRaifFy 1995 1093018 1043437 314720 241787 141.185
2ldHaIfFY 1996 1064478 1074022 317488 252615 152683
1HalfFY 1997 1031960 1111266 329940 276603 162431
2HaIfFY 1997 969652 1150824 341773 292.446 178297
1St Half FY 1998 919540 1186341 358269 301842 192065
2HalfFY 1998 891686 1236007 371387 314965 203247
Cumit

Source U.S Environmental Protection Agency Office of Underground Storage Tanks Corrective Actions Measures
Archive j//ww.ena.gov/swerust /catcamarchv.htrn
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INDICATORS OF ThE ENVIRONMENTAL IMPACTS OF TRANSPORTATION

3.5 DISPOSAL OF VEHICLES AND PARTS

Motor vehicle disposal is the last phase in the lifecycle analysis of highway-related environmental

impacts Dismantling operations involve both automotive fluids and solids Fluids such as engine

oil antifreeze and air conditioning refrigerant are recovered to the extent possible and

reprocessed for reuse or sent to energy recovery facilities Many solid parts such as radiators and

catalytic converters contain valuable metal materials which are removed for recycling or reuse

In addition the dismantler will remove and recycle the battery fuel tank and tires to reduce

shredder
processing concerns

SCRAPPAGE OF VEHICLES

DESCRIPTION OF IMPACT

There are an estimated 12000 automobile scrappage/disassembly operations in the United States

When vehicle is dismantled fluids including oil antifreeze and refrigerant are drained and

removed Solid parts such as the radiator and catalytic converter are removed for recycling or

reuse The battery fuel tank and tires are also separated If undamaged parts are cleaned tested

inventoried and sold and if damaged are recycled with similar materials.

The remaining hulk is then flattened and shredded at one of the 200 shredding operations in North

Amenca and sorted into ferrous nonferrous 8.7% of the whole vehicle and residual

components The residue contains plastics glass textiles metal fines and dirt which are

generally all landfilled

FACTORS THAT AFFECT IMPACT

Number of vehicles scrapped

Fraction disposed of properly through recycling recovery etc
Use of hazardous materials in vehicles

Recovery rate of materials in scrapped vehicles

INDICATORS OF ENVIRONMENTAL IMPACT

Estimates are not available on the health and environmental impacts of landfilling or other

disposal of scrapped vehicles

VEHICLES SCRAPPED PER YEAR

Approximately 11.3 million motor vehicles were scrapped in 1996 Trends are shown below
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Table 345 Motor Vehicle Scrapped Annually thousands

Year Trc
V4Js

1970 7461 837 8298

1975 5669 908 6577

1980 8405 1732 10137

1985 7729 2100 9829

1990 8897 2177 11074

1991 8.565 2284 10849

1992 .11194 1587 12781

1993 7366 1048 8414

1994 7824 4545 12369

1995 7414 2918 10332

1996 7527 3864 11391

Note Figures represent vehicles that are not reregistered

Estimates July to June 30 e.g 1970 data is from July

1969 to June 30 1970

Source U.S Department of Transportation Bureau of

Transportation Statistics National Transportation Statistics

1998 Table 4-45

RECYCLING OF SCRAPPED VEHICLES

The U.S boasts one of the most effective and prosperous vehicle recycling industries in the

world Approximately 94% of all scrapped vehicles are collected and recycled annually at one of

the 12000 scrappage/disassembly locations in the U.S

At least 75% of the material collected from scrapped vehicles steel aluminum copper is

recycled for raw material use and 25% landfihled This effort is estimated to result in

approximately 11 million tons of recycled steel and 800000 tons of recycled nonferrous metals

saving an estimated 85 million barrels of oil that would be used to manufacture new parts Scrap

vehicle waste comprises about 1.5% of total municipal landfill waste

Source U.S Environmental Projection Agency Profile of the Motor Vehicle Assembly Industry EPA Office of

Compliance Seclor Notebook Project September 1995

MOTOR OIL DISPOSAL

DESCRIPTION OF IMPACT

Used motor oil contains high concentrations of detergents metals and other toxics These

materials degrade water quality when improperly disposed One quart of used oil is enough to

contaminate million gallons of fresh water

FACTORS THAT AFFECT IMPACT

Quantity of oil used in motor vehicle operations

79





FHWA Value Pricing Evaluation of Toll Options Using Quick-Response Analysis Tools Page of 14

FHA Hm
Paper No 03-2946

Evaluation of Toll Options Using Quick-Response

Analysis Tools

Case Study of the Capital Beltway

Prepared for presentation at he TRB Annual Meeting in January 2003

Paper Word Count 6003
Abstract Word Count 163

Patrick DeCorla-Souza AICP

Team Leader

FEDERAL HIGHWAY ADMINISTRATION

Office of Transportation Policy Studies HPTS

400 Seventh St SW Room 3324

Washington DC 20590

Tel 202-366-4076

Fax 202-366-7696
e-mail patrick.decorla-souza@thwa .dot.gov

November 16 2002

DISCLAIMER The views expressed in this paper or those of the author and not necessarily those of the US

Department of Transportation U.S DOT or the Federal Highway Administration FHWA

Abstract

Evaluation of Toll Options Using Quick-Response Analysis Tools

Case Study of the Capital Beltway

Patrick DeCorla-Souza AICP

Analysis tools in current use in transportation decision-making processes are not well suited for evaluating toll

highway alternatives against more traditional free highway alternatives This paper shows how existing analysis

tools might be used in evaluating toll options Using case study the paper demonstrates that relatively simple

analytical procedures may be used to estimate the impacts of pricing alternatives and to generate information for use

by local decisionmakers

The case study also demonstrates that pricing alternatives can often accomplish the purpose of major highway

project more efficiently and more effectively than conventional alternatives that exclude pricing while generating

revenue to support bonds for project construction or to fund improved transit and paratransit services With toll

revenue to back bonds project delays due to constrained funding can be avoided and the public can be provided

with superior mobility earlier and at lower public cost

Evaluation of Toll Options Using Quick-Response Analysis Tools

Case Study of the Capital Beltway

Patrick DeCorla-Souza AICP
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1.0 INTRODUCTION

Major highway expansion projects in metropolitan areas in the U.S are expensive Yet they may be needed as

solutions to traffic congestion as these areas grow and develop In some areas toll options are being proposed as

source of revenue to make them financially feasible For example private company recently sent proposal to the

Virginia Department of Transportation to finance the expansion of the Capital Beltway in Northern Virginia

Washington DC metropolitan area by charging tolls to single-occupant vehicles on two lanes proposed to be added

in each direction Often such toll options must be evaluated within short time frame so that decision-makers can

respond to private sector proposals However evaluation tools in current use in transportation decision-making

processes are not well suited forevaluating such toll alternatives against more traditional free highway alternatives

This paper shows how quick-response analysis tools might be used in evaluating toll options Using the Capital

Beltway project as case study the paper demonstrates how transportation performance and other impacts of toll

options can be evaluated and compared to more traditional alternatives

Two types of toll options have reasonable chance .1 getting public acceptance

HOT Lanes i.e High Occupancy Toll lanes

FAIR Lanes te Fast and Intertwined Regular lanes

These types of toll options also known as value pricing options are discussed below

1.1 HOT Lanes

HOT is the acronym for High Occupancy/Toll On HOT lanes low occupancy vehicles are charged toll while

High-Occupancy Vehicles HOV5 are allowed to use the lanes free or at discounted toll rate Tolls vary by time-of-

day and are collected at highway speeds using electronic toll collection technology There are no toll booths Tolls

may be set dynamically i.e they may be increased or decreased every few minutes to ensure that the lanes are

fully utilized Motorists are informed of the current toll rates through variable message signs placed in advance of the

entrances to the HOT lanes

HOT lanes can be introduced either by converting existing HOV lanes or by adding new lanes They have been

implemented in California and Texas By maximizing the use of spare capacity on existing HOV lanes HOT lanes

can reduce congestion on general purpose lanes and reduce the need for new highway capacity for unrestricted use

Variable tolls on new lanes ensure that new lanes will not get congested and that spare capacity remaining after

limited use by HOVs will be fully utilized

1.2 FAIR Lanes

The new value pricing concept called FAIR Fast and Intertwined Regular lanes was developed to overcome equity

concerns that sometimes surround efforts to implement variable tolls on previously untolled highway capacity

FAIR lanes involve separating congested freeway lanes into two sections Fast lanes and Regular lanes The

separation may be done with methods as simple as using plastic pylons and lane striping The Fast lanes would be

electronically tolled with tolls set dynamically i.e in real time to ensure that traffic moves at the maximum allowable

free-flow speed Users of the Regular lanes would still face congested conditions but would be eligible to receive

credits if their vehicles had electronic toll tags For example if the current toll on the Fast lanes were $4.00 vehicles

on the Regular lanes could get credit amounting to $1.00 i.e 25 percent of the current toll The credits would be

form of compensation for giving up the right to use the lanes that had been converted to Fast lanes Accumulated

credits could be used as toll payments on days when traveler chooses to use the Fast lanes or as payments for

transit or paratransit services which would be subsidized using toll revenue from the Fast lanes

FAIR lanes could increase vehicle throughput by as much as 50% on Fast lanes The higher throughput occurs

because freeway vehicle throughput under free flow conditions is significantly higher than when it is congested

FAIR lanes could increase person throughput even more with the provision of high quality transit and paratransit

services This in turn could lead to more efficient use of existing highway lanes and thereby reduce the need for new

highway capacity

1.3 Lessons Learned from Implemented Projects

The SR 91 Express Lanes ri Orange County CA opened in December 1995 as four-lane toll facility in the median

htt //www fhwa.dot gov/steam/smitemldoc htm 6/11/2004
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of 10-mile section of one of the most heavily congested highways in the United States The toll lanes are separated

from the general purpose lanes by painted buffer and plastic pylons There are eight general purpose lanes four in

each direction

As of November 2001 tolls on the Express Lanes varied between $1 and $3.60 in the westbound direction and $1

and $4.75 in the eastbound direction with the tolls changing by time of day to reflect the level of congestion delay

avoided in the adjacent free lanes and to maintain free-flow traffic conditions on the toll lanes Traffic volumes for

discrete time intervals during the day are monitored on regular basis on the Express Lanes When volumes

approach levels at which free flow of traffic might be at risk new toll schedule is developed and published To

discourage additional traffic tolls are raised for those time periods when volumes are close to the maximum volumes

that can support free flow All vehicles must have an electronic transponder to travel on the Express Lanes Vehicles

with three or more occupants pay reduced toll These vehicles go through special toll collection lane for HOVs so

that they can be identified as vehicles eligible for the discount

During heavy congestion periods 40 percent of total vehicular traffic is carried on the express lanes even though they

comprise only one-third of the capacity because throughput is higher under free flow conditions Due to higher

HOV use on the lanes the percentage of person travel on the lanes is even higher

Projects such as SR 91 Express Lanes have taught important lessons with regard to such value pricing toll options

They can work they can reduce congestion and change travel behavior and provide additional travel

choices

They can provide much needed revenues for expansion of transportation services

They can be politically and publicly acceptable Surveys of motorists on SR 91 have repeatedly shown high

level of support from all income groups recently completed public opinion survey in San Diego found

that both users and non-users of the dynamically priced 1-15 HOT lanes strongly support the use of pricing

Support is high across all income groups with the lowest income group expressing stronger support than the

highest income group 80% vs 70%

2.0 ANALYSIS AND EVALUATION OF PRICING ALTERNATIVES

2.1 Available Analysis Tools

Through the Travel Model Improvement Program TMIP FHWA has been developing and disseminating advanced

travel demand forecasting techniques to estimate the travel effects of pricing alternatives Four-step travel

demand models are being used in many cases to estimate traffic impacts of pricing alternatives e.g recent study

in Portland OR When results from four-step models are available FHWAs Surface Transportation Efficiency

Analysis Model a.k.a STEAM may be used to generate estimates of mobility impacts STEAM can also be used

to generate estimates of variety of environmental impacts from vehicle operation on the highway These estimates

are generated at the system level to ensure that only net effects are reported pricing study in the Twin Cities MN
has used STEAM to estimate the mobility and environmental impacts of alternative strategies 10

However the above procedures tend to be complex and often expensive to implement In the time frame that

government agencies must respond to private sector tolling proposals suth as the proposal for the Capital Beltway it

is not feasible to do extensive four-step modeling of pricing alternatives Quick-response analysis tools such as the

tool demonstrated in this paper are feasible alternative FHWA has developed quick-response analysis tools which

can assist in travel demand and impact estimation For example FHWAs IMPACTS model 11 provides for

estimation of impacts of toll alternatives Other tools developed by FHWA such as its Sketch Planning Analysis

Spreadsheet Model a.k.a SPASM 12 and its Spreadsheet Model for Induced Travel Estimation a.k.a SMITE
13 may also be modified for use in evaluation of pricing alternatives FHWAs SMITE model was modified for the

case study analysis presented in this paper The modified model is called SMITE-Managed Lanes SMITE-ML

2.2 Overview of SMITE

SMITE estimates induced traffic that might result from faster travel speeds including new trips generated or

attracted to new development existing trips diverted from other destinations and existing trips diverted from other

modes of travel such as transit

hUn //www fhwa dot 2ov/steamlsmitemdoc htni 6/11/2004
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Goodwin 14 compared travel demand model forecasts which accounted primarily for re-routed traffic with observed

traffic flows on nine improved urban roads and sixty-one rural roads in the U.K He found that for an average road

improvement for which traffic growth is forecast by travel models unpredicted traffic in the first year over and above

the forecast was 57% for urban roads and 13.3% for rural roads Based on his studies he equates an additional

10% traffic to demand elasticity with respect to travel time of-0.5

However researchers in the past have produced elasticity estimates as low as -0.2 15 The wide range results from

several factors such as the relative importance of travel time component of the full user cost of the trip the time

frame of analysis magnitude of new development induced and length of trips served

SMITE uses demand elasticity with respect to travel time to estimate induced travel In order to develop an estimate

of induced travel demand using demand elasticities we must first estimate the reduction in the time price from the

proposed action This reduction converted into percentage reduction can then be used with demand elasticity

estimate to provide an estimate of induced travel demand However one complication is that as total travel increases

due to induced demand the initial price reduction is slowly eroded It is therefore necessary to go through process

of equilibration of demand and price The change in travel time that occurs with increases in demand is easily

modeled using speed-volume relationships 16 17 By iteratively estimating induced travel demand and the resulting

time price change an equilibrium point can be found at which demand and price are in balance

Figure demonstrates the equilibration process graphically for an improvement in highway speeds resulting from

capacity expansion Point is the initial equilibrium point i.e the point at which demand and supply are in balance

prior to highway expansion After highway expansion travel time price is initially reduced to the level represented by

point However at that price travel demand would increase to the level represented by point on the demand

curve But at this higher demand level the price would actually be much higher as represented by point on the

price curve after highway expansion At this price demand would in reality be lower as represented by point on the

demand curve As the figure demonstrates one might continue to follow this process and finally end up at point At

this point demand and price are in balance

An approximation of the procedure illustrated in Figure has been incorporated into SMITE For the demand curve

SMITE allows the user to provide demand elasticity estimates Induced traffic associated with increases in highway

speeds is calculated using series of equations 18 approximating the equilibration process demonstrated

graphically in Figure

3.0 CASE STUDY ANALYSIS

The case study demonstrates application of quick-response analysis techniques using speciallymodified version of

SMITE called SMITE-Managed Lanes SMITE-ML SMITE-ML facilitates estimation of the impacts of toll options on

existing or added lanes Data for the case study demonstration were obtained from the Capital Beltway Study report

These data and other data needed as input into SMITE-ML are indicated in bold on the spreadsheet which is

available from www.fhwa.dot.gov/steam Go to the Related Links page

The proposed project is 14 miles long The existing facility has lanes and the alternatives evaluated involved

expansion to 10 lanes or 12 lanes

3.1 Project Alternatives

Three conventional Build alternatives i.e without tolls were evaluated in the Capital Beltway Study in comparison to

the No Build alternative These alternatives included

Alternative Add one concurrent HOV lane in each direction

Alternative Add one HOV lane in each direction reconfiguring the cross-section in each direction to two

local lanes and three inside Express lanes including the HOV lane

Alternative Add two barrier-separated HOV lanes in each direction for total of six lanes in each direction

four regular and two HOV

In addition three pricing alternatives were developed for the case study analysis presented in this paper These

pricing alternatives were variations on the No Build alternative and two of the three Build alternatives The following
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pricing alternatives were developed

Alternative Divide the existing four-lane cross section in each direction into two sections of two lanes each

one local and the other priced express with free access for HOV and transit vehicles Provide toll credits to

motorists using regular lanes as in the FAIR lanes concept This is essentially the 8-lane No Build alternative

with pricing add-on

Alternative Add one concurrent lane in each direction Using barriers divide the new 5-lane cross section

into two sections two regular lanes and three priced express lanes with free access on the express lanes for

carpool and transit vehicles This is essentially the 10-lane Alternative with pricing add-on

Alternative Add two barrier-separated priced express lanes in each direction with free access on the

express lanes for carpool and transit vehicles This is essentially the 12-lane Alternative with pricing add

on

Note that pricing add-on to the 10-lane Alternative was not evaluated Barrier-separated priced lanes on 10-lane

cross-section are evaluated under Alternative

For the pricing alternatives tolls would be charged only during peak hours 6-10 am and 3-7 pm on priced express

lanes and would vary dynamically to ensure that traffic flows freely at all times including the peak hour of each peak

period This would ensure premium delay-free service for transit and paratransit riders carpools and toll-paying

vehicles It is important to understand that the primary intent of pricing strategies is not to reduce mobility or freedom

of travel but to increase it by providing funding and uncongested travel conditions for better quality cost-efficient

alternative modes while instituting financial incentives to encourage use of these modes In the alternatives

developed pricing revenues would fund high quality alternatives to solo-driving including demand-responsive

paratransit services express bus or Bus Rapid Transit BRT services and non-motorized options And solo drivers

willing to pay would enjoy higher level of mobility

3.2 Mode Choice Analysis

pivot point mode choice model 19 has been incorporated into SMITE-ML It was used to estimate impacts of the

alternatives on peak period mode shares pivoting off of estimated No Build mode shares in the year 2020

Impedance coefficients used in the model were those calibrated for the Washington DC metropolitan area 19

Travel corridor person trip demand estimates for the base case No Build alternative were needed as input to the

model These were obtained from the Capital Beltway Study generated by the four-step model maintained by the

Metropolitan Planning Organization MPO The Study report also provided No Build traffic forecasts for 10 separate

sections of the freeway between interchanges In the base case with no widening the MPO model estimated that the

southern segment about miles long would carry on average about 280000 vehicles per day on the freeway The

middle segment about miles in length would carry the highest volumes about 310000 vehicles per day The

lowest-volume segment to the north about miles in length would carry about 250000 daily vehicle trips

The pivot point logit model estimated the changes in travel demand on alternative modes for each alternative

resulting from generalized user cost changes due to highway capacity improvements tolls and new and improved

transit and paratransit services The model results reflected the effects of changes in congestion and financial

inducements for use of alternative modes Table presents the results from this analysis for one of the three

segments the southern segmert with mid-range traffic levels For this segment the model estimated

An additional 3400 transit person trips for conventional Alternatives and

An additional 21000 to 24000 transit person trips for pricing Alternatives and

The increase in transit trips with pricing amounts to about 10500 to 12000 round trips daily This model estimate is

not unreasonable since it amounts to less than 10 percent of the current employment in the Tysons Corner area the

major employment and commercial center located in the corridor Total employment in the area is 126000

according to the Fairfax County Economic Development Authoritys Area Business Report 2002 Moreover

employment is expected to grow significantly in the area by the forecast year 2020

As shown in Table carpool use estimated by the model ranged from an increase of about 14000 person trips for
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the conventional alternatives to smaller increases of 8000 to 12000 person trips under the pricing alternatives Note

that pricing does not generate as much carpool use as conventional alternatives because some would-be carpool

commuters are attracted to transit due to the superior transit services under pricing alternatives provided with funding

from toll revenue

3.2 Traffic Forecasts

The pricing alternatives tend to reduce vehicle demand on the freeway and in the corridor relative to the base case

No Build alternative However the reduced congestion on the freeway will cause diversions of traffic to the freeway

from other routes and destinations and may even induce additional development and consequent new trips in the

corridor SMITE-ML estimates increases in traffic from these sources Traffic diverted from arterials to the expanded

freeway is first estimated by redistributing traffic such that relative levels of congestion on the freeway and the

arterials stay the same This technique is based on principles in NCHRP Report No 255 20

An elasticity of demand with respect to travel time of -0.2 was used to estimate induced travel This demand

elasticity is at the lower end of the range found in the literature 15 It reflects the paucity of vacant land available for

increased development in the corridor the relatively large proportion of short trips as well as the fact that mode

choice changes which contribute to induced travel are already accounted for using pivot point mode choice analysis

The results are presented in Table for the southern segment of the freeway

It should be noted that for restricted lanes and priced lanes the induced demand calculation was suppressed

Induced carpool usage is already estimated by the mode choice analysis Peak period HOV use on the restricted

lanes was estimated assuming that 90% of HOV demand estimated by the pivot point mode choice model would use

the lanes Single-occupant vehicle SOV volumes in priced lanes were estimated to be equal to the spare vehicle

capacity that would be available on the lanes at Level of Service i.e about 75% of absolute capacity Price

would be used to regulate the level of travel demand in order to maintain service at Level of Service

Note that the restricted lanes and priced lanes would be open to all traffic during off-peak times free of charge

Therefore on daily basis Alternatives and carry relatively higher volumes of traffic They have far more capacity

available for unrestricted use i.e two lanes in each direction Due to the larger number of new lanes available and

used in peak periods by both HOVs and priced SOVs with Alternative diverted and induced traffic is significant

increasing vehicle volumes daily on the freeway by almost 30000 above the No Build volumes for that segment and

by about 12000 for the corridor as whole On the other hand with pricing Alternative vehicle volumes are

reduced by more than 30000 vehicles daily on the freeway as well as corridor-wide This occurs because Alternative

shifts many peak period trips to carpools and transit But it does not encourage significant diversions or new traffic

because no capacity increase is involved

3.4 Speed Delay and Toll Revenue Estimates

Table presents estimates of speed delay and toll revenues per mile for the southern freeway segment For

restricted lanes and priced lanes vehicle restrictions or variable pricing dampen peak demand and tend to maintain

free-flow speeds in the peak periods The speed estimates are used to estimate delay reductions relative to the base

case No Build alternative SMITE-ML also estimates the value of travel time savings for both previous travelers as

well as diverted or induced travelers The conversion of time savings to monetary value was based on the

average value of time of $9.00 per person hour obtained by applying an inflation factor to the value estimated by US

DOT 21 Results are presented in Table

Table also shows estimates of tolls paid by SOVs in the priced lanes The average toll rate per mile was estimated

using the estimate of average time saved per mile by vehicles in the priced lanes and converting it to monetary

value This value would roughly be equivalent to the toll that those ineligible for free service would be willing to pay

Note that peak period toll rates would actually be much higher than suggested by this methodology because peak

period speed differentials are much higher than the average daily speed differentials estimated by SMITE-ML All

pricing alternatives only propose to toll vehicles during the peak periods Also toll rates may actually be higher than

that indicated even by peak speed differentials because toll-payers generally value their time more highly than the

average motorist That is why they choose to pay the toll For example commuters in the toll lanes in the median of

SR 91 in Orange County CA value their time at $13 to $16 per hour 22 SMITE-ML multiplies the conservative

estimates of average toll rates by the estimated number of toll-paying vehicles during peak periods at Level of

Service to provide conservative estimate of daily toll revenues as shown in Table Annual revenues over all

three segments are presented in Table They are estimated assuming that tolls would be charged on 250 weekdays
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year

3.5 Estimates of Social Costs and Benefits

Table presents estimates of benefits associated with the alternatives for the southern segment of the freeway

Construction delay costs

First the Table presents excess delay per mile due to construction activities during project implementation It was

assumed that delays would increase by 100% above prior recurring congestion delay over period of 250 days
According to recent study of the impacts of temporary losses of highway capacity by Oak Ridge National Laboratory

23 non-recurring delay on U.S freeways and principal arterials in 1999 amounted to 2.02 billion vehicle hours

while work zone delays on freeways alone amounted to 0.48 billion vehicle hours Various studies such as those

done by the Texas Transportation Institute 24 suggest that recurring delay is equal to or less than non-recurring

delay Thus work zones region-wide add at least 25% to recurring delays on regional networks and perhaps more if

delays on principal arterials are considered Since we can safely assume that no more than 25% of regions

network is in 11 work zone status at any one time this suggests that the assumption of 100% increase in delay on

specific facility due to construction is conservative assumption

External Costs

The increase in external costs per mile including air pollution noise and crashes due to increased traffic were

estimated using an estimated cost of cents per vehicle mile for traffic in excess of the No Build alternative These

costs per vehicle mile were calculated based on the low-range nationwide estimates of these costs amounting to

$153.7 billion and nationwide vehicle miles of travel amounting to 2.7 trillion in the year 2000 25 The low-range

estimates were used to ensure conservative estimates of benefits from pricing Pricing tends to lower external costs

and therefore increase social benefits since vehicle miles of travel are reduced relative to alternatives providing the

same amount of capacity free of charge

User Benefits

Assuming an average vehicle occupancy of 1.33 travel time delay costs amount to $12.00 per vehicle hour In

addition to the value of travel time saved by reduced delays motorists save fuel as result of reduced accelerations

and decelerations FHWAs Highway Economic Requirements System HERS model 26 estimates fuel

consumption in relation to speeds Based on the HERS model equations ECONorthwest 27 calculated excess fuel

consumed per minute of delay On facility with free-flow speed of 60 mph excess fuel consumed ranges from

0.037 gallons per minute of delay for small car to 0.073 gallons per minute of delay for sports utility vehicle SUV
This equates to an added fuel cost of about cents per minute of delay including about cents in gas taxes

assuming about $1.40 per gallon at the pump

Since fuel taxes are transfer savings to motorists are losses to government agencies and there is no net change in

societal benefit from gas tax savings Therefore in computing societal benefits for the alternatives changes in gas

tax receipts were ignored At cents per minute of delay fuel costs amount to $3.00 per vehicle hour of delay Thus
fuel consumption costs from delay amount to about 25% of the travel time delay costs of $12.00 per vehicle hour

In addition to time and fuel motorists may incur crash cost savings when delay is reduced as experience with the toll

lanes on SR 91 suggests 22 However due to lack of definitive data and to ensure conservative estimates of

benefits from pricing these possible savings from pricing have been ignored for this case study

3.6 Evaluation of Analysis Results

Table presents key evaluation information for the six alternatives for all three freeway segments combined

Delay Reduced

Table first presents the delay reduction estimates in person hours daily for each of the six alternatives The pricing

alternatives reduce significantly more delay than alternatives with the same physical configuration but no pricing

Table suggests that pricing Alternative which does not increase capacity is still able to reduce delay significantly
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Delay reduced amounts to more than 75% of the delay reduction with conventional Alternative which does increase

capacity by one lane in each direction Thus if funding is not available in timely fashion for capacity improvement

alternatives this alternative could be very good interim solution Alternative which involves the same amount of

new capacity and the same configuration as conventional Alternative reduces delay by about 50% more than

Alternative Similarly Alternative which involves the same amount of new capacity and the same configuration as

conventional Alternative reduces delay by almost 50% more than Alternative

Cost per Hour of Delay Reduced

The bottom line of Table also presents the cost of each alternative per hour of delay reduced As the table shows

the most cost-effective alternative with regard to delay reduction is Alternative It costs only about $3 per hour of

delay reduced On the other hand the conventional Alternatives and and pricing Alternative are the least

cost-effective They cost about $9 to 13 per hour of delay reduced

Toll Revenue

Gross annual toll revenue is relatively lower for Alternative primarily because toll rates are lower since the four

regular lanes are less congested and travel time saved by taking the priced lanes is correspondingly lower Revenues

shown in the Table are gross revenues For Alternative approximately 25% of the revenue will be needed to pay for

credits to motorists in the regular lanes assuming credit payout of 25% of the toll rate

Transit Subsidy

Estimates of new transit trips from the mode choice model see Table were used to calculate new transit subsidies

that would be needed to support service for the new trips and provide discount fares Additional public subsidies were

estimated at 50 cents per passenger mile based on nationwide subsidies of $23.5 billion supporting 50 billion

passenger miles annually 28 Estimates of new transit trips were used to calculate new transit subsidies that would

be needed to support service for the new trips and provide discount fares Table shows the resulting transit subsidy

estimates Transit use under the pricing alternatives is about two and one-half times its use under the conventional

alternatives This results in need for new public subsidies for transit which are about eight times the new subsidies

needed for the conventional alternatives

Annualized Public Costs

Table presents estimates of annualized highway facility construction and right-of-way costs based on estimates

from the Study report These are then aggregated with annualized transit subsidy and pricing infrastructure and

operation costs to get total annualized public costs Total annualized public costs including capital costs for highway

facilities is higher for the pricing Alternatives and relative to the comparable no pricing Alternatives and

primarily because of the larger transit subsidies needed

Net Financial Impact

Despite the very
conservative assumptions that were used in estimating toll revenue the pricing alternatives bring in

gross toll revenues estimated at about 70-75% of the new public subsidy needs for transit under Alternatives and

and about 25% of that needed for Alternative If alternative sources can be found for transit funding the toll revenue

will be available to provide source of funding to support construction bonds for the highway improvements

Net Benefits

The estimated excess travel delay costs during project construction and external costs from increases in vehicular

travel relative to the No Build alternative were subtracted from estimates of user benefits i.e time and fuel savings

to get net annual benefits The present value of benefits over 20-year period was estimated assuming 7%

discount rate 29

Net Present Value

The present value of public costs for 20-year period is then subtracted from the present value of benefits

aggregated over all three segments to get net present value The pricing alternatives all demonstrate significant
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positive net present values ranging from $517 million to $1.7 billion Only one of the three conventional alternatives

Alternative has positive net present value amounting to $138 million However this is much lower than any of the

pricing alternatives

4.0 CONCLUSIONS AND RECOMMENDATIONS

This paper has demonstrated that relatively simple analytical procedures may be used to estimate the impacts of

pricing alternatives and generate information in timely fashion for use by local decision-makers The case study has

also demonstrated that pricing alternatives can often accomplish the purpose of major highway project more

efficiently and more effectively than conventional alternatives that exclude pricing while generating net revenues to

support alternative modes bonds for timely project construction and other transportation priorities Delays due to

constrained funding can be avoided more transportation choices can be provided and the public can get superior

mobility earlier and at lower public cost
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Toll road will not be exempt from state laws
Boxer Feinstein get

provision out of bill

By Toby Eckrt
COPLEY NEWS SERVICE

WASHINGTON Califor

mas two U.S senators recently

blocked move to exempt from

state laws part of controver

sial Orange County toll road

that could cross into North

County

Language that would have

granted the exemption to the

proposed Foothill South Exten
sion was stripped from de
fense authorization bill at the

request of Democratic Sens
Barbara Boxer and Dianne
Feinstein

route favored by propo
nents of the project which
would comlect the SR 241 Toll

Road to Interstate in the San

Clemente area would go
through parts of San Onofre

State Beach Park and Camp
Pendleton Both are federal

property with the state leasing

the beach parkland from the

federal government
Supporterg of the route fear

the California Legislature will

restrict the construction of

roads through state parks and

sought the federal exemption

The toll road project is op
posed by environmentalists and

has drawn the concern of the

Marine Corps commandant
aides to Boxer and Feinstein

said

It would have impacts on

some of Southern Californias

last remaining open spaces in

cluding habitat for number of

endangered species the sena
tors said in joint letter to the

Senate Armed Services Corn
rnittee Serious questions also

remain about the need for the

road and the economic sensibil

ity of the project

All of these factors should

be considered under Califor

nias existing health safety

transportation labor and envi

ronmentaj laws they said

The Transportation Corridor

Agencies which operate Or

ange Countys public toll road

systeth sought the exemption

Our concern was that the

State Legislature could have

precluded us from keeping all

of our options open We intend

to comply with all state and

federal regulations said Clare

Climaco spokeswoman for

the agencies

The exemption was favored

by Rep Ken Calvcrt R-River

side member oL1ie House

Armed Services Committee
Calvert wants to help ease traf

congestion in the region an

aide said

But the language was drop
ped from the defense

legisla

tion during negotiations be
tween the House and Senate

The bill was sent to President

Bush for his signature Wednes
day

Several routes are being con
sidered for the 16-mile Foothill

South Extension But the route

preferred by proponents would

go through San Onofre State

Beach and Camp Pendleton

Clintaco said the route would

pass through an inland part of

the beach park

The Sierra Club and the Sur
frider Foundation both envi

ronmental groups are opposed

to the plan

In their letter Feinstein and

Boxer said the Marine Corps

commandant Gen LL Jones
also has expressed concerns

that this road will unduly en
croach upon operations at

Camp Pendleton and under
mine military readiness

hi letter to the adrninistra

tor of the Environmental Pro
tection Agency the comman
dant wrote that the road

alignments under consider

ation would have detrimental

impact thai is unacceptable on

the ability of Camp Pendleton

to carry Out its training mis
ki the senators said

Climaco said the toll-road

agency is working with the Ma
rine Corps to ensure there

would be no impact on their

ability to conduct military exer

cises
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December 17 1991

Lt Colonel ChIt MyerS II

Community Planning and Liaison Office

Rm 212 Bldg 1160
Marine Corps Base Camp Pendleton
CA 92005-5001

SUBJECT STATEMENT OF INT4r REGARDING FOOTHILL TRANSPORTATION

CORRIDOR OSO PARKWAY TO INTERSTATE MODIFIED

ALIGNMENT

Dear Lt. Colonel Myers

Please find enclosed four cojes for execution of theStatemenEof
Intent between the United States Marine Corps the Transportation

Corridor Agency City of San Clemente and the California Department
of Parks and Recreation regarding the Foothill Transportation

Corridor Oso Parkway to Interstate Modified Alignment Please

note the revisions to Paragraph last sentence and Paragraph

last sentence

Please have all four copies signed by the Comanding General and

return all four copies to the Transportation Corridor Agencies

TCA to the attention of L.aura Coley Eisenberg Senior

Environmental Analyst The CA will forward signed original to

you for your files once all other parties have executed the

statement

The TCA appreciates the cooperative spirit in which this statement

has been developed and looks forward to working with the Marine

Corps in the future on this project It you have any questions

regarding the statement please feel free to contact me at 714
5573298

Sincerely

William Woollett Jr
Executive Director

Enclosures

cc Joe Anderson San Clesezte

Scott Diehi City of Sa Clemente
Mike Parness City of Sn Clemente

Ken Jones Parks Retion
345 2o2O fA

---.- -._..-
..

TRANSPORTA7WN JRRt AGENCIES
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STATEMENT OF INTENT

THIS STAFEMENT OF INTENT is made and entered into this day of

March 1992 by and among the Foothill/Eastern Transportation
Corridor Agency Agency the City of San Clemente San
Clemente the California Department of Parks and Recreation

State Parks and the United States Marine Corps Marine
Corps respecting the Foothill Transportation Corridor Oso

Parkway to Interstate FTC-South This Stteuient of Intent is

effective only in the event that the FTC-South Modified

Alignment Alternative as shown on Exhibit attached hereto is

certified as environmentally superior and selected by the

Foothill/Eastern Transportation Corridor Agency Board of Directors

Board as the locally preferred alternative each party is

desirous of resolving outstanding issues regarding 4e Modifjed

Alignment each party agrees as follows

RECITALS

Camp Pendleton is opposed to any alignment alternative that

would encroa upon the Base and thus negativeI impact the

national efenc mission with which it is entrusted However
should the rlC-South Modified Alignment becoie identified as the

environmentally preferred alternative through the NEPA

Environmental Impact Statement camp Pendleton can support that

alignment if certain conditions are met First Camp Pendleton must

receive at no cost to the Department of Defense full mitigation

or negative impacts to operational and mission performance

capabilities Second any needed environmental mitigation must be

accomplished at no expense to the Department of Defense and with
no new dedication of Base property to environmental purposes or for

state park system Third the Marine Corps shall receive fair

market value compensation for all transfers of real property
interest and severance damages affecting Camp Pendleton property
which result directly or indirectly from adoption of the rrC-South
Modified Alignment Additionally should the Modified Alignment
be selected it is the intent of the Marine Corps to seek special

legislation authorizing acceptance of compensation for real

property rights granted in the form of cash or

property/improvements in kind

State Parks in carrying out its mission to preserve and protect

natural cultural and aesthetic resources and to provide recreation

opportunities for the public operates San Onofre State Beach on

land leased from Marine Corps Base Carnp Pendleton In recognition
of its mission State Parks has opposed and will continue to oppose
the FTC-South Modified Alignment Alternative which impacts

345 CkSon Sheer Costa Mesa CA 92626 714/557-3298 FA J4/557-9 O4

Mernbe AndeŁfl Costa Mesa CoatyolOW1ge OoôoPoil ke Lake Fce ogi.iioHi LogwaNu
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state beach lands For this reason State Parks does not believe

the FTC-South Modified lignment is the environmentally superior

alternative However if the FTC-South Modified Alignment

Alternative is selected through the Environmental Impact

Report/EnvirOflhlental Impact Statement EIR/ElS review process
State Parks recognizes its rol.e in obtaining appropriate

comperisatiod and mitigation to offset parks losses attributable to

the FTC-South Modified Alignment All mitigations that are

agreed to in this Statement of Intent shall be incorporated into
and become part of the Final EIR/EIS documents that are certified

for the project Therefore State Park9 consents to participate in

this Stateitent of Intent to resolve outstanding issues relative to

the FTC-South Modified Alignment concurrent with the EIR/EIS

review procesS

San clenente generally accepts the need for additional

transportation infrastructure to address the growing needs in

Orange County and to this end conceptually supports the FTC-South

San Clemente believes adequate mitigation cannot be itified to

address the detrimental social economic and envirqflJ tal impacts

related to the FTC-South BX Alignment Alterm.jtre any value

provided by the FTC-South would be offset by these give imcts
San Clemente is and will continue to be unalterably opposed to the

FTC-South aX Alignent Alternative

San Clenente will endorse the rrC-South ModiL Aignment
Alternative as the environmentally superior alternatfVeçopditiOfled

upon mitigation program that is sensitive to the rheed.s of the

citizens of San clemente In this regard Sar Cleiuente will work

with Agency Marine Corps and State Parks to minimize the negative

impacts of the Modified Alignment while providing offsetting

benefits

Due to the present and future planned development in southern

Orange County an immediate need exists to provide an additional

northsouth highway The Agency nas studied this need and has

determined that the environmentally superior alternative for

providing this north-south highway is to construct the FTC-South
Modified Alignment In dec1arinç the Modified Alignment

Alternative environmentally superior Lime Agency recognizes that

there ate outstanding issues to be resolved The Agency wishes to

cooperate arid resolve all of these issues and in this regard

agrees to participate in this Statetent of Intent

In view of the foregoing Agency San Clemente State Parks and

Marine Corps all parties agree on the need for an Issue

Resolution Process Process All parties also agree to take all

reasonable and necessary actions to support this Statement of

Intent
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PROCEDURE

Therefore1 the parties agree to the following Process

The Clignment _Cosiaittee The Alignment Committee

Committee as formed by the Agency San Clemente Marine Corps
and State arks shall be the forum resolution of all

outstanding issues The Conuittee shal on regular basis to
discuss the following

Mitigation. The parameters foradditional mitigation shall
be established and agreed to by the Committee prior to
initiation of negotiation procedures

jlDesi.an for Modified Alionment The Committee shall
have the opportunity to review and comment on fipadesign
plans for the Modified Alignment Alternative

Scope of Analysis for ETS The CommitteE

opportunity to provide input on theScope of
EXS

TerminatlorL. Any signatory to state
from the statement by providing Pkotice ta

writing and 30 days prior to the effetive date
signatory agencies

TI METABLE

The Process shall be concurrent with the EIR teview ess

Lt General Robert hnon
Coazuandi gGenral
Marine Base Camp Pendle0

Kenneth .7 es

Regio ector
fern Departmen of Parks and Recreation

Attest

17
Cit Clerk of ayo

San Cleente cutiv
Foothill/Eastern Transportation

ave the
for the

withdraw

raw in
other

L.CE12/2/91 R8
Agency

Corridor
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ACtt t-fMENT 01 LEAS

PART

TillS NEGOTIATE1 LEASE between the STATE 01 CALIFORNIA

fljflARTMENJ OF PARS AND RCREATOfl thereinafter referred to

as Lossee whose address is 1416 Ninth Street 3cramento California

95811 and the UNiTED STATES OF AME1ZICA hereinafter referred to as

Governniant consisting of this PART and of PART Ii contthning

General Provisions which Is attached hereto and made part hereof

WITNESSE1i-

WHEREAS the Government owns and the Depart-meat of the Navy

has jurisdiction admirdstratios custody and control of that certain

property lcnown and identified as the Marine Corps Bare Camp

Pendleton California hereinafter referred to as Ilase and

WI4EREAS the Secretary of the Navy has determined that portions

of the Base more particularly described in ArticI.a of tide Lease are

not excess property are not for the time being required for continuous

military use or for purpesce of providing security for tht President of

the United States and are available for the use by Lessee for the trsr

poses hereinafter set forth and

WHEREAS both pafltcs recognize that all the land comprising

Camp Pendicton is vital to the National Security and with the ekeeption

of the Leased Property described in Article of this I-ease and certain

securitj cones must be retained exciusivoly for military training so

tong as Camp Pendleton is required for the National Defense as trainirg

base for the Marine Corps and

WHEREAS this Lease is made under the authority of Section 267

nf title JO of the Code

NOW tHEREFORE in consideration of the premisea anti of the

terms and conditions hereinafter set forth the Coven1rnent end Iesaec

hereby agree as fellows
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ARTICLE lASEO PROPERTY

The Ciovtnmei iturtby ietsca to the Lessee certain portions of

t-c face Camp Pondleton California consisting of three parcels

he reirn tier called the cased Property said three parcel.s of land

in the County of Orange arid the County of San Diego State of California

bcintj portions of fractional Section 25 Townahip South Range West

San Bernardino Base tori Meridian and portions of Sections 25 26 35

end 36 Townohip South flange Weat Sections 10 it 12 14

23 nor 24 Township South Range West Sections 29 30 31r 32

and 33 Township South Range West Sections and TownshIp

10 South Range West of Rancho Santa MarŒarita according to Record

of Survey Map 794 filed January 17 1940 in theOffice of the Conty

Recorder of said San Diao County more particularly 4escribod in

Exhibit and delineated en the snap marked Thctibit bearing the

levend Proposed Lease to State of California C.F 5/29/li both

exhibits which are attached hereto and incorporated by rofcrenco herein

Provided however that this Lease ahali not be effective as to

that nrea known as the Enliated Mens Beach and the supporting inland

area thereto located in Parcel of Exhibit and specially delineated

jj Exhibit hereto and the Goernrnent shall have exclusive use of

that area and alt faeiiittes thereon unless and until such time as an

alternative site mutually acceptable to the Government and Leeeee is

located comparable facilities are inita11ed thereon and relocation to

the attornatiye site is accomplished Lessee agroec that it shall bear

all coats in connection with preparation of and relocation to anti alterntivo

site and nil costz incurred in the installation of comparable facilities

Provided for1hev that this 1_ease shall not lie effective as to any

pci-lion of the Leased Property which is presently out-leasad by the

Gnvet-nment for agricultural purposes until such limo ae such agricultural

leae terminates notcc of which will be promptly given in writing by
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I.he l.oce Ci rnrn1t flpto his LseO in each intan

is urthr ead bwen the rninett ncl Lcsace that ipn

tPririt1LtiOfl any ax ting agricultural lease the Governmc.nt shall

have the right to enter into further agriouhtural leasing of the area in

volved subject Lo the cocnt of the Lessee herein in each instance

ART$C1.fl TEL1M

The term of this lac ahall be for period of

and ahall bcin on September 1971 and nd on

31 2021 unlcei sooner terminated in accordance

With the pIOVIatOnG of Article Or of I1AI1T of this Lease

ARTICLE USE

The eascd Px-aperty ha he ucd rnalntaincd protected and

preserved by the Lezee In accordance with good management practicez

as puhltc park and not othcrwise such usc to include any incidental uses

that rice out of or are related to public recreation

Provided hovcver that the operation of all faci1itic on the Lea sod

Property shall be conducted without regard to race color reigiOfl or

national origin and arty form of aegregaLion or discrirnnatiou on the

bsLs of race color religion or national erigin in the operation of

any of said facilities shall be deemed good and ufflcient grounds upon

which to cffecta termination of thiS Lcasc

ARTICLE REIT

The Lcsaee shall pay to the GoverpicnL as rent for the use of the

Leased Property the aura of One Dollar $t oo for the term of this Lease

receipt of which is hereby acknowledged

ARTICLE LOCAL GOVERNMENT RPESENCAPIVE

Thc ComrnandingOiticer VTstorn Division Navat PacIlitle

Engineering Comraand San Bruno California 9406 or his successor

ic hovohy dceLgnatcd as Local Govcrime.it lleprer.cot.Llve and shall
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under the diroottcn of th Cornna Tur Nva1 FiciUtie nglnccith

Cornrnand tth U1c1cr the di recIi on the Seeretp-y of the 7vy

Wahingtnn be reeponsbte far the id iutratio of thie Lctte

3rld shafl exercise general saipervision thci-cef insoar the interests

of tIi goveruinent are concerned lrOvidcd howuvcr that the LeEee

agrees to consiit with arid obtain th approval of the Coinxnarcling

Gcncra Marine CorpS iaee in any and all matters aftectiig the

s.dinkrlistratiou miSSion or Security of tile Marno Corps Bace Camp

Iendtcton iuc1i.dthg but ot li1ted to tbe maitera set forth in

Purt It of this Lease

ATICL PRIOR LkSE

This Lease eupercdca the Leaae between the sairie parties hereto

dated March 30 t971 and designated NFR-1168L

ARTICL7 EXJCUIrON

IN WrTNEIS WIIERIO the partis horeto have daily executed

this lance effective as of Septembor 1971

WITNESS UNITED SThTES OF AMPflICA

-4 g1er
Cap1an CEC USN

DAIE 31 A1iLt 1371 Deitvdmandr for FacilitJ.es

Martagoment
1avaI FadUitie Engineering Commasl

APPROVI1
DEPAkTMENT OF GENEI1AL BEaV1CR$



SjATE OF CALTFOllNIA

DFPAiTM1NT OF 1AkK
AND REGRFA TON

44
DEPUTY DrRECOp

IIecby Certify uion my own pors onal knowIcde
that budgeted funds ame avail.able for tho pricd aid

p.rpo5c of the ocpcndture etatc above Atte LA
No ____ orD.R No ____

Actotrnting Otficor
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WI rNSS
APPflOT AS TO FORM

P.R
uti

-5-

DP1EN1 OOSEL

ConLrat 4-999-929

propviation_0 266/fl rriJ.fl7 K2L..J971172

Finctiono ii e1 SupporC

Linc Itrn Mlotrnej 472 999999 226.01

Amunt of Estimate 1.OO

U.u.ncumbared tene.jnder $25645.OO
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AGrUEi11NT OF IiASE

NO

PART

GENERAj PROViSIONS

INDEX

ARIrcLl-s

GENERAL MMNTENANCE O3LICATJÔN

REIRESNTATIONS

SU13JECTJO1 TO EXTSrr AND FUTURE EASEMENTS
AND RIc.Irrs OF WAy

TERMINATIONBYGOVRNT

TERMjITJON LESS$F

SURtU.NDER
.. -3

INSTALLATION OF IMpflQyEMN.S REMOVAL
ANT RESTORATION

Ii RESERVATIONS fly THJ GOVERNME

INDIMNIFICATION BY LSSEE/GOVENMENP
NON- 14AJITY

TJT AND SERVICES

Ic LIENS

AcCss

DISPUTES

COVENANT AGAINST FEES

OFIICIAT.S NOT TO BENEFiT

FAILURE OF GOVERNMENr TO INSIST ON COMPLIANCE

ASS1GNMT OR SUBLETTING

GOVERNMENT RULES AND REGULATIONS

NflC5



Ma 11 04 1142a Brittan licKee 949-381-6623 p.10

OC103 002 THU 0713 OFFICE OF RCQLJISITION FX NO 327 7307 10

1.FMENT OF L.EASi

STArE OF CALiFORNIA

DEXARTMENT OF PARKS ANP RECREATION

UNYCTD STATES AMJuCA

1ART

G1NRAL PROVISIONS

GENRM4 MAINTEt4ANCE OBLIGATION

Leescc its expense ah.t1 So protecl preserve vnintain

and repair the Leacd Property and ay and all improvements con

ti-ucteci or installed thrccn that the same will at all timea be 1epi

good condition nd repaiZ

EPRFSENTATIONS

Lasseo has ccamfned knows and accepts the condition and slate

of repair of the Leased Properly and th Thxae oC which it forms

part and acknowledges that the Government has made no rcprcsanta

tln corccrning such condition and state of repair nor any agreement

Or promise to Ltter improve adapt repair- or kacpin repair the same

or any item the-eof Which ha not boon fully ae forth in thia Lcaa

which contajos oil of the agreements made and entered into betwcori

the Leaee and the Govcrirnent

SUBJECTION TO EXISTING AND UTUIE EASEMENTS AND
1G1TS OF WAY

This Lcnse is .subjct to all outstanding casements and of

way for location of any type of Iac1Utrover across In and upqn th

Leased Propnrty or any portion thereof and to the right of the

save nrnait after consultatien with Lsce na to location to grant

6uCh additional eaomcnts and rights way óer acroe in an
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upon iii .eaEtd Property It Ii deterrnne to be in th pnblzc

iitrcat Xrovtc1cd thtt any such additiora e.emerit or right way

chaR be located co as not to unrcasonabty nte.rferc with the .ise of

the I.Pscees irnprovenients Orcctcr oi the Leased lropevty nd

rovldd further that acy such addittonal casement 01 riaht of

way shalt he ccaditioosd on the assumption by the Grantee thereof

of 1ia1i1ity to Losee- for such damages as Lcsce Ehall uCfe for

property destroyed or property I-cndered utiti5.b1c on accnnnt of

Graotee5 exercise of its rights thcraunder There is hereby

reserved La the holders of such eaeerrtnts and rtghta of wy as

are presently outatanditig or which may hereafter be granted to

any workers officilty engaged in the construction instaflation

riaintnnce operation repair ci- replacement of facilities located

thcreo and to ny federal State or local official engaged in the

oftcSa1 inSpection thei-oof such reasonable right of ingress an

egress op-cr the eascd Property ar hatl be necessary or the

performance of their d.stic with regard to anch faeilit1cs

TERMINATiON BY GOVIRNMENT

Tbi Lease may be terrntnatcd by the cevcrnment st arty iim

during any mobflizaticn or any iational emergency prcsent or

lito-c doclaed by the President or Congress in the interest

of national de1eno upon etcurc of the Base in the event

th Leased Froprty or majoi- part thereof bocome exccis or

upon determinatIon by the Local Govcrnrnt Peprescntative

tliat the J.esed Property-is no longer used for the purpose set

oth in Article of Part hercf or if after 30 days notiec of

default in any of the obligations under his Lcas the J.osrec ha

1aiId to cure such default
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iJHY T.FSSkE

Lessee shalt have the right to terminate this Lease ipon ninety

90 days written noticc to the Local Government Roproecntative

IT SUflRENDER

tJtion the expiration of this Leaso or itS prior tOrmination pro

vided herein Lcscc shall quietly aud peacefully remove itself and

its property froyri the Leased Property and surrender the prsien

of the i.cased Property I.e the oe-nment Provided in the event the

Government shall tCirnii this Lease Lessee haIl be allowed

reasonable period of time as determined by the Local Government

Rcprcaentatlve in sccordane with the circumstances Surroundin

thc termination in which to rernoc all of its property from and

terminate its operations on the Leased Property Turlng Such period

pror 1.0 surrender all obligations asaurned by Lc5ec under this

Lease shall rcmau in full force and effect

tNSALT.ATIO OF IMPROVEMENTS REMOVAL AND
RESTOP.ATI0N

Le.see shall have the right hereunder to make and inathil on the

Leased Property such improvcrnenta as shall be required in connection

with the uses permitted udor ArtIcle of Pert horof including

buildings trails roadways utility lines carnpsitea pieiiic rounda

and the lilce Provided howgvc fhat agreement rhall be reached

betwcn Lessee and the governmcn as to the location and plazs cv

a-ny proposed improvements prior to thc cconrnencoment of any

ins taflatiori thcreof

Title to any and all improvements ede or installed on the Lcaged

Property by Lcsace hereunder shall rcrrIain in Lessee during the tetm

of this Lcae and Lessee may at it option remove all or rari of
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ilic ip nt or nli1I.d the jaas Prol ry by it

Prc.vidcd howevcr such right ol r.ovel ahal oe cxrcised either

prior to expirion the Lease tcrn or

prior to th effective date of any tern-ilnation of the Loase

by the Government pttruanL to tlic provieions of this Lease gcverning

such tcrin.ation when the Government shall havo given Lessee sf

ficient notice of uh ternination to permit the effecting of such

removal or

within iaonablc time after the sffectic date of thc to

iplratIon by tbc Governrncnt when the rdvance notice thereof given

by the Government is 1nufjicnt to permit such rornovt to ba

accomplished prior to said fIciv date and

Provided further that foUowin any such reznoval Lessee shall

to the extent the Goverm-nent shalt requit-c and direct reetore the

J-eascd Property to the same or as good condition as existed when

this Loose became effective

Jeaeee shal ailto cxci cISC the aforesaid rihta removal

of mnprover.-tent3 within the time prescribed Such nnproven-n tite

shall be deemo4 to have been abandoned J..essee and may be used

or diepocd of by the Government in any manner whatsocvr without

any liability to account to Lessee therefor

RESE1VATIONS BY THE GOVERNMENT

The Government specifically rcserves end excpts fz-orn this

Lease tlc following all rights to water and to miocal or other

non-renewable natural resourecs located on or underlying the l.eased

Proarty rghts of ingress and egro and the use of such pOrtion

of the Leased Property as iiiay be nccessz-y to extract or develop

the aforessid water and natural resources edting and such other
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hls oF
.o-iy as may tC ce5S.ry fO CCSE to and 1naint-nac ct

ctn wate- onil sowcr iinco puwer lines walcr wells and telcphnn

lines such right of way may he scessary li-i the future for tha

of uses similar to these mentioned in the proccding

ltd-n prvidcd th locatien th.rco dos ot snircasonaby interca

with t.h use of Lessee iniprocnen1a erccted on the leased property

The reserv.tifl rerpacing wttr and natira reSources is ii

teaclad to include tho prohibitIon aaiut any iae thereof by the

Howevet wattr on the lessed propert-y may be made aaiIblc to the

Lesec to th exteut and upon sich terms and conditions as are approved

by the Government from tin-ic to tin-ic

INPEMNIFICATION BY LESSEE/GOVENME NON-LXABILZTY

Except for oeeurences durirg or esu1tfng frox format military

dtCtciSe as 1-ovided for under paragraph the Leec Insofar as

it is legally able to rIo ao covenorite that it will indon-mjfy svo ond

lold harmless tIi Govrrrnnt its officers agcnts nd employees

Ioi- and from any and sIt liability or clairng for loss of or diunage to

any property owned by or in the custody of Lessee itS officers agents

crvants employees sibtens liceneesa Or invitee or for the

death of or injury to any of the Came which may arise out of or be

attributable to the conditico stats of rcJ5jr or 3.ess use and

occupau.y of th Leased Propcrty whether or not the same balI be

.occasioned by the ncglgcnce or mdc of dilIgence of overnlnent its

oLujce- agents servants or employees

UTXL1T1S AND SERV1C

It is ezprssiy understooi aiid agreed tIzt utilitics and SevicCc

wifl b0 fui-jsjc1 the LCOSCC from Govanimeat Sources at the Base

Lea ace thai at ito sojc cost and expense obtain all util1tie and

seic which it may rcquirc connection with its use of the Leased

Propcry from noi-Goverrnit Sources vithn or outside the flake
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bh ce rli.ll have die iigiit to inaj-.e
nccessLIry utility contlectjons and

mush and maintain transrniision lines upon or adjacent to the Lcase4

Property at such locations within the Base as are approved by the

Comrnr.xiding General of the Base

XC LIflNS

Lessee shall protnptly discharge or cause to be discharged any

valid lien right claim or demand of any kind except one in

favor of tbc Government which at any tune may arise or exist with

reepect to the Leased Property or naterials or equipment furnished

therefrr or any part therei and if the same shall not be promptly

dischargLd by Lessee the iovtrninent nay discharge or cani to

be discharged the sai-ne at the expense of Lersee

ACCESS

The Governnent shalt have access to the Leased Property at all

reasunable times for any purposes not inconsistent with the vse thereof

by Lessee including bitt not limited to the pUrpose of inspection and

in addition thereto the Government expressly reserves the right to use

sU or any part of the 1eztscd Property upon such notice as shall hero-

alter be specified for the purpose of coeducting formal military training

exerciajs In the event the Governjn shall 9cIiedue formal military

training exercise requiring the use of all Or cebstantlal portion of the

Leased Property1 the Government shall give the Lessee five days

notice except where inilitacy necessity requires shorter clearance

period in which case not lesti than forty- eigbt -18 hours hotice muy be

given Upon aeceipt of such notice and prior to the beginning of sa14

scheduled training exercise the Lessee shall cause the J.escd Property

to be cleaved of alt persona occupying the Leased Property under the

authnrjzatjon of the Lessee together with their personal property abd

shall continue to exclude such Persons and personal property from the
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Lens tkd Vroperty titirint th p.oid traizilag crerciso lkecocaizing

that the availability for training pus-poses of the land comprising

Camp Pendletoa including the Leased Proporty is vital to the

National Security to th5 cxtrnt it can legally do an the Lessee

fits-thee agrees to indemnify save and hold harmless the Govern

manE its officurs agents and employees for and Iron any

liability or claims for loss of or damage to any proporty owned by

or in the custody of Lessee its officers agents subtenants

servants employees cootnactora licensees or tnviteeg or for

the death of or injury to any of tho same which may arise from or

be attributable to the conduct after notice as provided herein of

formal military training exCrcise

DiSPUTES

Any dispute concerning question of fact which is not disposed

of by agreement shalt be decided by the Commander Naval Facilities

Engineering Command who shall rcduee his decision to writing anti

mall or furnish copy ihcrcof to Lessee Within thirty 30 days

from the receipt of such copy Lesseo may appeal by mailing Or other

mae furnishing thc Commander Naval Facilities Dginccring Conmarnl

Washington 20390 via the Local Government Representative

written appeal addressed to the Secretary of the Navy and the decision

of the Secretary or his duly autbnripcd representative for Tho bee-ring

ofiuc appeals shall unless determined by couit of competent June

diction to have been fraudulent or Œapricioue orarbitrary or so grossly

erroneous as necessarily to imply bad faith or not eupported by sub

stantial evidence be final and conclusivc Provided that if no such

appeal is talcon the decision of the Cornmandrr Naval Facilities

Engineering Command shell ho final and conclasivo in connection
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wit 11 1y apci ui.dni hi th.c Ic hafl bc aIioidcd

Sri opportuflLty tc be Iieu-d anc tn offer idenco in upport of itn ippeah

Pendir ifnl daciiori ri tisputc creunder Leasoe ehall procecl

7ilgcnUy with th pcrorrnance of its obi atinn uucler this Lease and

in accordance with tho dcisio of the ininander Navel FciUtjes

Engnecring Conmsid The tcrrn Coirunander NvsI Facilities

Engineering Cciinnand as ue.d heroin shdl include hi duly

appointed successor or his representative speciuiastly 2eignttc for

thi purpose

COVENANT GAINST FEES

Lessee warrants that no poison or agency has boon employed

or retained to solicit or secure this Leaso upon an agreement or

understanding for commission percentage broltcrae or contingent

fee excepting bona fide employees or boiia fide established ori-imcrcial

agencies tntacd by Lcsse for the purpose of securing business

or breach or violation of this warranty the Government shall have

the rtght to annul this 1.eaae without liability or in its diecretion to

require Lessea to pay in athlition to the rental or consdcratian the

Lull amount of such commission parcentage brokerage or contingent

OFFICIIILS NOT BENEFIT

To Member of or Delegate to Congress or Rcsidnt Conimisaloner

shaU be admitted to any share or artof this Loase or to any bncuit

arise lhcrcfroxi

FAILURE OF GOVERNMEL4T TO INSIST ON COMPLIANCE

The faihire of the Cbvcrnrncit insist lfl Oiy QUO 07 SnOre

Instances upon performance or any of the tarn-is covenintz or conditions

of thi Lease shall not construed as waiver or reLinquihmesit of the
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ovanants or uonrlitione of this Lease ihall not be conbtrltocl as

Wavcr or relinquishment of the Qovernin.nts rSght to the future

peTformanee of any such terms eove.nnts or onditioxia and

Leceba ohUgations in rcpcet tc such future performa-ice shall

continuC in fuU force and effect

ASSIGNMENT Ott SUBLETTING

Lea ee shall not transfer or assign this Lease or ny incret

therein nor sublet to 4ny third party or parl.iee any ption of the

Laaed Properly or rigbt5 therein without tue prior written consent

of the Gov nncnt lJr.dez- any assignment niadc with or withçnt

con..ant the or igrice shall be derncd to have asu.ned all of the

obligattona of Lessee hereunder but no assignnent shall relieve

the assignor of ay of J.cascc obligations hereunder except for an

cnion of the LeaSe terni heginr.in alter tuch assignment ar.t

lhcn only if the Government shall have consented thereto Nothing

hcrein contained shnlt prohibit the tc of food and camping supplied

or the furnishing of services by the Lessee or its eoncesaionairos

incidental to sire of the Leased Property for recroationet purposes

11 GOVERNMENT RULES AND R1OUTATIONS

The cdatcnce of the military camps helicopter lanàing areas

nnd ccirity zones indicated on Eehibit hereto and located on or

near the bounriarles of the Leased Property reçJire restrictions on

the uce of the adjacent Lasud Property in auch manner and tp eich

extent as may be directod by the Government

LcSscc shati also ormiply with uch ru1o and regulations rcgarding

Babe safety eccurity ingress and egress may be prcecvibed frn-

time to time hy the Commanding General of the Base and Leoo hafl
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c-very ascit. tirt inctui 1o jiIiof suitab

fcncirg and identfictian rnarker to pevcnt treepassthg by ui

authorie1 per eons from the Leased Property to adjacent portiona

of the Jle-ee Lessee shall ot undetake any project rqutvirtg

zrodificaion of the Lerrin without prior aprovl of the Commandiog

General of the Basc

NOTICES

No noticc order direction detaruLnation requtrernent

CCoSont Or approval-under this acshall be of any ecct nle

in wx-1tng AU notice reqvrecl ixider this Lee shall be addrced

to Lcsee 1416 Nthth Street Sacramento Califorala 95811 or to tve

Local Governmcrt Ieprcsenttive at the addiess pctiLe in Article

of Pavt of this Lease or to the Commanding General 11 Marine

CorpS Base Caiop Fendleten Catfona 9Z055 as may- be appropriate

or at uoh other address as may from time to time be arccd upon by

the parties hereto
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Tho Government hereby lOases th ecce tho following described portiott8

of thc Marine Corps Base Camp Pondleton California consisting of

three parcels hereinafter csllcd the Lcacd l-3ropcrty said three pareclin of

land in the County or Orange and the County of San Diego State of Californta

being portions of fractional Section 25 Township South Range West Sari

Bernardino Bac and Meridian and portions of Scction 25 Zi 35 and 36

Township South flange West Sectipns 10 12 14 23 and 24

Townsbp South liange West Sactions 29 30 31 32 and 33 rownahi
South Range West Sectlohe and rownehlp 10 South lange Wot

of Rancho Santa Maigarita according to Record of Survey Map 794 tiled

January 17 1940 in the Office of the County Recorder of said San Diego

County more particularly dccrbcd au follows

Parcel Inland Area

For point of reference commence at the inioroection of the Wenterly line

of said Rancho Santa Margarita with the Northeasterly right of way line of

H-ighway Interstate said Wocterly line of Rancho Santa Margarita being also

the line common to the Counties of Orange and San Diego thence northeasterly

along eaid Rancho boundary 1i 434 feet to the true point of yOtNN11JC3
thence continuing with the Westerly lins of Rancho Santa Margarita 16315.43

feet to an angle point rein thnc southeasterly along said boundary 700

feet more or less to an intersection with the westerly line of fractional

Section 25 Township South Raage West San Bernardino Meridian

thence northerly along the West Hoc of said SecUon 25 550 feet mnreor lass

to the Northwest corner thereof thence easterly along the North line of said

.--Section 25 600 feet thence southerly in straight line along the easterly

bank of Crintianitos Creek but staying west of Ctistianitos Road 4400 feet



Th Government hereby 1eaao the 1e..soe thc following described partioa

of thc II Marine CorpS Base Camp Pondlton California coyistatini of

three parcels hereinafter cllcd thc Leaed Property said three parctl 01

land in the County ol Orange and the County of San Diego Slate of California

being portions of fractional Section 25 TownAip South Range West Sail

Bernarthno 13auo and Meridian and portions of Scetion 25 Zi 35 and 36

Township Sooth Range West Sectipne 10 12 14 23 and 24-

TowehIp South ange West Sections 29 30 31 32 and 33 TownshLl

South Range West Sectloha and Township 10 Seuth Renge WeSt

of Raneho Santa Margarita according to lccord of Survey Map 794 filed

Sanuary 17 1940 in the Office of the Couaty Recorder of said San Diego

County more particularly deicribd an foflows

Parcel Inland Area

For point of reference comrncnce at the intorecctton of the Westerly 1ine

of sail Rancho Santa Margarita with the Northeasterly right of way line of

Highway Interstate said Wectorly linc of Rancho Santa Margarita being al.o

the line comnon to the Counties of Orange and San Diego thence northcaster1y

a1org said Rancho boundary line 434 feet to the true point of BGlNNlNG
thence continuing with the Westerly line of Raneho Santa Margarita 16 315.43

feet to an angle point therein t.ericc southeasterly along said boundary 700

feet more or loss to an intersection with the westerly line of fractional

Section 25 Township South Range West San Bernardino Meridian

thence northerly along thc Wcst line of said Section 25 550 feet mnrear lcs

to the Northwest corner thereof thence easterly along the North line of said

...---- Section 25 600 feet thence southerly in straight line along the etstcrly

bank of Critianitos Creek but staying weSt of Cristiatiitos Road 4400 feet

thence westerly at right angles 250 feet thence anutherly at right angles

400 feet thence southwesterly 1000 feet thcnce ontherly alonç
the toe of

the siope on the west dde of Cristianitos Creek 600 feet thence aoutheat

erly 800 fact to poiat on the aoutbwesterly side of Cristianitos Road thence

northeasterly in straight line parallel with raid road 300 feCt thence

outhcrly staying to the west of the service road to the Sewage Disposal

Poads 3000 feet thence westerly 1000 feet thence outheastcr1y 850 feet

thence easterly along the south side of the Sewage Disposal Ponds 900

fcet more or lees to the toe of the 1ope on the easterly side of San Matco

Valloy thence generally following the toe of the slope on tho easterly side

of San Matee Vailcy noutherly 500 feet southwesterly 6600 feet more

aouthwcsterly 100 feet southerly 1300 feet more or lean to an lntcrscc

tiort with the northeasterly right-oX-way inn of uaid Highway Interstate at

point along thh northerly approach lane of Basilone Road Interchange thencc

along the northwesterly right-of-way line of Highway Interstate 370 feet

more or less to point thence in northerly direction leaving said Highway

Intcriat North 26 56 West 762.95 feet thence North 820 feet thenec

North 34 East 1770 foot thence North 19 East 990 feet

thence North 610 02 39 West 1250 feet thence NortH 73 09 09 Wost

530 24 feet to the northwesterly boundary of said Rancho Santa Margarita

Las Floree the true pointof beginning containing 580 acre more or lees

EltRThfl
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Parccl Beach AreS North of Nuclear Plant

BEGINNING at the lotersecUOn of the Northwesterly linc of an casement

for contrution and operation of niselear generatieg station granted to

Southern California Edison Company and San Diego Gas and Electtic Company

with the Mean liigh Tide line of the Pacific Ocean said point of increction

ijeing the most Westerly corner of said easement thence northeasterly along

.atd northwcetcrly line of said eascrnent 400 fect more or less to an

mnterseetion with the Southwesterly right-Of-way IineoC_Highway lnterstate

nor thwcstc ny alongld St1l terly ri

et more or less to the Westerly bank of San Onof cc Creek thencith

westerly alor said Westerly bank of said creek 900 feet more or teas to

the Northeasterly right-of-way line of the Atchison Topeka and Santa Fe

XaU way Company line thcncc inuther1y to the Mean High Tide line of the

Pacific Ocean thence along said Mean fligh Tide line to the point of

PGINNtNG containing tO Ccrcs more or 1555

Parcel Beach Area South of Nuclear Plant

BEGINNING at the intcrecon of the Southeasterly line of an easement

for construction and operation of nuclear generating station granted to

Southern California EdiSOn Company and San Diego Gas and Electric Company

with the Mean fligh Tide line of the Pacific Ocean said point of Intersection

being tb most Suuthdrly corner of raid casement thence northeasterly 000

feet more or leBo to an intersection with the Southwesterly right-of-way line

of Highway Interstate thence southeasterly along said Southwesterly right-

of-way line of said Interstate to an intersection with tine lyingIS ZQ
feet southeasterly from said Southeasterly line of said nuclear generating

station thence southwesterly at right angles to caid highway rtght-.of-way

line 500 feet more or less to the Mean High Tide line of the Pacific Ocean

thence northwesterly siong said Mean High Tide line to the point of

BEGINNING contaIning 405 acreS more or

TOGETHER WITH the right of ingress and egress between lamcels and

across that portion
of the eaSement or construction and operation of

nuclear generating station granted to Sunihern California dion Company

nod Se-n Diego Gee nd ElcctniC Company lying between the Quay Wall of said

station and the Mean High Tidc line
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EXECUTIVE SUMMARY OF THE
RANCHO MISSION VIEJO LAND

CONSERVANCY DOCUMENTS

Introduction The following is brief

description of the documents which establish and provide for the

operation of the Rancho Mission Viejo Land Conservancy the
Conservancy For more detailed understanding of the

specific provisions of the documents please see the documents
themselves which appear behind numbered tabs following this
Executive Summary The Conservancy is nonprofit public
benefit corporation organized under the laws of the State of

California Certain real property comprising approximately 1400
acres the Reserve Area located partially in the City of San

Clemente California the City and partially in the

unincorporated area of Orange County California the County
is owned by Santa Margarita Company SMC the trust for the
benefit of Richard ONeill the RJO Trust the trust for
the benefit of Alice ONeill Avery the AOA Trust San Juan

Partnership No California limited partnership SJP and
the Moiso Living Trust the Moiso Trust SMC the AOA Trust
the RJO Trust SJP and the Moiso Trust are referred to

collectively in this Summary as the Ranch Entities The Ranch
Entities have conveyed Deed of Conservation Easement the
Conservation Easement over the Reserve Area to the

Conservancy

The primary purpose of the Conservancy will be to carry
out the purposes of the Conservation Easement i.e to identify
preserve and protect the open space ecological features and
values of the Reserve Area The Ranch Entities have made
irrevocable continuing offers of dedication the Irrevocable
Offers of that portion of the Reserve Area within the County to
the County and that portion within the City to the City The
Irrevocable Offers provide that if the Conservancy ceases to

function the fee interest in the respective portions of the
Reserve Area may be accepted by the City and the County The

following is summary of the Articles and Bylaws of the

Conservancy the Conservation Easement and the Irrevocable
Offers

Articles of Incorporation of the Rancho Mission

Vielo Land Conservancy

Purpose The Conservancy will be organized
as nonprofit corporation under the Nonprofit Public Benefit

Corporation Law of the State of California The specific purpose
of the Conservancy will be to preserve the Reserve Area for

educational ecological recreational scenic and open space
uses and to receive administer and maintain the Conservation

Easement

08-0690 10001-00199
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Section 501c The Conservancy will be
organized and operated exclusively for charitable purposes withinthe meaning of Section 501c of the Internal Revenue Code of
1986

Activities/Earnings The Conservancy will
not carry on propaganda or otherwise attempt to influence
legislation nor will it participate in or intervene in anypolitical campaign on behalf of any candidate for public office
The property of the Conservancy will be irrevocably dedicated for
charitable purposes and no part of the net earnings of the
Conservancy will inure to the benefit of any director member orofficer of the Conservancy

TaxExempt Status of Conservpçy

Public Charity Classification
Consistent with the charitable and public purposes of the
Conservancy it will apply to the Internal Revenue Service theIRS for recognition of its status as tax-exempt public
charity To qualify as public c2ity th COnservancytestablish EtTitijll obtain at leas third 1/3 of itssupoyer four year period from the Pu ic This iscauid the public support test Publicly supported charitable
organizations must generally continue to meet this test on eachannual tax return with respect to the four year period
immediately preceding the date of the return in order to maintaintheir public charity status

Public support is carefully measured by the
IRS through the organizations annual tax return Small
contributions from individuals corporations and trusts are
considered contributions from the general public Contributions
from an individual or entity which in the aggregate exceed 2% of
the total contributions received by the Conservancy during the
four year period are included in full in the denominator as partof the total contributions received but are includable in the
numerator only to the extent the amount does not exceed 2% of thetotal support reported in the denominator Contributions
received from other public charities or governmental units areconsidered contributions from the general public and are not
subject to the 2% limit Investment income is not treated ascontributions from the public but is included in the denominator
of the public support test

Care must be taken to ensure that the
Conservancy receives more than onethird 1/3 of its supportfrom the general public during its first four years and
thereafter to meet the public support test The Conservancys
application for tax-exempt status will reflect this assumption
Contributions from individuals and entities must therefore be
carefully monitored by the Conservancy

08-06-90 10001-00199
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ii Unusual Grant The Conservancy has
already received the contribution of the Conservation Easement
discussed below The Conservation Easement has significant
value which must be reported to the IRS and which could adversely
affect the Conservancys ability to meet the public support test
Tax counsel has advised the Conservancy to submit separate
request to the IRS to treat the contribution of the easement as
an unusual grant in connection with the Conservancys
application for taxexempt status If the IRS approves this
request the value of the easement will be excluded entirely from
the public support test described in Section 7.8 The board of
directors of the Conservancy will be advised of the IRS response

iii Tax Deductibility of Contributions
As public charity contributions to the Conservancy will be
deductible for federal and state income tax purposes subject to
the normal limits on charitable deductions There are no special
limitations on contributions to the Conservancy by its officers
and directors Contributions from officers and directors will be
treated as contributions from the public subject to the
limitations on large contributions discussed above

iv General Specific questions regarding
the tax status of the Conservancy or particular contributions
should be referred to tax counsel

Bylaws of the Rancho Mission Viejo Land
Conservancy

Members Membership in the Conservancy will
be divided into three classes The Class membership will be
held by SMC or its designee the Class membership will be held
by the County and the Class membership will be held by the City
collectively the Members Member will not be able to
transfer its membership without the unanimous written consent of
all other Members

Annual Meetings/Election of Directors The
Members will hold annual meetings to elect directors and to
transact any other business which may come before such meetings
The assent of majority of the voting power of the Members shall
be required for approval of any action taken by the Members
However the affirmative vote of all of the Members will be
required with respect to the following matters amendment of
the Bylaws ii amendment of the Articles iii acceptance of

open space easements conservation easements or fee interests in
real property except as to those within the Reserve Area or
iv any action which would cause the Conservancy to cease to
function for the purposes of the Irrevocable Offer

08-06-90 10001-00199
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1ection of Directors The Board of
Directors the Board shall consist of nine directors the
Class Member Santa Margarita Company or designee shall elect
five directors the Class Member the County shall elect three
directors the Class Member the City shall elect one
director Each director must be person with demonstrated
interest and background in an area related to the purposes of the
Conservancy Specific examples of such qualifications are
persons with an interest in the preservation or protection of the
plants animals or other aspects of the ecosystem naturally
occurring within the Reserve Area

Meetings of the Board Meetings of the Board
shall be open to the general public Prior to each regular and
special meeting notice will be posted to provide the general
public with the opportunity to attend such meetings The notice
will include an agenda containing brief general description of
each item of business to be transacted at such meeting The
agenda will provide an opportunity for members of the general
public to address the Board

Deed of Conservation Easement

Basic Structure The Conservation Easement
provides for the conveyance by the Ranch Entities to the
Conservancy of an easement over the Reserve Area for conservation
purposes

PurDose The purpose of the Conservation
Easement is to identify presrv aic prtect in Perpetuity the
open space and significant ecologicalfeature anI values of the
Berve_Area The intent of the Conservation Easement is to
confine the use of the Reserve Area to activities which are
consistent with the foregoing purpose

Rights of the Conservancy The Conservation
Easement grants to the Conservancy the right to enter upon the
Reserve Area for the following purposes to enforce the
rights granted in the Conservation Easement ii to observe
study and make scientific observations of the Reserve Areas
ecosystem and iii to determine whether the Ranch Entities use
of the Reserve Area is in compliance with the terms of the
Conservation Easement The Conservation Easement also grants the
Conservancy the right to enjoin any activity on or use ofthe Reserve Area which is inconsistent with the provisions of the
Conservation Easement and to enforce the provisions of the
Conservation Easement ii construct fencing as may be necessary
to exclude livestock from areas of scientific research so long
as the Conservancy has received the Ranch Entities prior written
consent to such fencing and iii construct such improvements as
may be necessary to protect the conservation values or maintain
the resources protected by the Conservation Easement so long as

08-06-90 10001-00199
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the Conservancy has received the Ranch Entities prior written
approval for such improvements

Reserved Rights The Ranch Entities reserved
the following uses and practices from the grant of the
Conservation Easement and these practices may not be prevented
or limited IJ maintenance and repair of the existing fences and
roads in the Reserve Area ii ranching in manner consistent
with the maintenance of soil composition structure and
productivity to the extent that such activities do not conflict
with the purposes of the Conservation Easement however the
Conservancy shall contract for a.study of the effects of cattle
grazing on the Reserve Area grasslands and the Ranch Entities
shall implement any ranching management changes recommended in
such study iii horseback rides and encampments on an
occasional basis provided that no more than six encampments
aggregating no more than twelve days shall occur in any calendar
year iv construction and maintenance of regional hiking and
equestrian trail across the southern portion of the Reserve Area
or i-v cooperation in the location of utilities and public
improvements incuding roads onnd across the Reserve Area as
may be necessary to serve land within or outside the Reserve
Area subject to the approval and consent of the Conservancy and
the County

Prohibited Uses Uses and practices within
the Reserve Area which are inconsistent with the purposes of the
Conservation Easement shall be prohibited Such prohibited uses
include but are not limited to the following damage or
impairment of the natural ecological values of the Reserve Areaii planting of commercial agricultural crops
iii introduction of nonnative plant or animal species except
cattle iv hunting or trapping commercial retail or
industrial uses of the Reserve Area including the construction
or placement of any mobile homes trailers signs billboards or
other advertising material vi use of motor vehicles
vii dumping of ashes trash garbage or other unsightly or
toxic materials or viii removal destruction or cutting of
trees or plants

Access The Deed of Conservation Easement
will not carry right of access to the general public to any
portion of the Reserve Area However the Conservancy sh
develo an access management plan to further oses the
Co on asernen

education and researc1 The plan shaovide for access by
ou in the 66an tªIhØd ide for da tn on and

for j0fl Qe rules aneguiations governing the nature
timing and extent of such access

08-06-90 10001-00199
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Monitoring The Conservancy shall conduct
annual monitoring of the conservation values within the ReserveArea Such monitoring shall be done in accordance with
systematic and routine form or checklist designed to facilitatethe identification of trends and changes of the conservation
values over time copy of each monitoring report shall be
given to the County and the City

Irrevocable Offers of Dedication

Basic Structure The Irrevocable Offers weremade by the Ranch Entities to the City and the County as to the
portions of the Reserve Area within their respective
jurisdictions The Irrevocable Offers provide that if the
Conservancy ever ceases to function or fails to continue to carryout the purposes of the Conservation Easement the IrrevocableOffers to dedicate the Reserve Area may be accepted by the Cityand County

Acceptance of Offer The City and the Countymay accept the Irrevocable Offers only if the Conservancy hasnot been established by September 1990 or has been
established but has ceased to function and either of the
following events has occurred the United States Departmentof Transportation has approved the Foothill TransportationCorridor alignment or ii ten years have elapsed since the dateof recordatjon of the Offer

Reservation of Easements and Other RightsThe Ranch Entities reserved the following easements and other
rights from the Irrevocable Offers t-i an aviation fuel
pipeline easement an SDGE easement and -iii the rightsto all minerals coal oil gas petroleum and other hydrocarbonsubstances in and under the Reserve Area but without the right ofsurface entry

$-i- 11111 9I1
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CORPORATION DIVISION

MARCH FONG EU Secretary of State of the

State of California hereby certify

That the annexed transcript has been compared with

the corporate record on file in this office of which it

purports to be copy and that same iS full true and

correct

IN WITNESS WHEREOF execute

this certificate and affix the Great

Seal of the State of California this

APR 251990

Secretary of State

State
of

California
OFFICE OF THE SECRETARY OF STATE

SLC/STATC FOfN CE.107 O888
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TIN RANCIO MISSION VILTO LAND CONBRVMiCY

APR25 1990

ARTICLE MARCH FOt3 EU Secretary ot State

The name of this corporation is The Rancho Mission

Viejo Land Conservancy

ARTICLE II

This corporation is nonprofit pub.1jckenef it

corporation and is not organized for the private gain of any

person It is organized under the Nonprofit Public Benefit

Corporation Law for charitable purposes

The specific purposes for which this corporation

is organized include but are not limited to
an enhancement of land in the Count of Or State

Califo educat ona olo al scenic

and papace uses and to receive one

or more conservation easements

ARTICLE III

The name and address in the State of California of this

corporations initial agent for service of process is

Name Richard ONeill

Address 28811 Ortega Highway

San Juan Capistrano CA 92693

ARTICLE IV

This corporation is organized and operated

exclusively for charitable purposes within the meaning of

Section 501c of the Internal Revenue Coda of 1986

Notvithgtafldiflg any other provision of these

Articles this corporation shall not except to an insubstantial

degree engage in any activities or exercise any powers that are

not in furtherance of the purposes of this corporation and this

corporation shall not carry on any other activities not permitted

to be carried on by corporation exempt from federal income

04-Z3-90 10001-00199



tax under Section 501c of the Internal Revenue Code of 1986
or ii by corporation contributions to which are deductible
under Section 170c of said Code or the corresponding
provisions of any future internal revenue statute of the United

States

No substantial part of the activities of this

corporation shall consist of carrying on propaganda or otherwise

attempting to influence legislation nor shall this corporation

participate in or intervene in including the publishing or

distributing of statements any political campaign on behalf of

any candidate for public office

ARTICLE

The property of this corporation is irrevocably
dedicated to charitable purposes and no part of the net earnings
of this corporation shall inure to the benefit of any director
member or officer of this corporation or to any private person
Upon the dissolution or winding up of this corporation any

assets remaining after payment of or provision for payment of
all debts and liabilities of this corporation shall be

distributed to nonprofit fund foundation or corporation which
is organized and operated exclusively for charitable purposes and
which has established its tax-exempt status under
Section 501c of the Internal Revenue Code of 1986

IN WITNESS WHEREOF for the purpose of forming this

corporation the undersigned constituting the sole incorporator
of this corporation has executed these Articles of Incorporation
on April 24 1990

oi
Incororatf

hereby declare that am the person who executed the

foregoing Articles of Incorporation which execution is my act

and deed

G4eL
Incorporato

o-Th- Iot-aoIw
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OF

RE RMICHO IBBION VIEJO LAND CONSERVANCY

ARTICLE

Name and Location

The name of this Corporation is The.Rancho Mission
Viejo Land Conservancy The principal office of the Corporation
is 28811 Ortega Highway P.O Box San Juan Capistrano County
of Orange California The Board of Directors of the CorporationBoard is hereby granted full power and authority to change
said principal office from one location to another within the
County

ARTICLE II

Organization Purposes

Section 2.01 Organization This Corporation is
organized under the Nonprofit Public Benefit Corporation Law of
the State of California for the charitable purposes specified in
Article II Paragraph of the Articles of Incorporation of the
Corporation

Section 2.02 Purposes The specific purposes for
which this Corporation is organized include but are not limited
to the preservation and enhancement of land in the County of
Orange State of California for educational ecological
recreational scenic and open space uses and to receive
administer and maintain one or more conservation easements

ARTICLE III

Members

Section 3.01 Membership Membership in the
Corporation shall be divided into three classes Class Class
and Class which memberships shall be held by the following
three persons or their permitted transferees Members

Class The San Juan Company California
limited partnership

Class County of Orange and
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Class City of San Clemente

Section 3.02 Transfer of Membership

No Member may transfer its membership in the
Corporation without the written consent of all of the Members
except as provided in Section 3.02b below

The San Juan Company and its permitted transferees
or in the event of the death or incapacity of an individual
Member his executor conservator of the person or personal
representative may transfer such Members membership without
the consent of any other Member to any person related to
Alice ONeill Avery or Richard ONeill by blood marriage or
adoption Family Member ii trust for the primary
benefit of Family Member or Family Members Family Trust
or iii corporation partnership or other entity of which in
excess of 50% of the voting power or like controlling interests
are held by such Member Family Members or Family Trusts
transfer of membership in the Corporation by the Class Member
shall be made in writing delivered to the Secretary-Treasurer
of the Corporation dated and signed by the individual Class

Member if any or his executor conservator of the person or
personal representative ii any Trustee of Family Trust which
is Class Member iii the chief executive officer of
corporate Class Member or any person authorized by said
corporate Members Board of Directors to act on behalf of said
corporation or iv any General Partner of Class Member
which is general partnership or limited partnership Said
transfer of membership by the Class Member shall be effective
upon delivery of the abovedescribed instrument of transfer to
the Secretary-Treasurer of the Corporation

Except as provided in Section 3.02b transfer
of membership in the Corporation by Member shall not be
effective until the instrument of transfer and the written
consents of all of the Members are delivered to the Secretary
Treasurer of the Corporation transfer of membership in the
Corporation by the Class Member shall be made in writing
dated and authorized by the Board of Supervisors of the County of
Orange transfer of membership in the Corporation by the Class

Member shall be made in writing dated and authorized by the
City Council of San Clemente
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ARTICLE IV

Meetings of the Members

Section 4.01 Annual Meetings Annual meetings of the
Members of the Corporation for the purpose of electing directors
and for the transaction of such other proper business as may comebefore such meetings shall be held on the dates and at the times
determined by the Board by resolution of the Board

Section 4.02 Notice of Annual Meetings

An agenda containing brief general description
of each item of business to be transacted at an annual meetingshall be posted at least seventytwo 72 hours before each such
annual meeting in location that is freely accessible to the
public Such agenda shall provide an opportunity for members of
the public to directly address the meeting of the Members on
matters within the authority of the Members to act provided that
no action shall be taken on any matter not appearing on the
posted agenda for any such annual meeting of the Members unless
such matter is otherwise authorized by Section 4.02b of these
Bylaws The Members shall adopt reasonable regulations limitingthe total amount of time allocated to public testimony and for
each individual speaker at annual meetings

Notwithstanding the foregoing provisions of
Section 4.02 the Members may take action on items of business
not appearing on the posted agenda for an annual meeting upondetermination by the two-thirds 2/3 vote of the number of
Members as fixed by these Bylaws or if less than two-thirds
2/3 of the number of such Members are present then by the
unanimous vote of such Members are then present that the need to
take such action arose subsequent to the agenda for said annual
meeting being posted

Section 4.03 SDecjal Meetings Special meetings ofthe Members for any lawful purpose may be called by any Member
Upon written request to the Chairman of the Board PresidentVice President or Secretary by any Member desiring to call
special meeting of the Members the appropriate officer shall
cause notice to be delivered to the Members within twenty 20
days after receipt of such request that meeting will be held at

time fixed by the Board not less than thirty-five 35 nor morethan ninety 90 days after the receipt of the request

Section 4.04 Notice of SDecjal Meetings Written
notice of special meetings of the Members shall be delivered bymail or personally such that such notice is received at least 24
hours before the time of any such special meeting to each local
newspaper of general circulation radio or television station
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which shall have requested the delivery of such notice in
writing Such notice shall be posted at least twentyfour 24
hours prior to such special meeting in location that is freely
accessible to members of the public The notice shall specify
the time and place of such special meeting and the specific items
of business to be transacted The Members shall not conduct any
business other than that which appears on such notice

Section 4.05 Waiver of Notice The transactions of
any meeting of Members however called and noticed and wherever
held are as valid as though had at meeting duly held after
regular call and notice if quorum is present and if either
before or after the meeting each of the persons entitled to vote
not present in person signs written waiver of notice or
consent to the holding of the meeting or an approval of the
minutes thereof All such waivers consents and approvals shall
be filed within the Corporation records or made part of the
minutes of the meeting

Section 4.06 Place of Meeting All meetings of the
Members shall be held at the principal office of the Corporation
unless different meeting place shall be fixed from time to time
by resolution of the Board

Section 4.07 Open and Public All meetings of the
Members shall be open and public and all persons shall be
permitted to attend

Section 4.08 Quorum The presence at the meeting of
Members entitled to cast majority of the total voting power of
the Members shall constitute quorum for any action except as
otherwise provided in the Articles or these Bylaws

Section 4.09 ADProval of the Members

Notwithstanding anything to the contrary herein
the affirmative vote of all of the Members shall be required with
respect to approval of the following matters

amendment of these Bylaws

ii amendment of the Articles

iii acceptance of open space easements
conservation easements or fee interests in
real property except those as to the areas
within the approximately 1181 acre parcel of
property known as the Talega Reserve Area
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iv any action which would cause the Corporation
to cease to function as that term is used
in the Irrevocable Offer of Dedication of the
Talega Reserve Area dated April 24 1990
executed by the owners of the Talega Reserve
Area in favor of the County of Orange or

Assignment to any person or entity other
than the County of Orange or the City of San
Clemente of the conservation easement
granted to this Corporation in the Deed of
Conservation Easement dated April 24 1990

Unless otherwise expressly required herein the
vote of majority of the voting power of the Members shall be
sufficient for approval of any action required or permitted to be
taken by the Members On any matter on which the Members are
entitled to vote the Class Member shall have five votes the
Class Member shall have three votes and the Class Member
shall have one vote In addition approval of majority of the
voting power of the Members shall be required for any mortgage
deed of trust pledge or other hypothecation of all or any part
of the Corporations property for the purpose of securing the
payment or performance of any contract or obligation

ARTICLE

Election of Directors

Section 501 Number Election by Class and
Qualification of Directors

The Board shall consist of nine directors to be
elected as follows the Class Member shall be entitled to
elect five directors ii the Class Member shall be entitled
to elect three directors and iii the Class Member shall be
entitled to elect one director

person may serve as director without being
Member of the Corporation

Each director shall be person with
demonstrated interest and background in an area related to the
purposes of the Corporation or an area related to the purposes of
the conservation easement granted to the Corporation over the
Talega Reserve Area Examples of the foregoing qualifications
are persons with an interest in the preservation or protection of
the plants animals or other aspects of the ecosystem naturally
occurring within the Talega Reserve Area
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Section 5.02 Election and Term of Office

Until the holding of the first meeting of the
Members pursuant to Article IV hereof the incorporator of the
Corporation may do whatever is necessary and proper to perfect
the organization of the Corporation including the adoption of
these Bylaws All positions on the Board shall be filled at the
first meeting

All directors shall be elected at each annual
meeting of the Members to hold office until the next annual
meeting

All directors shall hold office until their
respective successors are elected

Section 5.03 No Cumulative Voting There shall be no
cumulative voting with respect to the election of directors with
each Member only being entitled to vote for the directors to be
elected by such Member as set forth under Section 5.01a

Section 5.04 Removal of Directors At any meeting of
the Members of which notice has been properly given as provided
in these Bylaws any director or directors may be removed either
with or without cause by and only by the affirmative vote of
the Member which elected such director or directors

Section 5.05 Vacancies

vacancy or vacancies shall be deemed to exist on
the Board in case of the death resignation or removal of any
director

Vacancies on the Board may be filled only by
approval of the Member which elected the director whose position
has been vacated and each director so elected shall hold office
until his successor is elected at an annual meeting of Members
or at special meeting called for that purpose

Section 5.06 Public Access Subcommittee Thlfl
Access Subcbmmit of the board ot.4jrctors

con of three directors The board of directorsy
\majority vote sha appo nt to the Public Access Subcommittee one
/director elected by each of the Class Member the Class
Member and the Class Member

The Board of Directors shall prescribe the manner of
proceedings of the Public Access Subcommittee The provisions of
these bylaws with respect to notice and conduct of meetings of
the board shall govern the Public Access Subcommittee and action
by the Public Access Subcommittee The Public Access
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amitte shall all of the authorit of the board withrespect to access üblic to Reserve Areant with the provisions of the Deed of ConservationEasement to the corporation of conservation easement over theTalega Reserve Area Any director on the Public AccessSubcojttee may request that the board review and approve ordisapprove any act or failure to act of the Public AccessSubcommittee

ARTICLE VI

Meetings of the Board

Section 6.01 Reaular Meeting Regular meetings ofthe Board shall be held at such place and day and hour as shallbe determined by resolution of the Board provided should saidday fall upon weekend or legal holiday then the meeting whichotherwise would be held on said day shall be held at the sametime on the next day thereafter ensuing which is not weekend orlegal holiday

Section 6.02 Notice of Regular Meetings

An agenda containing brief general descriptionof each item of business to be transacted at regular meetingshall be posted at least seventy-two 72 hours before each suchregular meeting in location that is freely accessible to thepublic Such agenda shall provide an opportunity for members ofthe public to directly address the Board on matters within theauthority of the Board to act provided that no action shall betaken on any matter not appearing on the posted agenda for anysuch meeting of the Board unless such matter is otherwiseauthorized by Section 6.02b of these Bylaws The Board shalladopt reasonable regulations limiting the total amount of timeallocated to public testimony and for each individual speaker atregular meetings

Notwithstanding the foregoing provisions ofSection 6.02a the Board may take action on items of businessnot appearing on the posted agenda for regular meeting underthe following circumstances

Upon determination by the vote ofmajority of the number of directors as fixed by these Bylaws thatan emergency situation exists as defined in Section 6.05 ofthese Bylaws

Upon determination by the two-thirds 2/3vote of the number of directors as fixed by these Bylaws or ifless than two-thirds 2/3 of the number of such directors are
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present then by the unanimous vote of such directors as are then
present that the need to take such action arose subsequent to
the agenda for said regular meeting being posted

Such items of business was posted on an
agenda pursuant to this Section for prior meeting of the Board
such prior meeting having occurred not more than five
calendar days prior to the date action is taken on such items
and at such prior meeting said items was by decision of the
Board continued to the meeting at which such action being
taken

Section 6.03 Special Meetings Special meetings of
the Board may be called at any time by the Chairman or by
majority of the number of directors as fixed by these Bylaws

Section 6.04 Notice of Special Meetings Written
notice of special meetings shall be delivered by mail or
personally such that such notice is received at least 24 hours
before the time of any such special meeting to each director and
to each local newspaper of general circulation radio or
television station which shall have requested the delivery of
such notice in writing Such notice shall be posted at least
twentyfour 24 hours prior to such special meeting in
location that is freely accessible to members of the public The
notice shall specify the time and place of such special meeting
and the specific items of business to be transacted The Board
shall not conduct any business other than that which appears on
such notice

Section 6.05 Emergency Meetings Emergency meetings
of the Board may be held should majority of the directors of
the Board determine that work stoppage crippling disaster or
other activity severely impairs public health safety or both

Section 6.06 Notice of Emergency Meetings The
Chairman or if he is then unavailable any director shall
notify by telephone each local newspaper of general circulation
and radio or television station which has requested notice of
special meetings at least one hour prior to any emergency
meeting

Section 6.07 Posting of Emergency Meeting Actions
As soon as possible after any emergency meeting and for
minimum of ten days thereafter there shall be posted in public
place the minutes of such emergency meeting list of persons
who the Chairman notified or attempted to notify prior to such
emergency meeting copy of any roll call votes taken and
description of any actions taken at such meeting
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Section 6.08 Place of Meetingg All meetings of theBoard shall be held at meeting place designated in the noticeof the meeting

Section 6.09 ODen and Public All meetings of theBoard shall be open and public and all persons shall bepermitted to attend except as otherwise provided by Section 6.10of these Bylaws

Section 6.10 Closed Sessions Notwithstanding any ofthe foregoing provisions of these Bylaws the Board may holdclosed session in any of the following circumstances

to meet with its negotiator prior to the purchasesale exchange or lease of real property by or for the
Conservancy in order to give instructions to the negotiatorregarding the price and terms of payment for such purchase saleor lease However prior to such closed session the Board shallhold an open public session in which it identifies the real
property or real properties which the negotiations may concernand the person or persons with whom its negotiator may negotiateand

based on advice of its counsel to confer with orreceive advice from its legal counsel regarding pendinglitigation when discussion in open session concerning suchmatters would prejudice the position of the Board or the
Conservancy in said litigation

Section 6.11 Adjournment majority of thedirectors present whether or not quorum is present mayadjourn any meeting to another time and place If Boardmeeting is adjourned for more than twenty-four 24 hours noticeof any adjournment to another time and place shall be given priorto the time of the adjourned meeting to the directors who werenot present at the time of adjournment

Section 6.12 quorum majority of the number ofdirectors as fixed by these Bylaws shall be necessary toconstitute quorum for the transaction of business except toadjourn as hereinbefore provided Every act or decision made ordone by majority of the directors present at meeting dulyheld at which quorum is present shall be regarded as the act ofthe Board meeting at which quorum is initially present maycontinue to transact business notwithstanding the withdrawal ofdirectors if any action taken is approved by at least majorityof the required quorum for such meeting or such greater number asis required by the California Corporations Code
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Section 6.13 Telephonic Attendance Members of theBoard may participate in meeting through use of video
teleconferencing equipment If the Board elects to use video
teleconferencing it shall post agendas of all video
teleconference locations in place freely accessible to the
public and in manner which shall protect the opportunity of thepublic to attend and participate in meetings of the Board
pursuant to the provisions of these Bylaws Participation in
meeting pursuant to this Section 6.13 constitutes presence in
person at such meeting

Section 614 Presiding Officer The members of theBoard shall elect one of their number to act as Chairman TheChairman shall preside at all meetings of the Board

Section 6.15 Compensation Without the vote orwritten assent of majority of the total voting power of the
Corporation the Board shall not pay compensation to directors orto officers of the Corporation for services performed in theconduct of the Corporations business provided however theBoard may cause director or officer to be reimbursed for
expenses incurred in carrying on the business of the Corporation
Nothing herein contained shall be construed to preclude anydirector or officer from serving the Corporation as agentcounsel or in any capacity other than as such director orofficer and receiving compensation therefor

ARTICLE VII

Officers

Section 7.01 Officers The officers shall be
President Vice President and SecretaryTreasurer whichofficers shall be appointed by and hold office at the pleasure ofthe Board Any two or more of such offices may be held bythe same person All offices may be held by someone who is notmember of the Board

Section 7.02 Appointment to Office The officers ofthe Corporation shall serve at the will of the Board and shall beappointed at such times and for such terms as determined by theBoard

Section 7.03 Subordinate Officers The Board mayappoint such other officers as the business of the Corporation
may require each of whom shall hold office for such period havesuch authority and perform such duties as are provided in these
Bylaws or as the Board may from time to time determine
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Section 7.04 Removal and Resicinptjon

Any officer may be removed either with or withoutcause by the vote of majority of all the directors then inoffice

Any officer may resign at any time by givingwritten notice to the Board or to the President or to the
Secretary of the Corporation Any such resignation shall takeeffect as of the date of the receipt of such notice or at anylater time specified therein and unless otherwise specifiedtherein the acceptance of such resignation shall not be
necessary to make it effective

Section 7.05 Vacancies vacancy in any officebecause of death resignation removal disqualificatjo or anyother cause shall be filled in the manner prescribed in theseBylaws for regular appointments to such office

Section 7.06 President The President shall be thechief executive officer of the Corporation and shall subject tothe control of the Board have general supervision direction andcontrol of the business and officers of the Corporation ThePresident may but need not be the Chairman of the Board Heshall be an ex-officio member of all standing committees if anyand shall have the general powers and duties of managementusually vested in the office of the President of corporationand shall have other powers and duties as may be prescribed bythe Board or these Bylaws

Section 7.07 Vice President In the absence ordisability of the President the Vice President shall perform allthe duties of the President and when so acting shall have allthe powers of and be subject to all the restrictions upon theoffice of President The Vice President shall have such otherpowers and perform such other duties as from time to time may beprescribed for him by the Board or these Bylaws

Section 7.08 SecretaryTreasurer

The SecretaryTreasurer shall keep or cause to bekept book of minutes at the principal office or such otherplace as the Board may order of all meetings and proceedings ofthe Board and its committees and of the Members with the timeand place of the holding of same whether annual or special andif special how authorized the notice thereof given the namesof those present or represented at Members meetings and the
proceedings thereof
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The Secretary-Treasurer shall keep or cause to be

kept at the principal office membership register showing the

following

the names and addresses of all members of the
Board and

ii the names of the Members and their addresses

The Secretary-Treasurer shall give or cause to be

given notice of all meetings of the Members and of the Board

required by these Bylaws or by law to be given and he shall keep
the seal of the Corporation in safe custody and shall have such
other powers and perform such other duties as may be prescribed

by the Board or by these Bylaws

The Secretary-Treasurer shall keep and maintain
or cause to be kept and maintained adequate and correct records
of accounts of the properties and business transactions of the

Corporation The books and records of account shall at all

reasonable times be open to inspection by any director or upon
written demand for purpose reasonably related to such persons
interests as Member by any Member

The Secretary-Treasurer shall deposit all monies
and other valuables in the name and to the credit of the
Corporation with such depositories as may be designated by the
Board He shall disburse the funds of the Corporation as may be
ordered by the Board shall render to the President and

directors whenever they request it an account of all of his
transactions as Secretary-Treasurer and of the financial
condition of the Corporation and shall have such other powers
and perform such other duties as may be prescribed by the Board
or these Bylaws

ARTICLE VIII

Indemnification of Directors Officers and Emlovees

To the maximum extent permitted by and in

accordance with the requirements and procedures of Section 5238

of the California Corporations Code or any successor statute

thereof as interpreted by the judiciary from time to time the

Corporation shall reimburse indemnify and hold harmless each

present and future director officer employee or other agent
of the Corporation as such term is defined in said

Section 5238a or any successor statute thereof and each person
who at the request of the Corporation acts as director
officer employee or agent of another foreign or domestic

corporation partnership joint venture or other enterprise
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hereinafter in this Section referred to as the Corporation
representative from and against all loss cost liability and
expense which may be imposed upon or reasonably incurred by such
Corporation representative including reasonable settlement
payments in connection with any claim action suit or
proceeding or threat thereof made or instituted in which such
Corporation representative may be involved or be made party byreason of being or having been Corporation representative or byreason of any action alleged to have been taken or omitted bysuch Corporation representative in such capacity

The right of indemnification provided in this
Article VIII.shal inure to each Corporation representative
whether or not the claim asserted is based on matters which arose
in whole or in part prior to the adoption of these Bylaws and inthe event of the death of the Corporation representative shall
extend to the legal representatives of such person

The right of indemnification provided in this
Article VIII shall not be exclusive of any other rights to which
any person or any other individual may be entitled as matter
of law under any agreement or otherwise

ARTICLE IX

Inspection of Records

Section 9.01 Insectjon BY Members The books and
records of account and minutes of meetings of the Members of
the Board and any committees of the Board shall be made
available for inspection and copying by any Member or his duly-
appointed representative at any reasonable time during normal
business hours or under other reasonable circumstances and for
purpose reasonably related to such persons Interests as
Member at the principal office of the Corporation or such other
place as the Board shall prescribe all as provided in the
California Corporations Code

Section 9.02 Insectjon By Directors Every director
shall have the absolute right at any reasonable time to inspectall books records and documents of the Corporation all as
provided in the California Corporations Code
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ARTICLE

Miscellaneous

Section 1001 Sinciular Includes Plural Wherever thecontext of these Bylaws requires the same the singular shallinclude the plural and the masculine shall include the feminine

Section 10.02 Fiscal Year The fiscal year of the
Corporation shall begin on the first day of January and end onthe thirty-first 1st day of December of each year except thatthe first fiscal year shall begin on the date of incorporation
However the fiscal year of the Corporation is subject to changefrom time to time as the Board shall determine
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CERTIFICATE OF SECRETARY

the undersigned do hereby certify

That am the duly e1ected and acting
secretary of The Rancho Mission Viejo Land ConservancyCalifornia nonprofit public benefit corporation and

That the foregoing Bylaws comprising
pages constitute the original Bylaws of said corporation as
duly adopted on _______________ 1990

IN WITNESS WHEREOF have hereunto subscribed my nameand affixed the seal of said corporation this ____ day of
1990
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DEED OF CONSERVATION EASEMENT

This Deed of Conservation Easement the Deedt made
by Anthony Moiso and Melinda Moiso as Trustees of the
Moiso Living Trust under Declaration of Trust dated February
1985 The Moiso Living Trust Anthony Moiso as Special
Trustee and Richard ONeill as Trustee under Declaration of
Trust dated April 18 1968 for the benefit of Richard ONeill
Richard ONeill Trust Anthony Moiso as Special Trustee
and Richard ONeill as Trustee under Declaration of Trust for
the benefit of Alice ONeill Avery Alice ONeill Avery Trust
Santa Margarita Company California corporation SMC San
Juan Partnership No California limited partnership San
Juan Partnership The San Juan Company California limited
partnership San Juan Company hereinafter The Moiso Living
Trust Richard ONeill Trust Alice ONeill Avery Trust SMC
San Juan Partnership and San Juan Company collectively shall be
referred to as the Rancho Mission Viejo Entities and
Arvida/JMB Partners L.P.-II Delaware limited partnership
Arvida/JMB hereinafter the Rancho Mission Viejo Entities and

Arvida/JMB collectively shall be referred to as Grantor and
THE RANCHO MISSION VIEJO LAND CONSERVANCY California

non-profit corporation hereinafter referred to as the

Grantee

RECITALS

Grantor is the owner of certain real property the
Easement Area in Orange County California which property is

more particularly described in Exhibit attached hereto and

incorporated herein by reference The Easement Area is sometimes
referred to herein as the Talega Reserve Area

Grantee is organized to preserve and enhance
natural areas for aesthetic scientific charitable and
educational purposes and is qualified under California Civil
Code Section 815.3 to acquire and hold conservation easements

04-23-90 10001-00199

\DOC\102\90040032.AGR



The Easement Area is currently in substantially
undisturbed and natural state and has significant ecological
scientific and aesthetic value

The Easement Area provides significant relatively
natural habitat for plants and wildlife including high quality
stands of native grassland

The Easement Area is part of an approximately
40000 acre area of land in Orange County generally known as
Rancho Mission Viejo which has been under the ownership of
Grantor and related parties for over 100 years

Those entities collectively Comprising Grantor
each own separate portions of the Easement Area in fee and are
collectively executing and delivering this Deed as opposed to
individually executing virtually identical deeds solely for
administrative convenience Rancho Mission Viejo Entities are
conveying this Easement over the portions owned by them on behalf
of Arvida/JMB and for good and valuable consideration received
from Arvida/JMB

There has been substantial public testimony
presented to the County of Orange County and the City of San
Clemente City concerning the Value of the Talega Reserve Area
and expressing desire that the Talega Reserve Area should
remain in natural condition

The Easement Areas natural elements ecological
scientific and aesthetic values are of great importance to the
people of the State of California the people of the County of
Orange Grantor and Grantee and are worthy of protection and
preservation

The parties desire that the Easement Areas
ecological elements scientific and aesthetic features and values
be preserved and maintained in perpetuity by the continuation of
such uses in the Easement Area as may be conducted consistent
with the conservation values protected herein

The Ciunty has considerable expertise in the

management of natural reseurces and can be beneficial
contributor in discussiens on appropriate uses of and public
access to the Easement Area

Grantsr and Grantee recognize that

transprtati.n c.rridsr is being planned and may be l.cated in

pr.ximity the Easement Area and have determined that the
crridr will nt be incsnsistentwith the protection .f
csnservatj.n values within the Easement Area

S423W 1IN1-Il1



Subject to the provisions of Section 3b below
Grantor intends that the Conservation values of the Easement Area
be preserved and maintained by the continuation of land use
patterns existing at the time of this grant that do not
significantly impair or interfere with those values including
withOut limitation those relating to ranching

Grantor as the owner in fee of the Easement Area
owns the rights to identify preserve and protect in perpetuity
the natural ecosystems natural elements and the great scientific
and aesthetic values of the Easement Area

This Deed has been reviewed and approved by County
as satisfying pertinent portions of Condition No 16 of the
ZC86-31P Conditions of Approval as revised by ZC89-06

This Deed has been reviewed by the City as
satisfying pertinent portions of Condition No 12 of the Specific
Plan Amendment 89-109 Conditions of Approval as revised by
Resolution No 89-129 of the City Council of the City of San
Clemente

Arvida/JMB holds title to those portions of the
Talega Reserve Area within the City of San Clemente and depicted
on Exhibit hereto the City Reserve Area pursuant to
Holding Agreement recorded May 10 1989 as Instrument
No 89-248116 the Holding Agreement entered into between SMC
and Arvida/JMBs predecessors-in-interest Arvida Talega Limited
Partnership The Holding Agreement provides that Arvida/JMB
holds the City Reserve Area as agent for the benefit of SMC and
that Arvida/JMB shall have no power or authority to deal with the
City Reserve Area without the explicit written consent of SMC
SMC desires to consent to the execution and delivery of this Deed
by Arvida/JMB

NOW THEREFORE in consideration of the mutual
covenants contained herein and other good and valuable
consideration the receipt of which is hereby acknowledged and
pursuant to the laws of the State of California and in

particular Section 815 et.seq of the Civil Code Grantor hereby
grants and conveys to Grantee THE RANCHO MISSION VIEJO LAND
CONSERVANCY California non-profit corporation perpetual
irrevocable conservation easement in gross the Easement
consisting of the rights hereinafter enumerated over and across
the Easement Area Grantor further grants and conveys to the
County of Orange the contingent interest set forth in Section 10
hereof
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Purpose It is the purpose of the Easement to
identify preserve and protect in perpetuity the open space and
significant relatively natural ecological features and values
of the Easement Area Grantor intends that the Easement will
confine the use of the Easement Area to such activities that are
consistent with that purpose

Rights of Grantee The following rights are
conveyed by the Easement

The right to identify preserve and protect
in perpetuity and to restore the open space and significant
relatively natural ecological features and values of the
Easement Area

The right to enter upon the Easement Area for
the following purposes and subject to the requirements of
Section 2.c

to enforce the rights herein granted

ii to observe study and make scientific
observations of the Easement Area ecosystem and

iii to determine whether Grantors use of
the Easement Area is in compliance with the terms of this Deed

Grantees right of access described in
Section 2.b shall be exercised as follows

Access shall be by means of existing
roads and trails or other routes and access points as may be
reasonably approved by Grantor from time to time

ii Exercise of the access right shall not
unreasonably interfere with any use by Grantor of the Easement
Area in manner consistent with the provisions of this Deed and

iii No less than 24 hours in advance of the
intended time of entry Grantee shall provide the Rancho Mission
Viejo Ranch Manager telephone number 714 831-6450 or any
subsequent phone number specified by Grantor with prior notice
of the anticipated time of entry the purpose for which Grantee
requires access and the number of individuals who will require
access No prior notice shall be required for entry by Grantee
to prevent violations of the restrictions set forth herein

The right to enjoin any activity on or use
of the Easement Area which is inconsistent with the provisions
of this Deed and to enforce pursuant to the terms and
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provisions of this Deed the restoration of such areas or
features of the Easement Area as may be damaged by such
activities

The right to construct fencing as may be
necessary to exclude livestock from areas of scientific research
so long as Grantee has received Grantors prior written consent
to such fencing the aggregate area fenced does not exceed fifty50 acres and the fencing does not interfere with grazing
areas Grantors written consent shall not be unreasonablywithheld or delayed

The right to construct such improvements as
may be necessary to protect the conservation values or maintain
the resources protected by the Easement so long as Grantee has
received Grantors prior written approval for such improvements
and so long as such improvements do not interfere with Grantors
use of the Easement Area in manner consistent with the
provisions of this Deed Grantors written consent to the
proposed improvement shall not be unreasonably withheld or
delayed

Reserved Rights The following uses and
practices though not an exhaustive recital of consistent uses
and practices are reserved by Grantor from the grant of the
Easement and these practices as well as all others not in
conflict with this Easement may not be precluded prevented or
limited

To maintain and repair the existing fences
and roads in the Easement Area

To carry on ranching in manner consistent
with the maintenance of soil composition structure and
productivity and to the extent that such activities do not
conflict with the provisions of this Deed Grantor believes that
the Easement Area exists in its current state partly because of
the responsible grazing practices of the historical owners of the
Easement Area Grantee shall contract for study of the effects
of cattle grazing on the Talega Reserve Area grasslands and
Grantor shall implement any ranching management changes
recommended in such study

To conduct horseback rides and encampments on
an occasional basis as has been the historical practice on Rancho
Mission Viejo Grantor shall use reasonable efforts to provide
at least 30 days prior notice to Grantee of the anticipated time
of entry provided that no more than six encampments aggregating
no more than twelve days shall occur in any calendar year and
provided further that Grantor shall clean up and restore any area
used for such encampments

04-a-co 11-w1



To cooperate in the location of utilities and

public improvements including roads on and across the Easement
Area as may be necessary to serve land within or outside the
Easement Area subject to the approval and consent of Grantee and
county and subject to the approval and consent of City as to any
such utilities and public improvements proposed to be located
within the City Reserve Area Such easements shall include but
not be limited to new easements for above-ground and

below-ground electrical transmission facilities and for the
maintenance of and access to such facilities and ii aviation
fuel pipeline purposes generally as shown on Exhibit

To allow continued use of the Easement Area
for purposes of any easements of record prior to the date hereof

To allow the construction and maintenance of

regional hiking and equestrian trail the Equestrian Trail
across the southern portion of the Easement Area subject to the
provisions of Section 13 and as specified in Countys Condition
Number of the ZC86-31P Conditions of Approval

Prohibited Uses The following uses and practices
on the Easement Area are inconsistent with the purposes of the
Easement and shall be prohibited unless otherwise permitted in
the exercise of Grantors reservedrights

The damage or impairment of natural
ecological values or the destruction of other significant
conservation interests in the violation of the Easement except
as otherwise provided by this Deed

The planting of commercial agricultural crops
or the conversion of native vegetatidn to new or exotic species

The introduction of nonnative plant or
animal species except cattle

Hunting or trapping

Use of the Easement Area for the purpose of

recreational residential commercial retafl or industrial
development except as otherwise specifically permitted herein
e.g the riding and hiking trail referred to in Paragraph 3f
hereof

The construction or placement of any
mobilehomes trailers signs billboards or other advertising
material or any other structures except as otherwise provided
herein
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The use of motor vehicles except as
incidental to and as needed for the purposes permitted by this
Deed

The dumping of ashes trash garbage or other
unsightly offensive or toxic material

The removal destruction or cutting of trees
or plants except for artichoke thistle and other trees or plants
agreed to by Grantor and Grantee or as otherwise permitted by
this Deed

The storage or use of biocides and
agricultural chemicals except as may be necessary to protect the
native vegetation which is of conservation value and threatened
by the invasion of exotic material from outside the Easement
Area

The changing of the topography through the
placing of soil dredging soils landfill or other material

Filling excavating dredging mining
drilling or removal of topsoil sand gravel rock minerals or
other materials

in The alteration or manipulation of existing
patterns of water drainage or of water quality

Plowing drilling seed or-any other farming
activity which would disturb the soil surface

Amending Reserved Rights and Prohibited Uses The
Easement shall not be changed or amended without the unanimous
consent of the Grantor Grantee County and City

Grantees Remedies In addition to any and all
other remedies available to Grantee in law or in equity Grantor
intends that the remedies set forth in this section shall be
available to the Grantee and County and to the City as to the
City Reserve Area References to Grantee in this Section
shall include the County and shall include the City as to the
City Reserve Area unless otherwise specified

If the Grantee determines that Grantor is in
violation of the Easement or that violation is threatened
Grantee shall give written notice to Grantor of such violation
and request corrective action sufficient to cure the violation
and where the violation involves injury to the area resulting
from any use or activity inconsistent with the provisions of this
Deed to restore the portion of the area so injured If the
Grantor fails to cure the violation within thirty 30 days after
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receipt of notice thereof from Grantee fails to begin curing the
violation within the thirty 30 day period or under
circumstances where the violation cannot reasonably be cured
within said period or fails to continue diligently to cure such
violation until finally cured Grantee may bring an action in law
as described below

If Grantor undertakes any activity in
violation of the provisions of this Deed the Grantee shall have
the right to enforce the restoration of that portion of the
Easement Area affected by such activity to the ConditiQn that
existed prior to the undertaking of such unauthorized activity
In such case the costs of such- restoration shall be borne by
Grantor

The Grantee after not less than forty-five
45 days prior written notice to the Grantor County and City
shall have the right to enter the Easement Area and restore that
portion of the Easement Area affected by such activity and bring
it to the condition that existed prior to the undertaking of such
activity Such unilateral action by the Grantee shall not
prejudice any subsequent judicial proceeding nor shall such
improvement preclude the Grantee from requesting reimbursement
for the restoration costs

Consent and Notice Whenever express agreement or
consent is required by this document from either the Grantor
Grantee County or City the initiating party shall give written
notice and detailed information to the other party by registered
or certified mail The receiving party shall have thirty 30
days from the receipt of such notice to review the proposed
activity and to notify the initiating party of any objections
thereto Agreement or consent shall not be unreasonably withheld
or delayed Any objections to activities proposed by the
Grantor for which the Grantees Countys or Citys consent is

required shall be based upon finding that the activity is
inconsistent with the provisions of this Deed Failure to

respond within thirty 30 days of the receipt of said notice
shall constitute consent to the proposed activity Permission to

carry out or failure to object to any proposed use or activity
shall not constitute consent for any subsequent use or activity
of the same or different nature

Bistriuti.n of Notices Any notice called for in
the Easement shall be sent by hand delivery or by registered or
certified mail as follows
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To Grantee at To Grantor at

The Rancho Mission Viejo Santa Margarita Company
Land ConserVancy 30211 Avenida de las Banderas
28811 Ortega Highway Rancho Santa Margarita CA 92668
P.O Box Attention Richard Broming
San Juan Capistrano CA 92693

To County of Orange at To City of San- Clemente at

Director EMA City of San Clemente
County of Orange City Hall

P.O Box 4048 100 Avenida Presidio-
12 Civic Center Plaza San Clemente CA 92672
Santa Ana CA 92702-4048 Attention City Manager

or such other address as either party may inform the other of
from time to time and the notice shall be deemed to be received
on the date evidenced by hand de1ivery registered mail or
certified mail receipt Unless notified in writing otherwise by

any of the individuals or entities comprising Grantor SMC is

designated as the recipient of any notices on behalf of Grantor

Taxes Grantor agrees to pay any and all real

property taxes and assessments levied by competent authority on
the Easement Area except that Grantor shall have no obligation
to pay any taxes or assessments which may be levied against the
Easement itself as opposed to the underlying fee The foregoing
notwithstanding Grantee is authorized but not.obligated to pay
upon three days prior written notice to Grantor any taxes
and assessments owing to prevent delinquency and foreclosure
The obligation created by such payment shall bear interest until
paid by Grantor at the maximum rate allowed by law

10 Assignment

The Easement is not assignable without
Grantors prior written consent except that if Grantee ceases to
function as that term is defined in Section 1.4 of the

Irrevocable Offer of Dedication to County being recorded

concurrently herewith and if Grantee fails to offer the
Easement to County as hereinafter set forth in this Section 10
this Easement shall thereupon become the property of and vested
in County without the necessity of recording any further
instrument of conveyance If County determines not to retain the

Easement County shall first offer the Easement to City and then
upon Citys refusal to an organization which is qualified at the

time of transfer as an eligible donee under Internal Revenue Code
Section 170h or its successor or any regulations issued
thereunder
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In the event of termination of Grantees
corporate existence assignment of the Easement must first be
offered by Grantee to County and then upon Countys refusal to
City and then upon Citys refusal to an organization which is
qualified at the time of transfer as an eligible donee under
Internal Pevenue Code Section 170h or its successor or any
regulations issued thereunder

11 Costs and Liabilities Grantor retains all
responsibilities and shall bear all costs and liabilities of anykind related to the ownership operation and maintenance of the
Easement Area provided that the need or reason for such
maintenance or any improvement is due to Grantors use of the
Easement Area or Grantors breach of its obligations under this
Deed Grantor shall have no liability or obligation for any
maintenance or improvement of the Easement Area the need for
which is not proximately caused by Grantors usage of the
Easement Area or by Grantors breach of its obligations under
this Deed At all times while the Easement is in effect Grantor
and Grantee each agree at their respective sole cost and expense
to procure and maintain adequate comprehensive general liability
insurance for the Easement Area to name the other as an
additional insured under their respective insurance policies as
to the interests of the additional insured and to furnish to the
other current certificate of insurance for the required policy
Each such policy shall contain cross-liability endorsements and
shall provide for not less than 30 days prior written notice to
all insured before cancellation or amendment Grantor and
Grantee each agree to indemnify defend and hold harmless the
other for any and all damages and liabilities proximately caused
by the indemnifying party and incurred or suffered by the
indemnified party but limited to the amount that exceeds the
amount of insurance proceeds if any received by the indemnified
party

12 Access

No right of access by the general public to
any portion of the Easement Area is conveyed by this Deed

Grantor and Grantee shall cooperate to
prevent any public access to any portion of the Easement Area
that is not otherwise permitted by this Deed or that would
interfere with the conservation values associated with the
Easement Grantee shall however develop an çcaiaem
ajjthe Access Plan in order to further the purposes of the
Easentàyj1e opportunities qpublic education and
Łsearch The Access Plan shall provide for the following
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access by groups only in the company of
trained guide who meets qualifications adopted by the Board of

Directors of Grantee and who is knowledgeable of the rules and
regulations described herein for Grantees use of the Talega
Reserve Area

ii day use only except as specifically
permitted by the Access Plan

iii the adoption of rules and regulations
governing the nature timing and extent of the access consistent
with the provisions of this Deed and

Civ Grantors review and written approval of
the Access Plan shall be required which approval may not be
unreasonably withheld but may be conditioned or prohibited if it
will interfere with the Grantors use of the Easement Area
pursuant to Grantors reserved rights under Section

Grr tee xnay determine that public access
shall be denied to all or prtioris fte Easement Area in order
jrPtect the ecIIIçal values or such are Inthat ey
cattle grazing_shall also be precludedin_such areas

13 Equestrian Trail The Equestrian Trail shall be
constructed by private entity approved by County Any fence
constructed in connection with the trail shall be maintained by
County

l4 Baseline Documentation Within twelve 12 months
of the execution hereof compilaticrn
thforitatiation known as the Easement Documentation Report the
Report hail be compiled The Report shall include at
minimum current_aerial hotographs and ground photographs
depictin all improvements and all major floral communities of
the Easement Area and 1ij inventories of all floral faunal and
aquatic communities and features of said Easement Area The
Report shall be conducted at the expense of the Grantee and under
the direction of competent biologist familiar with the ecology
of Southern California to be designated by the Grantee Failure
to compile the information required herein shall not affect the
enforceability or validity of any other provision of this Deed

15 Monitoring The Grantee shall conduct annual
monitoring of the conservation values within the Easement Area
Such monitoring shall be done in accordance with systematic and
routine form or checklist designed to facilitate the
identification of trends and changes of the conservation values
over time copy of each monitoring report shall be given to
the County and City
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16 Successors The term Grantor wherever used

herein and any pronouns used in place thereof shall mean and
include the abovenamed Grantors their heirs successors
assigns affiliates and desigriees Affiliates shall mean any
lineal descendant of Marguerite ONeill or any entity in which
any such lineal descendent owns an interest The term Grantee
whenever used herein and any pronouns used in place thereof
shall mean and include the abovenamed Grantee and any successors
and assigns The covenants terms conditions and restrictions
of this Deed shall be binding upon and inure to the benefit of
Grantor and Grantee and shall continue as servitude running in
perpetuity with the Easement Area

17 Severability If any provision of this Easement
or the application thereof to any person or circumstances is
found to be invalid the remainder of the provisions of this Deed
and the application of such provisions to persons or
circumstances other than those to which it is found to be invalid
shall not be affected thereby

18 Controlling Law The interpretatjon and
performance of this Deed shall be governed by the laws of the
State of California

19 Reauired Consent By executing and delivering
this Deed SMC consents to the execution and delivery of this
Deed by Arvida/JMB as required by the Holding Agreement

TO HAVE AND TO HOLD unto Grantee its successors and
assigns forever

IN WITNESS WHEREOF the Grantor has hereunto set its
hand this 24th day of April 1990

GRANTOR

The Moiso LiVing Trust

Anthony R./Moiso and

2krJi
MelLinda Moiso as Trustees
of the Moiso Living Trust
under Declaration of Trust
dated February 1985

04-23-90
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Richard ONeill Trust

.-
Anthony Moiso as Special
Trustee and

Richard oj41ii as
Trustee undet the Declaration
of Trust datedApril 18 1968
for the benefit of Richard
ONeill

Alice ONeill Avery Trust

--
Anthony ioiso as Special
Trus and

Richard Oil1 as
Trustee undØ Declaration of
Trust dated April 18 1968 for
the benefit of Alice ONeill
Avery

SMC

Santa Margarita Company
California corporation

By
Anthony Moiso

Its President

By
Thomas Blum

Its Executive Vice President

OZ3-9O 10001-00199
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San Juan Partnership

San Juan Partnership No
California limited partnership

By hJ
Richard 9Neill

general partner

By -i
Anthony Moiso

general partner

San Juan Company

The San Juan Company
California limited partnership

By
Richard J./Neill

general partner

By
Anthony R/ Moiso

general partner

Arvida/JMB

Arvida/JMB Partners L.P -II
Delaware limited partnership

By ARVIDA/JMB MANAGERS-Il INC
an Illinois corporation
General Partner

By____
rntn Ye4erton
Vice President
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iNTENTIONALLY LEFT BL

04-U-N IOXI-001W

______
15



STATE OF CALIFORNIA
SS

COUNTY OF ORANGE

on 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared ANTHONY MOISO and MELINDA MOISO known to me or

proved to me on the basis of satisfactory evidence to be the

persons who executed the within instrument and known to me to be
the Trustees of the Moiso Living Trust under Declaration of Trust
dated February 1985 and acknowledged to me that they
subscribed their own names as the Trustees of said Trust

hand and official seal

______ OFF CIA1 SEAL

iy Loi Jolly Vnn
O1AAYPU3UC-CAUFOflM

JRANGE COUNTY

MY C3C1 LXP JU4 23 L994
Notary Puklic in and for said State

S_u1iuiuu-..ist_uiiiIIu

SEAL

STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared RICHARD ONEILL personally known to me or proved to
me on the basis of satisfactory evidence to be the person who
executed the within instrument as Trustee on behalf of THE TRUST
FOR THE BENEFIT OF RICHARD ONEILL DATED APRIL 18 1968 and
acknowledged to me that he executed the within instrument in
accordance with the trust instrument

WITNESS my hand and official seal

OfCIAL $tA4

vy Lou JolLy- Vanui

TAYPtJUC.CAL _j

MY CO4M EXP.pJ4.211994
Notary Public inandforsi State

SEAL

04-23-co 10001 -001w
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STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared ANTHONY MOISO personally known to me or proved to me
on the basis of satisfactory evidence to be the person who
executed the within instrument as Special Trustee on behalf of
THE TRUST FOR THE BENEFIT OF RICHARD ONEILL DATED APRIL 18
1968 and acknowledged to me that he executed the within
instrument in accordance with the trust instrument

WITNESS my hand and official seal

Zann
1.Y PtfiOljC.CAuFOWI

RANCE COUNTY

NY XP JAI4 28 19c4
Notary Public in and for said State

Seal

STATE OF CALIFORNIA
ss

COUNTY OF ______________

On 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared RICHARD ONEILL personally known to me or proved to
me on the basis of satisfactory evidence to be the person who
executed the within instrument as Trustee on behalf of THE TRUST
FOR THE BENEFIT OF ALICE ONEILL AVERY DATED APRIL 18 1968 and
acknowledged to me that he executed the within instrument in
accordance with the trust instrument

WITNESS my hand and official seal

ICLA1 UA
.Criy 1i Jolly Veno

jTIOTAIY PUBUC.CAUFOJ
.r1 3W1G COUNTY Jt --

EXD JAN 1994
Notary Pubiic in and

forpid State
-uuU UllilSi

SEAL

1u11
OFFICIAl SIAI

asy Jolly Vinn
TAV PURUC.CAUFONIA

ORANGE COUNTY

NY UP JAN 28 1994
T.uuI usiiuIsuistSiisii
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STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared ANTHONY MOISO personally known to me or proved to ne

on the basis of satisfactory evidence to be the person who
executed the within instrument as Special Trustee on behalf of
THE TRUST FOR THE BENEFIT OF ALICE ONEILL AVERY DATED APRIL 18
1968 and acknowledged to me that he executed the within
instrument in accordance with the trust instrument

WITNESS my hand and official seal

44$CII Itf-I-u

OFClAL SEAl

iiinv Jolly Vnn
OTARY Ptj8tIC.At.iFOpql

JRAIGE COUNTY
Notary Pi41ic in and for said State

MY COO1 EXP JAM 28 1994
uuIIuIu.a.e.u.i.

STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On J. 1990 before me the undersigned
Notary Public rn and for said County of State personally
appeared .- -.- and --- .-personal1y
known to me or poved to me on the basis of satisfactory evidence
to be the and.r .- L.i.J-espectively of
SANTA MARGARITA COMPANY California corporation the
corporation that executed the within instrument known to me or
proved to me on the basis of satisfactory evidence to be the

persons who executed the within instrument on behalf of the
corporation therein named and acknowledged to me that said
corporation executed the within instrument pursuant to its bylaws
or resolution of its board of directors

WITNESS my hand and official seal

OTAT PUUC-CAUFON
ORAI4GE COUNTY

Notary Public in anfor aid State
WY COI EXP JAN 28 1994

O4Z39O
\OC\1\9QOi.OQ12.A 18



STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared RICHARD ONEILL and ANTHONY MOISO personally
known to me or proved to me on the basis of satisfactory
evidence to be the persons who executed the within instrument as
the sole General Partners of San Juan Partnership No as
established by the within instrument and acknowledged that they
have executed the within instrument as such General Partners

WITNESS my hand and official seal

fJot1yVann ______
Notary Public in and-for said State

STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On __________ -- 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared RICj1D OtNEILL and ANTHONY MOISO personally
known to me or proved to me on the basis of satisfactory
evidence to be the persons who executed the within instrument as
the sole General Partners of The San Juan Company as established
by the within instrument and acknowledged that they have
executed the within instrument as such General Partners

WITNESS my hand and official seal

Jolly- Vsnn -i_ -i t___
Notary PUblic in aM foz7said State

tlY CON1 LXP JAN 28 1994

SEAL
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STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On __________ 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared personally known to me or proved
to me on the basis of satisfactory evidence to be the person that
executed this instrument as ..on behalf
of 1therein named that
executed the within instrument on behalf of Arvida/JMB Partners
L.P.II Delaware limitea partnership and acknowledged to me
that said corporation executed the within instrument as general
partner of said partnership and pursuant to its Bylaws or
resolution of its board of directors

WITNESS my hand and official seal

OcClAL SEAL

Eiy Lou Jolly Vinn --

Notary Public in and for said State

NY CO UP JAI 28 1994

SEAL
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EXHIBIT

90105A
03-0190

Revised

03159
040290
051790

LEGAL flESCRIPTION
TALEGA VALLEY CONSERVANCY AREA

UNINCORPORATED TExtRITORY OF THE COUNTY OF ORANGE

That certain land situated in the Unincorporated Territory of the County of

Orange State of California described in parcels as foliows

Parcel Parcel of Certificate of Compliance No CC833 recorded
August 29 1983 as Instrument No 83377561 of Official Records in the office
of the County Recorder of said County

EXCEPTING THEREFROM the land described in that easement in favor of

Talega Valley Partnership for Ingress Egress construction of roadway and
adjacent slopes and incidental purposes recorded April 16 1987 as Instrument
No 87208958 of Official Records in the office of said County Recorder

Parcel Parcel of Certificate of Compliance No CC87-06 recorded
August 1987 as Instrument No 87-449971 of Official Records in the office of
the County Recorder of said County

EXCEPTING THEREFROM the land described in that easement in favor of

Talega Valley Partnership for Ingress Egress construction of roadway and
adjacent slopes and incidental purposes recorded September 1988 as
Instrument No 88-444055 of Official Records in the office of said County
Recorder

Parcel Parcel of Certificate of Compliance No CC87-06 recorded
August 1987 as Instrument No 87-449971 of Official Records in the office of
the County Recorder of said County

EXCEPTING THEREFROM the land described in that easement in favor of

Talega Valley Partnership for Ingress Egress construction of roadway and
adjacent slopes and incidental purposes recorded April 1987 as Instrument No
87-178076 of Official Records in the office of said County Recorder

ALSO EXCEPTING THEREFROM that portion described as follows
Commencing at the most Northerly corner of said Parcel thence South
522018 East 948.34 feet along the Northeasterly line of said Parcel to the
TRUE POINT OF BEGINNING thence continuing along said Northeasterly line

and along the Easterly line of said Parcel the following courses South
522018 East 487.66 feet to the beginning of tangent curve concave

Corporate Office 177t2 Sky Park Blvd Irvine CalifornIa 92714 714/261.2222 FAXH 474-9120

kfend Empire Office 1101 Miftiken Ave Ste Ontario California 91761 714/988.7880 FAX 988.5299
San Diego County Office Carlsbad California 92008 619/438.4332



EXHIBIT Continued

LEGAL DESCRIPTION-CONTINUED 90105A
TALEGA VALLEY CONSERVANCY AREA 03-01-90

UNENCORPORATED TERRETORY Revised
OF TRE COUNTY OF ORANGE 03-15-90
PAGE 040290

051790

Southwesterly having radius of 4650.00 feet Southeasterly 726.27 feet along
said curve through central angle of 333532 and South 1o5942 West 816.13

feet thence North 9G14t13 West 268.21 feet to the beginning of tangent curve
concave Westerly having radius of 1190.00 feet thence Northerly 363.97 feet

along said curve through central angle of 173128 to the beginning of

reverse curve concave Easterly having radius of 1550.00 feet thence

Northerly 358.19 feet along said curve through central angle of 131426 to the

beginning of reverse curve concave Westerly having radius of 1450.00 feet
thence Northerly 433.88 feet along said curve through central angle of

170840 to the beginning of reverse curve concave Northeasterly having
radius of 1550.00 feet thence Northwesterly 132.64 feet along said curve

through central angle of 454li thence North 254544 West 519.86 feet to

the beginning of tangent curve concave Southwesterly having radius of

1450.00 feet thence Northwesterly 360.61 feet along said curve through
central angle of 14014t57t1 thence North 400041 West 224.02 feet to the

beginning of tangent curve concave Northeasterly having radius of 1650.00
feet thence Northwesterly 227.91 feet along said curve through central angle
of 75450 to the beginning of reverse curve concave Southwesterly having
radius of 1350.00 feet thence Northwesterly 379.85 feet along said curve

through central angle of 160717 thence North 48130 West 634.22 feet to

the true point of beginning

ALSO EXCEPTING THEREFROM that portion described as follows Beginning at

the Northerly termius of that certain course described as tNorth 1800OO East
2856.38 feet for portion of said Easterly line of Parcel thence South
175942 West 707.14 feet along said Easterly line thence North 164304 West
479.12 feet to the beginning of tangent curve concave Easterly having radius

of 850.00 feet thence Northerly 440.33 teet along said curve through central

angle of 294053 thence North 125749 East 487.25 feet to the beginning of

tangent curve concave Westerly having radius of 1310.00 feet thence

Northerly 586.45 feet along said curve through central angle of 253859
thence North 1241lO West 354.70 feet to the beginning of tangent curve
concave Easterly having radius of 550.00 feet thence Northerly 386.78 feet

along said curve through central angle of 401732 thence North 273622
East 828.15 feet to said Easterly line of Parcel thence South 15942 West
2735.11 feet along said Easterly line to the point of beginning

ALSO EXCEPTING THEREFROM that portion described as follows Beginning at

the most Southerly corner of said Parcel thence along the Southerly and

Westerly lines of said Parcel the following courses North 693018 West
694.75 feet and North 04319 East 2666.90 feet to the Northwest corner of

Section 24 Township South Range West San Bernardino Meridian



EXHIBIT Continued

LEGAL DESCRIPTION-CONTINUED 90105A
TALEGA VALLEY CONSERVANCy AREA 03-01-90
UNINCORPORATED TEaRITORY Revised
OF THE COUNTY OF ORANGE 03-15-90
PACE 040290

051790

as shown on map filed in Book Pages 15 through 22 of Records of Surveys in
the office of said County Recorder thence South 89G15t50 East 653.72 feet
along the Northerly line of said Section 24 to the West line of the East one-half
of the West onehalf of the West onehalf of said Section 24 thence South04314 West 2901.77 feet along said last mentioned West line to the point of
beginning

ALSO EXCEPTING THEREFROM that portion described as follows Beginning at
the Southerly terminus of that certain course described as South 043t37n West
2666.90 feet for portion of the Westerly line of said Parcel thence North04319 East 104.32 feet along said Westerly line thence South 51030141u East
23.32 feet thence South 734605 East 659.36 feet to said Easterly line of
Parcel thence along said Easterly line and along the Southerly line of said
Parcel the following courses South 04314 West 148.75 feet and North693018 West 694.75 feet to the point of beginning

Parcel Parcel of Certificate of Compliance No CC 87-06 recorded
August 1987 as Instrument No 87-449971 of Official Records in the office of
the County Recorder of said County

EXCEPTING THEREFROM that portion described as follows Beginning at the
most Southerly corner of said Parcel thence North 04319 East 104.32 feet
along the Easterly line of said Parcel thence North 5130dl West 939.03 feet
thence North 692043 West 444.81 feet thence North 5514OO West 503.15
feet thence North 390350 East 364.34 feet thence North 85833 East 646.17
feet thence North 23302 West 630.26 feet to the Northerly line of said
Parcel thence along said Northerly line and along the Westerly and
Southwesterly lines of said Parcel the following courses North 89IS15 West
65.66 feet South 05942 West 506.04 feet South 8029t42n West 720.00 feetSouth 384442 West 425.00 feet South 572518 East 1540.00 feet South
403518 East 294.77 feet and South 693018 East 232.93 feet to the point of
beginning

Parcel That portion of Parcel of Certificate of Compliance No CC87-06 in

Unincorporated Territory of the County of Orange State of California recorded
August 1987 as Instrument No 87-449971 of Official Records in the office of
the County Recorder of said County described as follows

Beginning at the most Southerly corner of said Parcel thence along the

Southerly and Westerly lines of said Parcel the following courses North
693018 West 694.75 feet and North 04319 East 2666.90 feet to the Northwest
corner of Section 24 Township South Range West San Bernardino Meridian
as shown on map filed in Book Pages 15 through 22 of Records of Surveys in
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the office of said County Recorder thence South 89l350 East 653.72 feet

along the Northerly line of said Section 24 to the West line of the East onehalf

of the West onehalf of the West onehalf of said Section 24 thence South

04314 West 2901.77 feet along said last mentioned Westline to the point of

beginning

EXCEPTING therefrom that portion described as follows Beginning at the

Southerly terminus of that certain course described as South 04337 West

2666.90 feet for portion of the Westerly line of said Parcel thence North

04319 East 104.32 feet along said Westerly line thence South 513041 East

23.32 feet thence South 734605 East 659.36 feet to said Easterly line of

Parcel thence along said Easterly line and along the Southerly line of said

Parcel the following courses South 04314 West 148.75 feet and North

693018 West 694.75 feet to the point of beginning

Contains an area of 997.268 acres more or less

Subject to covenants conditions reservations restrictions rights of way and

easements if any of record

GILLEN LS 5557
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LEGAL DESCRIPTION
TALEGA VALLEY CONSERVANCY AREA

CITY OF SAN CLEMENTE

That portion of the Rancho Mission Viejo or La Paz in the City of Sen Clemente
County of Orange State of California as shown on map thereof recorded in

Book Pages 63 and 64 of Patents in the office of the County Recorder of Los
Angeles County California lying within Section 14 Township South Range
West as shown on map recorded in Book Pages 15 through 22 of Records of

Survey in the office of the County Recorder of said Orange County described as
folio ws

Beginning at the Southeast corner of said Section 14 thence North 891550
West 1360.24 feet along the Southerly line of said Section 14 thence North
05942 East 1518.96 feet thence North 210018 West 975.00 feet thence
North 13442 East 375.00 feet thence North 84018 West 545.00 feet thence
North 493942 East 285.00 feet thence North 330942 East 370.00 feet
thence North 00942 East 235.00 feet thence North 375318 West 457.71 feet

to the beginning of non-tangent curve concave Westerly having radius of
1450.00 feet radial line to said curve bears South 634913 East thence
Northerly 687.97 feet along said curve through central angle of 271LOS
thence North 10018 West 182.54 feet to the Northerly line of said Section 14
thence along said Northerly line and along the Easterly line of said Section 14
the following courses South 891550 East 1537.18 feet and South 04319 West
5278.83 feet to the point of beginning

EXCEPTING therefrom that portion described as follows

strip of land 350.00 feet in width the Westerly line of said strip being
described as follows

Commencing at the Northeast corner of said Section 14 thence North 8915SO
West 1537.18 feet along said Northerly line of Section 14 to the TRUE POINT OF
BEGINNING thence South 10018 East 182.54 feet to the beginning of

tangent curve concave Westerly having radius of 1450.00 feet thence

Southerly 687.97 feet along said curve through central angle of 271105 to

Point

Corporate Office 17782 Sky Park Blvd Irvine CalIfornia 92714 714/261-2222 FAX 474-9120

Inland Empire Office 1101 Milhken Ave Ste Ontario California 91761 714/988.7880 FAX 988-5299

San Diego County Office Carlsbad California 92008 619/438-4332
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The Easterly line of said strip to be shortened to terminate Northerly in said

Northerly line of Section 14 and prolonged to terminate Southerly in line which

bears South 375318 East and passes through said Point

Contains an area of 175.709 acres more or less

Subject to covenants conditions reservations restrictions rights of way and

easements if any of record

OF
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STATEMENT OF DCCU1ENTARy TRANSFER TAX DUE

//
Name of one gran

and

Name of one grantee

The undersigned declares that the documentary transfer tax is

-- --

and is

comDuted on the full value of the interest or propertyconveyed or is

computed on the full value less the value of liens or
encumbrances remaining thereon at the time of sale

The land tenements or realty is located in

an unincorporated area in the county or112/1X
the city of

Signature declarant or signature of declarants ag
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RECORDED AT THE REQUEST OF

AND RETURN TO ___400

COUNTY OF ORANGE PM MAY 29 1990

GSA REAL ESTATE DIVISION

14 Civic Center Plaza
P.O Box 4106 4-
Santa Ana CA 92702

Space above this line for recorders use only

Unincorporated Area of

Orange County

RECORDED IN OFFICIAL RECOOS
OF ORANGE COUNTY CAUFORNIA AP No

PM MAY29 1990
Project No ________

Proj ect

t2.6iaqt.e..LRecOrdef Parcel No./

IRREVOCABLE OFFER OF DEDICATION

THIS IRREVOCABLE OFFER OF DEDICATION Offer is made

as of the 24th day of April 1990 by Anthony Moiso and

Melinda Moiso as Trustees of the Moiso Living Trust under

Declaration of Trust dated February 1985 Anthony Moiso as

Special Trustee and Richard ONeill as Trustee under

Declaration of Trust dated April 18 1968 for the benefit of

Richard ONeill Anthony Moiso as Special Trustee and

Richard ONeill as Trustee under Declaration of Trust for the

benefit of Alice ONeill Avery Santa Margarita Company
California corporation San Juan Partnership No California

limited partnership and the San Juan Company California

limited partnership collectively Of feror on behalf of

Arvida/J148 Partners L.P.-II Delaware limited partnership

NArvida/Jl4B or good and valuable consideration received from

Arvida/JMBto the COUNTY OF ORANGE political subdivision of

the State of California the County

04-Z3-% 10001-00199



RECORDED AT THE REQUEST OF
AND RETURN TO

Pr
PRCOUNTY OF ORANGE CCv

GSA REAL ESTATE DIVISION
14 Civic Center Plaza
P.O Box 4106
Santa Ana CA 92702

Space above this line for recorders use only

Unincorporated Area of

Orange County

AP No 123-

Project No _________
4-- .1.

Proj ect ie-.-.r
--

Parcel No.

IRREVOCABLE OFFER OF DEDICATION

THIS IRREVOCABLE OFFER OF DEDICATION Offer is made
as of the 24th day of April 1990 by Anthony Moiso and
Melinda Moiso as Trustees of the Moiso Living Trust under
Declaration of Trust dated February 1985 Anthony Moiso as
Special Trustee and Richard ONeill as Trustee under
Declaration of Trust dated April 18 1968 for the benefit of
Richard ONeill Anthony Moiso as Special Trustee and
Richard ONeill as Trustee under Declaration of Trust for the
benefit of Alice ONeill Avery Santa Margarita Company
California corporation San Juan Partnership No California
limited partnership and the San Juan Company California
limited partnership collectively Offeror on behalf of
Arvida/JMB Partners L.P.-II Delaware limited partnership
Arvida/JMB for good and valuable consideration received from
Arvida/JMBto the COUNTY OF ORANGE political subdivision of
the State of California the County

0-Z3-90 10001-00199
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RECITALS

The entities which collectively comprise Offeror
are the owners of fee title to portions of that certain real
property located within portion of Rancho Mission Viejo as
hereinafter defined which is commonly referred to as Talega
Valley Talega Valley is generally delineated on Exhibit
attached hereto Rancho Mission Viejo consists of approximately
forty thousand 40000 acres located primarily in the
unincorporated area of the County of Orange California
planned community containing residential commercial industrial
recreational open-space and other uses the Rolling Hills
Planned Community has been approved by the County for portion
of Talega.valley the County Portion The remaining portion
of Talega Valley lies within the City of San Clemente and has
been approved for development by the City

On June 1983 the County Board of Supervisors
pursuant to Resolution No 83804 approved and adopted subject
to certain conditions Amendment No 8-l to the County General
Plan Land Use Element Amendment No 83-1 designated the County
Portion for residential employment and open space uses On
May 1988 the County Board of Supervisors pursuant to
Resolution No 88-620 approved and adopted subject to certain
conditions Zone Change Zc 863lP and Feature Plan FP
88-1P which permit development use and operation of the Rolling
Hills Planned Community On September 13 1989 County approved
and adopted ZC 89-06 which among other things amended some of
the conditions of approval to ZC 8631P

The approval and adoption of the Rolling Hills
Planned community is conditioned among other things upon
Of feror establishing private nonprofit land conservancy the
Conservancy and conveying to the Conservancy conservation
easement the Conservation Easement over portion of Talega
Valley known as the Reserve Area and generally depicted on
Exhibit attached hereto as EASEMENT AREA Talega Reserve
Area The portions of the Reserve Area offered for dedication
by this Offer are referred to herein as the Dedication Area
The Conservation Easement will encompass approximately
1181 acres The approval and adoption of the Rolling Hills
Planned Community is also conditioned upon Of feror making this
Offer which may be accepted by the County as set forth in
Section 1.4 The Dedication Area is more particularly described
on Exhibit hereto and shown on Exhibit hereto as County
Dedication Area

Of feror and Of feree recognize that
transportation corridor the Transportation Corridor is being
planned and may be located in the proximity of the Dedication

Q4.fl.çQ 1OQOIOO199
\OC\1OOO33.A



Area and have determined that the Transportation Corridor will
not be inconsistent with the preservation of ecological values
within the Dedication Area

This Offer has been reviewed and approved by the
County as satisfying pertinent portions of Condition No 16 of
the ZC 86-31 Conditions of Approval as revised by ZC 8906 the
Condition The County has consented to the recordation of
this Offer and the parties agree to be bound by the terms
conditions and covenants contained herein

The plan of Offeror and Offerors successors-in-
interest for the development of Rancho Mission Viejo and Rolling
Hills Planned Community is fully integrated plan each element
of which as provided for and permitted by the County General
Plan is functionally financially and physically interrelated and
interdependent In order to develop any part of the Rolling
Hills Planned Community as balanced planned community Offeror
must be able to have provided to the Rolling Hills Planned
Community necessary and appropriate services and facilities
including without limitation streets roads and highways
libraries parks transportation systems drainage discharges and
facilities flood control facilities fire stations public
utilities open space areas and recreational areas and
facilities and sources of local employment through development
of commercial and industrial uses all in accordance with the
County General Plan

NOW THEREFORE in consideration of the promises
hereinabove contained Offeror and the County hereby agree as
follows

ARTICLE
Offer of Dedication

Section 1.1 Offer Pursuant to the Condition and
subject to the exclusions and reservations hereinafter described
Offeror hereby offers to dedicate to the County the Dedication
Area in fee on the terms and conditions and in the manner set
forth herein for ecological preservation purposes

Section 1.2 Irrevocability of Offer This Offer may
not be revoked modified or amended by Of feror without the prior
written consent of the County

Section 1.3 Term of Offer This Offer of Dedication
shall be perpetual and shall have no expiration date

%239 10001-00199
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Section 1.4 Acceptance of Offer

Acceptance of this Offer may be effected by

resolution of the Board of Supervisors of the County County may

accept this Offer only if the Conservancy has not been

established by September 1990 or has been established but

ceases to function and either of the following events has

occurred
the United States Department of

Transportation has approved the Transportation Corridor or any

and every portion or aspect of the Transportation Corridor that

requires such approval or

ii ten 10 years have elapsed since the

date of recordation of this Offer

For purposes OffL ceases to

nshall mean

termination of the Conservancys

corporate existence by any of the following methods

voluntary dissolution evidenced by

the filing of certificate of diSsolution pursuant to California

Corporations Code Section 6615

voluntary dissolUtion evidenced by

superior court order declaring the Conservancy woundup and

dissolved pursuant to Corporations Code Section 6617

involuntary dissolution evidenced

by superior court order declaring the Conservancy woundup and

dissolved pursuant to Corporations Code Section 6518 or

ii The existence of any of the following

conditions which is not cured within sixty 60 days following

service upon each of the Conservancy directors of written notice

given in the manner set forth in Section 3.5 hereof at each

directors last known address from the County of Orange that

such condition exists and that the County of Orange intends to

accept this Offer if such condition is not remedied

Insolvency

Repeated failure of the Board to

meet following call made in accordance with the bylaws of the

ConservanCy or

04-23-90 10001-00199
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Failure of the Conservancy to use
reasonable efforts to identify preserve and protect in
perpetuity the open space and significant relatively natural
ecological features and values of the Dedication Area

Upon acceptance of this Offer by the County
the County shall mail or deliver copy of the resolution of
acceptance to the then owners of the Dedication Area at the
addresses shown on the latest secured assessment roll

Notwithstanding any applicable statute of
limitations the then owners of the Dedication Area may object in
writing to acceptance of this Offer by the County only during one
hundred eighty 180 days following written notice from the
County referring to this instrument and this subsection and
stating that County is invoking the time limit set forth in this
subsection Any such written notice shall be given in the manner
set forth in Section 3.5 hereof to each then owner at such
owners last known address If such written notice is given by
County and the then owners do not object in writing within such
period the then owners shall have waived any further right to
challenge the acceptance by the County of the Dedication Area

Section 1.5 Title to the Dedication Area

Of feror covenants that the Dedication Area is
and shall remain during the term of this Offer free and clear of
all liens encumbrances assessments easements leases recorded
and unrecorded taxes and restrictions except

Any installment of general and special
County and City taxes that is not entirely earned at the time
title is transferred to or physical possession of the Dedication
Area is taken by the County whichever first occurs and all
taxes subsequent thereto Of feror shall remain liable for
payment of any earned taxes pursuant to the provisions of
Sections 5084 and 5086 of the California Revenue and Taxation
Code as amended Offeror shall pay any earned delinquent taxes
together with penalties and interest thereon and any delinquent
or earned nondelinquent assessments or bonds prior to
recordatjon of this Offer

ii Items through 13 and Items 15 through
17 which are set forth as exceptions to title on the Preliminary
Title Report No OR1549751 dated March 1990 issued by First
American Title Insurance Company

iii Any other items consented to by the

Countys Manager of the GSA Real Estate Division or designee or
arising out of any action taken by the County and

04-23-90 10001-00199
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iv The exclusions reservations covenantsconditions and restrictions herein contained

Offeror shall cause to be issued to the
County CLTA standard owners policy of title insurance dated
the date of recordatjon of this Offer in the amount of One
Million Dollars $1000000 insuring title in the County subjectto the exceptions set forth in Section 1.5a

Section 1.6 Reservation of Easements and Other RightsOfferor hereby reserves in perpetuity the following interests inreal property within the Dedication Area together with the rightto grant and transfer the same

An easement for above-ground and below-groundelectrical transmission facilities and for maintenance of and
access to such facilities

An easement for aviation fuel pipeline
purposes generally as shown on Exhibit

All minerals coal oil gas petroleum andother hydrocarbon substances in and under the Dedication Area it
being expressly understood and agreed that Offeror its
successors and assigns shall retain the exclusive title and rightto remove said substances together with the sole right to
negotiate and conclude leases and agreements with respect to all
such substances under the Dedication Area and to use those
portions of the Dedication Area which underlie plane parallelto and 500 feet below the present surface of the Dedication Area
for the purposes of prospecting for developing and/or extractingsuch substances from the Dedication Area by means of wells
drilled into or through such portions of the Dedication Area fromdrill sites located on other property it being further expresslyunderstood and agreed that Offeror its successors and assignsshall have no right to enter upon the surface of the Dedication
Area or to use the Dedication Area or any portion thereof above
the level of the aforesaid 500 foot subterranean plane

Section 1.7 Approval of Proposed Easements

Of feror and the County recognize that while
Of feror requires the use of certain portions of the Dedication
Area for the purposes set forth in Section 1.6 Offeror and the
County desire that such facilities be located and constructed in

manner which will reduce any potential adverse impact upon the
natural resources of the Dedication Area Therefore Of feror
agrees that it shall submit the proposed conveyance of the
facilities referenced in Section 1.6a and to the Countys

O423-9O 1O1-OO199
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Director Environmental Management Agency EMA or such otherperson designated by the County Board of Supervisors for reviewand approval which approval shall not be Unreasonably withheldor delayed

Offeror shall attempt to consolidate anddesignate easement locations in order to follow existing roadwaysand bridges and proposed roadways and bridges as shown on thethen existing Master Plan of Arterial Highways

In the event Offeror desires to convey aneasement or right referenced in Section 1.6 the followingprocedures shall govern such proposed conveyance

Offeror shall submit to the EMA Directorwritten request for approval of the proposed easement Suchrequest shall include copy of the proposed conveyance documentin final form and map showing the location of the proposedeasement In conveying such easements or rights Offeror shallbe entitled to use the standard form conveyance document normallyused by the respective agency utility or association The
conveyance document shall include signature line for the EMADirector to indicate his approval

ii Within forty-five 45 days after
receipt of request for approval of proposed easement the EMADirector shall either execute and return the conveyance documentor return the document unexecuted with reasonably detailed
explanation of the reason for denial If the County fails to
notify Offeror of its acceptance or denial within such forty-five 45 day period the County shall be deemed to have approvedthe conveyance

iii If the EMA Director disapproves of thelocation of proposed easement the EMA Director shall cooperatewith Of feror in the selection of another location for such
easement which shall not significantly increase the cost
thereof is consistent with sound engineering practices and

serves substantially the same needs as the easement
originally proposed by Of feror

Upon the request of Offeror or any title
company County shall execute and deliver to Of feror or the title
company as the case may be within ninety 90 days after such
request document in form reasonably acceptable to Of feror orthe title company as the case may be confirming that Offerorhas reserved the interests set forth in Section 1.6 together withthe right to grant and transfer the same

04-23-90 10001-00199



Section 1.8 Reservation of Easements and Property
Rights The easements referenced in Section 1.6 shall be

appurtenant to the real property known as Rancho Mission Viejo
and owned by the lineal descendants of Marguerite ONeill their
affiliated companies and entities including without limitation
Rancho Santa Margarita Joint Venture Santa Margarita Company
San Juan Company and San Juan Partnership Nos through VII
inclusive and are intended to run with the land After the
conveyance by Offeror of an easement referenced in Section 1.6
Offeror shall provide the County with conformed copy of the
recorded conveyance instrument

ARTICLE II

USE RESTRICTIONS

Section 2.1 Permitted Uses

At any time prior to acceptance of this
Offer without consideration therefor Offeror shall have the

right consistent with the provisions of the Deed of Conservation
Easement recorded concurrently herewith to conduct ranching
activities on the Dedication Area ii use agricultural and
construction equipment to repair and construct waterlines roads
fences and agriculturallyrelated buildings structures and
facilities on the Dedication Area and iii to allow the
construction and maintenance of hiking and equestrian trail
across the southern portion of the Dedication Area

The County acknowledges that the Dedication
Area is adjacent to other land owned by Of feror and its

affiliates which land is used for grazing cattle and farming
operations After acceptance of this Offer the County shall use
its best efforts to control the growth and spread of artichoke
thistle in order to protect such adjacent lands

Of feror shall not use the Dedication Area in

manner not permitted by the Countys applicable zoning
regulation or in manner which will be incompatible with the

Countys ultimately-adopted OpenSpace Plan

If the County accepts this Offer and if the
County also acquires the conservation easement created by the
Deed of Conservation Easement recorded concurrently herewith the
Deed Countys use of the Dedication Area shall be subject to

the restrictions set forth in Section of the Deed each of

which are incorporated herein by this reference and each of which
is hereby made covenant running with the land copy of

Section of the Deed is attached hereto as Exhibit and

incorporated herein by this reference It is the intention of

O-239O 10001-00199
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Grantor and County that this paragraph shall limit Countys use
of the Dedication Area even if court of competent jurisdiction
determines that Countys acquisition of the easement created by
the Deed and Countys acquisition of the fee pursuant to this
Offer effects merger of title

ARTICLE III
MISCELLANEOUS

Section 3.1 Binding Effect Except as otherwise
provided herein all terms conditions restrictions exclusions
and reservations of this Offer and the acquisition of the
Dedication Area by acceptance thereof shall be binding upon and
inure to the benefit of the County and Offeror and their
respective successors and assigns It is the intent of Offeror
that the covenants conditions and restrictions set forth herein
shall run with the land

Section 3.2 Severability Each of the provisions of
this Offer shall be deemed independent and severable and the
invalidity or partial invalidity of any provision or portion
hereof shall not affect the validity or enforceability of any
other provision

Section 3.3 Counterparts This Offer may be executed
in any number of counterparts each of which shall be an original
but all of which shall constitute one and the same instrument

Section 3.4 Indemnification Offeror hereby agrees to

indemnify defend and hold the County harmless from and against
any liabilities claims demands losses damages costs and
expenses including without limitation attorneys fees arising
out of or relating to the location development operation or
use of the easements reserved by Offeror and identified in
Section 1.6 and ii Offerors permitted use of the Dedication
Area as described in Section 2.1

Section 3.5 Notices All notices required or

permitted by this Offer shall be in writing and may be delivered
in person to either party or may be sent by registered or
certified mail with postage prepaid return receipt requested or
delivered by Express Mail of the U.S Postal Service or Federal

Express or any other courier service guaranteeing overnight
delivery charges prepaid or may be transmitted by facsimile
transmission and addressed as follows

04-23-90 10001-O019
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If to Offeror at

Santa Margarita Company
30211 Avenjda de las Banderas
Rancho Santa Margarita CA 92688
Attention Thomas Blum/Richard Broming

With COPY to

Pettis Tester Kruse Krinsky
18881 Von Karrnan Avenue Suite 1600
Irvine CA 92715
Attention Bruce Tester

If to County at

County of Orange
GSA/Real Estate Division
P.O Box 4106
Santa Ana CA 92702

With Copy to

County of Orange
Environmental Management Agency
P.O Box 4048
Santa Ana CA 92702
Attention Director

Any such notice sent by registered or certified mail
return receipt requested shall be deemed to have been duly given
and received seventy-two 72 hours after the same is so
addressed and mailed in Orange County with postage prepaid
Notices delivered by overnight service shall be deemed to have
been given twentyfour 24 hours after delivery of the same
charges prepaid to the U.S Postal Service or private courier
If any notice is transmitted by facsimile transmission or similar
means the same shall be deemed served or delivered upon
confirmation of transmission thereof Any notice or other
document sent by any other manner shall be effective only upon
actual receipt thereof Any party may change its address for
purposes of this Section by giving notice to the other party as
herein provided Unless notified in writing otherwise by any of
the Offerors Santa Margarita Company is designated as the

recipient of any notice on behalf of the Offerors

Section 3.6 Exhibits All exhibits attached hereto
and referred to herein are incorporated in this Agreement as
though fully set forth herein

04-23-co 10001-00199
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IN WITNESS WHEREOF Of feror has duly executed this
Offer of Dedication as of the 24th day of April 1990

-.

Anthony Moiso and

77kbzyida /L
Me1nda Moiso as Trustees
of the Moiso Living Trust
under Declaration of Trust
dated February 1985

/__
Anthony Moiso as Special
Trustee and

%24/OJ4LQ
Richard 3. O/ei11 as

Trustee un4er the Declaration
of Trust dated April 18 1968
for the benefit of Richard
ONeill

Anthony Moiso as Special
Trustee nd

ichard 44eiii as

Trustee urtaer Declaration of
Trust dated April 18 1968 for
the benefit of Alice ONeill
Avery

04-Z5-90 10001-00199
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Santa Margarita Company
California corporation

By /ffA
Anthony Moiso

Its President

By
Thomas Blum

Its Executive Vice resident

San Juan Partnership No
California limited partnership

BYfL
ichard Neill
general artner

By cZ -..

Anthony Moiso
general partner

The San Juan Company
California limited partnership

By
Richard p%eill

general ttner

By________________
Anthony ..Moiso

general partner

%-z3- 10001-00199
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CERTIFICATE OF ACCEPTANCE

This is to certify that the within document is hereby
accepted for purposes of recordation only under authority of
Resolution adopted by the Board of Supervisors of Orange County
on 7C 1990 This acceptance is not to be construed in
any way shape form or manner as an acceptance of the Offer
enbodjed in the subject document

COUNTY OF ORANGE

By_-
LfNA CTH

Cerk of Boara Ct

Couy Oraae Cc

Recommended for approval
___________ Environin tal Management_________ Agenc

Dated

Approved as to form by
CountyCotrnelon
By

Description Compared
to EMA-approved

Recommended for
GSA ReST Estate
By

O4-Z-9O 1XO1-199
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STATE OF CALIFORNIA
sS

COUNTY OF ORANGE

On ________ 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared ANTHONY MOISO and MELINDA MOISO known to me or
proved to me on the basis of satisfactory evidence to be the

persons who executed the within instrument and known to me to be
the Trustees of the Moiso Living Trust under Declaration of Trust
dated February 1985 and acknowledged to me that they
subscribed their own names as the Trustees of said Trust

and official seal
OFClAL 3EA1

iy oIty Vann
TAYPJ8LJC.CAUFOAN

_______________________________________________

PlY COMH JAJ4 28 1994
Notary Public in and for said State

STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared RICHARD ONEILL personally known to me or proved to
me on the basis of satisfactory evidence to be the person who
executed the within instrument as Trustee on behalf of THE TRUST
FOR THE BENEFIT OF RICHARD ONEILL DATED APRIL 18 .1968 and
acknowledged to me that he executed the within instrument in

accordance with the trust instrument

WITNESS my hand and official seal

OFICAl 3AL
La.z JoI1y Vann

Ay PU6uC-jjF

COlE XP.JM.281994 MotarYM1blicinfld faidStt

SEAL

04-23-90 10001-00190
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STATE OF CALIFORNIA

COUNTY OF ORANGE
ss

._1 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared ANTHONY MOISO personally known to me or proved to re
on the basis of satisfactory evidence to be the person who
executed the within instrument as Special Trustee on behalf of
THE TRUST FOR THE BENEFIT OF RICHARD ONEILL DATED APRIL 18
1968 and acknowledged to me that he executed the within
instrument in accordance with the trust instrument

WITNESS my hand and official seal

L3u JoLly Vnn
TAY uuc.cAucoNl

ORANGE COUNTY

NY C0114 UP JAN 28 1994

Seal

Notary Public in and for said State

STATE OF CALIFORNIA

COUNTY OF
ss

On 1990 before me the undersigned
Notary Public iii and for said County and State personally
appeared RICMD ONEILL personally known to me or proved to
me on the basis of satisfactory evidence to be the person who
executed the within instrument as Trustee on behalf of THE TRUST
FOR THE BENEFIT OF ALICE ONEILL AVERY DATED APRIL 18 1968 and
acknowledged to me that he executed the within instrument in
accordance with the trust instrument

WITNESS my hand and official seal

OFPICIM SEAt
Lou Jolly Varn

TARY PUSUC-CALWOW
OI.AIC COUNTY

NY UP .MN 21 1994
Notary Pul1ic in and for sid State

SEAL

04-Z3-90 10001-X199
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STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared ANTHONY MOISO personally known to me or proved to me
on the basis of satisfactory evidence to be the person who
executed the within instrument as Special Trustee on behalf of
THE TRUST FOR THE BENEFIT OF ALICE ONEILL AVERY DATED APRIL 13
1968 and acknowledged to me that he executed the within
instrument in accordance with the trust instrument

WITNESS my hand and official seal

OFICAL SEAL

Li Jolly. Vann
TA PUSUC.CALIFONI .5

ORANGE COUNTY
Notary Public in and for said State

4Y COlOl UP JAN 28 1994

STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On __________ 1990 before me the undersigned
Notary Public in and for said CountLof State personally
appeared and .personal1y
known to meor proved to me onthe basis of satisfactory evidence
to be the ______________ and/ i.refipectively of
SANTA MARGARITA COMPANY California corporation the

corporation that executed the within instrument known to me or
proved to me on the basis of satisfactory evidence to be the

persons who executed the within instrument on behalf of the
corporation therein named and acknowledged to me that said
corporation executed the within instrument pursuant to its bylaws
or resolution of its board of directors

WITNESS hand and official seal

huy Lcj Jolly Vann
orv ueuc-c.uc

ORANGE cOwyy

1994
Notary Public in and for-said State

SEAL

O4-23- iI-1c9
_____ 16



STATE OF CALIFORNIA

COUNTY OF ORANGE
ss

On 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared RICHARD ONEILL and ANTHONY MOISO personally
known to me or proved to me on the basis of satisfactory
evidence to be the persons who executed the within instrument as
the sole General Partners of San Juan Partnership No as
established by the within instrument and acknowledged that they
have executed the within instrument as such General Partners

WITNESS my hand and official seal

C.FCCIAI

irny Li Jolly- Varn

______ .v PUGUC-CAUFO
RANCE COUNTY

NY CUlIM UP JAM 28 1994

Notary Public in and for-said State

STATE OF CALIFORNIA

COUNTY OF ORANGE
ss

On 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared RICHARD ONEILL and ANTHONY MOISO personally
known to me or proved to me on the basis of satisfactory
evidence to be the persons who executed the within instrument as
the sole General Partners of The San Juan Company as established
by the within instrument and acknowledged that they have
executed the within instrument as such General Partners

WITNESS my hand and official seal

l.Łf1 Lou Jolly Vnn

.Itstt

f1fdOTARY PUIUC-CAUFOMAf
0RAIIC COUNTY

--
Notary Publ1c in andfor-sid State

04-23-90 10001-00199
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EXHIBIT

s_L L.NC JP/iD3
rven-rtvc Years ofEllicrjflz ExccUcncc

90105A
030190
Revised

031590
0402-- 90

LEGAL DESCRIPTION
TALEGA VALLEY CONSERVANCy AREA

UNINCORPORATED TERRITORy OF THE COUNTY OF ORANGE

That certain land situated in the Unincorporated Territory of the County of
Orange State of California described in parcels as follows

Parcel Parcel of Certificate of Compliance No CC 833 recorded
August 29 1983 as Instrument No 83377561 of Official Records in the office
of the County Recorder of said County

EXCEPTING THEREFROM the land described in that easement in favor of
Talega Valley Partnership for Ingress Egress construction of roadway and
adjacent slopes and incidental purposes recorded April 16 1987 as InstrumentNo 87-208958 of Official Records in the office of said County Recorder

Parcel Parcel of Certificate of Compliance No 8706 recorded August1987 as Instrument No 87449971 of Official Records in the office of the
County Recorder of said County

EXCEPTING THEREFROM the land described in that easement in favor of
Talega Valley Partnership for Ingress Egress construction of roadway and
adjacent slopes and incidental purposes recorded September 1988 as
Instrument No 88-444055 of Official Records In the office of said CountyRecorder

Parcel Parcel of Certificate of Compliance No 87-06 recorded August198 as Instrument No 87-449971 of Official Records in the office of the
County Recorder of said County

EXCEPTING THEREFROM the land described in that easement in favor of
Talega Valley Partnership for Ingress Egress construction of roadway and
adjacent slopes and Incidental purposes recorded April 1987 as Instrument No
87-178076 of Official Records in the office of said County Recorder

ALSO EXCEPTING THEREFROM that portion described as follows
Commencing at the most Northerly corner of said Parcel thence South
522018 East 948.34 feet along the Northeasterly line of said Parcel to theTRUE POINT OF BEGINNING thence continuing along said Northeasterly line
and along the Easterly line of said Parcel the following courses South
522018 East 487.66 feet to the beginning of tangent curve concave

Corporais Office 17782 Sky Park etvd IrvIne California 92714 7t4/261-2222 FAX 474.4120

962- 1987

Inland Erroure Office 1101 Milliken Ave. Ste Ontario California 91761 714/988-7880 FAX 988-5299
San Oeo County Offiee Carlsbad Catifrsr



LEGAL DESC RIPTION-CONTINUED 90105A
TALEGA VALLEY CONSERVANCY AREA 03-01-90
UNINCORPORATED TERRITORY Revised
OF THE COUNTY OF ORANGE 03-15-90
PAGE 04-02-90

Southwesterly having radius of 4650.00 feet Southeasterly 2726.27 feet along
said curve through central angle of 333532 and South 15942 West 816.13

feet thence North 91413 West 268.21 feet to the beginning of tangent curve
concave Westerly having radius of 1190.00 feet thence Northerly 363.97 feet

along said curve through central angle of l73128 to the beginning of

reverse curve concave Easterly having radius of 1550.00 feet thence
Northerly 358.19 feet along said curve through central angle of 131426 to the

beginning of reverse curve concave Westerly having radius of 1450.00 feet
thence Northerly 433.88 feet along said curve through central angle of
170840 to the beginning of reverse curve concave Northeasterly having
radius of 1550.00 feet thence orthwesterly 132.64 feet along said curve
through central angle of 454ll thence North 254544 West 519.86 feet to

the beginning of tangent curve concave Southwesterly having radius of
1450.00 feet thence Northwesterly 360.61 feet along said curve through
central angle of 141457 thence North 40O041 West 224.02 feet to the

beginning of tangent curve concave Northeasterly having radius of 1650.00
feet thence Northwesterly 227.91 feet.along said curve through central angle
of 75450 to the beginning of reverse curve concave Southwesterly having
radius of 1350.00 feet thence Northwesterly 379.85 feet along said curve
through central angle of 160717 thence North 481308 West 634.22 feet to
the TRUE POINT OF BEGINNING

ALSO EXCEPTING THEREFROM that portion descrIbed as follows Beginning at
the Northerly term ius of that certain course described as North 1800OO East
2856.38 feet for portion of said Easterly line of Parcel thence South
175942 West 707.14 feet along said Easterly line thence North 164304 West
479.12 feet to the beginning of tangent curve concave Easterly having radius
of 850.00 feet thence Northerly 440.33 feet along said curve through central

angle of 294053 thence North 125749 East 487.25 feet to the beginning of

tangent curve concave Westerly having radius of 1310.00 feet thence
Northerly 586.45 feet along said curve through central angle of 253859
thence North 1241lO West 354.70 feet to the beginning of tangent curve
concave Easterly having radius of 550.00 feet thence Northerly 386.78 feet

along said curve through central angle of 401732 thence North 273622
East 828.15 feet to said Easterly line of Parcel thence South 15942 West
2735.11 feet along said Easterly line to the point of beginning

ALSO EXCEPTING THEREFROM that portion described as follows Beginning at

the Southerly terminus of that certain course described as South 04337 West
2666.90 feet for portion of the Westerly line of said Parcel thence North
04319 East 104.32 feet along said Westerly line thence South 513041 East
23.32 feet thence South 734605 East 659.36 feet to said Easterly line of

Parcel thence along said Easterly line and along the Southerly line of said

Parcel the following courses South 04314 West 148.75 feet and North
693018 West 694.75 feet to the point of beginning



LEGAL DESCRIPTION-CONTINUED 901051
TALEGA VALLEY CONSERVANCY AREA 03-01-90
UNINCORPORATED TERRITORy Revised
OF THE COUNTY OF ORANGE 03-15-90
PAGE

04-02-90

Parcel Parcel of Certificate of Compliance No 87-06 recorded August1987 as Instrument No 87449971 of Official Records in the office of the
County Recorder of said County

EXCEPTING THEREFROM that portion described as follows Beginning at the
most Southerly corner of said Parcel thence North 0043h19t1 East 104.32 feet
along the Easterly line of said Parcel thence North 513041 West 939.03 feet
thence North 69020t43h1 West 444.81 feet thence North 5514OO West 503.15
feet thence North 390350 East 364.34 feet thence North 85833 East 646.17
feet thence North 23302 West 630.26 feet to the Northerly line of said
Parcel thence along said Northerly line end along the Westerly and
Southwesterly lines of said Parcel the following courses North 891551 West
65.66 feet South 05942 West 506.04 feet South 82942 West 720.00 feet
South 384442 West 425.00 feet South 572518 East 1540.00 feet South
403518 East 294.77 feet and South 693018 East 232.93 feet to the point of
beginning

Contains an area of 997.268 acres more or less

Subject to covenants conditions reservations restrictions rights of way and
easements if any of record

VEIk
5348



EXHIBIT

Restrictions as Set Forth in Section of
the Deed of Conservation Easement Recorded

Concurrently Herewith

The following uses and practices on the Easement Area
are inconsistent with the purposes of the Easement and shall be

prohibited unless otherwise permitted in the exercise of
Grantors reserved rights

The damage or impairment of natural
ecological values or the destruction of other significant
conservation interests in the violation of the Easement except
as otherwise provided by this Deed

The planting of commercial agricultural crops
or the conversion of native vegetation to new or exotic species

The introduction of non-native plant or
animal species except cattle

Hunting or trapping

Use of the Easement Area for the purpose of
recreational residential commercial retail or industrial
development except as otherwise specifically permitted herein
e.g the riding and hiking trail referred to in Paragraph 3f
hereof

The construction or placement of any
mobilehomes trailers signs billboards or other advertising
material or any other structures except as otherwise provided
herein

The use of motor vehicles except as
incidental to and as needed for the purposes permitted by this
Deed

The dumping of ashes trash garbage or other
unsightly offensive or toxic material

The removal destruction or cutting of trees
or plants except for artichoke thistle and other trees or plants
agreed to by Grantor and Grantee or as ptherwise permitted by
this Deed

04-23-90 10001-00199
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The storage or use of biocides and
agricultural chemicals except as may be necessary to protect the
native vegetation which is of conservation value and threatened
by the invasion of exotic material from outside the EasementArea

The changing of the topography through the
placing of soil dredging soils landfill or other material

Filling excavating dredging mining
drilling or removal of topsoil sand gravel rock minerals or
other materials

in The alteration or manipulation of existing
patterns of water drainage or of water quality

ii Plowing drilling seed or any other farming
activity which would disturb the soil surface

-239O 10001-00199
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16 Reserve Area/Ecological Conservancy

Prior to the recordaton of any final ap except maps for finanngpurposes the landowner shall cause the formation of Conservancy and shallcause to be conveyed to such Conservancy conservation easement pursuant toCalifornia Civil Code Section 815 et seq over the Reserve Area generally shownas Planning Area 107 on Exhibit attached hereto and made part hereof Thetext of the grant of conservation easement the articles of incorporation andthe bylaws of the Conservancy shall be subject to advance approval by the Boardof Supervisors The articles of incorporation the bylaws or both asappropriate shall provide for County representation on the Conservancy Board ofDirectors representing at least onethird of Conservancy Directors votingrights The conservation easement shall be granted in perpetuity shall requirethat the property be preserved and maintained in natural state and shallprovide for such easement to vest in the County of Orange or its designee if theConservancy ceases to function for any reason The easement shall be free ofor senior to all monetary encumbrances leases fees assessments anddelinquent taxes except those approved by the Board of Supervisors

In addition to the above conservation easement prior to recordationof any final map the landowner shall make an irrevocable continuing offer ofdedication to the County of Orange or its designee of the Reserve Area generallyshown as Planning Area 107 on Exhibit attached hereto Said offer shall befor ecological preservation piirposes and shall be in form approved by theBoard of Supervisors suitable for recording fee title Said offer shall be freeof or senior to all monetary and all other encumbrances liens leases fees
assessments and unpaid taxes Easements over the property it any recorded
and unrecorded shall be in form approved by the Board of Supervisors Said
offer shall be in form that can be accepted for transfer of fee title by the
County or its designee

Said offer of dedication in fee may be accepted by the County only if
the Conservancy has been established but has ceased to function The meaning of
the phrase ceases to function shall be defined in the Offer of DedicationAdditionally said phrase shall be defined in the Articles of Incorporation of
the Conservancy in the same way if required by the Board of Supervisors in its
approval of the Articles of Incorporation

Conservancy means private nonprofit entity approved by the Board
of Supervisors at public hearing established for the purpose of managing and
conserving the property in order to maintain and enhance its present character
nd quality
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PM MAY 29 1990

RECO QO3Y

FIRST AMERCA FLE INS Co

RECORDED IN OFFICIAL RECORDS
OF ORAP4CE COUNTY CALIFORNIA

400

Parcel No

IRREVOCABLE OFFER OF DEDICATION

THIS IRREVOCABLE OFFER OF DEDICATION Offer is made
as of the 22nd day of May 1990 by Arvida/JMB Partners L.P -II

Delaware limited partnership Offeror for good and valuable
consideration the receipt of which is hereby acknowledged to the
City of San Clemente municipal corporation City

RECITALS

Of feror owns fee title to portions of that certain
real property located within portion of Rancho Mission Viejo
as hereinafter defined which is commonly referred to as Talega
Valley Talega Valley is generally delineated on Exhibit
attached hereto Rancho Mission Viejo consists of approximately
forty thousand 40000 acres located primarily in the
unincorporated area of the County of Orange California
planned community containing residential commercial industrial
recreational open-space and other uses the Rolling Hills
Planned Community has been approved by the County of Orange

RECORDED AT THE REQUEST
AND RETURN TO

City of San Cletnente
100 Avenida Presidio
San Clemente CA 92672

AT CITY CLERK

Space

PM MAY 291990

Recorder

line for recorders use only

Incorporated Area of the
City of San Clemente

AP No ______________

Project No

Project
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RECORDED AT THE REQUEST OF
AND RETURN TO

City of San Clemente
100 Avenida Presidio
San Clemente CA 92672

CITY CLERK

Space above this line for recorders use only

Incorporated Area of the
City of San Cleinente

ee1nçt rec3rdngreque5t
jv 6103 AP No-çty Clerk

Project No __________

Project _______________

Parcel No

IRREVOCABLE OFFER OF DEDICATION

THIS IRREVOCABLE OFFER OF DEDICATION Offer is made
as of the 22nd day of May 1990 by Arvida/JMB Partners L.P.-II

Delaware limited partnership Offeror for good and valuable
consideration the receipt of which is hereby acknowledged to the
City of San Clemente municipal corporation City

RECITALS

Offeror owns fee title to portions of that certain
real property located within portion of Rancho Mission Viejo
as hereinafter defined which is commonly referred to as Talega
Valley Talega Valley is generally delineated on Exhibit
attached hereto Rancho Mission Viejo consists of approximately
forty thousand 40000 acres located primarily in the
unincorporated area of the County of Orange California
planned community containing residential commercial industrial
recreational open-space and other uses the Rolling Hills
Planned Community has been approved by the County of Orange

05-22-90 10001-00199
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County for portion of Talega Valley the County PortionThe remaining portion of Talega Valley lies within the City of
San Clemente the City Portion and has been approved for
development by the City

On June 1983 the County Board of Supervisorspursuant to Resolution No 83804 approved and adopted subjectto certain conditions Amendment No 83-1 to the County General
Plan Land Use Element Amendment No 83-1 designated the CountyPortion for residential employment and open space uses On
May 1988 the County Board of Supervisors pursuant to
Resolution No 88620 approved and adopted subject to certain
conditions Zone Change ZC 86-31P and Feature Plan FP88-1P which permit development use and operation of the RollingHills Planned Community On September 13 1989 County approvedand adopted ZC 89-06 which among other things amended some of
the conditions of approval to ZC 863.P

On August 10 1988 City pursuant to ResolutionNo 88-64 approved the Talega Valley Specific Plan 84-02
designating the City Portion for residential employment and open
space uses On November 15 1989 the City Council pursuant to
Resolution No 89-129 approved Specific Plan AmendmentNo 89109 amending certain conditions of approval to the TalegaValley Specific Plan

The approval and adoption of the Talega Valley
Specific Plan is conditioned among other things upon Offeror
establishing private non-profit land conservancy the
Conservancy and conveying to the Conservancy conservation
easement the Conservation Easement over portion of TalegaValley known as the Reserve Area and generally depicted onExhibit attached hereto The portions of the Reserve Area
offered for dedication by this Offer are referred to herein as
the Dedication Area The Conservation Easement will encompass
approximately 1181 acres The approval and adoption of the
Talega Valley Specific Plan is also conditioned upon Of feror
making this Offer which may be accepted by the City as set forth
in Section 1.4 The Dedication Area is depicted on Exhibit
and more particularly described on Exhibit hereto

Offeror and Of feree recognize that
transportation corridor the Transportation Corridor is being
planned and may be located in the proximity of the Dedication
Area and have determined that the Transportation Corridor will
not be inconsistent with the preservation of ecological values
within the Dedication Area

This Offer has been reviewed and approved by the
City as satisfying pertinent portions of Condition No 12 of the

O5-22-O 10001-00199
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Talega Valley Specific Plan Conditions of Approval as revised bySpecific Plan Amendment No 89-109 the Condition The Cityhas consented to the recordatjon of this Offer and the parties
agree to be bound by the terms conditions and covenants
contained herein

Offeror holds title to the Dedication Area
pursuant to Holding Agreement recorded May 10 1989 as
Instrument No 89248116 the Holding Agreement entered into
between Santa Margarita Company California corporationSMC and Offerors predecessors-in-interest Arvida TalegaLimited Partnership The Holding Agreement provides that Offeror
holds the Dedication Area as agent for the benefit of SMC and
that Of feror shall have no power or authority to deal with the
Dedication Area without the explicit written consent of SMC SMC
desires to consent to the execution and delivery of this Offer byofferor

NOW THEREFORE in consideration of the promises
hereinabove contained Offeror and the City hereby agree as
follows

ARTICLE
Offer of Dedication

Section 1.1 Offer Pursuant to theCondjtion and
subject to the exclusions and reservations hereinafter described
Offeror hereby offers to dedicate to City the Dedication Area in
fee on the terms and conditions and in the manner set forth
herein for ecological preservation purposes

Section 1.2 Irrevocability of Offer This Offer may
not be revoked modified or amended by Offeror during the term
hereof without the prior written consent of City

Section 1.3 Term of Offer This Offer shall be
perpetual and shall have no expiration date

Section 1.4 Acceptance of Offer

Acceptance of this Offer may be effected by
resolution of the City Council of city City may accept this
Offer only if the Conservancy has not been established by
September 1990 or has been established but ceases to
function and either of the following events has occurred

the United States Department of
Transportation has approved the Transportation Corridor or any

05-22-90 10001-00190
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and every portion or aspect of the Transportation Corridor thatrequires such approval or

ii ten 10 years have elapsed since thedate of recordatjon of this Offer

For purposes of this Offer ceases tofunction shall mean

termination of the Conservancyscorporate existence by any of the following methods

voluntary dissolution evidenced bythe filing of certificate of dissolution pursuant to California
Corporations Code Section 6615

voluntary dissolution evidenced byfinal and nonappealable judgment or similar court order
declaring the Conservancy wound-up and dissolved pursuant to
Corporations Code Section 6617 or

involuntary dissolution evidenced
by final and non-appealable judgment or similar court order
declaring the Conservancy woundup and dissolved pursuant to
Corporations Code Section 6518 or

ii The existence of any of the followingconditions which is not cured within sixty 60 days fo1lowingservice upon the Conservancy of written notice given in the
manner set forth in Section 3.5 hereof from City that such
condition exists and that City intends to accept this Offer if
such condition is not remedied

Insolvency

Repeated failure of the Board tomeet following call made in accordance with the bylaws of the
Conservancy or

The City Council reasonablydetermines that the Conservancy has failed to use reasonableefforts to identify preserve and protect in perpetuity the openspace and significant relatively natural ecological features
and values of the Dedication Area

Upon acceptance of this Offer by City Cityshall mail or deliver copy of the resolution of acceptance to
the then owners of the Dedication Area at the addresses shown
on the latest secured assessment roll Notwithstanding anyapplicable statute of limitations the then owners of the

os-u-co ui-xi
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Dedication Area may object in writing to acceptance of this Offer
by City only during one hundred eighty 180 days followingwritten notice from City referring to this instrument and this
subsection and stating that City is invoking the time limit set
forth in this subsection Any such written notice shall be givenin the manner set forth in Section 3.5 hereof to each then owner
at such owners last known address If such written notice is
given by City and the then owners do not object in writing withinsuch period the then owners shall be conclusively deemed to havewaived any further right to challenge the acceptance by City of
the Dedication Area

Section 1.5 Title to Dedication Area

Of feror covenants that the Dedication Area is
and shall remain during the term of this Offer free and clear of
all liens encumbrances assessments easements leases recordedand unrecorded taxes and restrictions except

Any installment of general and special
County and City taxes that is not entirely earned at the time
title is transferred to or physical possession of the Dedication
Area is taken by City whichever first occurs and all taxes
subsequent thereto Of feror shall remain liable for payment of
any earned taxes pursuant to the provisions of Sections 5084 and
5086 of the California Revenue and Taxation Code as amended
Of feror shall pay any earned delinquent taxes together with
penalties and interest thereon and any delinquent or earned
nondelinquent assessments or bonds prior to recordatjon of thisOffer

ii Any other items consented to by the City
Manager or arising out of any action taken by City and

iii The exclusions reservations covenantsconditions and restrictions herein contained

Of feror shall cause to be issued to City
CLTA standard owners policy of title insurance dated the date of
recordation of this Offer in the amount of Five Hundred Thousand
Dollars $500000.00 insuring title in City subject to the
exceptions set forth in Section 1.5a

Section 1.6 Reservation of Easements and Other Rights
Offeror hereby reserves in perpetuity for holds title to and on
behalf of SMC and shall grant to SMC pursuant to the Holding
Agreement the following interests in real property within the
Dedication Area together with the right to grant and transfer the
same to SMC

05-U-co 11-I99
f.0OCt02\9QO30OO7.3



All minerals coal oil gas petroleum andother hydrocarbon substances in and under the Dedication Area itbeing expressly understood and agreed that Of feror itssuccessors and assigns shall retain the exclusive title and rightto remove said substances together with the sole right tonegotiate and conclude leases and agreements with respect to allsuch substances under the Dedication Area and to use thoseportions of the Dedication Area which underlie plane parallelto and 500 feet below the present surface of the Dedication Areafor the purposes of prospecting for developing and/or extractingsuch substances from the Dedication Area by means of wellsdrilled into or through such portions of the Dedication Area fromdrill sites located on other property it being further expresslyunderstood and agreed that Offeror its successors and assignsshall have no right to enter upon the surface of the DedicationArea or to use the Dedication Area or any portion thereof abovethe level of the aforesaid 500 foot subterranean plane

ARTICLE II
USE RESTRICTIONS

Section 2.1 Permitted Uses

At any time prior to acceptance of thisOffer without consideration therefor SMC shall have the rightconsistent with the provisions of the Deed ofConservatjonEasement recorded concurrently herewith to conduct ranchingactivities on the Dedication Area ii use agricultural andconstruction equipment to repair and construct waterlines roadsfences and agricu1tura1ly_relat buildings structures andfacilities on the Dedication Area and iii allow theconstruction and maintenance of hiking and equestrian trailacross the southern portion of the Dedication Area

City acknowledges that the Dedication Area isadjacent to other land owned by SMC and its affiliates Whichland is used for grazing cattle and farming operations In orderto protect such adjacent lands SMC and its employees and agentsshall have the right to enter upon the Dedication Area forpurposes of spraying removing or otherwise controlling thegrowth and spread of artichoke thistle

Of feror shall not use the Dedication Area inmanner not permitted by Citys applicable zoning regulationPrior to acceptance of this Offer Of feror shall use reasonableefforts to provide adequate security for the Dedication Area toprevent members of the public from trespassing onto theDedication Area

05-22-90 10001-00199
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If City accepts this Offer and if City also
acquires the conservation easement created by the Deed of
Conservation Easement recorded concurrently herein the Deed
Citys use of the Dedication Area shall be subject to the
restrictions set forth in Section of the Deed each of which
are incorporated herein by this reference and each of which is
hereby made covenant running with the land copy of
Section of the Deed is attached hereto as Exhibit and
incorporated herein by this reference It is the intention of
Offeror and City that this paragraph shall limit Citys use of
the Dedication Area even if court of competent jurisdiction
determines that Citys acquisition of the easement created by the
Deed and Citys acquisition of the Fee pursuant to this Offer
effects merger of title

ARTICLE III
MISCELLANEOUS

Section 3.1 Binding Effect Except as otherwise
provided herein all terms conditions restrictions exclusions
and reservations of this Offer and the acquisition of the
Dedication Area by acceptance thereof shall be binding upon and
inure to the benefit of City and Offeror and their respective
successors and assigns It is the intent of Of feror that the
covenants conditions and restrictions set forth herein shall run
with the land

Section 3.2 Severability Each of the provisions of
this Offer shall be deemed independent and severable and the
invalidity or partial invalidity of any provision or portion
hereof shall not affect the validity or enforceability of any
other provision

Section 3.3 Counterparts This Offer may be executed
in any number of counterparts each of which shall be an original
but all of which shall constitute one and the same instrument

Section 3.4 Indemnification Offeror hereby agrees to
indemnify defend and hold City harmless from and against any
liabilities claims demands losses damages costs and expenses
including without limitation attorneys fees arising out of
or relating to the location development operation or use of
the easements reserved by Of feror and identified in Section 1.6
and ii Offerors permitted use of the Dedication Area as
described in Section 2.1

Section 3.5 Notices All notices required or
permitted by this Offer shall be in writing and may be delivered
in person to either party or may be sent by registered or
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certified mail with postage prepaid return receipt requested ordelivered by Express Mail of the U.S Postal Service or FederalExpress or any other courier service guaranteeing overnightdelivery charges prepaid or may be transmitted by facsimiletransmission and addressed as follows

If to Offeror at

Santa Margarita Company
30211 Avenida de las Banderas
Rancho Santa Margarita CA 92688
Attention Thomas Blum/Richard Brorning

With copy to

Pettis Tester Kruse Krinsky
18881 Von Karinari Avenue Suite 1600
Irvine CA 92715
Attention Bruce Tester

If to City at

City of San Clemerite
100 Avenida Presidio
San Clemente CA 92672
Attention City Manager

Any such notice sent by registered or certified mailreturn receipt requested shall be deemed to have been duly givenand received seventytwo 72 hours after the same is soaddressed and mailed in Orange County with postage prepaidNotices delivered by overnight service shall be deemed to havebeen given twentyfour 24 hours after delivery of the samecharges prepaid to the U.S Postal Service or private courierIf any notice is transmitted by facsimile transmission or similar
means the same shall be deemed served or delivered uponconfirmation of transmission thereof Any notice or otherdocument sent by any other manner shall be effective only uponactual receipt thereof Any party may change its address forpurposes of this Section by giving notice to the other party asherein provided Unless notified in writing otherwise by any ofthe Offerors SMC is designated as the recipient of any notice onbehalf of the Offeror

Section 3.6 Exhibits All exhibits attached heretoand referred to herein are incorporated in this Offer as thoughfully set forth herein

Section 3.7 Reauired Consent By executing and
delivering this Offer SMC consents to the execution and delivery
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of this Offer by Offeror as required by the Holding Agreement
Notwithstanding any other provision of this Offer SMCs consent
to the execution and delivery of this offer shall in no wayalter amend or extinguish any of the rights or obligations of
Offeror regarding the Dedication Area as set forth in the HoldingAgreement

Section 3.8 SMC Rights All parties hereto expresslyacknowledge that this Offer is being executed and delivered byOfferor on behalf of SMC All rights of any nature whatsoever
retained by Offeror hereunder are for the benefit of SMC as fully
as if SMC were the Offeror hereunder

IN WITNESS WHEREOF Of feror has duly executed this
Offer of Dedication as of the 22nd day of 1990

Of feror

Arvida/JMB Partners L.P.-II
Delaware limited partnership

By Arvida/JMB Managers-Il
Inc an Illinois
corporation General
Part

/ohn elverton
4/ice President

SMC

Santa Margarita Company
California corporation

By7
Thomas Blunt
Executive Vice President
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STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On _________ 1990 before me the undersigned
Notary Public in and for said County and State personally
appeared John Yelverton personally known to me or proved to
me on the basis of satisfactory evidence to be the person that
executed this instrument as Vice President on behalf of
Arvida/JMB Managers-Il Inc an Illinois Corporation General
Partner therein named that executed the within instrument on
behalf of Arvida/JMB Partners L.P.-II Delaware limited
partnership and acknowledged to me that said corporation
executed the within instrument as general partner of said
partnership and pursuant to its Bylaws or resolution of its
board of directors

WITNESS my hand and official seal

Notary Public in and for said State

SEAL

05-22-90 10001-00199
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STATE OF CALIFORNIA
ss

COUNTY OF ORANGE

On May 1990 before me the undersigned
Notary Public in and for said County of State personally
appeared Thomas Blum personally known to me or proved to me
on the basis of satisfactory evidence to be the Executive Vice
President of SANTA MARGARITA COMPANY California corporationthe corporation that executed the within instrument known to me
or proved to me on the basis of satisfactory evidence to be the
person who executed the within instrument on behalf of the
corporation therein named and acknowledged to me that said
corporation executed the within instrument pursuant to its by1as
or resolution of its board of directors

WITNESS my hand and official seal

Notary POblic in and for said State

.-.-- ________

C\L SEAL
fIAflCJ--

rY --
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CERTIFICATE OF ACCEPTANCE

This is to certify that by order of the City Council of the City ot San Clemente on
May 23 1990 the Cit of San Clemente hereby approves the form and content of the

Irrevocable Offer of Dedication dated May 23 1990 from Arvida/JMB Partners L.P.-II

Delaware limited partnership to the City of San Clemente political corporation and
consents to the recordation of it in the official Records of the County of Orange

CITY OF SAN CLEMENTE

By fvo
Mayor

Approved as to Form

Is Jeff Goldfarb

Assistant City Attorney

STATE OF CALIFORNIA
COUNTY OF ORANGE SS
CITY OF SAN CLEMENTE

On this 25th day of May in the year 1990 before me the undersigned the City Clerk of

the City of San Clemente personally appeared Candace Haggard known to me to be the

Mayor of the City of San Clemente and known to me to be the person who executed the

within instrument on behalf of the City of San Clemente and acknowledged to me that

such public corporation executed the same

CITY 1JERK of the City of

San Clemente



II

nl

-4

II

IFOPI

zr- TALEGA VALLEY CONSERVANCY ARE



I--I

LEGA VALLEY CONSERVANCY AREA
i_



90105

03-01-90

Revised

0402-90

051590

LEGAL DESCRIPTION
TALEGA VALLEY CONSERVANCY AREA

CITY OF SAN CLEMENTE

That portion of the Rancho Mission Viejo or La Paz in the City of San Clemente
County of Orange State of California as shown on map thereof recorded in
Book Pages 63 and 64 of Patents in the office of the County Recorder of Los
Angeles County California lying withir.Section 14 Township South Range
West as shown on map recorded in Book Pages 15 through 22 of Records of
Survey in the office of the County Recorder of said Orange County described as
follows

Beginning at the Southeast corner of said Section 14 thence North 891550
West 1360.24 feet along the Southerly line of said Section 14 thence North
05942 East 1518.96 feet thence North 210018 West 975.00 feet thence
North 13442 East 375.00 feet thence North 84018 West 545.00 feet thence
North 493942 East 285.00 feet thence North 330942 East 370.00 feet
thence North 00942 East 235.00 feet thence North 375318 West 457.71 feet
to the beginning of non-tangent curve concave Westerly having radius of
1450.00 feet radial line to said curve bears South 634913 East thence
Northerly 687.97 feet along said curve through central angle of 271105
thence North 10O18 West 182.54 feet to the Northerly line of said Section 14
thence along said Northerly line and along the Easterly line of said Section 14
the following courses South 8915SO East 1537.18 feet and South 04319 West
5278.83 feet to the point of beginning

EXCEPTING therefrom that portion described as follows

strip of land 350.00 feet in width the Westerly line of said strip being
described as follows

Commencing at the Northeast corner of said Section 14 thence North 891550
West 1537.18 feet along said Northerly line of SectIon 14 to the TRUE POINT OF
BEGINNING thence South 10018 East 182.54 feet to the beginning of

tangent curve concave Westerly having radius of 1450.00 feet thence
Southerly 687.97 feet along said curve through central angle of 271105 to
Point

Corpoe.1 Office 17782 Sky Park Olvd tMne CalilornIs 92714 714/261-2222 FAX 474-9120

Inland Empire Office 1101 Miltiken Ave. Ste Ontario California 91761 7141988.7880 FAX 988-5299

San Diego County Offic Carlsbad California 92008 619/438-4332



LEGAL DESCRIPTION-CONTINUED 901 05A
TALECA VALLEY CONSEtVANCY AREA 03-01-90
CITY OF SAN CLEMENTE Revised
PAGE TWO 040290

051590

The Easterly line of said strip to be shortened to terminate Northerly in said

Northerly line of Section 14 and prolonged to terminate Southerly in line which
bears South 375318 East and passes through said Point

Contains an area of 175.709 acres more or Less

Subject to covenants conditions reservations restrictions rights of way and
easements if any of record

/6
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EXHIBIT

Restrictions as Set Forth in Section of
the Deed of Conservation Easement Recorded

Concurrently Herewith

The following uses and practices on the Easement Area
are inconsistent with the purposes of the Easement and shall be
prohibited unless otherwise permitted in the exercise of
Grantors reserved rights

The damage or impairment of natural
ecological values or the destruction of other significant
conservation interests in the violation of the Easement exceptas otherwise provided by this Deed

The planting of commercial agricultural cropsor the conversion of native vegetation to new or exotic species

The introduction of non-native plant oranimal species except cattle

Hunting or trapping

Use of the Easement Area for the purpose of
recreational residential commercial retail or industrial
development except as otherwise specifically permitted hereine.g the riding and hiking trail referred to in Paragraph 3fhereof

The construction or placement of any
mobilehomes trailers signs billboards or other advertisingmaterial or any other structures except as otherwise providedherein

The use of motor vehicles except as
incidental to and as needed for the purposes permitted by thisDeed

The dumping of ashes trash garbage or other
unsightly offensive or toxic material

The removal destruction or cutting of trees
or plants except for artichoke thistle and other trees or plants
agreed to by Grantor and Grantee or as Otherwise permitted bythis Deed

05-U-co 10001-00199
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The storage or use of biocides andagricultural chemicals except as may be necessary to protect thenative vegetation which is of conservation value and threatenedby the invasion of exotic material from outside the EasementArea

The changing of the topography through theplacthg of soil dredging soils landfill or other material

Filling excavating dredging miningdrilling or removal of topsoil sand gravel rock minerals orother materials

The alteration or manipulation of existingpatterns of water drainage or of water quality

Plowing drilling seed or any other farmingactivity which would disturb the soil surface
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ABSTRACT

During Phase 111999 of the Pacific pocket mouse PPM Perognathus Ion gimembris pacfIcus

study program the study team focused on several tasks identified during Phase as high priority

for steering recovery of the species systematic search for possible translocation receiver

sites controlled laboratory investigation of alternative marking techniques using an unlisted

surrogate subspecies longimembris and field surrogate study using the unlisted

bangsi to test marking and other study techniques before applying them to the endangered PPM
These studies were also designed to gain basic biological information on longimembris The

team continued coordinating with research tasks being performed by others including

population genetics studies and ongoing monitoring studies and habitat management

experiments at extant PPM sites

simple GIS habitat evaluation model was developed using existing digital soils and vegetation

maps to identify at coarse scale sites worthy of further evaluation as PPM translocation

receiver sites The study area included an 8-km strip along the Pacific coast for the length of

Orange and San Diego counties Field reconnaissance has begun in areas identified as

potentially suitable PPM habitat by the GIS model rapid field evaluation procedure has been

derived and will be used during the winter of 1999-2000 to identify to 10 sites worthy of more

intensive quantitative evaluation as potential translocation receiver sites

Four individual marking techniques were tested on Iongünembris in the laboratory color-

coded surgical sutures custom-designed miniature ear tags subcutaneous PIT tags and toe

clipping All marking groups maintained or slightly increased body weight during the trials and

most individuals remained healthy and active in comparison with control unmarked

individuals However the techniques varied in cost ease of application mark retention and at

least short-term effects on health and behavior Surgical sutures were ruled out as useful

marking technique due to difficulties in applying and reading the marks obvious discomfort to

the animals and an unacceptably high rate of loss of the marks dtYe to individuals scratching at

the sutures Ear tags were also ruled out due to inflammation and tearing of the ears and an

unacceptable tag loss rate PIT
tags

inserted using hypodermic syringes are endorsed for further

evaluation although concerns remain about their long-term health effects Toe clipping appears

to be the easiest most reliable and least harmful of the techniques and is endorsed for further

study and for use on PPM

Pacific Pocket Mouse Studies Program Internal Review Draft
Page
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Two 0.5-ha study grids were established in bangsi habitat near Snow Creek in the

Coachella Valley California One grid used 7-rn inter-trap spacing 10 10 grid 100 total

trap stations and the other 5-rn inter-trap spacing 14 14 grid 196 trap stations The grids

were trapped with two traps per station for eight nights in July through August and for two

nights in September 1999 All captured bangsi were toe clipped and subsamples were also

fitted either with ear tags or PIT tags Results suggest that the closer trap spacing may be more

effective in sampling the resident population although differences were not statistically

significant and the 14 14-station grid is endorsed for continued use in this surrogate study and

possibly for use on PPM The denser trap grid captured more individual bangsi in fewer

nights than the other grid The denser grid also captured equal numbers of males 22 and

females 22 whereas the other grid captured predominance of males 24 over females

On the less dense grid recaptures of marked individuals occurred more frequently at only

single trap
station than on the denser grid where individuals seemed to encounter more trap

stations within their nightly travels

Ear tags do not appear to be an acceptable marking technique based on the field results due to

problems with ear inflammation tearing and tag loss Toe clipping is recommended as safe

and reliable field marking method for the PPM PIT tags are also endorsed for continued testing

on surrogates to investigate their long-term health effects before tagging PPM

Based on results of these Phase II studies the team recommends the following studies for Phase

111 year 2000

Continued field recotmaissance and ranking of those areas identified by the GIS model as

high and moderate potential for PPM introductions The model should also be refined based

on recent results of USFWS soils analyses at the Oscar One site The to 10 sites receiving

the highest field rankings should then be subjected to more intensive and quantitative

evaluations during summer 2000 and compared with extant and historic PPM sites to

determine their probability of success as receiver sites These studies should quantitatively

assess and compare vegetation composition and structure soil suitability resident rodent

community and abundance of likely PPM predators and competitors on these sites to

identify characteristics favoring or disfavoring PPM introductions Discussions with land-

use authorities should also commence regarding the potential for translocations and

associated management issues

Continued testing of the health effects of PIT tags using the laboratory population of

Longirnembris The sample of PIT-tagged individuals should be increased and the health and

Page vi Pacific Pocket Mouse Studies Program Internal Review Draft
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activity of these individuals should be tracked through the year 2000 The team should also

investigate use of this Laboratory population to test captive breeding methods for PPM
perhaps in partnership with the Center for Reproduction of Endangered Species CRES or

other groups experienced with captive breeding programs

Continued trapping of the Snow Creek study grids using 5-rn trap spacing during at least

three seasons pre-breeding peak-breeding and post-breeding This study should be used to

further test our study techniques and to improve our abilities to age individuals and track

reproductive condition population demography and other aspects of species biology The

team should also begin experimenting at the study grids with such translocation tools as

enclosures or artificial burrow systems to evaluate their application to PPM translocation

program

Continued coordination with other PPM studies such as ongoing population monitoring

and experimental habitat manipulations at extant PPM sites and population genetics

studies by Dr James Patton and others on longimembris We also endorse broadening the

genetics study to include use of both mitochondrial DNA and nuclear microsatellite DNA
Data from these studies should be integrated into decisions concerning PPM recovery

including the design of translocation program and possibly captive breeding program

Pacific Pocket Mouse Studies Program Internal Review Draft Page vii
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INTRODUCTION

Phase of the Pacific pocket mouse PPM Perognathus longimembris pacflcus studies

program concluded with recommendation by the recovery research team for several new or

refocused study tasks The studies were recommended to better answer those questions most

critical to implementation of the PPM recovery program This Phase report summarizes

results to date on these tasks

Specifically the Phase report recommended study tasks

systematic review of potential translocation receiver sites based on habitat suitability

land ownership and planned land uses

An intensive niultiyear study of nonlisted subspecies of longimembris to test field

techniques before using them on PPM to gain basic biological information on the species

and to test potential translocation methods

An intensive multiyear study of PPM informed by results of the foregoing surrogate study

and designed to obtain essential population demographic natural history and other data on

PPM

population genetics study to establish baseline measures of genetic diversity within and

between extant and historic PPM populations

Continued monitoring of extant PPM populations with some modifications to the

techniques intended to maximize value of the data obtained

Based on these recommendations the Transportation Corridor Agencies TCA agreed to fund

the first two studies during 1999 along with related study of marking techniques using

laboratory population of nonlisted subspecies of little pocket mouse longirnembris

These three study tasks are the primary focus of this Phase II report Hereafter they are referred

to as Task Translocation Receiver Site Study Task Laboratory Surrogate Study and

Task Field Surrogate Study

In addition the study team has continued coordinating with other researchers on related research

tasks including those recommended in the Phase report Although this report does not focus

Pacific Pocket Mouse Studies Program Internal Review Draft Page
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on efforts not included in our work scope we continue coordinating with the research tasks

listed below and
report on their progress where appropriate

Dr James Patton and students at UC Berkeley have initiated the population genetics study

using Section funding from the U.S Fish and Wildlife Service USFWS and California

Department of Fish and Game CDFG

Fieldwork for the translocation receiver site study is also being performed using Section

funding primarily by Shana Dodd and Steve Montgomery These efforts are closely

coordinated with the results of the Task efforts funded by the TCA and are therefore

summarized in this document

Shana Dodd and Steve Montgomery are also implementing experimental habitat thinning

at the Dana Point Headlands site to improve PPM habitat conditions with the intent to

increase population size This effort using Section funding included pre-thinning

trapping of experimental and control plots during 1999 Select grid cells will be hand

thinned of individual shrubs this winter with follow-up trapping during spring/summer

2000 Similar habitat management efforts are being discussed for the San Mateo North and

South sites on Marine Corps Base Camp Pendleton

Finally population monitoring has continued on the extant PPM populations by various

parties under various funding arrangements Some of the recommended modifications to

the monitoring program are being implemented such as collection of genetics samples for

analysis by Dr Patton

Page Pacific Pocket Mouse Studies Program Internal Review Draft
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TASK 5- TRANSLOCATION RECEIVER SITE STUDY

During Phase the study team concluded that PPM recovery would likely require an active

reintroduction or translocation program but that it was unclear whether sufficient suitable

habitat remained to institute such program We therefore recommended systematic review to

identify areas that might serve as translocation receiver sites and to rank such sites based on

habitat degree of protection and other pertinent factors During this Phase II period the study

team used existing digital data to identify at coarse scale areas within coastal Orange and San

Diego Counties that had suitable soils and vegetation to support PPM and began rating these

sites in the field for other suitability criteria Please note that these results are preliminary and

subject to change with new information

METHODS

We developed simple habitat evaluation model based on existing geographic information

system GIS data layers and applied it to coastal Orange and San Diego Counties Los Angeles

County which also historically supported PPM is not included because very few native coastal

habitat areas remain Furthermore most of the remnant undeveloped areas in Los Angeles

County e.g portions of LAX Airport and the Palos Verdes Peninsula have been well surveyed

for PPM and are generally considered unsuitable to support the species due to inappropriate

soils habitat degradation abundant exotic species including nonnative rodents and other

factors Spencer personal observations Behrends Montgomery and Pavelka

personal communications Ogden and Dames and Moore 1999 Although it is possible that

remnant habitats in Los Angeles County harbor an extant PPM population they are not

considered suitable for possible PPM reintroduction to Los Angeles County at this time

The purpose of the GIS habitat model was to eliminate from consideration areas of Orange and

San Diego Counties that are clearly unsuitable for PPM reintroduction and to identify areas

deserving further evaluation Hence the model was designed to be conservative erring on the

side of overestimating rather than underestimating potential habitat value for PPM This

conservative approach recognizes that available digital information for soils and vegetation is

coarse in scale relative to PPM habitat selection and may have inaccuracies This conservative

approach also helps avoid prematurely ruling out potential receiver sites before they can be more

accurately evaluated in the field
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The modeJ ranks PPM habitat suitability based on three criteria distance from the Pacific coast

soil type and phase and vegetation community type as described here

Distance from coast Sites within km of the Pacific coast measured from the main shoreline

or the eastern shore of larger bays were considered potentially suitable and areas beyond km

unsuitable Nearly all historic observations of PPM are within about km of the coast with

few as far as km Although the proximate reasons for this coastal association are unclear

biologists familiar with the species generally agree that some physical climatic or other coastal

influence restricts the species distribution Ference 1996 The inland limits of the study area

were set at km to conservatively include all areas that might meet the species requirements

Soils All soil types mapped within km of the coast USDA 1973 1978 were ranked as

having high low or no potential to support PPM Appendix The ranking was based

primarily on surface horizon texture the soil phase modified as appropriate by depth of the

surface horizon horizon potential inclusions of other soil types or phases within mapped

polygons and soil-type modifiers e.g percent gravel or cobble Dr Wayne Spencer and Mark

Pavelka developed the rankings in collaboration with Dr Robert Graham Professor of Soil

Mineralogy and Pedology at U.C Riverside Dr Grahams expertise was essential to ensure that

our rankings did not oversimplify soil classification that those physical factors most likely to

affect burrowing or foraging abilities of little pocket mice were adequately addressed and that

we did not overlook other important considerations such as the potential for high quality soil

substrates to exist as inclusions within mapped soil polygons otherwise ranked as unsuitable

Biologists familiar with PPM and related species generally agree that the texture and depth of

surface soils are critical to habitat value for the species Ference 1996 PPM are closely

associated with fine sandy barns or loamy sands that are deep enough probably at least 30 cm
and friable enough to allow burrowing Heavier soils high in clay content preclude burrowing

and are considered unsuitable Intermediate textures barns and silt barns may have some

habitat value especially if they occur in association with more suitable sandy barns

Consequently soil surface texture ratings were initially based on the classic soil textural triangle

as summarized in Table

These initial rankings based on soil surface texture were next modified as appropriate based on

other attributes of soil type as listed in the detailed soil type descriptions USDA 1973 USDA

1978 For example sandy loam might be decremented from high value to low value if its

surface horizon is shallow e.g averages less than 10 inches deep and overlays rock or clay

hardpan layer Likewise sandy barns with high or very high gravel content or that may be
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Table

Potential of Soils to Support PPM Based on Soil Surface Horizon Texture

Texture of Surface Soil Horizon Potential to Support PPM

Sands loamy sands and sandy barns roughly soils with 20% clay content and

50% sand ig

Loams silt barns silts roughly soils with 50% sand content and 73% silt

Sandy clay boanis clay barns silty clay barns to clays roughly 20% clay content

for sandier soils and 27% clay for siltier soils
one

seasonally saturated with water were decremented to low value Conversely loam or silt loam

soil might be elevated to high value if it contains inclusions of deep sandy barns Soils that are

clearly unsuitable for PPM such as vertisols saturated by water were ranked as having no

potential see Appendix for complete listing of soil type ranks used in the model

At the time this report was being finalized the soil rankings were being modified based

on recent results of detailed soils analyses and PPM microhabitat selection by the USFWS at the

Oscar One site The refined results will be incorporated into the Phase III report

Vegetation The regional vegetation community digital maps developed for the southern

California Natural Community Conservation Planning NCCP program SANDAG and Ogden

1997 for San Diego County Orange County Planning and Development Services 1993 for

Orange County were used to rank potential PPM habitat based on vegetation PPM are

generally thought to be associated with open coastal scrub habitats or grasslands and probably

cannot persist in denser chaparral habitats woodlands forests or moist habitats e.g riparian

scrubs and other wetland communities However the mapping scale for the regional vegetation

database is coarse relative to PPM habitat requirements and vegetation communities are

dynamic Extensive areas mapped as chaparral for example may include open areas or patches

of grasslands or coastal sage scrub that could be suitable for PPM Similarly fire or habitat

management actions can convert dense or otherwise unsuitable habitat to more open or suitable

conditions Consequently we did not wish the model to prematurely rule out natural vegetation

communities that could possibly support PPM now or that could support PPM in the future

under active habitat management Erring again on the side of conservatism vegetation

communities were therefore ranked for PPM value as summarized in Table
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Low High or Low Low

None
______ High or Low None

The logic behind this structure is as follows Soils are considered the primary limiting factor for

PPM habitat quality at least in areas still supporting natural vegetation within km of the coast

So long as the soils are highly suitable to support PPM less suitable vegetation e.g chaparral

may reduce PPM habitat potential somewhat but vegetation management e.g burning or

thinning might be used to increase habitat quality Therefore the presence of low quality

vegetation on high quality soils only reduces the overall habitat potential to moderate However

if the soils are low quality for PPM the vegetation community type or vegetation management

will probably have little effect on PPM habitat potential and the overall rating reflects the soil

potential low If either soils or vegetation are inappropriate e.g clay soils or agricultural

fields the site has no PPM potential

Table

Potential of Coastal Vegetation Communities to Support PPM

Vegetation Community Potential to Support PPM

Coastal scrubs includes Diegan coastal sage scrub coastal bluff scrub

maritime succulent scrub alluvial fan scrub and southern foredunes

Grassland includes native perennial nonnative annual grasslands and ruderal

areas

Other natural habitats including all chaparral woodlands forests marshes

and riparian vegetation communities

Agriculture developed disturbed rock open water None

Model Structure The above rankings were combined in simple GIS overlay model to

determine the overall habitat potential at all locations within the study area as summarized in

Table

Table

Determination of Overall Habitat Potential to Support

PPM Based on Soils and Vegetation

Soil Suitability Vegetation Suitability Potential to Support PPM

High High High

High Low Moderate

High None None
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The results of the model predictions were compared with the known extant PPM population sites

and with the historic distribution of the PPM and found to be highly concordant although no

formal statistical tests were made The primary purpose of the model is not to predict absolute

probabilities of PPM occurrence or the need to perform surveys for PPM Rather the model is

used solely to identify large blocks of natural habitat with the right combinations of soils and

vegetation to warrant further investigation for their potential to accommodate translocated PPM

populations

Relatively large minimum about 50 acres blocks of high and moderate value habitat were then

identified on resultant maps for further study Some of these blocks that are known by the study

team to be biologically unsuitable based on previous field work or that are otherwise unsuitable

due to land-use restrictions or decisions were omitted from further consideration Clusters of

other suitable habitat areas were outlined as field evaluation sites and for creation of field maps

RESULTS AND DISCUSSION

Results of the habitat potential model are shown in Figures and and Table These results

surely overestimate the total acreage having potential to support PPM due to the conservative

approach that was used in defining habitat potential More refined results based on recent

microhabitat analyses will be reported during Phase HI

The largest remaining blocks of contiguous natural habitat with potential to support PPM are

found on Marine Corps Base Camp Pendleton in San Diego County and in the San Joaquin

Hills/Laguna Canyon area of Orange County Other notable but smaller areas of high quality

habitat are concentrated at or near the following locations listed from north to south Bolsa

Chica Ecological Reserve Upper Newport Bay Crystal Cove State Park Aliso Creek Lawrence

Canyon/Benet Canyon/Tuley Canyon in northern Oceanside adjacent to Camp Pendleton

portions of northern and central Carlsbad e.g Calavera Heights Dawson/Los Monos Reserve

and Macario Canyon the Fieldstone/La Costa area Del Mar Mesa Torrey Pines State Park and

extension Point Loma the U.S Naval Radio Station in Coronado and Tijuana River Valley

Outside of these areas potential habitat is highly fragmented due to development and

agriculture Nevertheless the maps also illustrate that some of the extant PPM sites have

persisted on very small isolated habitat fragments extant populations are illustrated in blue on

the figures This result reemphasizes that although reintroductions would best be directed

towards larger more intact habitat blocks we should not prematurely discount blocks as small as

25 or 50 acres as potentially useful to the recovery of the species
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Table

Acreage of Potential PPM Habitat in Orange and San Diego Counties

Habitat Potential Orange County San Diego County Total

High 11044 26561 37605

Moderate 41 17 6579 10696

Low 7166 28947 36112

None 100844 186147 286991

Total Study Area 123170 248234 371404

Recommended field evaluation sites are outlined as green rectangles on Figures and

Determination of which sites are worthy of field evaluation was guided in part by the personal

experience of study team members and other species experts in many of these areas The boxes

primarily enclose larger or more contiguous blocks of high and moderate value habitat In

selecting these translocation study sites we attempted to identify areas representing the full

north-south extent of the study area and hence the range of conditions within the historic

distribution of the species In some portions of this geographic range e.g on Camp Pendleton

extensive high quality habitat blocks stretch from near the coast to more inland areas Where

such options were available we prioritized those portions of high quality habitat closest to the

coast for further evaluation However in other reaches of the study area e.g near the northern

and southern extremes of the historic range such options for prioritizing study sites dont exist

Consequently in these areas we included some more inland sites as well as some more

fragmented or lower quality sites as deserving further evaluation We also omitted from

immediate consideration some areas that were ranked high by the GIS model but that we know

from previous field studies may not be worthy of further consideration for biological or land-use

reasons

The following areas were specifically considered and deemed unworthy of consideration for

further evaluation based on existing information

Huntington Beach/Costa Mesa Scattered areas predicted to be high quality by the GIS

model in Huntington Beach and Costa Mesa particularly in the oil fields and along the

Santa Ana River were considered too fragmented disturbed overrun with exotic

species and subject to development pressures to be considered candidates for PPM

translocations and habitat management
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Camp Pendleton Between San Onofre and Los Pulgas Marine Corps Base Camp

Pendleton has been extensively surveyed for PPM habitat and populations Ogden 1997

Montgomery Dodd and Pavelka pers comm. Areas predicted to be high value by the

GIS model between San Onofre and Las Pulgas Creek are generally unsuitable based on

field surveys Although sandy soils occur along the coastal mesa soils and vegetation

have been severely altered by construction of Interstate former agricultural tilling

intense military training park facilities and other factors Vegetation in these areas is

largely dominated by fennel Foeniculum vulgare and other exotic species and is

considered unsuitable for PPM Soil compaction and erosion gullies are also common in

the area Sandy soils on the inland slopes of the coastal hills are also considered unlikely

to support PPM for similar reasons and because PPM seems restricted to coastal-facing

slopes Because lesser-disturbed coastal slopes in the region seem more promising as

possible translocation receiver sites these inland areas were omitted from further

consideration

Canyons of Urbanized San Diego Gount Numerous small canyons predicted to have

PPM habitat potential by the GIS model are scattered throughout coastal San Diego

County e.g Rose Canyon Tecolote Canyon Green Valley and slopes above Batiquitos

Lagoon However these canyon habitats are generally highly disturbed overrun by

exotic species subject to intense recreational activity and fragmented by urban

development Many of the areas predicted to have the right combination of soils and

vegetation to support PPM are very small and isolated and most are on slopes considered

by PPM experts to be too steep to support the species topography was not included as

model factor One canyon in Encinitas initially considered too small for PPM

translocation is being reevaluated during Phase III due to occurrence of highly suitable

soils on gentle slopes in the canyon floor and due to the status of the property as

mitigation bank the Manchester Mitigation Bank managed by the Center for Natural

Lands Management1

Field maps have been prepared for each of the green boxes in Figures and using 1994-95

digital orthophoto imagery as the base map Figure shows large-scale sample of the field

maps which are produced at finer scale for field use Fieldwork is prioritizing those land areas

already in biological open space or that have been identified as probable wildlife preserve areas

by regional conservation planning efforts Initial field reconnaissance has begun at some of the

translocation study sites to develop rapid field evaluation procedure to further screen and

prioritize these sites as described below
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Initial Reconnaissance Efforts
Several of the priority areas in San Diego County have been

visited by team members Shana Dodd and Steve Montgomery during summer 1999 Point

Loma Torrey Pines State Park and extension and Del Mar Mesa These visits provided

preliminary assessment of habitat quality at these locations and helped to verif the GIS model

As predicted the model was conservative in that it tended to rank more areas as moderate to

high value than the biologists did during their field visits However the model also ranked as

low some areas ranked high by the field biologists This is due to the digital soils maps either

mismapping soil types or being too coarse in scale to delineate some areas of fine sandy barns or

loamy sands Overall the biologists felt that the model provided good general guidance to the

most promising locations but that it missed important details that can only be confirmed during

field visits brief summary of the assessment for the three sites visited to date follows

Point Lorna The team has visited the lands within Cabnllo National Monument and the

Point Loma Ecological Reserve except those portions managed by the U.S Navy Overall

the ridge-tops and gentler slopes of the peninsula were rated in the field as having moderate

to high PPM habitat value which is generally consistent with the GIS model results Other

areas ranked high by the model were ranked low by the biologists due to steep slopes or

other factors not included in model parameters Areas of loosely packed sandy loam soils are

well distributed on the peninsula However much of the vegetation is dense chaparral and

sage scrub with small scattered openings that appear suitable for PPM Vegetation

management i.e thinning the denser areas of sage scrub may improve and increase the

amount of high-quality PPM habitat prior to an introduction attempt Also invasive exotic

plant species especially ice plant Carpobrotus spp would need to be controlled The

peninsula is largely conserved as open space and managed for biological values by the

National Park Service and U.S Navy Ogden 1994 The peninsula supports an abundance

of other rare species with localized concentrations of narrow endemic plant species Habitat

management for the benefit of PPM would need to avoid adverse effects on these rare and

endangered plants in compliance with the Point Loma Natural Resource Management Plan

Ogden 1994

Torrey Pines The team surveyed Torrey Pines State Reserve Torrey Pines State Reserve

Extension and undeveloped lands surrounding the Reserve Within this large area PPM

habitat ratings by the field biologists were patchy ranging from medium-low to high

Although the GIS model predicts much of the area to be low quality field surveys revealed

scattered areas that appear to be very high quality with loosely packed sandy loam soils and

open vegetation occurring on small patches as well as some larger areas up to about 10

acres or more Vegetation ranges from relatively open to dense chaparral and sage scrub
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Several areas within the Reserve especially near the Parrys Grove Guy Flemming and
Extension trails seem highly suitable for PPM introduction attempt especially if some

vegetation management especially thinning were done The land is already managed for its

biological resources by the State of California Department of Parks and Recreation The

reserve supports number of rare plants and animals which must be considered in

recommending habitat management actions to benefit PPM

Del Mar Mesa Most areas visited in Del Mar Mesa were rated in the field as moderate

PPM habitat value Although few areas appear highly suitable they are very small and

patchy In general the mesa may be too highly fragmented by recent development to be

seriously considered for PPM translocations The soils range from sandy barns to clays and

compacted areas Vegetation consists mostly of dense chaparral with few areas of sage

scrub Historically the area probably had higher PPM value as evidenced by small sandy
patches along dirt roads among the developed areas and as predicted by the GIS model

However most of the undeveloped land occurs on steep canyon slopes which were rated as

low by the field biologists This site may be eliminated from further consideration as

translocatiori receiver site once all sites have been rated

The field visits were also used to refine an approach and data sheet that allows rapid assessment

of potential receiver sites to determine which sites deserve more detailed quantitative

evaluations in the future An example of the reconnaissance data sheet that evolved from these

efforts is provided in Appendix

CONCLUSIONS AND RECOMMENDATIONS

At least based on the results of the coarse and conservative GIS model sufficient acreage of

potential habitat exists to warrant pursuing translocation program for PPM Initial

reconnaissance of several promising sites in San Diego county suggests that some areas may be

suitable to support introduced PPM populations although further study is clearly needed

Discussions with land use authorities should be initiated on these lands as soon as possible

regarding the potential for PPM translocations and any associated management considerations

Phase HI efforts should focus on ranking all recommended field evaluation sites as potential

translocation receiver sites based on continued qualitative field assessments by the study team

and based on land ownership land use and land management considerations Candidate areas

for translocation receiver sites will he identified as those areas that are sufficiently large with

suitable PPM habitat characteristics and having compatible land use and land management

Pacific Pocket Mouse Studies Program Intenial Review Draft
Page 15

98-46lPhase 11 PPM Rptpd 5/31/Of



plans to allow for reintroduction These areas will be field checked by experienced PPM
biologists and ranked qualitatively as possible reintroduction sites e.g high medium or low

priority for further evaluation Field evaluations will also identify potential constraints to

successful PPM population establishment such as an abundance of house cats or Argentine ants

Those five to ten sites considered of highest potential based on this initial reconnaissance should

then be
quantitatively studied in the field using vegetation transects refined soils assessments

and perhaps soil mapping and trapping studies Trapping studies should characterize the

mammal communities existing on the sites relative to extant PPM sites and identify potential

problems e.g high densities of potential competitors or predators The focus of these

quantitative studies should be to rank these sites in priority to serve as translocation receiver

sites This effort should also compare measures recorded at these sites with extant and historic

PPM locations to evaluate where similarities and differences may help predict the probability of

success for translocation attempt For example known PPM population areas tend to be low in

overall rodent diversity with mammalogists often noting that where found PPM tend to be the

most frequently captured species in trapping studies Spencer Dodd Montgomery Pavelka

unpublished data Furthermore extant PPM sites have been characterized as having an

abundance of certain herbaceous species e.g Croton calfornica Pavelka pers comm. Such

patterns should be statistically analyzed in hopes of finding better indicators of PPM habitat

quality
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TASK 6- LABORATORY SURROGATE STUDY

Performing an intensive field study of PPM life history natural history or dispersal or tracking

success of translocation attempt will require an individual marking technique that is reliable

relatively long-term three to four years and safe Our Phase literature review and limited

pilot studies suggested that most traditional mammal marking techniques e.g commercial ear

tags or fingerling tags freeze marking tattooing would not work on the tiny and endangered

PPM We therefore recommended testing several promising marking techniques on surrogate

subspecies to determine which technique would be most reliable and least harmful to PPM In

this study we tested four marking methods on nonlisted subspecies of longimembris under

laboratory conditions subcutaneous PIT tags toe clipping tiny custom-designed ear

tags and color-coded surgical sutures

METHODS

iongirnembris was chosen as logical surrogate for PPM due to close taxonomic and body

size relations and its lack of sensitivity status Twenty-eight longimembris were collected

by Shana Dodd using Sherman live traps in the Mojave Desert near Yucca Valley San

Bernardino County California on June 8-10 1999 One animal died of unknown causes within

days of capture but the other 27 remain alive and healthy as of November 1999 The animals

are housed individually in 19 by 21 by 32-cm plastic critter cages in room with skylight

for natural day/night cycles and air filter Temperature in the room fluctuated between about

15 and 25C similar to outside conditions Natural sandy loam soil was collected at the Snow

Creek study site see Task and filled to depth of four to six cm Six-inch cardboard tubes

capped at one end were provided ad libatum to serve as shelter The animals are fed mixed

birdseed occasional greens and ad-lib water

The animals were initially weighed and sorted into two weight classes 8.5 and 85
sexed and visually assessed in the hand for health problems or physical abnormalities They

were then assigned to one of the four marking techniques or to control group Assignment was

by random draw except that redraws were made where necessary to minimize chance biases

in assignment of sex and weight classes to avoid for example one marking group being all

small animals or all one sex After marking animals were returned to their original previously

coded cages such that the different marking groups were randomly distributed within the room

i.e no systematic bias in group position relative to light heat etc in the environment
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Marking was done on July 13 1999 with assistance and oversight by veterinarian

Dr Anthony Michael The techniques and some initial observations at the time of their

application are described here

Ear Tags Six animals were marked in one ear with custom-designed aluminum ear tags

bearing three-digit numbers etched into their surface The tags were manufactured by Vaga

Industries El Monte California using photochemical machining They are similar in shape to

standard fingerling tags but smaller and lighter weight unknown but 0.1 Before folding

the tags are 9.5 mm long and 1.5 mm wide Once folded they measure 4.0 mm long in front and

5.0 mm in back which provides tight fit across the ear of little pocket mouse The tags are

applied with small surgical forceps small point on one end of the tag punctures the ear from

the lateral side and passes through hole in the other end of the tag on the medial side after

which it is folded flat against the medial
tag

surface Tagging requires finesse good eyesight

and some practice to obtain good fit Once properly fitted the tags are tight to the ear both

latero-medially and longitudinally however most tags still caused some ear droop due to the

extreme thinness and elasticity of this species ear cartilage Some tags would pivot around

the puncture wound after application The mice seemed to tolerate tagging well with some

scratching at the tag and initial head shaking but no other obvious or persistent behavioral or

posture changes Little or no bleeding occurred Tags can be applied in about one to four

minutes by practiced biologist

be Clips Six animals were marked with two-digit toe clip code one digit on front paw and

one on rear paw using the standard mammalogical method Baumgartner 1940 Melchior and

Iwen 1965 Toes were clipped distal to the ultimate toe joint only far enough back to remove

the nail and the quick the cells producing nail growth using either baby nail clipper or

surgical scissors This method was quick less than one minute per mark and was easiest of any

for biologist to perform in hand Some animals lost drop or two of blood and others no

visible drops No obvious behavioral or postural changes were observed in the animals who

resumed natural behaviors immediately upon release back into their cages

Mon ofilanient Sutures We attempted this technique on six animals but immediately removed

without replacing the sutures from one animal due to skin tearing and tension of the suture on

the skin Two sutures size 3-0 monofilament nylon surgical sutures one black one blue were

stitched through the loose skin on the nape of the neck tied with triple surgeons knot and cut

to leave 1.0 to 1.5 cm of loose thread projecting from the knot The technique was difficult

required practice and precision required two biologists one to hold the animal and caused

severe trauma squealing and struggling in the subject It was difficult to avoid bunching of the
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skin and hair within the knots which appeared irritating to the animals This technique also took

the most time of any we attempted requiring 10-15 minutes per mark in our trials although with

practice this could be greatly shortened The resultant mark was somewhat difficult to observe

clearly and it was slightly difficult to detect the color difference except under bright light

PIT Tags Only three animals were PIT-tagged due to initial concerns regarding the size of the

tags and trauma to the animals Tags were inserted subcutaneously between the scapulae Two

tags were injected using 12-gauge hypodermic syringe and one tag was inserted by hand via

surgical incision across the nape after shaving patch of hair Although some practice is

required with the hypodermic technique to get the proper depth of needle insertion it was

relatively quick about to minutes and easy for single biologist to perform Holding the

animal by the nape between thumb and forefinger standard mammal grip conveniently lifts the

skin so that the hypodermic can be inserted posteriorly along the dorsal midline while feeling the

plunger between the thumb and forefinger Puncturing the skin is easy with fresh sharp

syringe and it does not require shaving hair However care must be taken to minimize pushing

hair into the puncture with the syringe Once the syringe is inserted care must be taken not to

push it too far thus exiting the skin through second puncture or not far enough thus allowing

the PIT tag to squeeze back out the entry hole Little or no bleeding was observed from the

puncture wounds which scabbed over quickly This technique is recommended over the

surgical incision method

The surgical incision did not work well It took two people to perform one to hold the animal

caused severe trauma and struggling in the animal and resulted in fairly large wound due to

continued tearing of the skin from the initial incision At the recommendation of the

veterinarian we did not close the wound with sutures or surgical glue but closed it by hand only

to allow natural healing Little bleeding was observed

All three PIT-tagged animals showed varying signs of trauma immediately after tagging

including lethargic and stiff body movements repeated body shaking or twitching scratching at

the insertion point and vigorous dust bathing when released to the cage

Controls Five animals served as unmarked controls They were removed from cages weighed

and examined according to the same schedule as the marked animals

After application of marks the test and control groups were regularly weighed and examined for

adverse health effects or behaviors The examination schedule was every other day for the first
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two weeks then weekly for 10 more weeks Currently the animals are being monitored
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RESULTS AND DISCUSSION

Of the various marking techniques tested toe clipping seems clearly the least harmful and

possibly the most reliable for uniquely identifing animals over their life span The suture

technique and ear tags experienced high rates of tag loss and other complications and are not

recommended for further testing PIT tags had minor complications seem promising overall as

useful technique and are recommended for further testing
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nearly all animals during mid August This timing corresponded with the switch in the

maintenance and monitoring schedule from two-day interval to seven-day interval and may

reflect inadequate food during that first weekly provisioning No animals died during the trials

and all animals that lost weight regained it once the provisioning schedule was adjusted

repeated measures ANOVA showed no significant effect of marking technique on body

weight over time DF 0.665 0.623 The test has low statistical power 0.179 due

to the small sample sizes and non-parametric test may be more appropriate for this

comparison Nevertheless it is clear that there was no detectable effect of marking technique on

body weight changes This can be seen in Figure which shows that all groups tended to

converge in body weight on mean of about 8.95 As group the study population increased

in weight slightly but not significantly from July 13 to October paired t-test 0.174

However females as group did increase significantly in weight from mean of 8.68 to 9.33

regardless of marking technique 0.021 In contrast males did not change body weights

during this period mean 8.63 on July 13 and 8.69 on October 0.86

Although all marking groups maintained or increased weight after marking and appear in

relatively good health due probably to the easy living conditions in captivity marking methods

differed in mark retention and in observable health and behavioral effects as described below

controls All control animals remained healthy and active throughout the study period They

were alert well groomed and relaxed during handling Although their weights fluctuated

somewhat from week to week overall the animals maintained and slightly increased their

weight again females more than males

Ear Tags Within the first week four of the six ear-tagged mice developed inflammation in the

tagged ear bright pink discoloration of the whole ear andlor swelling The inflammation lasted

for up to 42 days or until loss of the tag Animals experiencing these symptoms all had tightly

fitted ear tags the two animals with more loosely fitted tags did not develop such problems

although their tags privoted freely around the insertion point gradually increasing the size of the

hole Continued scratching at the ear tag resulted in enlargement of the puncture hole in several

mice and in some cases tearing of the ear The weight of the tag caused the ears to droop in all

mice some more than others In one mouse the point of the tag irritated the skin of the head

behind the ear After about six weeks three of the six tags had been lost This is an

unacceptably high loss rate and this technique is not recommended for further use
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Toe Clips Five of the six toe-clipped animals tolerated the procedure well healed immediately

and showed no residual inflammation or irritation after the clipping One animal exhibited some

swelling of one clipped toe which abated within 11 days The caretaker for the animals KEA
Intern Kris Beaver admitted to having prior expectations that toe clipping would be the least

humane and most detrimental of the techniques However her careful and objective

observations of the animals reversed this bias In her final report on her observations Ms
Beaver noted that toe clipping seems to be the best tolerated least traumatic marking method

The animals generally healed quickly and most notably suffered seemingly the least amount of

residual stress from their marking experience From the outset behaviorally speaking the

animals of this group exhibit the most relaxed and balanced temperaments calm and docile upon

handling

Monojilament Sutures Although the suture sites appeared to heal satisfactorily in all animals

the sutured animals showed signs of discomfort throughout the study period Frequently

observed behaviors included shaking or shrugging of the sutured area and strong resistence to

being handled Handling the animals was difficult because the sutures were applied to the nape

where animals are usually grasped This caused evident pain in the animals and made observing

the suture location difficult As noted above we removed the sutures immediately from one

animal due to complications Of the remaining five sutured animals four succeeded in removing

their sutures after 13 13 and 29 days This is an unacceptable loss rate This technique is not

recommended for further study

PIT Tags The PIT tag that was inserted via surgical incision began to work its way back out of

the wound was partially extruded after several days and was removed seven days after marking

During this period the wound was partially healed but movements of the tag appeared to retard

healing prior to its removal The animal nevertheless appeared healthy active and normal in its

behavior After removal of the tag the wound healed and the animal remained healthy

The animals tagged via hypodermic insertion healed relatively quickly and remained active and

healthy The tags migrated somewhat day to day under the skin sometimes bulging and causing

rumpling of the hair At times the tags appeared to be annoying the mice due to uncomfortable

protruding beneath the skin
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CONCLUSIONS AND RECOMMENDATIONS

Recommended Marking Techniques

Based on initial results of this experiment we have ruled out further use of surgical sutures as

marking technique either on surrogate species see Task or on PPM We also ruled out using

PIT tags inserted via surgical insertion These techniques are too difficult and traumatic to both

researcher and subject with too many complications and potential adverse effects

Ear tags do not seem reliable enough to warrant exclusive reliance on this technique High rates

of tag loss continued scratching by the mice and inflammation and tearing of the ear make this

technique generally undesirable Nevertheless based on the first few weeks of results before

tags were lost from ears we initiated field testing on the surrogate field population see Task

below to further test this method before discarding it

The results indicate that toe clipping is reasonable safe cost-effective and reliable method

This observation is also backed up by numerous studies and observations by mammalogists

collected over decades of field research American Society of Mammalogists Animal Care and

Use Guidelines no date We therefore recommend using toe clipping for future field studies on

PPM or surrogate species This will require developing code to allow for unique marking of

many individuals perhaps using up to three clipped digits but no more than one per foot This

will also require amending state and federal permits for individuals to trap and mark the

endangered PPM in this way

We also tentatively endorse continued testing of PIT tags using the hypodermic needle technique

as an alternative to or augmentation of toe clipping This technique was therefore also tested in

the field surrogate study see Task below

Further Uses of the Laboratory Surrogate Population

The captive individuals will be kept indefinitely for future Phase III studies including tracking

of tag retention over the life span approximately to years The captive colony could also

serve as surrogate captive-breeding colony to test breeding protocols for application to PPM if

captive breeding program and reintroductions are deemed necessary by the wildlife agencies

We therefore recommend maintaining this colony at least through Phase Ill and attempting

some breeding of the animals
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TASK 7- FIELD SURROGATE STUDY

The Phase report recommended multi-year field study of surrogate subspecies to further test

marking techniques and other field techniques before applying them to PPM and to increase our

knowledge of the basic life history and ecology of Perognathus longimembris field surrogate

population could also be used to test various translocation techniques e.g use of encloure

fences artificial burrow design prior to attempting such techniques on the endangered PPM
During 1999 we therefore initiated studies on population of the unlisted subspecies

ban gsi in the Coachella Valley Riverside County California The main goals were to establish

two permanent study grids mark animals with several marking techniques to look at long-term

mark retention and health effects and to begin collecting baseline data on natural history and

demography of the resident population

METHODS

Study Site

The study was conducted near the western end of the Coachella Valley in the San Gorgonio

Pass Riverside County California San Bernardino Base and Meridian USGS 7.5 White Water

Quadrangle Section 21 of Township South Range East The site was selected during the

29 March 1999 field trip by the study team The site is ideal for long-term intensive field study

because it has an abundant population of ban gsi allows easy access has low evidence of

human disturbance and is public land owned by the Bureau of Land Management

Habitat on the site is large expanse of relatively homogeneous creosote Larrea tridentata

scrub habitat on north-sloping bajada Other plant species on the study site include burrobush

Hymenoclea salsola Cal forni ephedra Ephedra ca1fornica white bursage Ambrosia

dunosa desert encelia Encelia farinosa catclaw Acacia greggii and indigo bush

Psorothamnus arborescens The site was burned in recent years Soils in the area are Tujunga

loamy fine sand Tujunga gravelly loamy sand Myoma fine sand and Sosoba cobbly sand

USDA 1980 Steep and rugged topography borders the site to the south foothills of the San

Jacinto Mountains gently sloping north to the San Gorgonio River Much of the immediately

surrounding lands are undeveloped except for the small community of Snow Creek
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Trap Spacing and Duration

Two trapping grids Grids and were established on the study site Figure Inter-trap

spacing was set at for Grid and for Grid to determine the best trap spacing for

population studies on this species These initial spacings were based in part on the trap-spacing

study for PPM performed by Dodd and Montgomery 1998 on Marine Corps Base Camp

Pendleton and in part on personal experience of the team The following factors were

considered in choosing the initial grid configurations the total area to be sampled by grid

i.e number of resident mice expected within the grid relative to sample size requirements

the sampling intensity within the grid relative to expected animal density and spacing

i.e the proportion of resident individuals expected to be captured during trapping session

and the number of
traps

that two biologists can reasonably run in morning when handling

and marking mice The goal is to derive grid size and density that can be reasonably managed

by two biologists while maximizing the proportion of resident animals captured during

trapping session including all sex and age classes and obtaining large enough sample of

individuals to draw meaningful conclusions regarding population trends

Grid consisted of square configuration of 14 14 trap stations 196 total
trap stations and

Grid of 10 10
trap stations 100 total trap stations The area trapped by each grid is thus

0.49 hectares ha 70 70 ni assuming V2-trap-space perimeter strip around each grid e.g
2.5-rn perimeter strip for Gnd and 3.5-rn perimeter strip for Grid Each trap station was

set with two traps to reduce trap saturation by non-target species especially kangaroo rats

which often enter traps early in the evening Thus Grid contained 392 traps at 196 stations

and Grid contained 200 traps at 100 stations for total of 592 traps per night

Grids and were initially trapped for consecutive nights from 27 July to August 1999

This relatively long trapping penod was used to ensure that the trapping duration was sufficient

to mark most individuals in the resident population and to look for an asymptote in the capture

of new animals We also trapped the grids for two nights on and September 1999 to check

on health and mark retention for individuals marked during the first trap session and to see if the

mice were still active above ground this late in the year

Marking Techniques

Three marking techniques were used to uniquely mark captured ban gsi toe clipping ear

tags and PIT tags All individuals were marked by unique two-digit toe-clip combination

after Baumgartner 1940 see Task methods Toe clipping served to test this marking
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technique for use in the field as well as to provide redundant or fail safe mark for animals

also marked with one of the other techniques ear tag or PIT tags in case these tags were lost

subset of the mice were thus also marked by attaching uniquely numbered ear tag on the left

ear or PIT tag inserted subcutaneously using the hypodermic needle technique see Task

methods

General LLve-trapping Procedures

The corners of each grid were permanently marked with rebar stakes and all other
trap stations

were marked with pin flag The grids were spaced approximately 80 apart to minimize

movements by individual mice between grids during their normal daily activities but to allow

for potential dispersal movements between grids Two Sherman live traps were set within

approximately 1-2 of each established trap station Due to high winds on the site traps were

placed under the nearest shrub to the trap station or were partially buried facing downwind to

minimize winds blowing traps away or triggering the traps Each
trap was baited in the late

afternoon/early evening with mixed birdseed with high millet content arid checked and closed

the following morning An attempt was made to adjust the sensitivity of the trigger mechanism

of each
trap so that animals weighing as little as 4-5 grams would be captured

The following data were recorded on all captured ban gsi sex weight reproductive

condition age young of the year or adult as accurately as possible by pelage appearance

capture location recapture status and notes on animal condition and the condition of any

previously applied marks During extreme wind conditions not all individuals were weighed
due to wind interference with spring scale readings Reproductive condition was based on the

position of the testes for males and condition of the vagina and size of mammae for females

Voucher photographs were taken of subset of all captured bangsi All other small

mammals caught were marked not uniquely by clipping small section of hair on the top of the

head to identify recaptures and their capture location was recorded

Data Analysis

The total number of individuals captured of each species the sex ratio of bangsi captures

and results of the different marking techniques were summarized in order to evaluate the

marking efforts and identify differences between Grids and We calculated the minimum

density bangsi known alive on each grid number of individuals capturedlgrid area for

comparison between grids
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Differences between the 5-rn and 7-rn trap spacing also were analyzed by comparing the

following measures of bangsi activity

Number of times captured the total number of times each individual was captured

Number of traps visited the total number of different
trap stations visited by each

individual

Maximum distance moved the
greatest linear distance between the farthest two capture

locations recorded for each individual and

Total distance moved the total distance traversed by each individual during the

nights including all distances moved between two adjacent traps

Only those animals captured more than once were included in the activity analysis Means for

each of the activity measures were compared between grids using the Mann-Whitney test to

detect statistically significant differences Correlations between the activity measures were

investigated using Spearmans rank correlation analysis

RESULTS AND DISCUSSION

General Live.-trapping Results

total of 40 uniquely marked bangsi were captured on Grid during the first July

August trap session and an additional new individuals were captured during the second

September trap session On Grid 31 uniquely marked bangsi were captured during the

first trap session and an additional new individuals during the second
trap session

Observed sex ratios differed greatly between grids Grid had ratio of 1.01.0 22 males22

females and Grid ratio of 2.71 .0 24 maes9 females Fisher exact test 0.06 We do

not have an explanation for this difference but one hypothesis might be that the greater inter-

trap spacing on Grid resulted in low proportion of females being captured due to smaller

home ranges or lesser movements in females than males This hypothesis would obviously

require further testing

Most individuals captured were identified as adults with only few individuals on each grid

recognized as young of the year during late July-early August However it was difficult to
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confidently distinguish adults from subadults since the trapping was conducted so late in the

season and the reproductive cycle was nearly complete We would have been more familiar with

the molt cycles of subadults young of the year versus adults had trapping occurred early in the

reproductive cycle However we are confident that no juveniles were captured because their

pelage is distinctive Reproductive condition also indicated that the breeding season was nearly

complete by late July Few individuals showed signs of recent sexual activity perforate vagina
or sexual readiness scrotal testes However it should be noted that longimembris often do
not show obvious descended scrotal testes even in

reproductively active adult males Hayden
et al 1966 Only one female captured was suspected of being pregnant

Weights of individuals were similar on the two grids Grid range 7.0-11.5 mean 8.3 and
Grid range 7.5-9.5 mean 8.2 These weights also suggest that the breeding cycle was
nearly over because all individuals captured during this study were greater than 7.0 whereas
juvenile and subadult animals usually weigh less than 7.0 Dodd unpublished data

Table

Summary ofF bangsi Capture Data During the First and Second Trap Sessions

Total Unique No PIT No Ear

Captures Males Females tagged tagged Comments

GridA

session

7aI not marked dead in tap plus animal

40 19 21 30
ants unidentifiable mark not included

ear tag ripped out

session

additional ear tags ripped out

toes re-grown

PIT tag recaptures

Sub-total 22 22 10 30

session

ear tags ripped outL4LtLL_98
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bangsi was the second most commonly captured mammal on the grids accounting for 36%

of the total individuals of any species captured on both grids Merriams kangaroo rat

Dipodomys merriarni was the most common species captured overall accounting for 45% of

the individuals captured on Grid and 35% on Grid Nine other small mammal species were

captured at much lower rates Pacific kangaroo rat agilis San Diego pocket mouse

Chaetodipus fat/ax desert pocket mouse penicillatus deer mouse Peromyscus

manicularus cactus mouse erernicus southern grasshopper mouse Onychomys torridus

Desert wood rat Neotonza lepida Bottas pocket gopher Thomoinys bottae and antelope

ground squirrel Ammospermophilus leucurus These nine species combined accounted for only

19% of individuals captured on Grid and 29% of individuals captured on Grid

Marking Technique

On both grids total of 18 individuals were PIT tagged 50 were ear tagged and all were toe

clipped including both trap sessions By the end of the first trap session at least third of the

ear-tagged individuals exhibited various levels of inflammation and redness ripping around the

tag insertion hole or drooping ears One individual had lost its ear tag when it was recaptured

on the last morning days after marking Recaptures of toe-clipped individuals showed

immediate scabbing and redness on most individuals and only occasional inflammation

associated with the toe clipping The hypodermic insertion PIT-tagging procedure worked well

in the field once the biologists gained experienced with several animals and knew the amount of

pressure and the depth of insertion necessary for clean and accurate insertion Observations of

the insertion wound on recaptured individuals were difficult due to hair around the wound site

hut most individuals seemed to experience minor inflammation and developed large scab often

with sandy encrustation The wound of some individuals appeared sensitive to touch while

others did not

Dunng the second session of trapping additional ear tag loss was detected on Grid and on

Grid few toe tips appeared to have re-grown This was probably result of the toe not

being clipped far enough back from the toenail Unfortunately none of the individuals that were

PIT tagged during the first session were recaptured during the second trap session so we cannot

ascertain health effects of PIT tagging in the field with existing data

Density and Activity on the Grids

The minimum bangsi density was 81.6 individuals/ha 40 individuals/0.49 ha on Grid

and 63.3 individuals/ha 31 individuals/0.49 ha on Grid first trap session only The higher
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density found on the smaller-spaced grid Grid superficially suggests that 5-rn trap spacing is

more efficient at capturing bangsi than 7-rn spacing However the difference in densities

could also reflect real density differences between grids perhaps due to habitat quality

differences between grids although there was no obvious differences to the biologists The

difference in the number of individuals captured on the two grids is explained by far fewer

females being captured on Grid than on Grid Table This may indicate that the wider

trap spacing on grid fails to adequately sample females perhaps due to less extensive

movements by females However for the individuals captured we detected no significant

differences between males and females in the measures of activity on either grid or over all

individuals Verifying greater capture probabilities on the denser grid would require replicating

the experiment by switching densities between grid which was not possible during this study

The measures of activity do not differ significantly between the two grids although there is

trend suggesting that the smaller-spaced grid Grid was more effective at capturing

individuals in different portions of their home ranges than Grid Table While individuals

tended to be recaptured more frequently on Grid they also tended to be captured at fewer
trap

stations than those on the Grid On Grid 46% of recaptured individuals were captured at

only one trap station whereas on Grid only 21% of recaptured individuals were captured at

one station

Table

Summary of Activity Data Means for the Two Snow Creek Study Grids

NleasuresofActhjt% TRridA

LNumber
ofanimals 34 24

Number of times captured 3.76 4.58 287.Op o.os_J
Numberoftrapsvisited

p2.18
1.95 U342.5p0.30

Totalthstancemovedni 9.72

lncludes only those animals captured more than once

During the second trap session most recaptured individuals were found on or very near within
1-2 trap stations the trap stations at which they were captured during the first session Only
few individuals moved or more trap stations from their original capture location No
individuals were detected moving between Grids and
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As expected there was strong correlation on both grids between the number of traps visited

compared to the maximum distance moved and the total distance moved Table
However the results differed slightly between grids and again suggest that the 7-rn spacing may
be too large to routinely capture individuals in different portions of their home range On Grid

there was relatively weak Spearmans rank correlation between the number of traps visited

and the number of times captured 0.314 compared to stronger correlation on Grid

0.664 One would expect that the more often an individual is captured the more traps it

should visit if the trap interval is small enough to place many traps within home range
However the weak correlation on the 7-rn spaced grid reflects that individuals were repeatedly

captured at only one or few
trap stations on Grid The same trend is suggested by

correlations between the total distance moved and number of times captured on the two grids

Table

Table

Spearman Rank Correlations for Activity Measures

on the Two Snow Creek Study Grids

GridA GridB

Correlations Spearmans

TT9IeM andTrapsyisued L078 0.970

TrapsVtedandTirnesCaptued 0.664 0.314

Total Distance Moved and Times Captured 0.547 0.309

values range between and where indicates no relationship and indicates perfect positive
correlation bers\een the two variables

Figure illustrates capture rates over the initial 8-night trapping session and shows that there

was peak in new captures on the second night for both grids Grid
appears to have produced

an earlier asymptote in cumulative captures of new individuals and Grid appeared to take

longer to capture the resident individuals Figure On Grid 83% of all individuals were

captured by the third night and 93% by night whereas on Grid only 67% of all individuals

were captured by the third night and 87% by night By nights and very few new
individuals were being captured on either grid Nearly all newly captured individuals on the last

few nights were captured on or near the edges of each grid indicating that they were individuals

whose home ranges were centered outside of the grids Thus it appears that the majority of the

resident population on each grid was captured within the first nights and that the denser grid

captured greater proportion of the population earlier although the differences are slight
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Figure Captures of New Perognathus ion gimembris bangsi Individuals Recaptured
Individuals Total Individuals and Cumulative Individuals on the Two Snow Creek

Study Grids
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Again stronger test would involve replicating this experiment by switching density treatments

between grids which was not possible during this study phase

CONCLUSIONS AND RECOMMENDATIONS

Marking Technique

Although the ear tagging procedure improved with experience during the field trials as

compared to the laboratory study we suspect based on the initial results that many of the ear

tags will be lost by the next active season Within the first week after marking many of the tags

appeared loose and several tags were lost by the second trap
session 4-5 weeks after tagging

Therefore continued field trials for this technique or its application to PPM are not

recommended

PIT tagging deserves further study to look for ill effects of the tag during long-term application

larger sample size is also recommended PIT tagging offers several advantages over other

techniques an endless supply of unique identification codes very low rate of

misreading the codes and no possibility of mistakenly giving the same code to different

individuals

Toe clipping also proved successful and is very quick and cheap method to apply However

the number of unique codes is finite which may be problem during multi-year population

study Also human error can result in the same code being given to multiple individuals or of

codes being misread upon recapture Based on this limited field study as well as the laboratory

surrogate study Task toe clipping seems to have the least detrimental health effects of the

marks we tried However due to the lack of recaptures of PIT-tagged individuals we do not yet

have good estimate of this techniques health effects for comparison

We recommend using combination of toe clipping and PIT tagging for continued marking of

bangsi or other PPM surrogate species We also endorse use of toe clipping for field studies

of PPM during monitoring studies at extant sites Further information on the long-term health

effects of PIT tagging is required before we endorse this technique for use on PPM

Consequently we propose monitoring the Snow Creek grids during the year 2000 to recapture

PIT-tagged bangsi for observation and we propose to PIT tag additional Ion gimembris

individuals in the captive population see Task
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Grid Design

The size of the sample grids roughly 0.5 ha seems appropriate for this species Larger grids

would be difficult to fit within relatively homogeneous habitat areas either in the Coachella

Valley or even more so in the coastal habitats occupied by PPM The 33 to 44 resident

ban gsi captured on the two grids may be somewhat small for some statistical comparisons

e.g detecting subtle changes in population sizes but we suspect these samples are large

enough to provide meaningful statistical analyses for most measures of interest

Although 5-rn spacing is much more work intensive than 7-rn or greater spacing we endorse

using 5-rn spacing for continued studies of the Snow Creek grids and tentatively for future

studies at PPM sites At Snow Creek the 5-rn grid spacing detected higher density of

ban gsi captured individuals at more locations on each grid produced more even sex ratio in

captured animals and captured higher proportion of the known resident population in shorter

time than did the 7-rn spacing Consequently the 5-rn spacing may be more effective for long-

term monitoring studies because it would presumably be more sensitive at detecting natural

changes in population densities spacing and movements However monitoring studies that

intend only to gain quick relative estimates of abundance at multiple sites could probably use the

less dense grid array

Trap Duration

The known cyclical nature of the little pocket mouses above-ground activity Kenagy 1973

complicates determining the proper trapping duration for monitoring studies Trapping needs to

be long enough to capture large portion of the resident population for an accurate population

estimate but not so long as to achieve diminishing returns or draw individuals onto grids from

the outside Based on trap results from this study and studies conducted on this species in 1995

Dodd 1996 we recommend that each trap session consist of about consecutive nights Six

nights seenis to be long enough after the peak of new captures usually around night to

capture large portion of the resident population while minimizing the capture of transient

individuals
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RECOMMENDED PHASE III STUDIES

Based on the results of Phases and II we recommend the following studies during the year

2000 Phase HI We continue to endorse careful and systematic approach to designing the

recovery program but should be prepared to act swiftly if extirpation of any extant PPM site

seems imminent This approach was recommended by peer reviewers of the Phase report

Task 5b Continued Evaluation of Potential Translocation Receiver Sites

The study team should continue evaluating in the field the potential receiver sites outlined by the

GIS receiver site model Task During January-April 2000 the team should perform

preliminary reconnaissance of all field evaluation sites identified during Phase II and narrow the

selection down to five to ten sites with the greatest potential to support translocated PPM These

sites should then be subject to more intensive quantitative study during spring/summer 2000

Before beginning the quantitative studies the team should continue working with the USFWS
and other knowledgeable biologists to develop efficient methods for characterizing soils

vegetation rodent communities and other pertinent factors for their suitability to support

introduced PPM populations These methods are likely to include vegetation transects and

refined vegetation mapping refined soil mapping and trapping to characterize the resident

rodent community on each site These results should be
quantitatively compared with each other

and with historic and extant PPM sites to identify factors likely to favor or disfavor success of

PPM introduction The studies should also attempt to identify potential constraints on PPM

populations such as abundant competitor or predator populations or presence of Argentine ants

The team should continue soliciting input from species experts and the scientific peer committee

throughout these efforts It is also critical that discussions begin with appropriate land use

authorities for the five to ten areas selected for consideration as translocation receiver sites The

USFWS should meet with appropriate persons to begin discussing constraints and opportunities

for introduction of PPM into preserve areas

Task 6b Continued Laboratory Surrogate Studies

The captive population of longirnembris will continue to be maintained through the year

2000 to continue tracking tag retention and health effects We plan to increase the sample of

PIT-tagged individuals to at least 10 to better test effects of this technique The team should also

explore use of the captive colony as surrogate captive-breeding colony to test breeding

protocols for application to PPM e.g design of breeding arenas with attached individual nest
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boxes as used by Hayden et al 1966 We should also explore options for cooperative

arrangement with an agency that specializes in captive breeding programs such as the Center for

Reproduction of Endangered Species CRES at the San Diego Zoo It may be important to

create working relationship with such group in case PPM must be quickly removed from

extant sites and brought into captive breeding program

Task 7b Continued Field Surrogate Studies

The two Snow Creek study grids should be re-trapped during three seasons in the year 2000

pre-breeding March-April peak breeding May-June and post-reproductive August-

September This will allow us to clearly differentiate age classes and mark individuals of all

age classes to begin obtaining essential life history data The study will also allow long-term

health effects and tag retention for ear and PIT tags by recaptures of previously marked

individuals Each trapping session should last up to nights using the denser 5-rn trap spacing

on both grids The team should also begin investigating alternative designs for artificial burrows

and enclosures as means of increasing success of PPM translocation program This could

include creation of artificial burrows or enclosures on the study grids to test their effectiveness

and refine designs Once such techniques are perfected using the surrogate bangsi they

can be applied to PPM trans location program

Coordination with Other Studies

In addition to the research tasks defined above the team should continue coordinating with PPM

recovery research tasks being performed by others including genetics studies at UC-Berkeley

vegetation thinning experiments at extant PPM sites and ongoing monitoring of extant PPM

populations This coordination should help ensure that results of these studies are adequately

incorporated into the recovery program including design of translocation or captive breeding

efforts Relative to these other studies the team endorses the following changes or expansions to

existing programs

Expand the population genetics study to include nuclear microsatellite techniques as well as

mitochondnal DNA techniques Microsatellite methods can provide better information than

mitochondrial DNA techniques alone see Appendix for discussion of the benefits of this

approach prepared by Dr James Patton

Perform experimental vegetation thinning on the San Mateo north PPM site using the

experimental design currently being implemented at Dana Point pre-thinning and post-
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thinning trapping of experimental and control grids This will increase the power of the

findings by providing an experimental replicate Perhaps more important the thinning may
increase habitat quality and population size at San Mateo North which is prudent given the

veiy low capture rates there during summer 1999 Millerpers comm.

Re-trap all extant PPM sites during 2000 to track population changes and if necessary be

prepared to remove individuals to establish breeding colony Given that very few PPM
were captured at extant sites during 1999 Dodd Pavelka Miller unpublished data it is

prudent to track the populations closely so that translocations or captive breeding can

commence before they are too late
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Appendix

Responses to Comments
By Scientific Peer Reviewers

Pacific Pocket Mouse Studies Program

Phase 11 Report

The Pacific pocket mouse stud team greatly appreciates the helpful comments received on the Phase II

report for PPM recovery planning studies The comments have helped invigorate the discussions and
strengthen our approaches for helping recover this species Following is summaiy interpretation of
substantial comments full comment letters are attached with the responses of the study team Where
appropriate changes are also incorporated into the document text Pertinent recommendations will be
carried forward during future phases of the recovery research

Dr James Patton

Comment You should use detailed microhabitat data at the extant PPM population sites to detenrnne
what the mice need

Response We
agree Although detailed microhabitat measures has not been part of this scope of

work such data are being collected by the USFWS and other team members under other contracts and
are being duly considered Recent detailed soils work by the USFWS on the Oscar One/Edson Range
area are already refining our knowledge of species microhabitat requirements and being used to refine

the GIS habitat evaluation model

Comment Dont limit the study area to within km of the coast based on historic locations because
this historic range may be an artifact of limited collecting

Response We recognize the potential bias in collecting sites and the potential biological arbitrariness

of the 8-km cutoff However we believe that the collecting bias is not substantial in this case and that

the association of PPM with fine sandy soils near river mouths and beaches is fairly well established

Although PPM could potentially have occurred farther inland than the to cited in the literature

we doubt that appropriate conditions presently occur greater than km
Comment Discussions cith the USFWS and other land-use authorities must begin immediately
because partnerships required for an effective translocation effort will take time to develop

Response We
agree Discussions have begun with some landowners controlling potential PPM

translocation receiver sites e.g the Center for Natural Lands Management USFWS Refuges
California State Parks and Point Loma National Monument

Comment Toe-clipping seems the best overall marking technique and recommend using this

method and foregoing the others especially ear tags and sutures Efforts with PIT tags should be
extended primarily because these offer an unlimited set of unique identifications If toe clips are taken

on any natural population of pocket mouse any species preserve the tissues for future DNA
extraction

Response We agree Alternatives to toe-clipping were pursued largely due to resistance to using this

method within the wildlife agencies Based on results of our studies and comments from the scientific

peer committee the wildlife agencies have agreed to permit toe-cLipping on case-by-case basis for

permitted PPM biologists Toe clips from all species of pocket mice will be preserved in 95% ethanol
and provided for DNA extraction

Comment Try additional
capture methods in the field such as pit-falls or hand

captures and try

observing animals at night perhaps aided by Beta lights or LEDs glued to the animals

Response We will investigate alternative techniques as options for field studies and test them on the

surrogate population if time and budgets permit without sacrificing other study goals Pit traps or other
methods that can capture multiple animals are generally not recommended for these animals because
they may be killed by other conspecific individuals or by other species entering the traps



Comment The actual liming of breeding wilt depend on rainfall and the flush of vegetation growth
Therefore begin trapping as animals become active above ground in the spring and be prepared to alter

the trapping schedule to coincide with the breeding peak

Response We agree and do alter trapping schedules to the degree feasible Our spring 2000 trapping
did coincide with the peak of breeding

Dr William Longland

Comment Why continue to test PIT tags when they werent as reliable for the lab animals as toe-

clipping

Response PIT lags offer an unlimited number of unique codes whereas toe-clipping offers finite

number that might not be sufficient for long-term population study PiT lags are also Less prone to

observer errors mis-reading of codes or application of duplicate codes to different individuals

Finally there has been institutional resistance within the permitting agencies to using toe-clipping

Comment The conclusions regarding trap spacing effects are weak because the grid designs are

unreplicated If there is insufficient space or field help to create more replicate grids suggest re
running both grids at the 5-rn spacing to re-evaluate the sex ratio and density results

Response We recognize the inherent weakness of the experimental design for comparing grid
densities lack of replicates Comparing alternative trap spacings was not the primary purpose for the

grids so the design was not specifically tailored for this purpose Nevertheless the unreplicated
lrials provided the field workers better feel for the alternative trap spacings albeit not in

statistically strong manner We have switched to the 5-rn spacing on both grids during year 2000
efforts so we can re-evaluate the results with this years data
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Wayne Spencer

From James Patton lpatton@uchnk4 berkeiey eduJ

Sent Monday March 06 2000 832 AM

To Wayne Spencer

Hi Wayne Took time over the weekend to review the Phase IL report Seems to me like you guys are

right on track My few comments are below

The mtDNA genetic work continues Haplotypes for all samples sent last year have been determined
and were continuing to work to get data from museum specimens The numbers from last year are

limited hopefully this will be more productive year Im also in contact with commercial vendor to

develop the microsat libraries--I just dont have the time to do that Im going to retire year from
July maybe then

Cheers

Jim

Comments on Pacific Pocket Mouse Studies Program Phase II Report

James Patton

Museum of Vertebrate Zoology

University of California

Berkeley CA 94720

510-642-3567

pattonuclink4.berkeley edu

My overall impression is that Study Team has careflully designed the second phase of the recovery
program for the Pacific Pocket Mouse has adequately dealt with concerns or suggestions made by the

Peer Review Committee and is on track to make good use of the second year of necessary data

gathering and analysis

Specific comments

Task Translocation receiver site study In general the goal of identifying appropriate habitat for

potential release sites has been carefully developed and presented While Im not familiar with the

region am none-the-less impressed with the apparent amount and size of potential areas If ground-
truth bears these out and translocation methods can be worked out that bodes well for the long-term
of the PPM The approach taken to develop mapping effort based on GIS layers and then ground
truthing specific areas is excellent as it avoid the pitfalls of the

necessarily coarse-scale and potential

wrong information in the GIS data However if you have not been determining in detail microhabitat

parameters for each of the extant populations of the PPM you should be After all the mice can tell

you much more about what they need than GIS map--these populations are remnants for good
biological reasons so let the mice tell you what those reasons are

would not worry so much about the km of the coast requirement The historic range of the

PPM is in part an artifact of limited
collecting--the fact that the PPM was not taken further inland is

thus potentially misleading Id hate to see really good sites eliminated for such an arbitrary reason

Finally would certainly agree that additional study would be profitable particularly the ground
truthing the potential sites but also using data from the

existing populations in the evaluation of
suitable habitat and the development of ranking scheme for these areas
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Recommended studies agree fully with the proposed effort in Task 5b- Continued evaluation pg
39 But to reiterate use data from the extant populations to inform you of the

suitability of other

sites where possible also agree that evaluation of sites especially with high potential predators e.g
sites near housing developments where the number of feral cats might be unusually high is critical
dont have an opinion of the possible negative effects of Argentine ants but this is something that
could be tested in the lab population Finally clearly discussions between the USFWS and other land-

use authorities must begin immediately Again while am not familiar with this general region
suspect that any necessary partnership required for an effective translocation site will take time It is
therefore never too early to begin

Task Laboratory surrogate study This effort to identify the best long-term marking method
without harm to individual animals has been carefully developed and the results seem unambiguous
Toe-clipping seems best overall and would recommend using that method and foregoing the others

especially ear tags and sutures Effort with PIT tags should be extended primarily because these offer

an unlimited set of unique identifications If toe-clips are to be taken on any natural populations
PPM or other subspecies make sure that the toes are preserved in vials of 95% ethanol or
some other tissue preservative for future DNA extraction

Recommended studies agree This colony should be maintained and efforts should be made to

develop functional breeding protocols as well as to continue the monitoring of tag methods etc

Task Surrogate field study Nothing that happens in the laboratory can take the place of
carefully monitored field study of the same issues of importance Consequently continuing this field

study is imperative As said in earlier comments would take advantage of the field site to develop
additional means to assess the presence of mice rather than

relying solely on traps such as using
hand light at night You might also try additional trapping methods pit-falls with drifi fences and

traps other than Shermans to determine
suitability and increase effective trapping Importantly if

individuals are being marked by toe-clipping SAVE THE TOES IN 95% ETHANOL FOR
FUTURE DNA STUDIES

have no other suggestions to make on this Task the trapping design was carefully considered and th

right kinds of data are being gathered If you were to add anything it would be again to spend
time at night actually watching animals trying to determine travel path time spent above-ground etc
If the habitat is sufficiently open it might be possible to glue beta lights or other similar devises LEDs
with microswitch and use either night vision equipment or unaided eyes People here have had good
success following Priiiyscus in oak-bay woodland

Recommended studies agree totally that this population should be trapped during the three seasons
of spring summer and early fall However the actual timing of breeding will depend on rainfall

amounts and timing and the flush of vegetation growth It is very important therefore to begin
trapping as animals become active above ground in the spring and be prepared to alter your trapping
schedule so that it can coincide with the peak breeding period

Overall continue to be very impressed with the scope of this entire effort and the care with which
each element has been developed and modified as needed

James Patton

Acting Director and Curator



Museum of Vertebrate Zoology
Professor of Integrative Biology

University of California

3101 Valley Life Sciences Building

Berkeley CA 94720

phone 510-642-3567

FAX 510-643-8238

email patton@uclink4.berkeley.edu

homepage http//ib.berkeley.edu/labs/pattonl

Museum http//galaxy.CS.Berkeley.EDU/mvz/
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Christina Schaefer

From Bill Longland Ionglandscs.unr.edu
To Christina Schaefer cschaeferkeasd.com
Cc wdspencerconsbio.org
Sent Wednesday March 29 2000 123 PM
Subject Re Pacific Pocket Mouse Recovery Study comments on Phase II Peer Review Draft by April

please

Christina

My apologies for not responding to the Phase It
report earlier Based

on the priorities indicated by you and Wayne Spencer Ill limit my
comments to the

part of the report on Recommended Phase III studies
Most of these points may come out in the meeting tomorrow but since can

only participate briefly by phone arid for the sake of completeness Ill

give you my thoughts in writing too

fully agree with the goals outlined in Task 5b to contnue evaluating

possible translocation sites for PPM and believe that the proposed
refinements in vegetation and soil mapping should receive attention

Task 6b -- Continued laboratory surrogate studies

Why continue to test PIT
tags when they werent as reliable for the lab

animals as toe clippine Is this due to concern that permission will not

be granted to use toe clipping on PPM and PIT
tags are second bes

Ive commented previously on the difficult iiauire of captive breeding
for heteromyid species and the team appears to be fully aware of this

problem so wont reiterate There was group at Berkeley that was
attempting captive breeding with an endangered coastal k-rat species

Morro Bay k-rat Have they been able to provide any information to

further inform the team about the feasibility of this option

Task 7b -- Continued field
surrogate studies

agree with the idea of seasonal trapping of the surrogate population
to attain important life history data but is there any plan to trap more
than the same grids Is there even sufficient space at the site for

more grids found the conclusions regarding trap spacing effects on
estimated densities and sex ratios of the surrogate population to be

very

weak because the grid designs were unreplicated Therefore the

purported trap-spacing effects may simply be effects of spatial

pseudoreplication If there is not sufficient space or field help to nm

additional grids Id suggest re-evaluating sex ratios and deiisities on
the replicated grids using the 5-ni spacing on both grids

have some experience with enclosures and artificial burrows for use in

heteroniyid field studies and suggest the fthlowiiig If youre using

6/1/00
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hardware cloth to contruct fences it has to be no larger that 1/4 mesh

to prevent longimembris individuals from penetrating it they can get

through 1/2 mesh which means that you must also be very diligent about

patching all holes even small ones Enclosure fences must be buried

suffiently deep to prevent burrowing under them by PPM this depth would

vary with different soil types but probably should be no less than about

1/2 deep If using mesh for fences strip of sheet metal or something

they cant climb should be firmly attached to the top of the fence

Heteromyids tend to reject artificial burrows if the diameter of entry

tunnels is not appropriate for their body size If
entry

tunnels exceed

by much the minimum size neccesary for the animals to pass through they

tend to not use them We use diameter PVC pipe for longimembris

tunnels and glue sand to the inner surfaces of the pipes to make for

better traction and more natural substrate They usually will not use

burrows with only one entrance/exit may be an anti-snake behavior We
use two entry/exit tubes fastened to opposite sides of plastic burrow

chamber bucket We also have noticed that the animals seem to adopt

artificial burrows better if there is some complexity to the inner

chambers of the burrow so we subdivide the chamber buckets into

distinct levels floors using plywood dividers with hole drilled in

each floor to permit passage between floors The burrow entrances PVC
tubes are fastened to opposite sides of the top and bottom levels

Finally Im not sure how much longimembris plugs its burrows from

inside k-mice and certain k-rats do it lot but it may help to devise

some way that they can plug openings of tubes when they are inside

Perhaps cutting the ends of the tubes at the soil surface ends into

semicircles and placing them so there is no PVC tube bottom only top to

prevent collapse to the tunnels wood make them more attractive to animals

that plug their burrows but havent experimented with that idea

Hope some of this is useful

Sincerely

Bill Longland

William Longland

USDA Agricultural Research Service

University of Nevada

920 Valley Road

RenoNV 89512

Phone 775 784-6057

Fax 775 784-1712

E-mail ipjapscunredu
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SAN DIEGO COUNTY SOILS

TEXTURE
MODIFIED

DESCRIPTION RANK PHASE COMMENTS ACRES RANK

Bonsall sandy loam to percent slopes HIGH sandy loam 35 31 HIGH
Bonsall sandy loam to9 percent slopes eroded HIGH sandy loam

194.37 HIGH
Bonsall sandy loam to 15 percent slopes eroded HIGH sandy loam 26.3 HIGH
Chesterton fine sandy loam to percent slopes HIGH fine sandy loam

3461.00 HIGH
Chesterton fine sandy loam to percent slopes HIGH fine sandy loam 1986 07 HIGH
Chesterton fine sandy loam to 15 percent slopes eroded HIGH fine sandy loam

815.51 HIGH
Chesterton-Urban land complex to percent slopes NONE land complex 4772.10 NONE
Fallbrook rocky sandy loam to 30 percent slopes eroded LOW sandy loam

113.91 LOW
Fallbrook sandy loam to percent slopes eroded LOW sandy loam 2129 LOW
Greenfield sandy loam to percent slopes HIGH sandy loam

403.62 HIGH
Greenfield sandy loam 2to5 percent slopes HIGH sandy loam 194.77 HIGH
Greenfield sandy loam to percent slopes HIGH sandy loam 48.4 HIGH
Huerhuero loam 151030 percent slopes eroded LOW loam

6077.35 LOW
Huerhuero loam to percent slopes LOW loam

9017.03 LOW
Huerhuero loam 5to percent slopes eroded LOW loam

2301.19 LOW
Huerhuero loam to 15 percent slopes LOW loam 1708.40 LOW
Huerhuero loam 91015 percent slopes eroded LOW loam

1662.48 LOW
Huerhuero-Urban land complex 2109 percent slopes NONE land complex 12294.72 NONE
Huerhuero-Urban land complex 91o 30 percent Slopes NONE land complex 2825.42 NONE
Las Flores loamy fine sand 15 to 30 percent slopes HIGH loamy fine sand 3288.45 HIGH
Las Ftores loamy fine sand 15 to 30 percent slopes eroded HIGH loamy fine sand 2502.61 HIGH
Las Flores loamy fine sand to percent slopes HIGH loamy fine sand 1629.50 HIGH
Las Flores loamy fine sand to9 percent slopes HIGH loamy fine sand 2101.97 HIGH
Las Flores loamy fine sand to 15 percent slopes HIGH loamy fine sand 1611.71 HIGH

Las Flores loamy fine sand to 15 percent slopes eroded HIGH loamy fine sand 2649.88 HIGH
Las Flores loamy fine sand to 30 percent slopes severely eroded HIGH loamy fine sand 1555.44 HIGH

Las Flores-Urban land complex to percent slopes NONE land complex 6804 NONE
Las Flores-Urban land complex to 30 percent slopes NONE land complex 564.07 NONE
Las Posas fine sandy loam to percent slopes LOW fine sandy loam 33.27 LOW
Las Posas stony fine sandy loam 3Oto 65 percent slopes LOW stony fine sandy loam 55.11 LOW
Las Posas stony fine sandy loam to 15 percent slopes LOW stony fine sandy loam 21.73 LOW
Loamy alluvIal land-Huerhuero complex to 50 percent slopes severely

eroded LOW 6157.22 LOW
Olivenhain cobbly loan 210 percent slopes LOW cobbly loam 181405 LOW
Olivenhain cobbly loam 30 to 50 percent slopes LOW cobbly loam 3469.01 LOW



Olivenhain cobbly loam to 30 percent slopes LOW cobbly loam 385191 LOW
Olivenhain-Urban land complex to9 percent slopes NONE land complex 1102.13 NONE
Olivenhain-Urban land complex to 30 percent slopes NONE land complex 1282.54 NONE
Placentla sandy loam thick surface to percent slopes NIGH sandy loam 95.74 HIGH
Ramona

gravelly sandy loam 15 to 30 percent slopes HIGH
gravelly sandy loam 4442 HIGH

deep horizon 15-20%
Ramona sandy loam to percent slopes LOW sandy loam gravel includes sandy barns 306.87 HIGH
Ramona sandy loam to9 percent slopes HIGH sandy loam

69.17 HIGH
Ramoria sandy loam to 15 percent slopes eroded HIGH sandy loam 17.41 HIGH
Redding cobbly loam to 30 percent slopes LOW cobbly loam 719.51 LOW
Redding cobbly loam dIssected 15 to 30 percent slopes LOW cobbly loam

323.49 LOW
Redding gravelly loam to percent slopes LOW gravelly loam

2211.88 LOW
Redding-Urban land complex to percent slopes NONE land complex 1932.91 NONE
Redding-Urban land complex to 30 percent slopes NONE land complex 126.45 NONE
San Miguel rocky silt loam to 30 percent slopes LOW rocky sIlt loam

302.63 LOW
San Miguel-Exchequer rocky slit loams to 70 percent slopes LOW rocky silt foam 706.11 LOW
Anderson very gravelly sandy loam to 45 percent slopes NONE very gravelly sandy loam 19.83 NONE
Cieneba coarse sandy loam 15 to 30 percent slopes eroded HIGH coarse sandy loam

260.29 HIGH
Cieneba coarse sandy loam 3Oto 65 percent slopes eroded HIGH coarse sandy loam 204.15 HIGH
Cieneba coarse sandy loam to 15 percent slopes eroded HIGH coarse sandy loam 298.82 HIGH
Cieneba rocky coarse sandy foam to 30 percent slopes eroded HIGH rocky coarse sandy loam 40.73 HIGH
Cieneba very rocky coarse sandy loam 30 to 75 percent slopes HIGH very rocky coarse sandy loam 131.62 HIGH
Cieneba-Fatlbrook rocky sandy loam9 to 30 percent slopeeroded HIGH rocky sandy loam 438.37 NIGH

Cieneba-Fafibrook rocky sandy barns 30 to 65 percent slopes eroded HIGH rocky sandy foam 147.7 HIGH
Corralltos loamy sand to percent slopes HIGH foamy sand 155095 HIGH
Corralltos loamy sand to percent slopes HIGH loamy sand 2752.65 HIGH
Corralitos foamy sand to 15 percent slopes HIGH loamy sand

955.97 HIGH

Exchequer rocky silt loam 30 to 70 percent slopes LOW rocky slit loam 10 in includes sIlt and 383.27 HIGH

Exchequer rocky silt loam to 30 percent slopes LOW rocky silt loam fine sandy barns 677.74 HIGH
Gaviota fine sandy loam 30 to 50 percent slopes HIGH fine sandy loam 12026.48 HIGH
Gaviota fine sandy loam to 30 percent slopes HIGH fine sandy loam 1596.74 HIGH
Marina loamy coarse sand to percent slopes HIGH loamy coarse sand 13172.82 HIGH
Marina loamy coarse sand to 30 percent slopes HIGH foamy coarse sand 2019.33 HIGH
Reiff fine sandy loam to percent slopes HIGH fine sandy loam 162.78 HIGH
Reiff fine sandy loam to percent slopes HIGH fine sandy loam 62563 HIGH
Reiff fine sandy loam to percent slopes HIGH fine sandy loam 388.61 HIGH

Tujunga sand to percent slopes HIGH sand 5558.44 HIGH

Carlsbad gravelly foamy sand 15 to 30 percent slopes NIGH gravelly loamy sand 427.97 HIGH

Carlsbad gravelly loamy sand to percent slopes HIGH gravelly loamy sand 1568.27 HIGH
Carlsbad

gravelly loamy sand to percent slopes HIGH
gravelly loamy sand 2511.02 HIGH



--

Carlsbad gravelly loamy sand to 15 percent slopes HIGH
gravelly loamy sand

801.57 HIGH
Carlsbad-Urban land complex to percent slopes NONE land complex 1344.84 NONE
Carlsbad-Urban land complex to 30 percent slopes NONE land complex 573.4 NONE
Escondido very fine sandy loam l5to 30 percent slopes eroded HIGH very fine sandy loam 15.74 HIGH
VIsta coarse sandy loam 30 to 65 percent slopes HIGH coarse sandy barn

4.22 HIGH
Vista coarse sandy loam to percent slopes HIGH coarse sandy loam 84.35 HiGH
Vista coarse sandy loam 9to 15 percent slopes HIGH coarse sandy loam 49.56 HIGH
Vista coarse sandy loam to 15 percent slopes eroded HIGH coarse sandy loam

0.3 HIGH
Chino fine sandy loam to percent s1opes HIGH fine sandy loam

19058 HIGH
Chino silt loam saline to percent slopes LOW silt loam includes sandy barns 3859.74 HIGH
Elder shaly fine sandy loam to percent slopes HIGH shaly fine sandy loam

1330.40 HIGH
Friant rocky fine sandy loam 30 to 70 percent slopes HIGH rocky fine sandy loam

11 66 HIGH
Friant rocky fine sandy loam 910 30 percent slopes HIGH rocky fine sandy loam 330.43 HIGH
Grangeville fine sandy loam to percent slopes HIGH fine sandy loam

1449.37 HIGH
Hambright gravelly clay loam 30 to 75 percent slopes NONE

gravelly clay loam
9906.12 NONE

La Posta rocky loamy coarse sand to 30 percent slopes eroded HIGH rocky loamy coarse sand 283.74 HIGH
Linrie

clay loam 30 to 50 percent slopes NONE
clay loam

2956.61 NONE
Linne

clay loam to 30 percent slopes NONE clay loam 148392 NONE
Salinas

clay loam 01o2 percent slopes NONE
clay loam

1030.13 NONE
Salinas

clay loam 21o9 percent slopes NONE
clay loam

5282.15 NONE
Salinas clay to percent slopes NONE clay loam

900.47 NONE
Salinas clay to percent slopes NONE clay loam 784.63 NONE
Visalla

gravelly sandy loam to percent slopes HIGH
gravelly sandy loam 449 43 HIGH

Visalia
gravelly sandy loam to percent slopes HIGH gravelly sandy loam 193.47 HIGH

Visalia sandy loam to percent slopes HIGH sandy loam 1298.57 HIGH
Visalia sandy loam to percent slopes HIGH sandy loam

.600.04 HIGH
Visalia sandy loam to percent slopes HIGH sandy loam 309.8 HIGH
Visalia sandy loam 9to 15 percent slopes HIGH sandy loam 98.35 HIGH

NONE
3367.75 NONE

Coastal beaches NONE 2385.07 NONE
GRAVEL PIT NONE 896 NONE
Madeland NONE

5451.12 NONE
MIne and quarry NONE 276.43 NONE
Rlverwash LOW 3235.00 LOW
Rough broken land LOW 1965.87 LOW
Steep gullied land LOW 646.43 LOW

consists of many stones

Stony land LOW cobbles and boulders 690.73 NONE
Terrace escarpments LOW

14046.02 LOW
Tidal fiats NONE

3155.81 NONE
Unclassified area due to both yearly or perennial water accumulation NONE 7411 NONE
Urban land NONE 18788.10 NONE



Altamont clay 15 to 30 percent slopes NONE
clay 1876.21 NONE

Altamont
clay 15 to 30 percent slopes eroded NONE clay 063.89 NONE

Altamont clay 30 to 50 percent slopes NONE clay 3897.32 NONE
Altamont clay to percent slopes NONE

clay 1328.17 NONE
Altamont clay to 15 percent slopes NONE clay 131303 NONE
Altamont clay 9to 15 percent slopes eroded NONE

clay 300.67 NONE

AuldclaySto9percentslopes NONE clay 36.14 NONE
Auld clay to 15 percent slopes NONE

clay 5.92 NONE
Diablo clay 15 to 30 percent slopes NONE

clay 06027 NONE
Diablo clay 15 to 30 percent slopes NONE clay 633.56 NONE
Diablo clay to percent slopes NONE

clay 860.4 NONE
Diablo clay 30 to 50 percent slopes NONE clay 1384.99 NONE
Dlablo clay to 15 percent slopes NONE

clay 660.63 NONE
Diablo-Olivenhain complex to 30 percent slopes NONE land complex 121.19 NONE
Dlablo-Ijrban land complex 15 to 50 percent slopes NONE land complex 471.44 NONE
Diablo-Urban land complex to 15 percent slopes NONE land complex 926.84 NONE
WATER NONE 787.13 NONE



ORANGE COUNTY SOILS

TEXTURE MODIFIED
MAP UNIT NAME RANK SURFACE TEXTURE COMMENTS ACRES RANK

ALO CLAY 15 TO 30 PERCENT SLOPES NONE CLAY 4458.41 NONE
ALO CLAY 3OTO 50 PERCENT SLOPES NONE CLAY

5707.02 NONE
ALO CLAY TO 15 PERCENT SLOPES NONE CLAY

2085.01 NONE
ALO VARIANT CLAY 1510 30 PERCENT SLOPES NONE CLAY 8.86 NONE
ALO VARIANT CLAY 3010 50 PERCENT SLOPES NONE CLAY 39.08 NONE
ALO VARIANT CLAY TO 15 PERCENT SLOPES NONE CLAY 40.18 NONE
ANAHEIM CLAY LOAM 15 10 30 PERCENT SLOPES NONE CLAY LOAM 281 52 NONE
ANAHEIM CLAY LOAM 3010 50 PERCENT SLOPES NONE CLAY LOAM 820.12 NONE
ANAHEIM CLAY LOAM 501075 PERCENT SLOPES NONE CLAY LOAM 510 11 NONE
ANAHEIM LOAM 1510 30 PERCENT SLOPES LOW LOAM

552.86 LOW
ANAHEIM LOAM 3010 50 PERCENT SLOPES LOW LOAM 831 29 LOW
BALCOM CLAY LOAM 1510 30 PERCENT SLOPES NONE CLAY LOAM 481.47 NONE
BALCOM CLAY LOAM 3010 50 PERCENT SLOPES NONE CLAY LOAM 765.39 NONE
BALCOM CLAY LOAM TO 15 PERCENT SLOPES NONE CLAY LOAM 57.28 NONE
BALCOM-ROCK OUTCROP COMPLEX 1510 50 PERCENT SLOPES NONE ROCK OUTCROP 214.43 NONE
BEACHES NONE

4533.75 NONE
BLASINGAME STONY LOAM 3010 65 PERCENT SLOPES LOW STONY LOAM clay subsoil 55.79 NONE
BOLSA SILT LOAM LOW SILT LOAM 944.22 LOW
BOLSA SILT LOAM DRAINED LOW SILT LOAM 9875.66 LOW
BOLSA SILTY CLAY LOAM NONE SILTY CLAY LOAM 925.88 NONE
BOLSA SILTY CLAY LOAM DRAINED NONE SILTY CLAY LOAM 4711.85 NONE
BOSANKO CLAY 15 TO 30 PERCENT SLOPES NONE CLAY 2084.08 NONE
BOSANKO CLAY 3010 50 PERCENT SLOPES NONE CLAY 1492.97 NONE
BOSANKO CLAY 910 15 PERCENT SLOPES NONE CLAY 918.12 NONE
BOSANKO-BALCOM COMPLEX 15 TO 30 PERCENT SLOPES NONE 507.79 NONE
BOSANKO-BALCOM COMPLEX 3010 50 PERCENT SLOPES NONE 316.03 NONE
BOTELLA CLAY LOAM 2109 PERCENT SLOPES NONE CLAY LOAM 593.94 NONE
BOTELLA CLAY LOAM 910 15 PERCENT SLOPES NONE CLAY LOAM 673.73 NONE
BOTELLA LOAM 2109 PERCENT SLOPES LOW LOAM 378.87 LOW
CALLEGUAS CLAY LOAM 501075 PERCENT SLOPES ERODED NONE CLAY LOAM 10431.56 NONE
CAPISTRANO SANDY LOAM TO PERCENT SLOPES HIGH SANDY LOAM 1082.18 HIGH

CAPISTRANO SANDY LOAM 91015 PERCENT SLOPES HIGH SANDY LOAM 412.07 HIGH

CHESTERTON LOAM SAND 1510 30 PERCENT SLOPES HIGH LOAMY SAND 99.4 HIGH

CHESTERTON LOAMY SAND TO 15 PERCENT SLOPES HIGH LOAMY SAND 320.9 HIGH



CHINO SILTY CLAY LOAM NONE SILTY CLAY LOAM 270.05 NONE
CHINO SILTY CLAY LOAM DRAINED NONE SILTY CLAY LOAM 9018 NONE
CIENEBA SANDY LOAM 151030 PERCENT SLOPES HIGH SANDY LOAM 751.64 HIGH
CIENEBA SANDY LOAM 301015 PERCENT SLOPES ERODED HIGH SANDY LOAM 3341.07 HIGH

CIENEBA-BLASINGAME-ROCK OUTCROP COMPLEX TO 30

PERCENT SLOPES HIGH ROCK OUTCROP 2.32 HIGH

CIENEBA-ROCK OUTCROP COMPLEX 3010 75 PERCENT SLOPES HIGH ROCK OUTCROP 6583.70 HIGH
CORRALITOS LOAMY SAND HIGH LOAMY SAND 356.49 HIGH
CORRALITOS LOAMY SAND MODERATELY FINE SUBSTRATUM HIGH LOAMY SAND 239.33 HIGH
CROPLEY CLAY 010 PERCENT SLOPES NONE CLAY 67.22 NONE
CROPLEY CLAY TO PERCENT SLOPES NONE CLAY 2986.71 NONE
GABINO GRAVELLY CLAY LOAM 15 TO 50 PERCENT SLOPES NONE GRAVELLY CLAY LOAM 24.53 NONE
HUENEME FINE SANDY LOAM HIGH FINE SANDY LOAM 493.24 HIGH
HUENEME FINE SANDY LOAM DRAINED HIGH FINE SANDY LOAM 6647.57 HIGH
MARINA LOAMY SAND 010 PERCENT SLOPES HIGH LOAMY SAND 554 HIGH
MARINA LOAMY SAND 2109 PERCENT SLOPES HIGH LOAMY SAND 4371.95 HIGH
METZ LOAMY SAND HIGH LOAMY SAND 707.99 HIGH
METZ LOAMY SAND MODERATELY FINE SUBSTRATUM HIGH LOAMY SAND 751.02 HIGH
MOCHO LOAM 0102 PERCENT SLOPES LOW LOAM 266.55 LOW
MOCHO LOAM 109 PERCENT SLOPES LOW LOAM 70.88 LOW
MOCHO SANDY LOAM TO PERCENT SLOPES HIGH SANDY LOAM 44.8 HIGH
MODJESKA GRAVELLY LOAM 151030 PERCENT SLOPES LOW GRAVELLY LOAM 169.43 LOW
MODJESKA GRAVELLY LOAM TO 15 PERCENT SLOPES LOW GRAVELLY LOAM 265.43 LOW
MYFORD SANDY LOAM TO PERCENT SLOPES HIGH SANDY LOAM 2852.58 HIGH

MYFORD SANDY LOAM 1510 30 PERCENT SLOPES HIGH SANDY LOAM 509.19 HIGH

MYFORD SANDY LOAM 10 PERCENT SLOPES HIGH SANDY LOAM 6117.56 HIGH

MYFORD SANDY LOAM 109 PERCENT SLOPES ERODED HIGH SANDY LOAM 1213.70 HIGH

MYFORD SANDY LOAM 910 15 PERCENT SLOPES HIGH SANDY LOAM 2123.07 HIGH

MYFORD SANDY LOAM 910 30 PERCENT SLOPES ERODED HIGH SANDY LOAM 1779.36 HIGH

MYFORD SANDY LOAM THICK SURFACE 0102 PERCENT

SLOPES HIGH SANDY LOAM 1884.76 HIGH

MYFORD SANDY LOAM THICK SURFACE TO PERCENT

SLOPES HIGH SANDY LOAM 1162.61 HIGH

OMNI CLAY DRAINED NONE CLAY 1318.91 NONE

OMNI SILT LOAM DRAINED LOW SILT LOAM Moist poorly drained 308.32 NONE
PITS NONE 377.83 NONE

RIVERWASH LOW 881.95 LOW
ROCK OUTCROP-CIENEBA COMPLEX 301075 PERCENT SLOPES LOW ROCK OUTCROP 1244.17 LOW
SAN ANDREAS SANDY LOAM 15 TO 30 PERCENT SLOPES HIGH SANDY LOAM 443.09 HIGH

SAN EMIGDIO FINE SANDY LOAM 010 PERCENT SLOPES HIGH FINE SANDY LOAM 78.31 HIGH



HIGH

HIGH

HIGH

LOW

LOW

LOW

LOW

LOW

LOW

NONE

NONE

LOW

LOW

HIGH

NONE

NONE

NONE

NONE

NONE

NONE

NONE

HIGH

HIGH

NIGH

HIGH

HIGH

HIGH

FINE SANDY LOAM

COBBLY LOAMY SAND

GRAVELLY LOAMY SAND

COBBLY LOAM

GRAVELLY LOAM

GRAVELLY LOAM

LOAM

LOAM

ROCK OUTCROP

CLAY LOAM

CLAY LOAM

LOAM

LOAM

SANDY LOAM

LOAMY

LOAMY

LOAMY

LOAMY

COBBLY SANDY LOAM

COBBLY SANDYLOAM

COBBLY SANDY LOAM

GRAVELLY SANDY LOAM

GRAVELLY SANDY LOAM

GRAVELLY SANDY LOAM

14.23 HIGH

87.12 HIGH

27.88 LOW

155.83 LOW

17.72 LOW

572.27 LOW

1828.21 LOW

9.08 LOW

10.29 LOW

738.77 NONE

380.67 NONE

1284.09 NONE

573.35 LOW

1186.68 LOW

17.8 HIGH

92.34 NONE

3043.04 NONE

2301.80 NONE

951.97 NONE

203.39 NONE

331.78 NONE

230.71 NONE

451.26 LOW

120.07 LOW

31026 LOW

117.96 LOW

168.65 LOW

190.87 LOW

HIGH FINE SANDY LOAMSAN EMIGDIO FINE SANDY LOAM TO PERCENT SLOPES

SAN EMIGDIO FINE SANDY LOAM MODERATELY FINE

SUBSTRATUM 0102 PERCENT SLOPES

SOBOBA COBBLY LOAMY SAND TO 15 PERCENT SLOPES

SOROBA GRAVELLY LOAMY SAND TO PERCENT SLOPES

SOPER COBBLY LOAM 15 1050 PERCENT SLOPES

SOPER GRAVELLY LOAM 15 TO 30 PERCENT SLOPES

SOPER GRAVELLY LOAM 30 TO 50 PERCENT SLOPES

SOPER LOAM 15 TO 30 PERCENT SLOPES

SOPER LOAM 30 TO 50 PERCENT SLOPES

SOPER-ROCIc OUTCROP COMPLEX 3010 75 PERCENT SLOPES

SORRENTO CLAY LOAM TO PERCENT SLOPES

SORRENTO CLAY LOAM TO PERCENT SLOPES

SORRENTO LOAM 0102 PERCENT SLOPES

SORRENTO LOAM TO PERCENT SLOPES

SORRENTO SANDY LOAM 010 PERCENT SLOPES

THAPTO-HISTIC FLUVAQUENTS

TIDAL FLATS

WATER

XERALFIC ARENTS LOAMY TO PERCENT SLOPES

XERALFIC ARENTS LOAMY TO 15 PERCENT SLOPES

XERORTHENTS LOAMY CUT AND FILL AREAS 15 TO 30 PERCENT

SLOPES

XERORTHENTS LOAMY CUT AND FILL AREAS 910 15 PERCENT

SLOPES

YORBA COBBLY SANDY LOAM 3010 50 PERCENT SLOPES

YORBA COBB LV SANDY LOAM TO 30 PERCENT SLOPES

YORBA COBB LV SANDY LOAM TO 30 PERCENT SLOPES

ERODED

VORBA GRAVELLY SANDY LOAM 15 TO 30 PERCENT SLOPES

YORBA GRAVELLY SANDY LOAM 109 PERCENT SLOPES

YORBA GRAVELLY SANDY LOAM TO 15 PERCENT SLOPES

10 over very

gravelly material

shallow

11

11



APPENDIX

DATA SHEET FOR INITIAL HABITAT QUALITY
RECONNAISSANCEAT POTENTIAL PPM

TRANSLOCATION RECEIVER SITES
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Potential Receiver Site Data Sheet

Date
_____________________ Observers ________________________ Page of

____

Site Location
County

Habitat

Location

Habitat Type

Shrub Layer 10 Comments exotics________________________

Dom Species

ib-Shrub Layer 10 Comments______________________________

Dom Species

Herb Layer 10 Comments

Dom Species

Ground surface cover Open Ground 10
____________________

Detritus wood/leaf litter0 10 Pebble/CobbleIRoj

Soil Conditions sand/loam/clay compactlloosely packed depth___________________________

Comments

Slope Topography

Surrounding Habitat and Land Use
____________

Management Needs
________________________

Rating primefhigh/mediumhigh/medjumlow/jow

Addl Comments cats ants



APPENDIX

ANALYSIS OF GENETIC DIVERSITY IN THE
PACIFIC POCKET MOUSE

PER OGNA THUS ONGIMEMBRIS PA CIFICtJS
PROPOSAL FROM DR JAMES PATTON
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Analysis of genetic diversity in the Pacific pocket mouse Ferognathus

longimembris pacificus

James Patton

Museum of Vertebrate Zoology

University of California

Berkeley CA 94720

510-642-3567 office

510-643-8238 FAX
pattonuclink4.berke1ey.edu

Proposal

In the comments below summarize what is known about the genetic

diversity and population genetic structure of the long-tailed pocket mouse

Perognathus longimembris in southern California do this in the context of

identifying the types of questions to which genetic data can be applied and which

may be of significance to the recovery planning for this taxon Only one genetic

study of these animals has been accomplished to date that involves comparative

phylogeographic analysis of relationships among sampled populations of all of the

subspecies of longimembris that occur in southern California This study

employed gene sequence from the maternally inherited mitochondrial genome
which can be used to infer the degrees of historical gene flow between populations

as well as the relationship between geographic genetic structure and current

subspecies boundaries Brylski and Patton in manuscript

Genetic questions of potential importance to the recovery of the Pacific pocket

mouse PPM fall into three general categories The first of these is How unique is

the Pacific pocket mouse The second is How interconnected are extant

populations of the PPM by current or at least recent past gene flow And the third

is Have populations of PPM lost genetic diversity as result of population decline

and/or habitat fragmentation

The first question that of genetic uniqueness can be readily assessed by use

of comparative mitochondrial DNA mtDNA sequences This DNA is maternally

inherited has no recombination and has high rate of mutation in comparison to

nuclear genes Consequently populations are more likely to exhibit differences in

their mtDNA sequences If subspecies such as the PPM is reciprocally

monophyletic for its mtDNA sequences i.e has both unique set of mtDNA

sequences with those sequences forming genealogical lineage then that subspecies
has been genetically isolated from others for substantial amount of time The

degree of divergence can indicate the temporal length of that separation
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To answer this general question we will examine both cytochrome and

Control-region D-loop sequences from all individual PPM available for analysis

DNA is already available from the Dana Point sample six individuals and from

several samples each of the other subspecies in southern California and cytochrome

sequences have been generated from these specimens see Bryiski and Patton in

manuscript Maximally DNA should be extracted from hairs or skin biopsies from

all PPM captured during current survey work at Dana Point and any other known

population Sample size is critical issue and all available individuals up to

perhaps 20 per population sample should be sequenced

The degree of gene flow between extant populations of the PPM can be

assessed both by the sequences generated from Question above and by the

application of nuclear DNA markers such as microsatellites Since mtDNA is

maternally inherited the pattern of haplotype distribution in relation to the

geographic proximity of sampled populations will give information only on female-

mediated gene flow Either Y-chromosome specific probe unique to males or

several segregating autosomal nuclear gene loci would be needed for population

view of gene flow that incorporates both males and females

Microsatellites evolve at an extremely rapid rate and each species must have

their microsats both identified and optimized for analysis The technology to do this

is expensive in both time and money For one to start from scratch to build and

screen libraries and then to optimize primers once microsats are identified the two

necessary precursor steps prior to the examination of microsat variability within the

desired samples would likely take full year or perhaps more Commercial

companies can be contracted for these initial phases and recommend use of such

company

Microsatellites will provide great potential rewards These as above can be

used in combination with mtDNA sequences to examine gene flow trends for males

and females separately and particularly to determine the degree of genetic

differences among extant populations of the PPM Equally importantly however
microsatellites offer richer source of genetic variation and thus provide greater

insights into the third question of whether or not genetic diversity has been lost

Moreover because of the high rate of mutation at these loci it is also possible to

determine those variants that remained following an historical bottleneck relative

to those that have evolved since the bottleneck It is thus possible to track the

genetic history of extant populations in very fine-tuned manner Microsats can

also be used effectively to examine local genetic population structure including

mating system e.g paternity analysis

To determine whether the pooi of genetic diversity in both mtDNA
sequences and microsats has decreased in populations of the PPM as result of

population decline and fragmentation we will extract DNA from available
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specimens preserved in museum collections These include samples collected prior

to decline the Museum of Vertebrate Zoology for example has 35 specimens of

PPM from LA and San Diego counties all collected prior to 1935 would anticipate

that 100 individuals are possthly available for such analysis Sequencing costs for

both cytochrome and Control region would be somewhat higher than specified

aboveancient DNA is more degraded and thus requires more PCR amplifications

and sequencing events for the same amount of data

Budget

Reagents and expendables for extraction

amplification and sequencing

non-ancient DNA
90 individuals at $15/specimen

Reagents and expendables for extraction

amplification and sequencing

ancient DNA
100 individuals at $20/specimen

Build and screen libraries sequence clones

identify 20 microsatellite loci

commercial vendor

Optimize PCR reactions and screen population

samples for 20 microsatellite loci for 100

individuals

Undergraduate work-study salary 10 hours

per week for 30 weeks $9.99/hour

assistant salary UCB

total request

Budget Justification

DNA extraction PCR amplification and sequencing run approximately $15

per individual specimen for each gene examined based on experience in our

laboratory Costs for extraction etc for ancient DNA from museum specimens
will be higher since that DNA is more degraded and thus requires an increased
number of PCR amplification and sequencing efforts Costs for making and

screening libraries to develop microsatellite loci are those identified by commercial
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biotech companies Costs to screen population samples include costs of primers

fluorochrome dye terminators and all sequencing reaction materials Again
estimates given here are based on actual costs in our lab

Cost for technical help is based on University of California at Berkeley

personnel hourly wages for Lab Assistant position. student who is fully

trained and interested in pursuing aspects of the project for senior honors thesis

has been identified and is available



Comments on possible genetic studies of the Pacific pocket mouse Perognathus

longimembris pacificus

As preamble conservation genetics has usually been directed to two general

issues regarding genetic variation the erosion of genetic variability within impacted

population and the amount of inbreeding in local populations While these are

interrelated issues to degree they address different questions of concern regarding

the recovery of an impacted species The first issue the amount of genetic variation

present addresses the long-term ability of the species to adapt to changing

environments the second issue addresses the potential momentary decline of

population due to the recurrence of recessive lethals to point doser to the level where

demographic stochasticity rules subsequent events

There are minimallyhowever three different genetic questions of importance

to the identification of the status of and recovery efforts for an impacted taxon such as

the Pacific pocket mouse PPM

to what degree is the PPM an evolutionarily significant unit ESU in

other words how genetically unique is the PPM as taxon or any of its member

populations

what is the level of genetic diversity contained within the PPM and how is

this diversity apportioned among its member populations How much gene flow

existed in the past among populations that are now physically isolated due to

fragmentation of its range How much genetic diversity has been lost in the extant

populations relative to pre-impacted ones

what is the nature of the local genetic unit Is the species monogamous

polygynous or promiscuous and is dispersal male or female biased if at all

The type of genetic markers employed in any study of genetic diversity in this or

other taxa will optimally depend on which of these questions one wishes to address

All three are general areas of considerable significance to endangered species and each

can provide data pertinent to recovery depending upon how that recovery is defined

There are two general classes of genetic markers currently employed in analyses of

within and among-population variation maternally inherited mtDNA sequence

haplotypes and nuclear microsatellite loci The former is advantageous to addressing

the first and second questions above particularly for determining the phyletic history

of the target taxon and its member populations relative to others MtDNA evolves at

faster rate than the average nuclear gene is relatively easy to extract and amplify even

from historic museum specimens and gives direct evidence on the degree of female

structure since it is maternally inherited Microsatellite markers offer the advantage of



any Mendelian genetic system and as nuclear genes provide direct measures of gene

diversity of nuclear DNA Both mtDNA and microsatellites are grossly neutral in their

evolutionary trajectory and hence their diversities are uncomplicated by local selection

Rather the diversities observed are most likely to reflect simple population history
such as numbers of breeding adults degree of fragmentation and so forth

Both types of genetic markers are applicable to the first two general question

areas but of the two only microsatellites can address issues of mating system and

paternity/maternity MtDNA is perhaps better for the question of evolutionary

uniqueness question and it has the advantage of being more readily recoverable

from museum specimens Because DNA is usually highly degraded in such ancient

specimens the high copy-number of mtDNA relative to that of nuclear loci is distinct

advantage in assessing genetic diversity from museum specimens which would

represent pre-impacted populations Hence mtDNA data can perhaps more readily

determine how much genetic erosion has occurred in populations over time If

microsatellites are recoverable from museum samples then this question can be

addressed by both sets of markers The question of the extent of gene flow among
populations can be assessed by both sets of markers mtDNA by virtue of its maternal

inheritance gives female-biased view i.e female philopatry will generate lower

levels of mtDNA gene flow than would be found for microsatellite loci and the

combination of mtDNA and nuclear gene perspectives is powerful approach that can

potentially distinguish between historic gene flow from that occurring today

Only microsatellite loci can be used to the dynamics of the local mating system
and to determine the level of inbreeding since markers exhibiting Mendelian

inheritance are necessary to determine parentage If mating patterns and inbreeding
levels are important aspects of the recovery design then effort should be made to

develop 6-12 variable microsatellite loci

MtDNA sequence analysis is simple and straightforward and large number of

universal primers are available to enable one to amplify and sequence any segment of

the mitochondrial genome Measures of mtDNA haplotype diversity are equally simple

to perform This technology is thus already fully available for studies of population

genetics of the PPM and preliminary data using the cytochrome sequences are

available that document the diversity and distinctness of the Dana Point population of

the PPM relative to those of adjacent subspecies brevinasus bangsi and

internationalis Bryiski and Patton in manuscript Microsatellite technology is

however considerably more difficult one First libraries of DNA sequences

potentially containing microsatellite locus string of short tandem repeat elements
need to be constructed and subsequently cloned and the dones individually examined

for the requisite repeat sequence Once such sequences are found oligonucleotide

primers must be constructed that are unique to the flanking regions of each repeat

sequence and the conditions for amplification must be optimized Then prospective
loci must be screened for number of individuals of interest to determine if it has



sufficient variation to be useful i.e that sufficient number of alleles will be present
The full range of these steps is most efficiently accomplished by commercial

laboratory My preliminary discussions with Amplicon Inc in Idaho suggests that

development cost of approximately $15000 would result in 6-10 variable microsatellite

loci retrievable from hair samples



APPENDIX

SUMMARY DATA ON
PEROGNA THUS LONGIMEMBRISBANGSI

CAPTURES ON THE SNOW CREEK
STUDY GRIDS 1999



Grid

Morning

PIon
new

P.Ion

recap

D.mer

new

D.mer

recap

C.fal

new

C.fal

recap

C.pen
new

C.pen

recap

P.man
new

P.man

recap

O.tor

new

Otor

recap

T.bot

new

T.bot

recap

Amno

28

15 10 18

12 11 24

14 19

16 19

16 13

20

14

Totals 40 96 50 107 11 18

Grid

Morning

P.Ion

new

P.lon

recap

D.mer

new

D.mer

recap

D.aql

new

D.agi

recap

C.fal

new

C.fal

recap

C.pen
new

C.pen

recap

P.man

new

P.man

recap

P.ere

new

P.ere

recap

O.tor

new

O.tor

recap

Amno

11 10

14 10

13

13

19 10

13

12

Totals 31 89 30 52 12 21



E2 F2 E2 E2

good goOd

F3 F3

GRID

Animal Mark Sex Age ________________________________________________________T1 E2

good

T13 F3

blood

T12 E25 G2 Gi

good no blood little swollen

Til E26 Ji Ji Ji

too far back crimped

111-- J3 J3 L2 12

rt-lt ear ripped blood

Tb E28 18 18 18 17

good blood little swollen

TB E29 L7 L7

ctr of ear scab little sWollen

T38 A3 04

deep red/swollen

140 E20 AG

ElOw

10 T41 E16 A7 A7 A7

good

11 131 D4tB6D Cl

i4i f14p

12 T30 0242027 Cli

13 l7 14 b9

blood PIT removed

14 T37 E17 03 03 C3

little swollen

15 T26 b23871 El

b1eŁd1ig felt deep

16 T28 0302745 H5

blood

17 t36 93 Gi

.1 EBfflrea
18 T35 E4 Ii Ii Ii

at back drooping

19 1i3 b47A P1 L9 kb

20 T33 0240428 L4 L4

over It hind leg sm scab

21 t34 El
N5

qood

22 T42 E13 N13 M13

crimped blood
_________________________________________



Morning
--

El Fl Dl

good

F3 G3
ripped rio tag

G3

good good hole forming

little swollen

J2 J3

hole forming

D3

good

E7

scab rŁlsØd redsW1le

D2 Dl

no Etag

G3

no tag

G3

good Ti regrown

K3

scabby wound
04

Ji Ji

H7 H8

K3

little swollengood

lB

little red

A4

swollen

K3

H6

no Etag

A7 A5

bil

good

H6

good ripping

11

Pwoutldgod

NS M4

od drobpy ev4



GRID

Animal Mark Sex Age
23 T43 E5 C14

24 T47

25 T44
26 T45 E64

27 146

28 T48 E22

29 T50 E92

30 151 E74

31 Th2 E15

32 T54 E99

J12

far back

J14

L8

D8

good

C5

good

F4

red

H9

37 84

38 Dead in door

M.

39 .r71 SAA

40 T80 E78

41 Jnkr%om

ahtoati1
42 T83 D237A01

43 T8b2BiF1..M

44 T75 D305459

D8

C5

F4

H9

rt ear

Hi

H9

good

Ii

good

J14

good

baseline

Lib

N4 N4

33 t5 E8 .A 47 N8

Egood
34 T55 E97 M13 M10

little swollen/red

35 161 E72
II

36 T70 D2A7832



Morning

Cl

hd ft mangled half tal

ElO G9

good good

B5 85

folded not ripped drooping
G5 G5

good pulling forward

H1O

Ii Ii
Ji J2

good little swollen drooping tag reversed re-grown
J14 J14 Ill

good good no tag red not swollen

LiO L9 MlO L12 Ll2

good little swollen/red little swollen grown in and really snug
N4

folded good

N8 M1
good

droopy revetd
N12 M12

swollen good little red

real swollen/red

M2 Ml

scab enlarged

M7 M7 M7

Egood
14

Bi

N8 M1O Nil

Ehighfarout noEtag
fvtl

Recap 14_
Bi

half tail

Al
iY

Eli A12

_______________________________ __________
fine sandy scab



N13

faiied entry

Morning



far out stubby taN

03

G8 F7

good

19

D5

C8 C8

drooping

E9

drooping

G8

gbod

H8

good good

Al

tittI swoflh

AB

D7

drooping

05

Ok but drooping

F8

drooping

F8

good

Al

good

AS

good

hair in wound sandy wound wound Ok
13 Th4 02

no tail FjI F1
14 T22 D242D74 05 C5 05 CS

sandy wound sandy sensitivesandy wound

ElO ElO ElO Fr Elo
iF

good

16 114 D31702F H9 H9 H9 G9 J10
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Summary Data

Perognathus longimembris longimembris Laboratory Marking Study

Beginning

Animal

ID Treatment Age Sex Beginning Comments

control healthy no deformitics

control healthy no deformities

12 control healthy no deformities

14 control healthy no deformities

control healthy no deformities

toe-clip healthy no deformities

13 toe-clip healthy no deformities

17 toe-clip healthy no deformities

19 toe-clip healthy no deformities

25 toe-clip healthy no deformities

27 toe-clip healthy no deformities

ear-tag healthy no deformities

18 ear-tag healthy no deformities

20 ear-tag heatlhy deformed rear toe

23 ear-tag healthy no deformities

24 ear-tag healthy no deformities

26 ear-tag healthy no deformities

suture healthy no deformities

suture healthy no deformities

suture healthy no deformities

suture healthy no deformities

16 suture healthy no deformities

22 suture healthy no deformities

PIT tag healthy no tip on tail

11 PIT tag healthy no deformities

21 PIT tag healthy no deformities

Weight Ending Weight

1212099 FInal Comments December 1999

00 glossy coat very active healthy

9.30 glossy coat healthy molting

00 molting active

10 active healthy

9.40 active glossy coat healthy

8.X nail re-growing healthy active

62012/10 healthy on 12/10 nail re-growing deceased on 12/20

70 molting healthy active

8.30 healthy active

90 active nails re-grown and growing

8.90 very active nail re-growing

8.60 healthy

8.90

8.60

7.20

9.00

8.70

960

9.00

8.50

6.00

9.40

7.80

9.20

7.80

8.10

molting active healthy

healthy alert

molting healthy

molting healthy active

drooping ear-tag active healthy

healthy active

healthy active sutures gone

molting healthy sutures gone

active molting healthy sutures gone weight increases in January

active healthy sutures gone

alert healthy

healthy no discomfort PIT fell out

active healthy tag over right shoulder

active healthy tag over left hip

7/2/99

15

45
090

00

55

00

8.80

8.60

80

8.30

880

8.50

8.80

6.30

8.80

7.00

7.45

8.40

9.60

8.10

7.50

9.00

8.80

8.30

7.00

9.00
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ABSTRACT

During Phase III 2000 of the Pacific pocket mouse PPM Perognathus IongimernbrispacJIcus
study program the study team continued several tasks initiated during Phase II as high priority for

steering recovery of the species systematic search for possible translocation receiver sites

controlled laboratory investigation of alternative marking techniques using an unlisted surrogate

subspecies Ion gimenbris and field surrogate study using the unlisted bangsi to

test marking and other study techniques We also continued coordinating with PPM research being

performed by us or others under separate funding including population genetics studies field work
for the translocation receiver site search experimental shrub thinning at the Dana Point PPM
Reserve and PPM population monitoring After three years of intensive study the team feels that

PPM translocations are feasible in the near future provided that research continues filling critical

information gaps in the interim and beyond

Trans/ocatjon Receiver Site Study The GIS habitat evaluation model developed during Phase II

to identify potential translocation receiver sites was refined during Phase III based on recent micro
habitat soil selection studies on the Oscar One PPM site The refined model discriminates soil

criteria more precisely than the original model and adds very high category for soil types likely

to include fine loamy sands with low gravel rock and clay content Under separate funding

provided by the wildlife agencies the team also completed field reconnaissance on those areas

identified with the aid of the model as having potential to support translocated PPM Shana Dodd
Dodd and Stephen Montgomery Montgomery rated all sites they investigated in the field and

selected the seven highest-rated sites for more detailed field investigations during the year 2001

Laboratory Surrogate Marking Study We continued monitoring the longirnembris marked

using four techniques during Phase II custom-designed ear tags color-coded surgical sutures

subcutaneous PIT tags and toe clipping Ear tags and surgical sutures were ruled out as useful

methods during Phase Il so no new individuals were marked with these techniques In June 2000
the sample of PIT-tagged individuals increased from three to seven As during Phase II most

marked individuals remained healthy and active but concerns remain regarding the size of PIT tags

for this species Overall toe clipping still appears to be the easiest most reliable and least harmful

of the available techniques although PIT tags would offer substantial benefits if they could be made

smaller

Field Surrogate Study The two 0.5-ha study grids established in bangsi habitat in the

Coachella Valley were trapped again during spring and summer 2000 to assess over-winter survival

ofmarked individuals mark additional individuals with PIT tags and toe clips and obtain additional

life-history data Both grids were trapped in 2000 using 5-rn inter-trap spacing for five

consecutive nights in late April and four consecutive nights in late July Captured bangsi were

sexed aged and assessed for reproductive condition condition of any previous marks and other

pertinent information Previously unmarked individuals wer either toe clipped or PIT tagged

The bangsi population more than doubledn to 2000 due to large reproductive output

in spring-summer 2000 This resulted in
Iargumover

from 1999 to 2000 in individuals resident

on the grids Sex ratios did not differ from each other or from 11 ratio for grids trapped using the

5-rn spacing in 1999 and 2000 however the grid trapped in 1999 using 7-rn spacing had strongly

male-biased ratio which differed significantly from 11 and nearly differed significantly from the

Ill



ratio observed using 5-rn spacing Only 12 individuals toe-clipped in 1999 were recaptured in

2000s and no individuals were recaptured bearing PIT tags or ear tags This low return rate

prevents drawing conclusions regarding survivorship effects

Population Genetics Study Genetics analysis of recent and historic PPM samples were performed

by James Patton and Andrea Swei at UC Berkeley under separate funding To date they have

examined haplotype variation in the mitochondrial cytochrome gene from 37 PPM specimens

collected in 1995-2000 and partial DNA sequences from 12 museum skins Full 810 base pair bp
sequences were obtained from the live-caught specimens and 430 bp fragments were amplified from

the museum specimens Low measures of gene flow between both historical and extant populations

suggest that genetic drift has strongly affected genetic diversification between populations and will

continue to erode genetic diversity within each Among the subspecies of little pocket mice PPM
has the lowest haplotype diversity particularly in the Dana Point population unique haplotypes

from 27 individuals sampled About 79% of PPM haplotype variation is within populations with

only 19% found between populations within time period and 2% between modern and historic

samples The pattern of haplotype differentiation suggests that populations were already largely

isolated from one another by the 930s and that the current low level of diversity and high inter-

population divergence is due to natural pre-development isolation Finally although PPM

haplotypes are largely apportioned among populations they are all closely related genealogically

which suggests that PPM translocation program could move individuals from anyor all extant sites

to create new populations or bolster existing populations

Experimental Shrub-thinning Study Experimental habitat thinning was initiated under separate

funding at the Dana Point PPM reserve during 1999-2000 in hopes of improving habitat quality and

PPM population size Dodd and Montgomeryestablished and trapped 11 grids during the spring and

summer of 1999 pre-thinning and 2000 post-thinning three control grids in known occupied

PPM habitat having relatively low shrub cover and eight experintal gds
in dense shrub cover

not known to harbor PPM but having appropriate soils Four.2by-rareas were thinned of

shrubs overlapping of each of the experimental grids In January 2000 individual shrubs were

removed at ground level reducing mean shrub cover from 83% to 32% Grids were trapped for

seven consecutive nights during spring and again during summer Captured PPM were individually

marked by clipping hair and using indelible colored markers during 1999 or by toe clipping

during 2000 PPM seemed to respond quickly and positively to the shrub thinning by

redistributing themselves into the newly thinned habitat areas During 1999 pre-thinning nine of

eleven individual PPM were captured on the known occupied control grids and only two were

captured in areas to be thinned After thinning nine often individual mice were captured in thinned

areas The significant x2 7.31 0.026 shift in captures after shrub thinning suggests strong

behavioral preference by individuals to use the newly thinned habitat areas

Recommendations for Phase IV Based on results of these Phase III studies the team recommends

the following studies for Phase IV year 2001 update the 1998 feasibility analysis for PPM
translocations and develop framework tranlocation protocol based on information collected

during the past three years design and implement one or more translocation experiments using

hangsi as surrogate or using salvaged PPM to test specific methods and fill remaining

information gaps continue the fine-filter field evaluation of potential translocation receiver sites

and continue coordinating with other associated studies including genetic analyses using nuclear

microsatellite DNA the Dana Point shrub thinning study and population monitoring at extant PPM
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sites We also urge that funding be pursued to design smaller PIT tag for use on PPM and that

long-term monitoring of at least the Oscar One/Edson Range population begin as soon as possible

with individuals permanently marked by toe clip or miniaturized PIT tags Finally we recommend

expanding habitat management efforts e.g shrub thinning or controlled burns at all extant PPM
sites where shrub cover seems too dense for optimal PPM habitat perhaps where cover exceeds

about 50% These efforts must include careful monitoring for invasions by exotic species with

appropriate management responses at the ready
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INTRODUCTION

In 1998 the Foothill/Eastern Transportation Corridor Agencies TCA in cooperation with the U.S

Fish and Wildlife Service USFWS California Department of Fish and Game CDFG and Marine

Corps Base Camp Pendleton initiated series of focused research tasks designed to help recover

populations of the critically endangered Pacific pocket mouse PPM Perognathus longimembris

pacflcus At the end of our first year Phase the study team concluded that translocations

designed to establish new populations of PPM were probably necessary to recover the species but

that we knew too little about the species biology or the availability of translocation receiver sites

to recommend or design translocation program During Phase 1999 research priorities were

therefore refocused on several tasks deemed most critical to answering immediate questions

systematic search for possible translocation receiver sites controlled laboratory investigation

of alternative marking techniques using an unlisted surrogate subspecies longimembris and

field surrogate study using the unlisted bangsi to test marking and other study techniques

and gain basic biological information on the species We also recommended and coordinated with

several related studies being carried out by others or by our team members under separate funding

population genetics study to establish baseline measures of genetic diversity within and among

extant PPM and historic PPM populations experimental habitat management at extant PPM

sites and continued population morlitonng at extant sites Progress on all of these efforts was

summarized in our Phase Spencer et al 2000a and Phase II Spencer et al 2000b reports

This Phase III report
summarizes results of these continuing studies through the year 2000 and

recommends high-priority tasks for the year 2001 and beyond Chief among these recommended

studies are comprehensive update of our original Phase feasibility assessment for establishing

new PPM populations and framework design for PPM translocation program Based on the last

three years of information gathered on this species and its habitat the study team believes that

translocations designed to help recover the PPM are feasible in the near future provided that

research continues to fill critical information gaps in the interim We therefore believe it is time

based on all the information collated to date to outline how and where transactions should be

performed and to identify those remaining information gaps most critical to performing

translocations To help answer these questions we also recommend designing and performing one

or more translocation experiments beginning in 2001 using surrogate subspecies or using salvaged

PPM if salvage becomes necessary due to impacts at an occupied site
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TASK TRANSLOCATION RECEIVER SITE STUDY

Dunng Phase 111999 the study team had initiated systematic search for potential habitat areas

in which it might be possible to establish new PPM populations via translocations We continued

this search during Phase III refining the GIS habitat evaluation model and completing our coarse-

filter field review of sites identified with the aid of the model The fieldwork was performed by
Dodd and Montgomery under separate funding Section contract through San Diego State

University Foundation with funding provided by CDFG and USFWS

METHODS

The GIS hatat evaluation model developed during Phase II was refined during Phase III based on

recent micro-habitat soil selection studies on the Oscar One PPM site USFWS unpublished data
The original model see Phase II report used conservative assumptions and existing digital soils and

vegetation maps to rate sites along the Pacific coast as having high moderate low or no potential

to support translocated PPM populations The USFWS micro-habitat studies subsequently revealed

strong association between PPM occupancy on fine scale 20 by 20-rn trapping grids with deep

more than 30 cm fine loamy sands not sandy barns having less than or 7% by volume of clay

and less than 4% by weight of gravel and rock At this scale and site PPM appear not to occupy
other soils including barns silts and clays that predominate around the finer deeper sand pockets

Our refined GIS model therefore discriminates soil criteria more precisely than the previous model
and adds very high category for soils that might have inclusions meeting the criteria observed

at occupied micro-sites at Oscar One All soil types mapped within this study area USDA 1973

1978 were thus rated as having very high high low or no potential to support PPM based on

surface horizon texture soil depth and other factors e.g presence of hardpan high gravel or

cobble content Figure illustrates the initial surface texture ratings using the classic soil textura--

triangle USDA 1997 These initial ratings were then modified based on other soil attributes

included in the detailed soils descriptions USDA 1973 1978 such as depth of surface horizon or

presence of rock gravel hardpan or other features Appendix presents the soil rankings

Vegetation types were rated as having high low or no potential to support PPM using regional GIS

vegetation maps SANDAG and Ogden 1997 for San Diego County County of Orange 1993 for

Orange County PPM have historically been associated with open coastal scrub and grassland

habitats having diversity of annual herbs so these vegetation communities were rated high PPM
probably cannot persist in denser shrub communities wetlands or woodlands However the

regional vegetation maps are coarse in scale and some upland areas mapped as generally unsuitable

natural vegetation may contain small areas of open scrub or grassland Therefore all natural

vegetation types were considered to have at least low potential to support PPM Areas mapped
as agriculture developed disturbed rock or open water were rated as having no potential

The soil and vegetation rankings were combined to create overall habitat ratings within km of the

coast Table The logic behind these ratings is as follows evidence to date suggests that soils are

the primary determinant of habitat quality at least within areas of natural vegetation near the coast

So long as the soils are highly suitable to support PPM low suitability vegetation e.g chaparral

may reduce PPM habitat potential somewhat but vegetation management e.g burning or thirming
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might be used to increase habitat quality Therefore the presence of low-quality vegetation on high-

quality soils only slightly reduces the overall habitat potential to support PPM However ifthe soils

are low quality for PPM the vegetation community type or vegetation management will probably

have little effect on PPM habitat potential consequently the overall rating reflects the low soil

potential If soils and vegetation are inappropriate e.g clay soils or agricultural fields the site has

no PPM potential

Please note that although Los Angeles County also once supported PPM it was excluded from this

study due primarily to lack of USDA soils maps Furthermore most of the remnant undeveloped

areas in Los Angeles County are not currently considered suitable to support translocated PPM

populations due to inappropriate soils habitat degradation abundant exotic species and other

factors Nevertheless this omission of Los Angeles County from the search for possible

translocation receiver sites at this time should not be construed as meaning that the county cannot

support remnant PPM populations or should be exempt from species survey requirements for

development projects

Table Habitat Potential to Support PPM Based on Soils and Vegetation

Soil Suitability Vegetation Suitability1 Potential to Support PPM

Very High High Very High

Very High Low High

Very High None None

High High High

High Low Moderate

High None None

Low High
Low

Low Low Low

Low None None

None All Categones None

See Appendix for soil suitability ran krngs

All coastal scrub grassland and dune vegetation communities were ranked high all other natural vegetation

communities were ranked low all developed disturbed agricultural rock and open water areas were ranked none

Once maps of the overall habitat potential were created we identified relatively large blocks

about 20 ha of moderate to very high habitat value that we considered worthy of field evaluation

as potential receiver sites We also evaluated habitat in and adjacent to the two San Mateo PPM

sites This was done to investigate whether natural expansions of the San Mateo populations are

possible perhaps aided by habitat management Rating the known occupied areas at San Mateo also

helped to validate use of the rapid-evaluation methods

Not all areas predicted by the model to support potential PPM habitat were included in the current

field study due to known biological or land-use issues For example several areas in Orange

County between Newport Bay and Bolsa Chica were rated very high by the model but are



considered too highly disturbed and constrained by existing and planned development to have

potential as receiver sites Also some large areas of Camp Pendleton predicted to have high or very

high value have already been extensively surveyed and deemed unsuitable due to extreme

disturbance by military training soil compaction and type conversions in vegetation communities

e.g areas mapped as grassland or coastal sage scrub that have converted to exotic weedy

vegetation Nevertheless the team surveyed all areas outlined as field evaluation sites on Figures

and including portions of Camp Pendleton both inside and outside of active training areas

Montgomery and Dodd evaluated these sites in the field during 1999-2000 using rapid evaluation

data sheet Appendix to record vegetation soil and other site characteristics Based on their

results the seven highest-rated sites have been selected for more detailed field investigations during

the year 2001

RESULTS AND DISCUSSION

Table summarizes acreages of habitat potential to support translocated PPM in Orange and San

Diego Counties based on the GIS habitat evaluation model and Figures and map these areas

These acreages surely overestimate the actual amount of high and very high quality habitat due to

the conservative model assumptions the coarse nature of the available soils and vegetation data and

the inclusion of habitat areas as far as km inland from the coast nearly twice as far inland as PPM

were historically recorded In addition much of this acreage is distributed in small scattered

habitat fragments or is on steep slopes which may not represent suitable habitat for PPM
Nevertheless these results suggest that there are sufficient areas of potential habitat to warrant

further fieldwork and consideration of translocation as recovery tool for PPM

Table Areas of Potential Habitat to Support Translocated PPM in Orange and San Diego

Counties Predicted Using GIS Habitat Evaluation Model

Orange San Diego

County Count Total

Habitat Potential ha ac ha ac ha ac

Very High 1535 3793 7859 19419 9.394 23.212

High 31147696 3751 9.270 686616966

Moderate 1486 3671 1802 4452 3287 8123

Low 2.900 7166 1171428947 14614 36113

None 40.810100844 127657315439 168464416283

Total 49845 123170 152780 377527 202625 500697

Los Angeles County was omitted due to lack of USDA soils maps and levels of habitat disturbance However

LA County may still harbor PPM populations and species surveys may stiH be required in potential habitat areas

Figures and also illustrate the areas that Dodd and Montgomery ranked in the field Some areas

not considered worthy of field reconnaissance during Phase 11 were added during Phase III

including the Manchester Conservation Area in Encinitas the Torrey Pines State Reserve Extension

Trails in Del Mar and the Wire Mountain area of Camp Pendleton The first two sites were

overlooked during Phase II due to their relatively small sizes compared with other highly ranked



sites in their vicinity however their status as reserves and the presence of very high quality soils

elevated their potential during Phase ifi studies Portions of the Wire Mountain area were also

initially overlooked because soils there were mapped by USDA as cobbly loam howe er field

oonsindicarnceofdeePhmYsands
that

aear irPPM
As expected the field survey team tended to rate most areas as lower value than did the GIS habitat

evaluation model For example some areas predicted from USDA soil maps to be of high or very

-l
high value were found to be low quality during field evaluations e.g soils in the Las Pulgas area

of Camp Pendleton mapped as fine sandy barns appeared instead to be clay barns However in

few cases the field survey rated some areas higher than did the model due mainly to presence of

high quality soils that were not accurately mapped on the USDA soils maps e.g loamy sands at

Wire Mountain that are mapped as cobbly barns Overall the field team felt that the model

provided good general guidance for identifying the most promising locations but that it

misidentified habitat quality in many areas due to inaccuracies in available soils and vegetation

maps or due to factors that are only discernable in the field e.g soil compaction or vegetation

disturbance SDAsoil series maps are too coarse in scale

qua1it1id do not necessarily consider the factors most itieai to PPMY

Table and the following text sections summarize qualities of the sites ranked by Dodd and

Montgomery as having the greatest potential to support PPM These sites are also highlighted

dashed lines on Figures and One of these sites Aliso Canyon in Orange County lies north

of all extant PPM sites whereas the other six sites are in San Diego County south of all extant PPM
sites They range as far south as the southernmost extent of the historic PPM range Tijuana River

Valley The following descriptions are cursory More detailed descriptions and maps of the

highest-ranicing habitat patches will be provided in Dodd and Montgomerys report to the wildlife

agencies per their Section contract

Wire Mountain Dodd Montgomery and Spencer surveyed undeveloped portions of the Wire

Mountain area near the southern end of Marine Corps Base Camp Pendleton Although this area

was initially overlooked as potential receiver site due in part to possible inaccuracies in soils

maps some portions were rated prime the highest rating given by the field study team The GIS

model predicted scattered patches of fine sandy barns to be of high or very high value However

at least one area identified by the field team as prime habitat was misidentified by the GIS model

as having low value This area lying north and northwest of the water tanks near the northern extent

of the Wire Mountain military housing area was mapped by the USDA as cobbly barns but field

evaluation determined it to have deep loose loamy sands that are very low in clay gravel cobble

and rock content The vegetation on this gentle plateau is very open with coastal sage shrub cover

ranging from to 50% and an overall average of about 20% The herb layer is relatively dense

averaging about 80% overall with Erodium Croton Lessingia and other native and non-native

herbs Although it is near military family housing and has jeep trail through it the area appears

to be relatively undisturbed with low levels of off-road vehicle use dumping and litter The Wire

Mountain area was intensively trapped for PPM in the mid-I 990s Ogden 1997 with no individuals

captured The lack oIPPM captures there was considered surprising by biologists particularly since

the site lies directly across the Santa Margarita River from the Oscar One population and shares

similar geology This area appears highly suitable for possible PPM translocation provided that

the receiver site is fenced to limit human access It may have once been occupied as part of the
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Table Top Seven Potential Receiver Sites Dodd and Montgomery Observations

Approximate Area
Site Portions with Best Habitat ha ac
Wire Mountain Area Camp Pendleton Plateau northwest of water tanks 8-12 20-30
Ton-ey Pines State Reserve Around Parrys Grove and Guy Fleming trails 32 80

Southern half of reserve scattered patches 40 100
Area west of La Jolla Farms Road 20

Torrey Pines State Reserve Ertension Trails Coastal sage scrub scattered throughout 40100
Manchester Conservation Area Valley floor 2460
Point Loma Ecological Reserve Patch near lower lighthouse tO

Scattered coastal sage scrub patches on ridges and 34 85
slopes throughout

Aliso Canyon Area Patch near Moulton Meadows Park 20 50
Patch north of Aliso Creek 20 50

Tijuana River Valley Patch near Tijuana bullfight ring near the PPM 615
type locality

Spooners Mesa 40 100
Approximate visual esnmate of areas for higher quality habitat patches as reported by Dodd

historic PPM population near the mouths of the San Luis Re and Santa Mar

Torrey Pines State Reserve Dodd and Montgomery surveyed Torrey Pines State Reserve and

surrounding undeveloped lands Although the GIS model mapped most of the area as only moderate

to low quality habitat Dodd and Montgomery noted several areas that appear to be very high

quality Within the larger area surveyed PPM habitat ratings ranged from prime to not suitable

The highest rated areas are near the north end of the park especially in and around Parrys Grove
and Guy Flemming trails where soils are loosely packed sandy barns although the USDA mapped
this area as terrace escarpments Vegetation ranges from relatively open to dense sage scrub with

some chaparral The sage scrub throughout the reserve seems to be of high quality with very
diverse

array of native shrub and herb species and few exotic species The area rated as prime
habitat occurs along the Guy Flemming trail where burn has

substantially thinned the vegetation
Several other highly rated areas are interspersed with medium-high and medium-low habitat

especially in the central and southern portions of the reserve around Yucca Point and relatively

small patch of habitat on hilltop west of the houses near the start of La Jolla Farms Road Several

areas on the reserve seem highly suitable for PPM introduction especially if some vegetation

management i.e vegetation thinning were performed The land is already managed for biological

resources by the State of California Department of Parks and Recreation The reserve supports
number of rare plants and animals which must be considered in recommending habitat management
actions to benefit PPM

Torrey Pines State Reserve Extension Trails The Torrey Pines extension trails are located north

of the main reserve and can be accessed via Del Mar Scenic Parkway north of Los Penasquitos
Lagoon and Carmel Valley Road The Penasquitos Lagoon area is considered probable historic
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PPM location USFWS 1998 The GIS model rated Torrey Pines extension from very high to low

suitability The field survey generally confirmed the model predictions but some areas rated low

by the model were field-ranked as moderate to high quality Habitat in the extension area is similar

to that on the main reserve with diverse coastal sage scrub ranging from small open patches to

dense closed-canopy scrub Soils are mostly loosely packed sands The site as with the main

reserve contains soft sandstone ridgelines which are highly erosive The valley floors therefore

accumulate deep sands which were rated as high to very high PPM habitat value The team rated

chaparral on the upper slopes as medium-high to medium-low habitat value The higher valued

.i chaparral occurs where sand has accumulated and adjacent sage scrub habitat is high quality This

site also seems suitable candidate for PPM introduction provided that adequate vegetation

management can be performed It is also managed by the Department of Parks and Recreation with

similarbiological goals as the main Torrey Pines State Reserve

Manchester Conservation Area The Manchester Conservation Area is an approximately 50-ha

125-acre preserve owned and managed by The Center for Natural Lands Management The GIS

model generally agreed with the field evaluation that the highest quality habitat occurs in the

valleys with lower quality habitat on the steep slopes and ridgelines The survey team rated the

valleys as high to medium-high suitability The higher valued areas are pockets of relatively open

sage scrub on deep loose sandy soils The medium-high patches occur where the vegetation

becomes very dense or the soil becomes less suitable i.e more compact Active vegetation

management especially thinning might make relatively large block on this preserve highly

suitable for PPM introduction Geology of the site is similar to Torrey Pines with soft sandstone

ridges that erode to create deep sandy soils below Habitat on the slopes and plateaus above the

valleys were rated from medium-high to medium-low because the soils are more compact there is

lot of foot-traffic and human disturbance and chaparral is the dominant vegetation The valley

floor may have been historically farmed which might reduce its habitat value PPM introduction

or habitat management in the preserve would have to be in concordance with management for other

species on the site including several narrow endemic plant species

Point Lona Ecological Reserve The study team surveyed the Point Loma Ecological Reserve

including lands within Cabrillo National Monument and lands managed by the Navy Much
of the area is conserved as open space and managed for biological resources by the National Park

Service and the Navy Overall the ridge-tops and gentler slopes of the peninsula had the

highest habitat values They were rated in the field as having high to medium-high suitability in

general concordance withthe GIS model Soils on these ridges and gentle slopes consist mostly of

loosely packed sands Much of the sage scrub and chaparral habitat on the peninsula is very dense

with scattered openings The best patch is quite small about ha 10 acres and occurs just above

the lower lighthouse on Cabrillo National Monument Large blocks of lower-quality habitat occur

throughout the peninsula on the steep east- and west-facing slopes The main drawback for this site

is that the best habitat patches are generally small and widely scattered amongst lower-quality

habitat or between Naval or National Monument facilities Vegetation management i.e shrub

thinning and exotics removal would increase the amount of higher-quality habitat on the reserve

The peninsula supports an abundance of rare species and localized concentrations of narrow

endemic plant species Therefore any habitat management for the benefit of PPM would need to

avoid adverse effects on these rare plants and be in compliance with the Point Loma Natural

Resource Management Plan
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A/iso and Wood Canyons Wilderness Park The team surveyed portions offfi- Canyni
4Q4 \Tilderness Itark from the coast to just east of where Wood Canyon intersects with Aliso Canyon

The GIS motlel mapped much of this as low suitability with only scattered patches of high and

moderate suitability mostly north of Aliso Creek The survey team generally agreed with this

assessment however the field surveys revealed one patch of habitat that deserved high rating on
the north side of Aliso Creek adjacent to Moulton Meadows Park This area was rated high because

it possessed loose fine-grained sandy soils and diverse sage scrub habitat The shrub cover is quite

dense in areas and would definitely require thinning before PPM introduction would be

appropriate The area is relatively small 20 ha 50 acres and is somewhat disturbed by human

presence as evidenced by many walking trails and abundant dog feces The survey team found

only one other area couple of patches in the bottom of Aliso Canyon north of the creek that had

some potential and was rated medium-high to medium-low This area consisted ofdense non-native

grassland on loosely packed barns It would definitely need vegetation management to create more
suitable habitat The fine-filter soils studies should reveal if the loamy soils in this area are

appropriate for PPM translocation The rest of the park consisted mostly of more compact soils

and/or
steep slopes This wilderness park is owned and managed by the County of Orange Harbors

Beaches and Parks Department

Tijuana River Valley The surveyed area includes undeveloped lands throughout the Tijuana River

Valley from the coast to Interstate This area historically supported one of the largest and most
extensive PPM populations but it has been highly disturbed by agriculture heavy human use e.g
illegal border crossings and U.S Border Patrol activities and altered hydrological regimes Much
of the valley is mapped as tidal marsh riparian vegetation with abundant exotic species and

agriculture The GIS model rated most of this area as having no suitability to only moderate

suitability for PPM with only small scattered patches of high habitat suitability The field team

agreed with the GIS model that the site was generally low quality due to historic and current

disturbance However most patches rated as high quality by the GIS model were rated by the field

team as low quality and one area Spooners Mesa predicted to have no habitat suitability because

vegetation is mapped as agricultural fields was field-rated as medium-high quality Spooners
Mesa has been historically farmed as recent as the early 990s and currently supports sparse

disturbed scrub and ruderal vegetation dominated by exotic weeds Nevertheless the field team felt

the area has many good qualities including loosely packed sandy soils low shrub cover level

terrain and relatively large size roughly 40 ha 100 acres The USDA mapped the soils there as

Carlsbad gravelly loamy sand which was rated as high quality for the GISl Fine-filter soils

studies will be important in determining if the soils on this plata are suitable especially

considering the past agricultural use of this area because PPM distribution patterns suggest that they

are not found on historically cultivated areas The field team also rated as high quality one small

patch of habitat roughly ha 15 acres very close to the type locality for this species near the

southwestern-most corner of the United States just north of the Tijuana Bull Ring This area

appears very suitable with relatively open shrub cover and fine-grain sandy soils The USDA
maps this patch as Marina loamy coarse sand

San Mateo Although not hiiea1J considered itranslocation receiver site the field team aFso

rated the San Mateo North and South PPM sites and adjacent habitat As exected the occupied

sites ranked high to prime and adjacent possibly unoccupied areas as medium to high Lower

ratings for areas adjacent to the known occupied areas are primarily due to denser vegetation and

previous agricultural uses The occupied areas are open coastal sage scrub overall average about
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45% shrub cover with abundant open ground Soils are primarily deep loose sandy barns with

some coarse sands present Some adjacent areas especially north east and southeast of the

occupied San Mateo South site appear to be suitable for PPM occupancy ifvegetation were thinned
The study team believes that controlled bums or hand thinning in these areas should be instituted

experimentally to attempt to expand the population into adjacent habitat or to facilitate natural

dispersal into disjunct patches Thus although not considered receiver site for active

translocations this area could serve to further species recovery via natural population expansion or
establishment of new disjunct populations

Appendix summarizes observations for the remaining lower-rated sites which ranged from

medium-high to low quality and are characterized as having few areas of appropriate fine sandy
soils More detailed results and analyses will be included in the report prepared by Dodd and

Montgomery per their Section contract

CONCLUSIONS AND RECOMMENDATIONS

Based on results to date the study team believes that habitat potential is sufficient to warrant

pursuing PPM translocations as recovery tool provided that more quantitative field analyses and
habitat management actions are performed prior to any such attempt Potential receiver sites rated

as medium high to prime habitat value were found throughout much of the historic PPM range from
Aliso Canyon in Orange County to the Tijuana River Valley near the southernmost historic site and
PPM type locality

At least the seven highest-rated sites described here should be further evaluated in the field for their

potential to support translocated PPM All discemable factors affecting the potential of these sites

to support translocated PPM should be ascertained to the degree feasible during the year 2001 Field

evaluations should include the following

Quantitative soils analyses and mapping to compare soil characteristics on the potential receiver

sites to those on known occupied sites and microhabitats in coordination with the detailed soils

studies conducted by the USFWS at Oscar One At minimum this should entail measuring
particle size composition and bulk density on the best two to three patches of habitat at each

potential receiver site At least five soil samples should be collected per patch

Refined vegetation mapping and descriptions to compare vegetation composition and structure

among potential receiver sites and between potential receiver sites and known occupied PPM
sites Vegetation will probably be characterized using Releve protocols Sawyer and Keeler-Wolf

1995 This method allows rapid classification of plant cover at scale relevant to PPM habitat

potential

Trapping to characterize the extant mammalian fauna Trapping should be done for at least three

consecutive nights at each site preferably during June and July in order to characterize the small

mammal communities at each Results will be compared with mammal communities at occupied
and historic PPM sites Current thinking is that occupied PPM sites have low overall mammal
diversity with few other heteromyid species or individuals and few or no exotic mammals
especially Mzis museulus and Rattus spp.

13



Characterization of potential threats to PPM populations or habitat including presence and

distribution of exotic plant and animal species exotic ants house cats Mus Rattus etc
evidence of soil compaction soil contaminants or historic cultivation or any other natural or

unnatural disturbance factors that may reduce PPM population viability

We also encourage immediate and intensified coordination with appropriate land use and

management authorities including the wildlife agencies Marine Corps U.S Park Service

California State Parks Department Center for Natural Lands Management and local city and county

governments having jurisdiction over the highest rated habitat areas

USDA soil series maps and habitat value maps based on them should be used with extreme caution

in predicting areas of suitable habitat for PPM or other small mammals Our field results indicate

that these maps are too coarse in scale to detect important variations in soil texture and depth and

may be inaccurate Consequently our habitat value maps and USDA soils maps should not be used

to decide where PPM surveys are unnecessary for impact assessments

-t-T
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TASK 6- LABORATORY SURROGATE STUDY

During Phase II the study team tested four individual marking methods on longirnembris in

laboratory setting and concluded that two methods toe clipping and PIT tagging deserved further

consideration ear tags and color-coded surgical sutures were ruled out as potential marking

techniques During Phase III we continued monitoring the previously marked animals for long-

term health and mark retention and increased the sample of PIT-tagged and control animals

METHODS

Four longimembris each were added to the PIT tag and control groups using new individuals

captured by Dodd during May 2000 at the same location Yucca Valley and using the same

methods as described in the Phase II report Individuals were initially weighed sexed and assessed

for health problems or physical abnormalities and then assigned to either of the two groups by

random draw Charles Holland and Shana Dodd PIT-tagged the four animals on 29 June 2000 using

the hypodermic insertion method described in the Phase II report

Following marking these eight animals were added to the 27 longimembris initially marked

during Phase II raising sample sizes to nine control and seven PIT-tagged individuals All animals

were monitored weekly to twice monthly from the end of Phase II in November 1999 to the end

of Phase III November 2000 During each monitoring session each individual was observed in

the cage weighed and handled to identify any distinct behavioral traits and to examine the condition

of the marking site and the overall health of the animal General comments were recorded for the

condition of each animal Food and tubing for shelter were provided ad libatum

RESULTS AND DISCUSSION

Both biologists were more adept at the hypodermic insertion method than during Phase II due to

increased practice in both the laboratory and field see Task This reduced tagging time slightly

to less than two minutes per animal Trauma to the mice also seemed somewhat reduced during the

Phase Ill marking efforts Nevertheless two attempts were required to successfully insert the tag

into two of the four mice The limited space for needle insertion and the thickness of the animals

hair sometimes inhibits the initial marking effort but all four newly marked animals showed limited

disturbance from the marking effort Some temporary hair loss resulted at the nape of the neck but

overall the newly marked individuals seemed to recover more quickly with less evidence of stress

than the animals PIT-tagged during Phase II when post-marking behaviors included lethargic and

stiff body movements repeated body shaking or twitching scratching at insertion point and

vigorous dust bathing when released All animals both in Phase II and Phase III were quick to

recover with all wounds healed in two weeks and most healed in one week Within two weeks of

tagging all activity seemed normal The only noticeable physical abnormalities were limited hair

loss at the nape and PIT tags often were perpendicular to insertion direction causing the skin to

bulge Following healing of the wound the animals exhibited no apparent discomfort in the area

of the PIT tag insertion

During the interim between Phase Ii and Phase III two toe-clipped and 12 unmarked animals died

This coincided with change in maintenance personnel and care procedures that resulted in

insufficient food being provided for several weeks Nearly all mice regardless of marking method
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experienced severe weight loss at this time Twelve of 20 newly captured yet unmarked animals

died along with the two toe-clipped individuals The lower death rate in the
existing versus newly

added animals was undoubtedly due to the existence of seed caches in their cages prior to the sudden
reduction in food provision Once the care situation was rectified all living mice regained weight
and health We do not believe that toe cli ping contributed to the death of the two mice

Individual abnorm1ities occurred among animals in all groups including temporary loss of body
hair to molt but with no apparent seasonal trigger redness and balding of the tail and abnormal

sleeping patterns but no marking groups showed higher incidence of such observations Table

CONCLUSIONS AND RECOMMENDATIONS

We endorse the use of toe clipping to begin marking PPM at extant sites and begin studying

population sizes and demography of these populations Based in
part on results of this study and

in part on endorsements from the American Society of Mammalogists and the PPM Scientific Peer

Review Committee we received permission from the USFWS and CDFG to toe clip PPM for field

study on case-by-case basis If smaller PIT tag were available PIT tagging would offer several

benefits over toe clipping including reduced human error unlimited codes and greater reliability

However we feel that smaller capsule which could be inserted using smaller hypodermic needle
must be developed before recommending PIT tagging for PPM Potential sources for funding

development of miniaturized PIT tag should be pursued

We do not recommend continuing the laboratory marking study unless smaller PIT tags become

available for testing At this time we understand

be using the captive population as part of taxonomic study oP longinembris includina spectral

analysis of pelage differences between subspecies Ikmding$r tins efforthas

USFWS
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Table Selected observations on Perognathus longirnembris longimembris marked by different methods

Animal Weight

Physical condition
Tag notes

Sex i3cginnlng High Low EndIng

Ear Tag

24 00 7.8 8.2 month hair loss-start 12/2/99 bald tail months Tag swivels but remains attached

23 83 10 9.6 month hair loss-start 10/14/99 brief period of tai redness Lost ear tag after weeks

20 10.4 7.6 month hair loss-start II 11/99
Tag hangs loose but remains attached

IS 9.5 10.0 month hair loss-start It/Il 99 Lost ear tag after weeks

10 months of rcd/ bald tail one molt Lost ear tag after weeks

26 83 9.4 9.4 multiple recordings of sluggish/torporus behavior Tag hangs loose but remains attached

Suture

6- 05 83 brief occurrences of red/bald tail 05 mo Suture attempt failed wound healed smoothly

83 82 8.5 months bald legs and tail tail pin /thiii-start 12/2/91 Wound healed/suture lost at weeks

8.0 99 6.9 9.9 months of bald/red tail molt periods-start 2/2/99 Suture lost wound healed with skin bunched

9.0 II 8.0 10.2 brief tail baldness Suture lost at weeks wound healed

9.3 113 83 11.3 Excessive body shrugging evident while suture in place Suture lost at 12 weeks wound healed

22 8.0 bouts of torpor csp in winter Suture lost at weeks swollen more weeks
Toe Clip

27 8.7 11.0 distinct molt periods Toe healed at weeks started to nail

25 9.7 8.0 90 12 months bald legs and tail tail pink/thin-start 12/10/99 Toe healed at week fully regrown nail

19 9.3 10.1 6.8 8.1 bouts of torpor throughout year Toe healed in 1.5 weeks

17 Dead Died due to insufficient food provision Toe healed in week fully nail

13 Dead Died due to insufficient food provision Toe swollen but healed in weeks

8.4 7.6 month hair loss-start 9/24/99 7/15-10/5/00 eye infection Toe healed in 1.5 weeks starting
to nail

PIT Tag

21 90 10.0 7.3 8.4 months red/bald tail-start 5/I 1/99
Tag located at left hip flush with body

II 8.2 6.9 months red/bald tail-start 2/25/99 Tag located at
right shoulder flush with body

8.3 9.7 7.7 8.5 9/14/00 eye infection PIT tagging failed wound healed

34 11.0 II 8.8 11.0 month molt
Tag located on right side flush with body

36 9.0 107 8.4 9.3 month molt
Tag located at right shoulder flush with body

41
6.5 new/healthy ti tag over neck perpendtcular to body

48 9.0 new/healthy Tag located on
right side flush with



Animal Weight

Se Iteginntng High l.o Ending

Control

Physical condition
Tag notes

10
torporus in winter

14- 9.2 69 87 sluggish/torporous through red tail

8.4 9.8 88

year only observed visit

month molt-start 8/99
2- 8.3 9.3 64

torporus in winter

55 month molt-start 0/2899 month red/bald

76 94

tail start /3

3.5 month red/bald ijil short molts infection

30 7.1 8.5 6.5

eye 9/14/00

month red/bald tail and legs

31

molting-start

month molt brief red tail observed

37 7.8 64

visit

month molt

42 7.7 6.7
new/healthy
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TASK FIELD SURROGATE STUDY

During Phase II we began field study of the Palm Springs pocket mouse longirnembris bangsi
to serve as surrogate for PPM We established and trapped two permanent study grids in the

Coacliella Valley California marked resident pocket mice with three different marking techniques
ear tags PIT tags and toe clips and collected baseline natural history and demographic data

During this Phase III report period our primary objectives were to recapture marked individuals in

hopes of detecting differences in tag retention and possible health effects and to continue marking
new individuals and collecting demographic data e.g population numbers sex ratios reproductive

rates We also evaluated whether to use this surrogate population as model for testing

translocation methods or other studies

METHODS

We continued using the two grids established during 1999 near Snow Creek Coachella Valley
California see Phase report for description The vegetation and rodent communities remained

similarbetween years although black mustard Brassica nigra became abundant on the site during

spring 2000 forming moderately dense ground cover The mustard dried by the end of July

resulting in sparse ground cover between widely spaced creosote Larrea tridentata and other

shrubs

Similar trapping methods were used in both years with the exception that 5-rn
inter-trap spacing was

used on both grids in 2000 versus 5-rn spacing on Grid and 7-rn spacing on Grid during 1999
Each grid therefore consisted of square configuration of 14 by 14 trap stations 196 total trap

stations and covered 0.49 ha assuming V2-trap-space perimeter strip around each grid Two traps

were set at each trap station to reduce trap saturation by non-target species Thus during 2000 each

grid contained 392 traps at 196 stations

During August 1999 we trapped for eight consecutive n4ghts to detect how many nights were needed

to capture the majority of residents Based on these results shorter trap sessions were used in 2000
with goal of trapping one to two nights after the asymptote in capture of new individuals Thus
the grids were trapped for five consecutive nights on 24-29 April 2000 and for four consecutive

nights on 24-28 July 2000

Individuals captured in 1999 had been marked with three marking techniques all animals were toe

clipped and subsets were also ear tagged or PIT tagged Due to the high loss rate for ear tags during
both the 1999 laboratory Task and field Task marking studies we discontinued ear tagging
in 2000 Therefore the 2000 field studies focused on the effectiveness and potential health effects

of PIT tags and toe clips Unlike the 1999 marking during 2000 mice were either marked with PIT

tags or toe clips but not both We also went to 4-digit toe clip code during 2000 versus 2-digit

code in 1999 to allowformoruniquecombifiation Otherwise marking methods remained similar

between years

The following data were recorded on all captured bangsi sex reproductive condition age
capture location recapture status and notes on animal conditions and the condition of any
previously applied marks Most animals during the spring 2000

trap session were weighed with an
electronic balance However during the summer 2000 trap session we did not weigh all individuals
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due to high wind interference and extreme heat which required rapid release of captured animals
to avoid heat exhaustion or trap death Reproductive condition was based on the position of the

testes for males and condition of the vagina and size of mammae and abdomen for females All
other small mammals captured were identified and released

The number and type of problems associated with each marking technique were summarized arid

the minimum density of bangsi known alive number of individuals captured/grid area was
calculated for comparison between grids Numbers of males and females captured were compared
between grids seasons and years and were compared with null hypothesis of an even sex ratio

using Chi-square statistics and 0.05 as the significance threshold The primary question of
interest was whether the 7-rn inter-trap spacing used on Grid during 1999 may have resulted in

male-biased capture rate compared to the 5-rn spacing used on Grid in both years and on Grid

in 2000 Because sex ratios did not vary significantly between trapping sessions within years on
either grid the spring and summer results were pooled for comparisons between years and hence

between 7-rn and 5-rn trap spacing on Grid

RESULTS AND DISCUSSION

Table summarizes captures of male and female bangsi on the two grids in 1999 and 2000
Recorded sex ratios on grids using 5-rn trap spacing Grid during both years and Grid during
2000 did not differ significantly from each other nor from 11 x2 to 0.5 df 0.25 for

all comparisons However during 1999 when Grid used 7-rn inter-trap spacing the recorded

sex ratio strongly favored males due to lower numbers of captured females 24 males9 females

2.671 This very nearly differed significantly from the ratio recorded on the same grid using the

5-rn spacing in 2000 x2 379 df 0.05 and did differ
significantly from an even ratio

x2 6.82 df 0.01 These results further support our hypothesis in the Phase II report

based on 1999 results that the 7-rn spacing may have under-sampled females on Grid during
1999 However we recognize that this conclusion is weak due to lack of grid replication

Table bangsi captureDuring 1999 and 2000

/\
Sex

Trap Session Male Female Total

Grid

Summer 1999 22 22 44

Spring 2000 15 20 35

Summer 2000 53 40 97 not sexed

Gnd

Summer 1999 24 33

Spring2000 15 32

Summer 2000 37 32 71 not sexed

Traps on Grid had 7-rn Inter-trap spacing in summer 1999 otherwise all traps had 5-rn inter-trap spacing
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Marking Technique

sUct7

Captures on both grids more than doubled between summer 1999 and summer 2000 This reflects

large reproductive output in

oo tttt ou

to distinguish subadult from adult pocket mice in the hand because pelage and behavioral dii

are subtle it is highly unlikely that subadults could have been produced by this early date TheJ4
reproductive season seemed near peak during April with most individuals showing signs ofsexua
activity including descended testes in males or perforate vagina in females Eight females wer
obviously pregnant and others may have been By July very few individuals showed signs of sexuaj Q.4
activity no females were obviously pregnant and we were able to distinguish three age classesl i0
adult subadult and juvenile Pooling subadults and juveniles as young of the year and definin4l-4A.4-
adults as individuals born the previous year as many as 68 young of the year on Grid and

young of the year on Grid were detected during the summer trap session This high reproductivc

output during 2000 indicates very successful breeding season compared to 1999

Also fewer adults were captured on both grids during the summer compared to the spring trapi

session in 2000 We do not have an explanation for this difference but one hypothesis might be thati

because the adults have been active above ground since the spring they are better prepared i.e havel LAia2_
substantial seed caches for the onset of winter hibernation Consequently they may reduce

theirlct\
above-ground activity early In contrast young of the year are still establishing territories an4
winter seed caches and therefore remain above-ground longer

Relative to other species bangsi was the second-most captured species in 1999 accounting for

36% of mammal captures Dipodonvs merrianil was most-captured accounting for 45% of

captures However bangsi was the most common species captured in 2000 accounting for OJ..A CA
88% of all captures on Grid and 90% on Grid Thus six other species accounted for only 10- 4c
12% of all captures during 2000 Memarn kangaroo rat Dipodornys merriamiSan Diego pocket

moupe chaetodipus desert pocket mouse penicillatus Desert wood rat Neoroina
1ejia southern grasshopper mouse Onichomvs torridus and deer mouse Peronvscus

maniculatus We do not know why captures of other species relative to bangsi dropped so

dramatically from 1999 to 2000 although the
great increase in bangsi captures may have

reduced trap availability to other species or there may be competitive interaction effects In olA.1/

occupied PPM habitat small mammal diversity and captures of other species tend to be very low

relative to PPM captures Dodd Pavelka Montgomery unpublished data

Considering all trap sessions in 1999 and 2000 total of 248 individuals were toe clipped 34 weç
PIT tagged and 50 were ear tagged on both grids Table As discussed in the Phase II report

a1i

considerable ear-tag loss was discovered during 1999 so ear tagging was discontinued in 20001

Only four ear tags were recorded on individuals captured during the spring 2000
trap session and

rio ear tags were detected during the summer session

Toe clipping was the fastest and easiest marking technique under field conditions but toe clipping
is not without problems The study team detected about 25 problem incidences out. of 248 toe

clipped individuals due to natural causes or human error ten cases of naturally missing
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deformed or injured toes which would make toe clipping potentially confusing six or seven
cases where field workers apparently read the wrong code ona previously toe-clipped animal

tbree or four cases where the toe tip grew back apparently due to not clipping far enough back
and four cases were two individuals were.mistakenly given the same toe clip code It is possible
that other errors went undetected but also likely that human error problems would be reduced with
careful field technique and increased experience Toe clipping also permits for limited number
of codes which might be exceeded in multi-year study of large PPM population such as on the
Oscar One/Edson site

Several circumstances limited the number of mice we PIT tagged including difficulties with
hypodermic insertion and time constraints due to severe weather First the ease of inserting the tag
hypodermically varied with animal size disposition and skin toughness It was more difficult to
insert tags in smaller individuals without tearing skin and some individuals were more aggressive
or struggled more than others The team abandoned about six attempts to PIT

tag individuals opting
instead to toe clip them to avoid further harm once PIT-tagging problems arose Also several
successful PIT taggings required several attempts to fully insert the needle so that the

tag did not
push out of the insertion point These types of errors decreased with experience of the biologists
Second during the summer 2000 trap session extremely rapid temperature increases following
sunrise coupled with very high population and capture rates made speed in measuring markingand

releasing captured animals imperative to avoid heat exhaustion or death This convinced the
team to toe clip most new individuals to speed up processing

Table Capture/Recapture Records for bangsi Pooling Both Grids

Spring 2000 Summer 2000

1999 1999 Spring 2000

Recaptures Recaptures Recaptures
Summer New Over- New Over- Not over-

Mark 1999 aptures wintered Captures wintered wintered

Toe Clip 77 25 26 146 I22

PITTag 18 16

EarTag 50

All individuals were toe clipped in 1999 with subset of these also PIT tagged or ear tagged
Some of these were also ear tagged in 1999 but lost their tags pnor to recapture
Excludes individuals that lost ear tags before recapture These individuals also were toe clipped
4Eleven of these 12 individuals marked in 1999 were recaptured in both spring and summer 2000

Despite the problems that occurred with PIT tagging few previously PIT-tagged individuals were
recaptured One individual that was tagged in 1999 was recaptured in the spring 2000 total of
five mice PIT-tagged during spring 2000 were recaptured during summer 2000 All PIT-tagged
individuals that were recaptured appeared healthy with fully healed insertion wounds

Population Density

The mlTnTTIum hangsi density substantially increased in the summer 2000 compared to all

previous trapping sessions Table Interestingly the

4ensity
on Grid was still higher



than the density on Grid in 2000 even though the trap spacing on both grids were identical recall
in 1999 the

trap spacing was different on both grids In 1999 we were unsure if lower capture rates
on Grid was due to the larger trap spacing or whether there were actually fewer bangsi on
Grid then Grid

Table MthfIUliTl
bangsi Density on Grids and

Minimum Individuals/ha

Trap Session Grid Grid

Summer 1999 82 63

Spnng 2000 71 65

Summer 2000 198 145
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goal of the field surrogate study dunng 2000 was to further evaluate toe

clipping
and PIT tagging

as permanent marking techniques for longinernhris Unfortunately the \ow recapture rate for
marked individuals reduced our ability to fully assess each technique Howevr based on the field

experience and the data collected we recommend toe clipping as the best ermanent marking
technique currently available Toe clipping was the quickest and least expenske method to apply
under field conditions and it appeared to have few detrimental health effects.kTe also recommend
training and practice on surrogates before any biologists attempt toe clipping on PPM

At this time we do not endorse the use of PIT tags for permanently marking PPM due to the size
of the tags and hypodermic needle relative to the animals and potential for adverse health effects
However the team strongly feels that if PIT

tags and needles can be made smaller PIT tagging
would be the best method Smaller PIT

tags would offer several advantages over toe clipping an
endless supply ofunique identification codes very low rate of misreading codes or individuals
and no possibility of mistakenly giving the same code to different individuals PIT

tags not only
reduce the amount of human error but also the amount of natural error that occurs due to injuries
or deformities in toes We therefore recommend pursuing funding to allow microchip manufacturers
to make smaller PIT tag

The grid size about 0.5 ha and
trap density 5-rn inter-trap spacing used here seems generally

appropriate for this species although these may need to be adjusted for PPM studies based on the
size and shape of occupied habitat areas and study objectives We feel that 7-rn spacing may be too
wide to provide accurate population results for this species

Although some additional field experience and life history and demographic information was gained
during this study there is growing concern that these data may not translate well from bangsi
to pacificus due to very different environmental conditions in coastal versus desert habitats
We therefore do not recommend continuing the field

surrogate study for collecting life history data
or for further testing of marking methods However the study grids may still remain useful for
performing future expenments such as potential surrogate translocation trials to perfect techniques
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In our Phase report we recommended initiating study to determine genetic variability both within
and between the extant PPM populations using tissue samples from extant individuals and within
and between all historic populations using museum specimens Such information is critical to

informing species recovery decisions including genetic goals for translocation program Such
population genetics study was initiated during Phase II under separate funding Section money
from CDFG via San Diego State University Foundation with preliminary results now becoming
available during Phase HI These findings have filled some very important information gaps for
PPM recovery planning

Methods

Genetics analysis of recent and historic PPM samples are being performed by James Patton and
Andrea Swei at UC Berkeley To date they have examined haplotype variation in the mitochondrial
cytochrome gene from 37 PPM specimens collected in 1995-2000 mostly by pulling hairs from
live-caught individuals and partial DNA sequences from 12 museum skins collected in the 1930s
Full 810 base pair bp sequences were obtained from the live-caught specimens and 430 bp
fragments were amplified from the museum specimens see Swei 2000 and citations therein for

complete laboratory and analytical methods To date the following live-caught samples have been

analyzed Dana Point 27 San Mateo South San Mateo North and Oscar One
Additional samples collected during 2000 are currently being analyzed to permit better

estimates ofwithin- and between-population measures although Dr Patton in litt does not expect
these to alter the general conclusions emerging based on existing analyses In addition the
researchers are building genomic library to recover microsatellite loci from the nuclear genome

Results and Discussion Swei 2000 and Patton 2000 in litt Appendix summarized the
limited genetic analyses completed to date with the following general conclusions First all PPM
haplotypes analyzed to date are unique to that subspecies and all are closely linked genealogically
Hence while the PPM has not achieved complete reciprocal monophyly and is therefore not by
itself an Evolutionary Significant Unit ESU historically the PPM has been diverging genetically
from its closest geographic conspecific subspecies brevinasus bangsi
internationalis and longirnembris There is no evidence for ongoing gene flow between any
population of PPM and other subspecies of little pocket mouse

Second measures of gene flow between both historical and extant PPM populations are quite low
This suggests that genetic drift is and has been an important factor in genetic diversification of PPM
populations and that given current levels of fragmentation and low population sizes drift will
continue to differentiate the populations and erode genetic diversity within each

Third relative to other subspecies of little pocket mice PPM has much lower overall haplotype
diversity roughly half that of other subspecies This seems

particularly true for the Dana Point

population which had only unique haplotypes recovered from 27 individuals sampled By
comparison nearly every individual of the other subspecies possesses unique haplotype and seven
of eight PPM individuals from the San Mateo area pooling the north and south San Mateo sites had
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unique haplotypes This suggests that the Dana Point PPM population has been isolated as small

population for longer period than the others

Fourth the pattern of haplotype differentiation suggests that the historical populations in the

1930s were already largely genetically isolated from one another and that the current low level of

diversity and high inter-population divergence is due to natural isolation of these populations prior

to the modem urbanization of coastal California Of the total genetic variation among samples 79%
of the variation is within populations with only 19% found between populations within time

period 1930s or 1990s and only 2% of the variation between modern and historic samples The

pattern ofhaplotype variation suggests that even the genetic differentiation between the Dana Point

and San Mateo sites is likely due to long history of genetic isolation at least
partially preceding

modem development of the California coast

Finally although the haplotypes of extant PPM populations are largely apportioned among
populations they are all genealogically closely related This suggests that genetically individuals

could be translocated from any or all extant sites to create new populations or to bolster or

reestablish an extant population should it suffer an extreme decline

Conclusions and Recommendations

Patton in litt recommended that sample sizes be enlarged especially for the San Mateo and Oscar

One populations to permit better estimates of within-population genetic diversity and gene flow

between extant sites e.g between San Mateo North and San Mateo South sites Increased samples

were made available during summer 2000 and are currently being analyzed Patton also

recommended constructing genomic libraries to recover highly variable microsatellite loci from the

nuclear genome Then primers can be constructed to determine genotypes at each locus for all

available samples This will facilitate more precise analyses of population structure within and

between these populations and can serve as genetic monitoring tool into the future

DANA POINT HABITAT MANAGEMENT

variety of evidence suggests that vegetation has become too dense at some of the occupied PPM
sites for optimal habitat condition and that thinning the vegetation by fire or other means might

increase habitat value and PPM population sizes Experimental habitat thinning was therefore

initiated within the Dana Point PPM reserve during 1999 It was not possible to obtain permission

for controlled bum at the site so shrub cover was thinned by hand on experimental plots This

project was also performed using Section money from CDFG via San Diego State University

Foundation

Methods

Eleven trapping grids 40 traps arranged in by 10 arrays with 3-rn spacing were established and

trapped during the spring and summer of 1999 pre-thinning and 2000 post-thinning three control

grids and eight experimental grids The three control grids were established in known occupied

PPM habitat having relatively low shrub cover the eight experimental grids were established in

areas of dense shrub cover not known to harbor PPM but having appropriate soils The

experimental grids overlapped four byim shrub thinning plots such that V2 of each of the

GO
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experimental grids was in an area to be thinned and V2 in an area not to be thinned In the results

we refer to these halves as thinned and unthinned subgrids

Before thinning shrub canopies on the experimental plots covered mean of about 83% range 75-

7% measured at 21-60 cm above ground using point-intercept transects During January 2000
shrub cover was thinned on the four plots to mean of 32% range 26-36% Thinning was done

by removing individual shrubs at ground level using chainsaws and pruning tools to avoid soil

disturbance Concentrations of woody duff and litter were also lightly raked to uncover mineral

soils

Traplines were run for seven-night trapping sessions once during spring late April-early May and

once during summer mid August Captured PPM were individually marked by clipping hair and

using indelible colored markers during 1999 or by toe clipping during 2000 Use by PPM of the

control grids and thinned and unthinned subgrids was compared between the pre-thinning 1999
and post-thinning 2000 periods using Chi-square For this analysis spring and summer trapping

sessions were pooled within each year and the sample frequencies were calculated as the cumulative

sum of all unique individuals captured on grid Thus recapture of an individual on the same grid

was not counted as an independent observation but recapture on another grid was because

individuals could choose to move from one grid e.g control grid to another e.g thinned

subgrid during the study

Results and Discussion

PPM seemed to respond quickly and positively to the shrub thinning by redistributing themselves

into the newly thinned habitat areas During 1999 pre-thinning 11 individual PPM were captured

yielding 12 independent grid observations i.e one individual was captured on different grids9
observations individuals were on the known occupied control grids were on subgrids to be

thinned including individual that also used control grid and on subgrid not to be thinned

In contrast during the year 2000 post-thinning 10 individual mice were captured for total of 18

unique observations4 on control grids 11 on thinned subgrids and on unthinned subgrids This

shift in the distribution of captures is statistically significant 0.026 largely due to the

increase in use of the thinned subgrids During the year 2000 of 10 individuals were captured

only on thinned subgrids were captured on only subgrid but male was captured on different

thinned subgrids Three of the individuals captured on control grids were also captured on

thinned subgrids No individuals were captured only on unthinned subgridsall individuals

captured on unthinned subgrids were also captured on the adjacent thinned subgrid In fact all

captures on unthinned subgrids were less than trap distances from the thinned area that these

individuals also used Moreover all capture locations on unthinned subgrids were connected to the

thinned plots via natural inter-shrub openings

Conclusions and Recommendations

The pattern of captures before and after the thinning suggests strong shift in distribution of

individuals into the newly thinned habitat areas This reinforces observations that PPM like other

little pocket mice restrict their activities largely to open habitats Although they may forage under

shrubs near openings PPM do not seem to frequent interior portions of closed-canopy shrub cover

when other options are available
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Whether this behavioral shift by individuals to newly opened habitat areas results in positive

population response remains to be seen Continued monitoring with permanently marked

individuals should incorporate capture-recapture population estimates Moreover we recommend
that an attempt be made to model the effects of this habitat manipulation on population growth rates

Meanwhile the team is optimistic that the shrub thinning has improved habitat conditions for the

species at least in the short term and the experiment should be expanded on Dana Point and

replicated at other sites especially San Mateo North and South where shrub cover has become

dense If possible it seems preferable to use the more natural process of fire to set back vegetation

succession and open the habitats However both methods fire or hand thinning must carefitlly

consider ancillary effects such as the increased potential for invasions by exotic plant species into

recently thinned habitats Rapid increases in exotic species could offset any short-term gains in

PPM habitat monitoi and active invasior

camed out
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RECOMMENDED PHASE IV STUDIES

During Phase 11998 the study team concluded that PPM translocations were necessary to achieve
species recovery but that existing information was insufficient to design translocation programWe therefore refocused the program on several new research tasks to answer those questions most
critical to designing translocation program Results of Phases and 1111999 and 2000 have now
answered enough of these questions to warrant reevaluating our Phase conclusions and begin
designing translocation program as recovery tool Phase IV would therefore comprehensively
update our Phase evaluation oftranslocatjon

feasibility design framework translocation program
based on the updated information and identify outstanding questions that must be answered before
the translocation program is implemented Previously funded tasks will only be continued where
their results are critical to the overall goal Previous tasks that have been completed or that have
become low priority would be discontinued Phase IV would also include one new task that is
considered critical to designing translocation programa translocation experiment that uses
surrogate subspecies or salvaged PPM to test translocation methods

Please note that the prograirns goal is translocation to establish new PPM populations and thereby
to help recover the species from the brink of extinction No one should

interpret our intent as
translocation to mitigate proposed take of PPM or PPM habitat by development projects

TCA FUNDED TASKS

This section reviews our recommendations for continued funding by the TCA through the year 2001
For completeness we list all tasks undertaken to date including discontinued tasks and tasks we do
not recommend continuing at this time

Task Evaluate the Feasibility of Translocating Pacific Pocket Mice

This task was completed during Phase with conclusion that translocations were not feasible
pending results of Phase II and III studies We now recommend updating the feasibility report based
on all new information collected over the

past three years Specifically the findings summarized
in the Phase

report would be comprehensively updated to reflect findings of Tasks through
Phases II and III including the genetics results prepared by Dr James Patton and the shrub
thinning experiment carried out by Dodd and Montgomery We would also update the literature
review with findings and recommendations of other species translocations and reintroduction studies
e.g Haight et al 2000 The updated analysis and literature review would serve as the foundation
for the translocation protocol developed in Task

Task Evaluate Argentine Ant Invasions into Existing and Potential Habitat

This task was discontinued during Phase because information suggested it was relatively low
prionty We do not recommend refunding this task at this time but recommend continued
communicatio wit experts in exotic species invasions their effects and control measu .s.e ak4opiw
Task Determine Habitat Area Requirements and Dispersal Distances

t.Q-d Goc C.tt
This task also was discontinued during Phase and we do not recommend funding at this time
However genetic differences using both mitochondrial and nuclear microsatellite DNA should be GI CLLic
evaluated for evidence of recent dispersal of individuals between extant sites such as between San
Mateo North and South
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Task Develop Translocation Protocol for PPM

This task is very high priority It was put on hold after Phase pending results of Phase II and III

studies Based on the significant new information that we have accrued over the past three years
we now recommend completing Task as originally scoped We believe we now have sufficient

\c information to develop at least framework protocol that addresses many pertinent aspects of
1.1

translocation effort including host site selection habitat manipulation and management selection
and capture of individuals genetic considerations timing of translocations and methods for

releasing and monitoring also identityanyremaining informatio\
gaetailiUiieed to be worked out prior to an actual translocation attempt The framework

ill thus serve as foundation for developing trans ation implementation plan in the near future

one to three years as the remaining inform aps are filled Phase IV tasks recommended
herein are designed to fill many of these ga therefore also believe it important to i.ni-tiatc

4iQJA pepuIatin iirudJiii to fer ea uptiniallocation of translocated individuals

among sex-age classes to maximize ow potential in the new population while

minimizing adverse effects on the or popu tion Weiduis
biiiigiiig in addt-rurial

ppiilaIjo.z1..ne1iiigcxpcjtisc fi111 uiiiveritie to assist wth this

Task Continued Evaluation of Potential Translocation Receiver Sites

This task remains very high priority Dunng 2001 the wildlife agencies are providing sufficient

funding using Section monies to Dodd and Montgomery to complete the detailed field evaluation
of potential translocation receiver sites We propose to continue providing scientific overview
coordination and reporting of these efforts

Task Laboratory Surrogate Studies

This task has become low priority now that preferred PPM marking technique toe clipping
has been recommended and captive breeding is considered an unlikely PPM recovery tool We
therefore recommend terminating this task However in the event that funding is found to develop

miniaturized PIT tag the laboratory population of longirnembris could be used to test the
devices In the meantime this population is being used studiesattheDiego
Natural History Museum funded by USFWS

Task Field Surrogate Studies

This task has basically been completed and has become low priority for refunding Data collected
to date at the Snow Creek study site have helped us refine field methods and have provided insights
on the biology of little pocket mice however it is unclear how well the biological data apply toPPM We therefore recommend not continuing the field marking and demographic studies on this

surrogate population except perhaps as part of
surrogate translocation experiment as described

in Task below

Task Meetings and Continued Coordination with Other Studies

Continued coordination between other pertinent studies the TCA and the wildlife agencies remains
high priority We recommend continuing this task at similar level as during Phases II and III

The study team will continue coordinating with studies being performed on PPM genetics Patton
habitat management Dodd and Montgomery and population monitoring and habitat relationshipsVSFWS Marine Corp Base Camp Pendleton various consultants We also recommend
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intensifying coordination with those having land use authority over the high-potential translocation

receiver sites e.g Center for Natural Lands Management California State Parks Department
National Park Service U.S Navy and U.S Marine Corps

Task Perform Translocation Experiment

This task is very high priority and is considered critical by the USFWS before translocation

protocol can be finalized see Task The team would design and implement translocation

experiment or trils either using surrogate subspecies probably bangsi at the Snow Creek

study site or using PPM individuals salvaged prior to take of their habitat on Camp Pendleton We
would design the experiment for use on the surrogate but also to apply for use on salvaged PPM if

salvage operation becomes necessary for reasons beyond our control

The goal of the experiment would be to test and refine specific tools and techniques to be used for

an actual PPM translocation including the size shape and duration of enclosures and design of

artificial burrows and supplemental feeders within the enclosures Diffendorfer and Longland

two of the scientific peer reviewers have drafted protocol for surrogate translocation

experiment at Snow Creek Appendix This design was to test in statistically rigorous manner
two sizes and shapes of enclosure and two enclosure durations over two-year period

Unfortunately this design would be very expensive to implement as designed We therefore suggest

ASSOCIATED TASKS NOT FUNDED BY TCA

One of the advantages that the PPM studies program has enjoyed to date is open communication and

coordination with other agencies and researchers with related goals Results of studies being

performed by the USFWS and academic researchers as well as surveys being performed by

biological consultants have helped inform our work and vice versa In this spirit we offer the

following recommendations for other ongoing work

Population Monitoring and Research at tan PP Site

at this largest of the extant populations beginning in Spnng 2001 if possible prior to emergence
of young-of-the-year At first individuals should be toe clipped however PIT tagging should be

instituted if and when smaller PIT tag becomes available The primary goal of the study should

be to measure demographic parameters and build life tables necessary for assessing population 4wvcceei14

viability and potential effects on the population of removing individuals from different sex-age

classes to serve as translocation donors The study could also supplement existing information on
PPM natural history including habitat selection space-use patterns and food preferences

San Mateo South This site has been the least studied of the extant sites and the current
.c

distribution and abundance of the population is poorly documented This site also appears to have

the greatest potential
for natural expansion into adjacent habitat areas perhaps aided by habitat

management We therefore recommend implementing an intensive trapping program coupled with

detailed analyses and mapping of soils and vegetation in and near the occupied PPM area Provided

31



that soils analyses substantiate our impression that suitable soils exist beyond the currently occupied
area experimental vegetation thinning using either controlled bums or hand thinning should be
instituted to try to expand the population and improve its

viability The distribution and abundanceof the population should also be monitored again marking individuals by toe clipping or with
miniaturized PIT tags before and after such experiments

San Mateo North Monitoring and controlled burning to expand this population are already being
instituted by

Results

should be used to determine whether additional thinning or controlled burning should be instituted
to further increase the population although this population is highly spatially constrained
levoepment

Dana Point Monitoring and hand thinning to expand this population are already being instituted

using Section6 funds Results of monitonng during 2001 should be used to determine whether
additional thinning or controlled bums should be instituted to further increase the population onsite

Population Modeling

The prospect of using translocations to help recover the PPM is appearing more likely It is critical
to design of translocation program that we better understand the likely effects of translocating
individuals on the viability of the donor population as well as on the viabiIityof any newly
established populations In our Phase report we suggested that donor animals should be young-of-
the-year captured during late summer during the peak dispersal season to avoid undue harm to
donor populations However scientific peer comments suggested that donors should include adults

during peak reproduction to maximize reproductive potential in the new population These
partially

competing concerns avoid harm to donor populations while maximizing successful establishment
of receiver populations suggest that population modeling approach is necessary to determine the
optimal allocation of donor individuals by sex and age class and by season The goal should be to
allocate translocated individuals to maximize the

probability of successfully establishing new
populations while minimizing adverse effects on the donor populations We therefore recommend
involving persons with population modeling expertise to assist in this effort -Pielimiup of

the models await at

least second-year results of demographic studies at ext PPM sites see above

Expanded Habitat Management Experiments

Preliminary results of the Dana Point habitat thinning experiment are very promising As
part of

species recovery efforts it is imperative that extant PPM populations be increased and expanded if

possible This would serve to increase
viability of the extant populations and grow them to where

they can afford to donate individuals to establish new populations controlled bum about 3-4
acres was recently January2001 instituted byManne Corps Base Camp Pendleton In cooperotl
with California State Parks and other cooperawrs at the San Mateo North site in dense scrub
adjacent to the more open occupied habitat area Effects are to be monitored at least through 2001
We recommend continuing the monitoring at least through 2002 and as discussed above we
recommend similarhabitat management and monitoring efforts at the Dana Point and San Mateo
South sites
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Continued Genetics Studies

Results of the genetics work to date have been extremely informative We recommend expanding
the samples for the Oscar One and San Mateo populations to permit better estimates of within.-

population genetic diversity and gene flow between extant sites e.g between San Mateo North and
San Mateo South sites Increased samples were made available during summer 2000 and are

currently being analyzed Genomic microsatellite libraries and primers are currently being
constructed to facilitate more precise analyses of population structure within and between extant
PPM populations and to serve as monitoring tools Unfortunately Dr James Patton is retiring

during this year and may no longer be available to assist the PPM studies team
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APPENDIX
SOIL TYPES IN ORANGE AND SAN DIEGO COUNTIES

RATED FOR POTENTIAL TO SUPPORT PACIFIC POCKET MICE



SAN DIEGO COUNTY SOILS

DESCRIPTION COMMENTS

Bonsall sandy loam to percent slopes

Bonsall sandy loam to percent slopes eroded

Bonsall sandy loam to 15 percent slopes eroded

Chesterton fine sandy loam to percent slopes

Chesterton fine sandy loam to percent slopes

Chesterton fine sandy loam to 15 percent slopes eroded

Chester-ton-Urban land complex to percent slopes

Fallbrook rocky sandy loam to 30 percent slopes eroded

Faflbrook sandy loam to percent slopes eroded

Greenfield sandy loam to percent slopes

Greenfield sandy loam to percent slopes

Greenfield sandy loam to percent slopes

Huerhuero loam 15 to 30 percent slopes eroded

Huerhuero loam to percent slopes

Huerhuero loam to percent slopes eroded

Huerhuero loam to 15 percent slopes

Huerhuero loam to 15 percent slopes eroded

Huerhuero-Urban land complex to percent slopes

Huerhuero-tJr-ban land complex to 30 percent slopes

Las Flores loamy flne sand 15 to 30 percent slopes

Las Flores loamy fine sand 15 to 30 percent slopes eroded

Las Flores loamy fine sand to percent slopes

Las Flores loamy fine sand to percent slopes

Las Flores loamy fine sand to 15 percent slopes

Las Flores loamy fine sand to 15 percent slopes eroded

Las Flores loamy fine sand to 30 percent slopes severely eroded

Las Flores-Urban land complex to percent slopes

Las Flores-tjrban land complex to 30 percent Slopes

Las Posas fine sandy loam to percent slopes

Las Posas stony fine sandy loam 30 to 65 percent slopes

Las Posas stony fine sandy loam to 15 percent slopes

Loamy alluvial land-Huerhuero complex to 50 percent slopes severely

eroded

35.31 HIGH

194.37 HIGH

Deep W/ Marina

26.3 HIGH
Hueruero inclusions

Deep WI Marina Hueruero inclusIons

3461.00

1986.07

615.51

4772.10

113.91

VERY HIGH

VERY HIGH

HIGH

NONE

LOW

Sands not fine for

21.29 LOW
enough very high

Sands not fine

403.62 HIGH
enough very high

Sands not fine enough for very high

194.77

48.4

6077.35

9017.03

2301.19

1708.40

1.66248

12294.72

HIGH

HIGH

LOW

LOW

LOW

LOW

LOW

NONE

Weathered sandstone SMNortt
2825.42 NONE

PPM site

Weathered sandstone SMNorth
3286.45 VERY HIGH

site

Weathered sandstone

2502.61 VERY HIGH
PPM site

Weathered
1629.50 VERY HIGH

sandstone PPM site

Weathered sandstone SMNorth PPM
2101.97 VERY HIGH

site

Weathered sandstone SMNorth PPM site

1611.71

2649.88

1555.44

680.4

564.07

VERY HIGH

VERY HIGH

HIGH

NONE

NONE

Stoney

33.27 LOW

Stoney

55.11

21.73

LOW

LOW

App A2 soil ranks sd co.xls
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Olivenhain cobbly loam to percent slopes

Olivenhain cobbly loam 30 to 50 percent slopes

Olivenhain cobbly loam to 30 percent slopes

Olivenhain-Llrban land complex to percent slopes

Olivenhain-Urban land complex to 30 percent slopes

Placentia sandy loam thick surface to percent slopes

Ramona gravelly sandy loam 15 to 30 percent slopes

Ramona sandy loam to percent Slopes

Ramona sandy loam to percent slopes

Ramona sandy loam to 15 percent slopes eroded

Redding cobbly loam to 30 percent slopes

Redding cobbly loam dissected 15 to 30 percent slopes

Redding gravelly loam to percent slopes

Redding-Urban land complex to percent slopes

Redding-Urban land complex to 30 percent slopes

San Miguel rocky silt loam to 30 percent slopes

San Miguel-Exchequer rocky silt barns to 70 percent slopes

Anderson very gravelly sandy loam to 45 percent slopes

Cieneba coarse sandy loam 15 to 30 percent slopes eroded

Cieneba coarse sandy loam 30 to 65 percent slopes eroded

Cieneba coarse sandy loam to 15 percent slopes eroded

Cieneba rocky coarse sandy loam to 30 percent slopes eroded

Cieneba very rocky coarse sandy loam 30 to 75 percent slopes

Cieneba-Fallbrook rocky sandy loam9 to 30 percent slopeeroded

Cleneba-Fallbrook rocky sandy loams 30 to 65 percent slopes eroded

Corralitos loamy sand to percent slopes

Corralitos loamy sand to percent slopes

Corralitos loamy sand to 15 percent slopes

Exchequer rocky silt loam 30 to 70 percent Slopes

Exchequer rocky silt loam to 30 percent slopes

Gaviota fine sandy loam 30 to 50 percent slopes

Gaviota fine sandy loam to 30 percent slopes

Marina loamy coarse sand to percent slopes

Marina loamy coarse sand to 30 percent slopes

Reiff fine sandy loam to percent slopes

Cobbly

Cobbly

Cobbly

Sandy clay subsoil

Gravelly

deep horizon 15-20% gravel includes sandy
barns

Very deep alluvium derived from sandstone
Manchester

Very deep alluvium derived from sandstone

Manchester

Very deep alluvium derived from sandstone

Manchester

10 in includes silt and fine sandy barns

SMNorth SMSouth Oscar One

SMNorth SMSouth Oscar One

Sands too coarse for very high

Sands too coarse for very high

Alluvial tends to sandy loam/loam

HIGH

HIGH

HIGH

LOW
LOW

LOW

LOW

LOW

NONE

NONE

HIGH

HIGH

1814.05

3469.01

3851.91

1102.13

1282.54

95.74

44.42

306.87

69.17

17.41

719.51

323.49

2211.88

193291

126.45

302.63

706.11

19.83

260.29

204.15

298.82

40.73

131.62

438.37

LOW

NONE

NONE

LOW

LOW

NONE

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

147.7 HIGH

1550.95 VERY HIGH

2752.65 VERY HIGH

1955.97

383.27

677.74

12026.48

1596.74

13172.82

2019.33

162.78

VERY HIGH

HIGH

HIGH

VERY HIGH

VERY HIGH

HIGH

HIGH

HIGH

App A2 soil ranks sd co.xls

2/7/0



Coastal beaches

GRAVEL PIT

Made and

Mine and quarry

Riverwash

Alluvial tends to sandy loam/loam

Alluvial tends to sandy loam/loam

Too coarse for very hgh
Too coarse for very high

Too coarse for very high

Too coarse for very high

Hard below inches

includes sandy barns

Rocky shallow mountain soils

Rocky shallow mountain soils

Too coarse for very high

Too coarse for very high

Too coarse for very high

Too coarse for very high

625.63

388.61

5558.44

427.97

1568.27

2511.02

801.57

1344.84

573.4

15.74

4.22

84.35

49.56

0.3

190.58

3859.74

1330.40

11.66

330.43

1449.37

9906.12

283.74

2956.61

148392

1030.13

5282.15

900.47

784.63

44943

193.47

1298.57

1600.04

309.8

98.35

3367.75

2385.07

896

5451.12

276.43

3235.00

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

NONE

NONE

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

NONE

HIGH

NONE

NONE

NONE

NONE

NONE

NONE

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

NONE

NONE

NONE

NONE

NONE

LOW

Reiff fine sandy loam to percent slopes

Relif fine sandy loam to percent slopes

Tujunga sand to percent slopes

Carlsbad gravelly loamy sand 15 to 30 percent slopes

Carlsbad gravelly loamy sand to percent slopes

Carlsbad gravelly loamy sand to percent slopes

Carlsbad gravelly loamy sand to 15 percent slopes

Carlsbad-Urban land complex to percent slopes

Carlsbad-Urban land complex to 30 percent slopes

Escondido very fine sandy loam 15 to 30 percent slopes eroded

Vista coarse sandy loam 30 to 65 percent slopes

Vista coarse sandy loam to percent slopes

Vista coarse sandy loam to 15 percent slopes

Vista coarse sandy loam to 15 percent slopes eroded

Chino fine sandy loam to percent slopes

Chino silt loam saline to percent Slopes

Elder shaly fine sandy loam to percent slopes

Friant rocky fine sandy loam 30 to 70 percent slopes

Friant rocky fine sandy loam to 30 percent slopes

Grangeville fine sandy loam to percent slopes

Hambright gravelly clay loam 30 to 75 percent slopes

La Posta rocky loamy coarse sand to 30 percent slopes eroded

Linne clay loam 30 to 50 percent slopes

Linne clay loam to 30 percent slopes

Sahnas clay loam to percent slopes

Salinas clay loam to percent slopes

Salinas clay to percent slopes

Salinas clay to percent slopes

Visa ha gravelly sandy loam to percent slopes

Visa ia gravelly sandy loam to percent slopes

Visalia sandy loam to percent slopes

Visalia sandy loam to percent slopes

Visalia sandy loam to percent slopes

Visahia sandy loam to 15 percent slopes

App A2 soH ranks Sd co.xls
2/7/01



Rough broken land

1965.87 LOW
Steep gullied land

648.43 LOW

Stony land consists of many stones cobbles and boulders 690.73 NONE
Terrace escarpments

14046.02 LOW
Tidal flats

3155.81 NONE

Unclassified area due to both yearly or perennial water accumulation
74.11 NONE

Urban land

18788.10 NONE
Altamont clay 15 to 30 percent slopes

1876.21 NONE
Altamont clay 15 to 30 percent slopes eroded

1063.89 NONE
Altamont clay 30 to 50 percent slopes

3897.32 NONE
Altamont clay to9 percent slopes

1328.17 NONE
Altamont clay to 15 percent slopes

1313.03 NONE
Altamont clay to 15 percent slopes eroded

300.67 NONE
Auld clay to percent slopes

36.14 NONE
Auld clay to 15 percent slopes

5.92 NONE
Diablo clay 15 to 30 percent slopes

1060.27 NONE
Diablo clay 15 to 30 percent slopes

1633.56 NONE
Diablo clay to percent slopes

860.4 NONE
Diablo clay 30 to 50 percent slopes

1384.99 NONE
Diablo clay to 15 percent slopes

1660.63 NONE
Diablo-Olivenhain complex 9to 30 percent slopes

121.19 NONE
Diablo-ljrban land complex 15 to 50 percent slopes

471.44 NONE
Diablo-Urban land complex to 15 percent slopes

926.84 NONEWATER
787.13 NONE

App A2 soil ranks Sd co.xls
2/7/01



ORANGE COUNTY SOILS

MAP UNIT NAME COMMENTS ACRES RANK

ALO CLAY 15 TO 30 PERCENT SLOPES
4458.41 NONEALO CLAY 30 TO 50 PERCENT SLOPES
5707.02 NONEALO CLAY 910 15 PERCENT SLOPES
2085.01 NONEALO VARIANT CLAY 151030 PERCENT SLOPES

8.86 NONEALO VARIANT CLAY 30 TO 50 PERCENT SLOPES
39.08 NONEALO VARIANT CLAY 91015 PERCENT SLOPES
40.18 NONEANAHEIM CLAY LOAM 151030 PERCENT SLOPES

281.52 NONEANAHEIM CLAY LOAM 3010 50 PERCENT SLOPES
820.12 NONEANAHEIM CLAY LOAM 501075 PERCENT SLOPES
510.11 NONEANAHEIM LOAM 151030 PERCENT SLOPES
552.86 LOWANAHEIM LOAM 30 TO 50 PERCENT SLOPES
831.29 LOWBALCOM CLAY LOAM 151030 PERCENT SLOPES
481.47 NONEBALCOM CLAY LOAM 301050 PERCENT SLOPES
765.39 NONEBALCOM CLAY LOAM TO 15 PERCENT SLOPES

57.28 NONE

BALCOM-ROCK OUTCROP COMPLEX 15 TO 50 PERCENT SLOPES
214.43 NONEBEACHES

453375 NONEBLASINGAME STONY LOAM 30 TO 65 PERCENT SLOPES
clay subsoil

5579 NONEBOLSA SILT LOAM
944.22 LOWBOLSA SILT LOAM DRAINED

9875.66 LOWBOLSA SILTY CLAY LOAM
925.88 NONEBOLSA SILTY CLAY LOAM DRAINED

4711.85 NONEBOSANKO CLAY 151030 PERCENT SLOPES
2084.08 NONEBOSANKO CLAY 301050 PERCENT SLOPES
1492.97 NONEBOSANKO CLAY 910 15 PERCENT SLOPES

918.12 NONEBOSANKO-BALCOM COMPLEX 15 TO 30 PERCENT SLOPES
507.79 NONEBOSANKO-BALCOM COMPLEX 301050 PERCENT SLOPES
316.03 NONEBOlE LLA CLAY LOAM 2109 PERCENT SLOPES
59394 NONEBOTELLA CLAY LOAM 910 15 PERCENT SLOPES
673.73 NONEBOTELLA LOAM TO PERCENT SLOPES
378.87 LOWCALLEGUAS CLAY LOAM 50 TO 75 PERCENT SLOPES ERODED

1043156 NONECAPISTRANO SANDY LOAM 2109 PERCENT SLOPES
1082.18 HIGH

CAPISTRANO SANDY LOAM TO 15 PERCENT SLOPES
41207 HIGH

CHESTERTON LOAM SAND 15 TO 30 PERCENT SLOPES
994 HIGH

App Al soil ranks orange co.xls
2/7/01



320.9 HIGH

270.05 NONE

9018 NONE

751.64 HIGH

3341.07 HIGH

2.32 HIGH

6583.70 HIGH

356.49 VERY HIGH

239.33 VERY HIGH

67.22 NONE

2986.71 NONE

24.53 NONE
ALLUVIAL FANS VALLEYS

493.24 VERY HIGH
ALLUVIAL FANS VALLEYS

6647.57 VERY HIGH
DANA PT EOL IAN

554 VERY HIGH
DANA PT EOLIAN

4371.95 VERY HIGH
FINE ALLUVIUM

707.99 VERY HIGH
FINE ALLUVIUM

751.02 VERY HIGH

266.55 LOW
70.88 LOW

44.8 HIGH

169.43 LOW
265.43 LOW

CLAY IN HORIZON
2852.58 HIGH

CLAY IN HORIZON
509.19 HIGH

CLAY IN HORIZON
6117.56 HIGH

CLAY IN HORIZON
1213.70 HIGH

CLAY IN HORIZON
2123.07 HIGH

CLAY IN HORIZON
1779.38 HIGH

CLAY IN HORIZON
1884.76 HIGH

CLAY INBHORIZ0N
1162.61 HIGHOMNI CLAY DRAINED
1318.91 NONEOMNI SILT LOAM DRAINED

Moist poorly drained
308.32 NONE

377.83 NONE

881.95 LOW

CHESTERTON LOAMY SAND TO 15 PERCENT SLOPES
CHINO SILTY CLAY LOAM

CHINO SILTY CLAY LOAM DRAINED

CIENEBA SANDY LOAM 1510 30 PERCENT SLOPES
CIENEBA SANDY LOAM 301075 PERCENT SLOPES ERODED

CIENEBA.BLASINGAME..ROCK OUTCROP COMPLEX 91030
PERCENT SLOPES

CIENEBA-ROCK OUTCROP COMPLEX 30 TO 75 PERCENT SLOPES
CORRALITOS LOAMY SAND

CORRALITOS LOAMY SAND MODERATELY FINE SUBSTRATUM
CROPLEY CLAY TO PERCENT SLOPES

CROPLEY CLAY 109 PERCENT SLOPES

GABINO GRAVELLY CLAY LOAM 151050 PERCENT SLOPES
HUENEME FINE SANDY LOAM

HUENEME FINE SANDY LOAM DRAINED

MARINA LOAMY SAND 0102 PERCENT SLOPES

MARINA LOAMY SAND 2109 PERCENT SLOPES

METZ LOAMY SAND

METZ LOAMY SAND MODERATELY FINE SUBSTRATUM

MOCHO LOAM 0102 PERCENT SLOPES

MOCHO LOAM TO PERCENT SLOPES

MOCHO SANDY LOAM 0102 PERCENT SLOPES
MODJESKA GRAVELLY LOAM 151030 PERCENT SLOPES
MODJESKA GRAVELLY LOAM 910 15 PERCENT SLOPES
MYFORb SANDY LOAM TO PERCENT SLOPES

MYFORD SANDY LOAM 151030 PERCENT SLOPES
MYFORD SANDY LOAM 2109 PERCENT SLOPES
MYFORD SANDY LOAM TO PERCENT SLOPES ERODED
MYFORD SANDY LOAM 910 15 PERCENT SLOPES
MYFORD SANDY LOAM 91030 PERCENT SLOPES ERODED
MYFORD SANDY LOAM THICK SURFACE 0102 PERCENT
SLOPES

MYFORD SANDY LOAM THICK SURFACE 2109 PERCENT
SLOPES

PITS

RIVER WASH

App Al soil ranks orange co.xis

2/7/01



ROCK OUTCROP-CJENEBA COMPLEX 301075 PERCENT SLOPES
124417 LOWSAN ANDREAS SANDY LOAM 151030 PERCENT SLOPES

443.09 HIGHSAN EMIGDIO FINE SANDY LOAM 0102 PERCENT SLOPES
78.31 HIGHSAN EMIGDIO FINE SANDY LOAM 2109 PERCENT SLOPES
14.23 HIGHSAN EMIGDIO FINE SANDY LOAM MODERATELY FINE

SUBSTRATUM 0102 PERCENT SLOPES
87.12 HIGHSOBOBA COBBLY LOAMY SAND 010 15 PERCENT SLOPES
27.88 LOWSOBOBA GRAVELLY LOAMY SAND TO PERCENT SLOPES 10 over very gravelly material 155.83 LOWSOPER COBBLY LOAM 15 TO 50 PERCENT SLOPES
17.72 LOWSOPER GRAVELLY LOAM 15 TO 30 PERCENT SLOPES

572.27 LOWSOPER GRAVELLY LOAM 30 TO 50 PERCENT SLOPES
1828.21 LOWSOPER LOAM 15 TO 30 PERCENT SLOPES

9.08 LOWSOPER LOAM 30 TO 50 PERCENT SLOPES
10.29 LOWSOPER-ROCK OUTCROP COMPLEX 30 TO 75 PERCENT SLOPES shallow

738.77 NONESORRENTO CLAY LOAM 0102 PERCENT SLOPES
380.67 NONESORRENTO CLAY LOAM 2109 PERCENT SLOPES

1284.09 NONESORRENTO LOAM TO PERCENT SLOPES
573.35 LOWSORRENTO LOAM TO PERCENT SLOPES

1186.68 LOWSORRENTO SANDY LOAM TO PERCENT SLOPES
17.8 HIGHTHAPTO-HISTIC FLU VAQUENTS

92.34 NONETIDAL FLATS

3043.04 NONEWATER

2301.80 NONEXERALFIC ARENTS LOAMY TO PERCENT SLOPES
951.97 NONEXERALFIC ARENTS LOAMY TO 15 PERCENT SLOPES
203.39 NONEXERORTHENTS LOAMY CUT AND FILL AREAS 151030 PERCENT

SLOPES
331.78 NONEXERORTRENTS LOAMY CUT AND FILL AREAS TO 15 PERCENT

SLOPES
230.71 NONEYORBA COBBLY SANDY LOAM 301050 PERCENT SLOPES
451.26 LOWYORBA COBBLY SANDY LOAM 91030 PERCENT SLOPES
120.07 LOWYORBA COBBLY SANDY LOAM TO 30 PERCENT SLOPES

ERODED
Ar 11

310.26 LOWYORBA GRAVELLY SANDY LOAM 151030 PERCENT SLOPES
117.96 LOWYORBA GRAVELLY SANDY LOAM 2109 PERCENT SLOPES
168.65 LOWYORBA GRAVELLY SANDY LOAM TO 15 PERCENT SLOPES Ar 11
19087 LOW

App Al soil ranks orange co.xls

2/7/01



APPENDIX
DATA SHEET FOR RAPID EVALUATION OF

POTENTIAL PPM TRANSLOCATION RECEIVER SITES



Potential Receiver Site Data Sheet

Date ______________________ Observers __________________________ Page of______

Site Location County _____________

Habitat

Location

Habitat Type

Shrub Layer 0-100% cover 10 Ifridicates overall ave

Dom Species

Comments exotics

Herb Layer 0-100% cover 10 indicates overall ave

Dom Species

Comments exotics

Ground surface cover Open Ground 0-100% 10

Detritus wood/leaf litter0 10 Pebble/Cobble/Rock 10

Comments

Soil Conditions sand/loam/clay compact/loosely packed depth_____________________________

Comments

Slope Topography

Surrounding Habitat and Land Use ________________________________________________________

Management Needs _________________________________________________________________

Rating prime/high/medium-high/medium-low/low

Addl Comments cats ants



APPENDIX
SUMMARY RESULTS FOR POTENTIAL RECEIVER SITES

NOT RATED IN THE TOP SEVEN



Appendix Summary Results for Potential Receiver Sites Not Rated Among the Top Seven

San Diego County

CSS eastern portion

CSS old burn some Chaparral

western portion

CSS Chamise Chaparral

Ruderal NNG small patch

Calavera Heights

medium-low dense vegetation loamy non-sandy soils far from coast

medium-low dense vegetation soils loose but not sandy

Macario Canyon

medium-low good soils are very patchy entire area is very patchy and

disturbed by developments and migrant use

medium-high to small patch with loose/sandy soil but lots of past and

medium-low present disturbance

Del Mar Mesa

high to medium-low high and medium-high patches small and interspersed with

mostly medium-low areas higher rating because of fme
grain sands present dense vegetation

medium-low soils are sandy in areas but the habitat is mostly dense

chaparral small burn areas looks better

Fieldstone/La Costa

compact loam soil moderate to steep topography

inappropriate habitat little Artemisia and Eriogonum

CSS and Mule-fat scrub SE 15 and

Hvy 76

CSS Benet Cyn of Prince of

Peace facility

CSS and NNG of river

LawrencefBenetiTuley Canyons

medium-low lots of substrate disturbance and high human activity lots

of trash and dumping only small patches of sandy soils in

bottom of canyon

low very steep dense vegetation no obvious sandy areas

low mostly loamy/clay compact soils moderate to steep

topography

Disturbed Grassland and Ruderal

of antenna area

Dune habitat of antenna and

north in State Park Beach

Wetland SW of antenna and side

of strand road

Disturbed Grassland of antenna

CSS and Disturbed Grassland NW
of Saturn Blvd/Palm Aye

Disturbed Grassland of strand

of Coronado Cays

Chamise Chaparral and some SMC

soil loose but entire area is dominated by exotics

disturbed ruderal lands

good sandy dune soil too loose salty some human

disturbance iceplant dominant fw sage scrub species

Salicornia sp dominant species compact clay soils soils

saturated

soils loamy and compact dense exotic herb ground cover

loose loamy/sandy soils sparse shrub cover gopher

diggings imported soils

filled soils from dredging SD Bay variable in texture

exotic species dominant

Dawson/Los Monos Reserve

medium-low soils not sandy mostly barns and decomposed granite

dense chaparral vegetation and woodland poor access

large parcel to be developed

Areas/habitat rated Rating Comments

CSS

Chamise Chaparral and SMC

CSS to Chaparral low

Navy Lands in Coronado

medium-low

medium-high to low

low

low

high to medium-high

medium-low



No of areas/types of habitat rated Rating Comments

Orange County

Bolsa Chica Ecological Reserve

NNG and Ruderal of Lagoon low loamy Compact soils dense exotic cover

Crystal Cove State Park

CSS and NNG most of State medium-low to low loamy/clay and compact soil open to dense vegetation
Park plus areas of Capobrotus evidence of old disturbances

CSS and NNG medium-high small patches of loose sandy/loamy soils lots of squirrel

and gopher activity

Laguna Canyon Area

CSS and NNG broad ridge near medium-high to Dense herb cover dense shrubs in areas relatively good
end of study area medium-low soil could use more sand component

NNG patch on Water Tank Rd medium-high to Small area sandier on north side of road dense non-native

medium-low herb cover

San Joaguin Bills Area

CSS and NNG ridge south of Toll medium-high patches Better soils on sandstone caps road berms small patches
Road and patch in north medium-low overall dense vegetation

NNG w/
sparse shrub cover north Medium-high Soils could be sandier good open habitat lots of non-

of Toll Road natives

Upper Newport Bay

CSS patches NNG Ruderal low loamy/clay soil dense vegetation scrub and exotic herbs
side of bay lots of human presence/disturbance

NNG of Hwy 73 medium-low sandy and ioamy soils not very loose dense exotic herb

layer very disturbed



APPENDIX
SUMMARY DATA ON FEROGNA THUS LONGIMEMBRJS BANGS

CAPTURES ON THE SNOW CREEK STUDY GRIDS 1999



Summer 2000 Capture Data

GIDA
Animal

Morning

Mark Recap Age Sex

NO SA A3 B3 Al

A7

c9

D5

Bi

02

F4

F9

F12

H14

A9

A7

A14

c9

05

Cl

D2

E3

G8

F9

G12

H14

T2100

14300 NO SA A5

T3100 NO SA 87

T4200 NO SA A7

T3200 NO SA A14

T0004 99/00 Al

T3300 NO SA dO

T3400 NO SA C8

T0330 99/00 D5

10 T4400 NO Ci

ii T0233 NO SA 02

12 TOill NO SA E3

13 10112 NO SA F9

14 T0i 13 NO SA/A F9

15 10114 NO SA F13

16 10121 NO G14

17 T0122 NO SAJA H13

18 T0133 NO SA H12

19 T0131 NO SA GlO

20 T0311 NO SA H4

21 TiOll NO SAIA G6

22 10031 2000 Ii

--J

23 T0123 NO SA J7

24 11014 NO SAJA 18

25 T0124 NO SA L12

26 10132 NO SA L9

27 TO 100 YES L7

A5

86

A14

C8

E4

H8

E8

G12

H14

Ill

GlO

19

Li

G9 09

04

J7 J6

19 19

L12 L12

KlO J1O

from Grid or re-grown toe

28 11110 NO SAJA L2 N2 M2



GRIDA
Animal Mark

29 T4011

Morning

Recap Age Sex

NO Ml N4 N3

30 T1012 NO SA N4

31 T4044 NO M5 M5

32 T0321 NO M9

33 T0134 NO SA N8 M12 N8

34 T0324 NO SA Ml

35 10322 NO N13 N13

36 T1013 NO SA N14 N14 N14

37 T4032 NO SA Al

38 14041 NO SAM B2 A2 A3

39 14021 NO SA 87 B7

40 12042 NO SNA AlO AlO

41 12023 NO 812 B13 Bil

42 T2031 NO A13 A13 All

43 12012 NO A14

44 T20l3 NO SA C14 B14 B14

45 T2014 NO SA 012 012

46 T4033 NO J/SA Fl El F2

47 T0002 NO Fl F2 Fl

natural mark T2 all the way gone
48 T4122 NO E5 E6

49 14034 NO SA F14 F7 G13

50 P03932 323 2000 GO GlO G9

.i 51 P039526882 2000 H12

52 14034 NO SA G6

53 14042 NO SA G2

54 10031 2000 Ji

55 T4023 NO 17 17

56 14042 NO SA 114

57 14043 NO SA K14 J13



GRID

Animal Mark

T2034

59 T2021

60 T3024

61 T0142

62 T3011

63 T2033

64 T2024

65 T3012

66 T3043

67 13042

68 T3041

69 T3044

70 P039553 278

71 T3034

72 T3033

73 13032

74 T0023

75 10003

deformed t3

76 T0421

77 14022

78 T0434

79 T0442

80 P039526 882

81 T0431

82 T0031

83 T0423

84 10443

85 10432

86 T0413

Recap Age Sex

NO SA

NO SA

NO SNA

NO SA

NO SAIA

NO SA

NO SA

NO SA

NO

NO SA

NO SA

2000

NO

NO SA

NO J/SA

2000

NO SA

NO

NO

NO SA

NO

2000

NO JISA

2000

NO

NO SA

NO

NO

L14

missed orig mark

K12

L8

K8

L5

K6

L4

L4

K3

NI

N2

MS

N5

N6

N10

Nil Ni3

A9

Dl

Dli

E13

Gi

H14

Hi

Hi

Ji

13

J4

Ill

L7

58 T0034 to 2000

Morning

Li

L9

K7

L6 L5

L4 L4

J2

N10

Bi

Bi

Ji2

Ii

13

H4



87 TiOlO

88 T0343

89 T0432

90 T1021

91 T0320

92 T0232

93 T2034

94 T0244

95 T0242

96 10241

97 10234

NO SA

NO

YES SA

1999

NO SA

YES SNA

NO

NO SA/A

NO SA

M6

N7

GRMA Morning

Animal Mark Recap Age Sex

99/00 K2 K2

K2

M14

B4

Moved from Gnd over night

C3

Fl

LI

Moved from Grid over night

M5

NO SA N10



GRID Spring 2000 Capture Data

T1020 YES

10102 YES

P039283769 NO

T0041 NO

T0042 NO

T0043 NO

T0044 NO

P039378628 NO

T1020 YES

10 T4000 YES

11 T0210 YES

12 T3000 YES

13 T0201E98 YES

14 T0002 YES

15 T01340 YES

16 F7D31702F YES

orig.T4010

17 10444 YES

18 T2020 YES

19 T3002 YES

20 T4020 YES

21 P039513023 NO

22 T0204 NO

23 11100 NO

24 T1300 NO

25 P039372100 NO

26 T2200 NO

27 12/3200

Al

Bi

87

A12

C8

El

F2

F2

F3

ripped ear no tail

F4

ripped ear

G6

H9

J14

K4

L12

orig 0100 or 0300

K12

front toe regrown

N7

orig 0404

E6 C5

F7

El ClO

13 G3

M5

013

L3

N12

04 13

orig Grid capture

G2 Hi

GlO

mangled left front foot

Animal 99 Morning
Mark Recap Sex Age

C2

Al

07

Cl4

88

El

02

DlO

J5

H14

Kl2

Ll

08

Dl

F3

N2

C5 D5

E9

A3

C5

B8

F2

Al

F2

E6

010

Ki

M8

Gl3

J5

N12

Hll

toe swollen

K1

N5

CS

Ki

M6

C8

El

F3

no tail

mangled front feet

28 T4100 NO M4



29 12000

30 P039317337 NO

31 P039526805 NO

32 P039516525 NO

GRID Spring 2000 Capture Data

Animal 99
Morning

Mark Recap Sex Age
YES H9

at

Ni

N8

M14



SUmm.r 2000 Capture Data

GRID Morning

Animal Mark Recap Age Sex

A3

C12

C8

05

E3

02

A12

E3

F7

C12

C8

D6

Cl

El

E3

E6

T0141 NO SAJA A2 A3 A2

Ti 020 99/00 B3 B2

half tail

11401 NO SA B4 B5

T0441 NO J/SA A12

T0440 NO SA/A C13

T1402 NO SA C9

T0433 NO SA C4

T0344 NO JISA D3

T2011 NO SA Dl

10 10411 NO SA El

11 T1042 NO E3

12 T0211 NO SA F2

13 T4000 99/00 E5

14 T4020 99/00 F4 F4

bobtail

15 T2044 NO SA/A E8 F6

16 12041 NO SA F6 E6

17 T1041 NO SA FlU

18 T1033 NO SA G9

19 T1031 NO J/SA G8

20 T1032 NO G7

21 T1021 NO SA Gi

22 T1022 NO SA 14

23 T1023 NO SA/A N14

24 Ti 024 NO SA M5

25 T1034 NO SA L2

26 T1043 NO SA L3

27 11044 NO SAIA L12

28 T4031 NO SA Lii

G7 G7 G7

G2 G2

H4 13

N12

L2 Ni

L3

Mu M14



Morning

Recap Age Sex

K13

H10

H13

A8

A9

Al

J13 J13

J7 H6

112 Hl0

H14 113

Bi

A9

B9

Al

C14

E12 El2

F13 F12

E13 E14

G9 G9

H5

G5

H4 G4

G3

Ji Ii

J8 J8

17 18

J12

J14

N2 N4

M5 K6

Animal Mark

29 T2022 NO SA

30 T4024 NO SA

31 T4014 NO SA

32 T4012 NO SA

33 T3014 NO

34 T3031 NO SA

T3023 NO SA

36 T3022 NO SA

37 T3021 NO SA

38 13013 NO

39 T2034 NO SA/A

40 12043 NO SAIA

41 T3000 99/00

42 T1044 NO

dup
43 11404 NO

44 T0210 99/00

45 T0143 NO SA/A

46 T0144 NO SA

47 T0212 NO SA/A

48 T0213 NO SAJA

49 T0214 NO SA

50 T0221 NO SA

51 T0222 NO SA

52 T0223 to NO J/SA

T2/323

53 10224 NO SA N4

54 T0231 NO M7

55 10412 NO SA N9

56 10424 NO SA/A M9

57 T0141 NO Mi0

A8

A9

A14

E12

G9

15

H7

J14

Ni

M7

Nil

M9

N7

NiO

M9



GDB
Animal Ma

58

59

60

61

62

63

64

65

66

67

68

69

70

71

99/00

NO SA

NO SA/A

NO

NO

NO

NO J/SA

NO SA

NO SA

N2

Ki

J2

GlO

F4

Bi

B5

B9

M2

F9

Cl

B5

B9

M4

B14

114

Morning

Recap Age Sex

N210331 NO SA/A

T0332 NO SA

P039372 100 2000

Ti 332 NO J/SA

T1020 99/00

T3002

10333

10334

11222

T0243

T0431

T031

10312

10313

no tail

N7

N13

N14



APPENDIX
DIFFENDORFER AND LONGLAND
TRANSLOCATION STUDY DESIGN



Introduction

The USFWS Recovery Plan for the pacific pocket mouse Perognathus
longimembrispacflcus hereafter PPM considers the species recovered when 10
viable populations exist Currently populations exist with perhaps only one being

capable of sustaining individuals long-term Thus additional populations of PPM must
be created Given the highly fragmented landscapes of Ca relative to the

dispersal

ability of PPMs natural dispersal will not result in the colonization of suitable areas

Instead the recovery goal often populations will necessitate the translocation of animals
to found new populations The Phase Report effectively outlines general considerations
for translocation attempts Here we describe an experiment that will help guide
translocation efforts by testing three designs of onsite enclosures for temporarily holding
translocated individuals

Two requirements are critical for the establishment of newly translocated

population First animals must remain on site Second translocated animals must
survive to the first post-translocation reproductive season and successfully reproduce
We believe that meeting these requirements is best achieved by the use of enclosures
which restrict immediate dispersal and

protect animals from predators In the absence of
movement barriers animals may attempt to home back to their original location

Restricting animals for short period of time may reduce the motivation to home and
allow animals to construct burrows which are critical to creating site fidelity Moreover

newly arrived animal must construct burrow and learn local habitat features in order

to garner resources During this time they are probably subject to increased risk of

predation Enclosures create safe haven during acclimation In addition when
enclosures are opened by cutting small holes in the fence they will still act as an area
where predators and most competitors cannot gain entrance

Although the ultimate goal is the translocation of PPM it may be wise to test the

efficacy of translocation protocols with non-threatened sister taxon The management
team has identified longimembris bangsi as suitable surrogate subspecies for PPM
The following experimental design therefore focuses on bangsi However the

design is also intended to guide translocation efforts should PPM individuals become
available under extraordinary situations

Perhaps the most effective approach for successful translocation would be to

enclose and protect sufficiently large area of habitat to allow reproducing population
to persist long-term inside In reality this method will not be used in translocation

attempts because it is limited by logistics including prohibitive expense and construction

time requirements it would also be difficult to predator proof in addition designing an

experiment to test various methods within the framework of large enclosures would

require large expanses of land and extremely expensive logistics We therefore have

opted for an approach that uses small enclosures to temporarily contain individual

animals We specifically propose to systematically test two factors the size of enclosures

and the amount of time animals are held in the enclosures

Experimental Design

Two sites must be established that are 1km apart The goal is to create two
areas in which translocated individuals are naïve with no cognitive map of the new
environment The current Snow Creek site can probably be used for one of these sites



The grids should be large enough to allow the capture of at minimum 60 individuals

reciprocal transplant experiment will take individuals captured off one grid and use
them as founders on the other grid It is of utmost importance that the vast majority of
resident animals be removed from both plots Initial PPM translocations will occur into

areas that have no conspecific individuals although later supplementation of
translocated population may be desirable so the planned experiment should parallel this

situation Furthermore the removal of unmarked new individuals will have to occur

throughout the experiment

The experiment will primarily test the effects of enclosure size and duration of
confinement on number of response variables and will also but with less rigor test the

effects of sex and age Response variables that can be measured include persistence

which includes both death and
dispersal off the grid at different time intervals from

moment of release This includes short-term persistence immediately after release

persistence between trapping sessions depending on what they are and longer-term
overwinter persistence In addition site fidelity distance moved from release point
body mass and reproductive condition can be measured and tested

Enclosure design We propose two enclosure designs The first is small circular 2.0-

diameter enclosure The second is large 5-rn square enclosure The primary
construction element should be quarter-inch hardware cloth supported by t-posts and

stronger material such as hog fencing Enclosures should be buried 0.5 below ground
Metal flashing should cover the top of fences to prevent climbing Each enclosure will

contain small human-made burrow consisting of two I-inch diameter PVC tubes 30
cm long that are buried at 30-degree angle with ends meeting in an open chamber or
metal can with both ends removed below ground The inner surfaces of the tubes should

have sand glued to them for more natural surface Enclosures should be covered with

netting to deter avian predators

Duration of containment in small enclosures will be either days or month To
release animals small holes approximately 1.5 cm will be cut in the base of the fence to

permit passage of small pocket mice but not larger animals Animals in all of the large

enclosures will all be contained for one month Thus we do not have fully replicated

design i.e 5day large enclosure treatment However we felt large enclosures would
not in practice be used for such brief containment periods

We can test the utility of the different enclosures by testing the effects of the three

enclosure designs on the above response variables using ANOVAs The ANOVA
models used should include planned orthogonal comparisons contrasting the two types of
small enclosures 5-day vs 1-month confinement and the large enclosures versus the

small I-month confinement enclosures These contrasts systematically test for effects of
confinement period and enclosure size respectively on persistence site fidelity and
various fitness proxies of individual pocket mice Sex and age of individual mice can

also be included as class variables in these analyses to determine which sex/age

categories might be the best candidates for successful translocation

Methods Capturing translocating and placing animals in the enclosures should take

place in early spring This date allows individuals in the I-month enclosures enough time

to establish seed caches critical to overwinter survival after being released It may also



allow for the capture of pregnant females and some young thus maximizing the ability to

get sufficient representation across age categories and possibly obtain some pregnant

females Before trapping begins all enclosures should be in place It is possible that

some resident animals will be in the area of the newly created enclosures particularly the

enclosures These animals should be trapped out of the enclosures and held

until the lull-scale translocation takes place total of 120 enclosures should be made

20 large 40 small for each grid and randomly located across the two study grids

Despite random placement each enclosure should include some shrub cover if possible

In addition the enclosures particularly the x5 should not include burrow systems as

the tunnels may go under the fence In general and if possible equal numbers of males
and females as well as juveniles and adults we assume only two age classes can be

identified in the spring should be placed among each of the three enclosure treatments

with single individual in each enclosure Ideally individuals of each sex/age category

should be in each of the three enclosure treatments

The initial trapping effort will simultaneously remove animals from grid and

move them to their new site As animals are captured they should immediately be

moved to the new site and placed in an enclosure Animals should be placed in long

duration enclosures first to avoid having to release animals from the short duration

enclosures while the removal of resident animals continues

Removal trapping should continue after animals are translocated to assure that the

resident population has been greatly reduced Since the grids are not closed some
number of new individuals will likely occur as they disperse onto the grid from adjoining

habitat However the key is to create relatively resident-free habitat to simulate the

empty habitats targeted in PPM translocations The initial removal trapping first

days will give rough estimate of the population size on grid Removal trapping

should occur frequently enough after the initial trapping so that the number of new
individuals captured is not more than 10-20% of the original population removed This

removal trapping should continue until the translocated animals become reproductive

after overwintering Translocated individuals should be uniquely marked before being

placed in enclosures so they are not confused with new migrants during the removal

trapping Removal trapping would not be necessary if the entire study grid was enclosed

However as mentioned above fencing the entire plots is not practical

All enclosures should be supplemented with food while animals are above

ground including the time after release This will take place until aboveground activity

ceases for winter We feel that PPM translocations will supplement animals to increase

the chances of overwinter survival Augmenting the enclosures with grain creates ready

supply of food that is only available to the smallest of granivores such as pocket mice
bird feeder may act as good time-release device that only needs to be serviced monthly
and can be retrofitted to discourage ant foraging by hanging them just an inch off the

ground from the top of the cage

For high quality survivorship data trapping should occur monthly following the

release of animals with trapping periods of at least days This regime may be too

expensive for the current budget Minimally trapping must occur once in the winter soon
after release and again in the spring to estimate both overwinter survival and

reproduction In this scenario overwinter survival would be calculated as the proportion

of animals that survived from those released In this case survival will include both true



mortality and dispersal off the grid Ifjust minimal level of trapping takes place before
and after winter only trapping on an adjacent control grid before and after winter to

compare the overall rates of survival in experimentally translocated animals to control

may be worthwhile

Limitations of the study to successful franslocation of PPM We believe it is

important to place the current study design in the larger context of successful PPM
translocation The study proposed above only considers methods for enhancing site

fidelity and survival of translocated animals However there are other critical factors

that will determine the overall success of translocation attempt We feel we should

touch on both the specific limitations of the proposed study as well as identify other areas

of incomplete knowledge that may bear on the success of such translocations

Site Quality Regardless of the outcome of the proposed experiment high quality sites

must be found to increase the probability of successful translocation This process is

currently being implemented by the recovery team as describe in the phase and II

reports Examining methods of improving site quality before translocations such as

brush removal may be worthwhile area of research Hand-thinning experiments are

currently underway at Dana Point and controlled burning may also occur at the San

Mateo North population Trapping results on Dana Point indicate immediate short-term

positive response of PPM to shrub removal At last count seven PPM were captured in

thinned areas and only one in un-thinned control These individuals were all over-

wintered adults indicating behavioral response to habitat change

Life history information The current study may show some responses of sex and or age

to translocation However the importance of high quality life history data for PPM
cannot be over emphasized If for example we knew that juvenile survival was low

relative to adult survival we may choose to translocate adults Furthermore second year

females may no longer reproduce and hence be useless for translocation Without this

information choosing what animals to use as founders for new population is difficult

In addition we are not confident that life history data from the surrogate species bangs
will be instructive for PPM

Genetics We currently lack information on the genetic structure of PPM populations

As such it is difficult to determine the appropriate mix of genotypes in founding

population Consequently we have not considered genetics in the current proposal

However Dr Patton at UC Berkeley is currently working on genetic analyses of PPM
and the new toe-clips he will get this year should greatly aid his analysis

Temporal variability Results of the experiment could change depending on variability in

weather Obviously high levels of success in the experiment during year of high

rainfall may not be applicable to translocation attempt during drought which we do

not recommend

Comparability of bangsi to pacfIcus The assumption that responses found in enclosure

experiments will be applicable to PPM translocation should viewed with caution Given



both the taxonomic and habitat differences between these sister taxa we simply cannot be

sure that the results cany over between these organisms

Coslllogistic considerations The proposed experimental design even with the most

minimal statistical rigor may exceed current funding levels or require excess labor It

may possible to drop large enclosures from the experimental design if the use of these in

actual PPM translocations is deemed unlikely

Removal trapping It may be possible that removal trapping will still be occurring when
it is time to release animals from the short duration enclosures i.e after days This

should not be problem if as we expect the vast majority of the resident population has

been removed To avoid this problem animals designated for the short-duration

enclosures could be placed in temporary captivity using small cages for -3 days before

introduction to the enclosures while removal trapping is taking place
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Summary of genetic analyses of populations of Perognathus longimembris pacificus

Patton December 2000

Andrea Swei an undergraduate student at the University of California at

Berkeley completed senior honors thesis under my guidance in May 2000 that

investigated aspects of the genetic diversity of samples of the long-tailed pocket mice

Perognathus longimembris from southern California including samples available at

that time of the Pacific Pocket Mouse P. pacificus Her thesis built upon dataset

already available that had completed in 1995-1996 one that stemmed from the

sampling efforts of Philip Bryiski and Shana Dodd copy of Andreas thesis was sent
to Wayne Spencer in July 2000 have added few sequences from Dana Point and the

Oscar One site at Camp Pendleton this fall based on material collected during the

summer/fall of 2000 complete synopsis of available samples for the five subspecies
of the long-tailed pocket mouse that occur in southern California is given in Table

set of hair samples from the Oscar One site remain to be extracted and sequenced this

will be done during the coming Christmas holiday season
Andreas work as was true for the data had assembled earlier and more

recently utilized sequences from the niitochondrial cytochrome gene to examine
several important aspects of the population genetic structure of these pocket mice
namely the degree to which the Pacific Pocket Mouse is an independent

evolutionary unit in comparison to those other subspecies in southern California the

extent of gene exchange among populations of the Pacific Pocket Mouse and between

any of these and population samples of geographically adjacent subspecies

brevinasus I.bangsi and internationalis in San Diego Riverside and Imperial
counties and the amount of genetic diversity present within local populations as

well as summed across separate population samples of the Pacific Pocket Mouse The
first issue addresses the genetic uniqueness of the Pacific Pocket Mouse and thus

whether it should be considered as an Evolutionary Significant Unit for management
purposes The second issue seeks to determine the degree to which known populations
of the Pacific Pocket Mouse are genetically isolated Finally the third issue asks if there

has been significant loss of genetic diversity within the subspecies as well as within

the extant populations in relation to unimpacted populations of the other subspecies
To address these issues we were provided with tissue of 29 individuals mostly hair

samples from live-trapped individuals of the Pacific Pocket Mouse from four different

populations Dana Point Co and Oscar One San Mateo North and San
Mateo South Diego Co. These data were added to set of individuals from
Dana Point sampled by Phil Bryiski at the time that population was rediscovered
While sample sizes remain limited Table sufficient data are available to estimate the

population genetic parameters for each of the three measures cited above We also

examined few additional individuals of the Coachella Valley subspecies bangsi
Most importantly however Andrea expended considerable effort to obtain DNA
sequence data from 12 museum specimens of the Pacific Pocket Mouse collected in the



early part of the 20th century and housed in the collections of the Museum of Vertebrate

Zoology Table These samples permit us to assess whether the current pattern of

genetic structure exhibited by the Pacific Pocket Mouse reflects historical and thus
natural processes or has resulted largely from the urbanization and habitat

fragmentation of the recent 3-4 decades

complete description of laboratory and analytical methodologies and

presentation of the results is given in Andreas senior thesis With the addition of

samples of the Pacific Pocket Mouse obtained during the late summer and early fall

and which are being analyzed now see below we will prepare these data in

manuscript form to submit to formal journal provide synopsis of the general

findings below

In relation to each of the three study issues stated above the salient features of

Andreas analyses are as follows separated by extant and historic samples

Extant samples
With three exceptions each separate haplotype is unique to particular

population The exceptions are one haplotype shared between two populations of

bangsi one haplotype shared between population of bangsi and brevinasus and
another shared between the San Mateo South and Dana Point samples of the Pacific

Pocket Mouse However no subspecies including the Pacific Pocket Mouse is

reciprocally monophyletic for their respective DNA sequences This means that none of

these taxa has been isolated genetically from neighboring ones for sufficient length of

time to allow for the development of an independent evolutionary trajectory Each

subspecies has exchanged genes within the relatively recent past within what is termed
the coalescence time time to the common ancestor of the set haplotypes recovered

for this gene Importantly therefore the Pacific Pocket Mouse is not by itself an

Evolutionary Significant Unit but only part of such unit that includes the other

subspecies from southern California Having said this however the data are also clear

that all Pacific Pocket Mouse haplotypes are unique to that subspecies and are rather

closely linked genealogically Hence while reciprocal monophyly is not complete
historically the Pacific Pocket Mouse has been diverging genetically from its geographic
neighbors There is no evidence on on-going gene flow between any population of the

Pacific pocket mouse and those from neighboring subspecies
It is not surprising therefore that measures of gene flow either historical or

potentially current are quite low in nearly all comparisons between populations

belonging to the different subspecies This is also true for the two populations of the

Pacific Pocket Mouse for which reasonable samples are available Dana Point and San

Mateo This means that genetic drift is and has been an important force in the genetic
diversification of all of these populations regardless of which subspecies each belongs
to Unless local populations are maintained at high densities genetic drift through time
is expected to generate both differentiation among populations and loss of genetic

diversity within each



However populations of the long-tailed pocket mouse in southern California

have retained relatively high levels of genetic diversity as measured by mitochondrial

haplotype diversity As is evident in Table nearly every individual mouse sampled

possesses unique haplotype The major exception to this pattern is the Pacific Pocket

Mouse for which overall haplotype diversity is less than half that found for the other

four subspecies all populations and individuals pooled The apparent loss of diversity

results solely from the Dana Point sample There were only unique haplotypes
recovered from the 27 individuals sampled from this population while of the

individuals from San Mateo North and South combined had unique haplotypes as

did both individuals from Oscar One Hence of all samples of pocket mice from

southern California only the Dana Point population appears to have lowered genetic

diversity Whether this has resulted from the isolated and small population size of the

Dana Point population remains to be determined

Historic samples
Genetic data from the 12 historical individuals from which DNA was obtained

are not as complete as only half the number of bases could be determined

Nevertheless these data which come from three additional populations that spanned
the historical range of the subspecies Tijuana Mexico to El Segundo Los Angeles Co
offer important insights into understanding the present-day genetic structure of the

Pacific Pocket Mouse

While sample sizes are limited each of the historic samples are comprised on
sets of unique haplotypes that are part of the same general genealogical grouping as

present at Dana Point and San Mateo today The pattern of haplotype differentiation

suggests that each sample has been relatively separated from all others historically

Hence the level of differentiation found today between Dana Point and San Mateo is

likely due to deeper history of limited genetic contact than the result of recent

fragmentation and isolation

The amount of haplotype diversity contained within each historic sample is

somewhat intermediate between that found today at Dana Point and San Mateo of

individuals with unique haplotypes River and of With the

limited available samples therefore it is not possible to determine if the Dana Point

population has suffered loss of diversity in recent times or has been relatively isolated

and of small size for substantial period of time

Conclusions and Recommendations

The addition of the remaining samples collected in 2000 are not expected to

modify in any substantial manner the general conclusions to date namely that the

Pacific Pocket Mouse is not itself an Evolutionary Significant Genetic Unit although its

genetic contact with neighbors has been sufficiently far in the past to allow the

subspecies to develop genealogically uniqueness Moreover the pattern of high

degree of genetic structure across the range of this subspecies appears to result from



historical natural processes and not from recent urbanization leading to

fragmentation and isolation Although the Dana Point population has less genetic

diversity than others including the San Mateo and historic samples it is not clear as yet

if such loss is recent phenomenon this population may have been historically

relatively small and isolated Of importance however is the acknowledgement that the

haplotypes found within the Pacific Pocket Mouse even if these are largely apportioned

among separate populations are genealogically closely related While there is no

yardstick available for explicit support to the following statement this genealogical
closeness would suggest that individuals from San Mateo or Oscar One for example
could be used for transplantation purposes into Dana Point should that population

suffer an extreme decline Certainly transplantation would be genetically defensible

Current studies

Based on Andreas analyses recommended that sample sizes be enlarged

especially for the San Mateo populations and that samples be obtained from the Oscar

One site the third region where the Pacific Pocket Mouse is known to occur Expanded

samples will permit better estimates of within-population genetic diversity measures as

well as those determining the degree of differentiation and hence gene flow between

them Shana Dodd provided me with these samples in October have completed
extraction and sequencing for those individuals represented by whole tissues and

am about to begin work on the series of individuals for which only hair samples are

available Results will be forthcoming over the Christmas holidays

am also beginning to construct genomic libraries to recover highly variable

microsatellite loci from the nuclear genome Once microsatellites have been identified

and primers constructed will determine genotypes at each locus for all available

individuals This work is being done under subcontract with commercial genomics

company and should be completed by spring Microsatellite loci can be used to assess

parentage as well as to get measures of genetic diversity of the nuclear genome for

comparison to the mitochondrial data currently available The availability of these loci

will permit other investigators to monitor genetic characteristics of these populations

into the future

Table Number of individuals and number of distinct haplotypes for each pooled

population sample of five subspecies of southern California long-tailed pocket mice

Perognathus longimembris

taxon individuals haplotypes locality pooled

longimembris 11 Kern Co



San Bernardino

Co
brevinasus San Bernardino

Co
Riverside Co

bangsi 24 19 Riverside Co 21

San Diego Co

Imperial Co
internationalis San Felipe Valley

Earthquake Valley

pacificus 37 18 Dana Point 27

San Mateo South

San Mateo North

Oscar One

Table Historic samples of Perognathus longimembris pacificus from the collections of

the Museum of Vertebrate Zoology for which mtDNA was extracted and sequenced
Year of County Specific locality ividua1s

collection

1931 San Diego Co mouth of Tijuana River

1931 Sam Diego Co Oceanside

1937 Orange Co 0.5 mi El Segundo

near type locality
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Abstract

The geographic genetic structure based on sequence variation of an 810 base pair fragment of the mitochondrial

cytochrome gene is described for populations of five subspecies of the Little Pocket Mouse Perognathus

longimembris from Southern California One of these pacficus Pacific Pocket Mouse is listed as

Endangered by the U.S Federal Government Sixty-two unique haplotypes were recovered from 99 individuals

sampled Phylogenetic analyses of these variants do not identify regionally reciprocally monophyletic lineages

concordant with the current subspecies designations but most haplotypes group by subspecies in networks gener
ated by either statistical parsimony or molecular variance parsimony Moreover substantial proportion of the total

pool of haplotype variation is attributed to these subspecies or to local populations within geographic segments of

each indicating their relative evolutionary independence The pooled extant populations of the endangered Pacific

Pocket Mouse exhibit the same levels of nucleotide and haplotype diversity as other presuiiptively less-impacted

populations of adjacent subspecies although the sample from Dana Point Orange County has markedly low

haplotype diversity in comparison to all others These populations also show genetic signature of population

expansion rather than one of decline Both pieces of evidence are at odds with current empirical population

estimates which reinfoLces the fact that present-day patterns of genetic diversity are the product of coalescent

history and will not necessarily reflect recent anthropogenic or other perturbations Comparison of haplotype

variation within and among extant populations of the Pacific Pocket Mouse with those obtained from museum

samples collected more than 70 years ago suggests that the pattern of population differentiation and diversity was

in place before the post-World War El exponential urbanization of Southern California

Introduction al 2000 Hedrick 2001 Hedrick and Kalinowski

2000 Genetic methodologies have also proven

Population genetics and phylogenetics intersect con- useful in determining how genetic variation is appor
servation biology in number of salient if different tioned within and among populations races and

ways These range from measures of the loss of species with the lineage contribution to overall

variability due to bottleneck effects following hab- genetic diversity increasingly relevant to management
ita fragmentation to consequences of inbreeding decisions Morita 1994ab 1995 Finally molecular

and to the development of management plans that markers have been used to confirm or reject an extant

promote out-crossing among others Crandall et taxonomy with respect to the uniqueness of listed
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taxa or those proposed for special protection at state

federal or international levels e.g Zink et 2000
In this paper we examine the patterns of genetic

variation in mitochondrial DNA
sequences for popula

tions and races of Perognathus Ion gimembris the
Little Pocket Mouse in Southern California We use

the current subspecies designations and mapped dis
tributions e.g Hall 1981 Williams et al 1993 as

point of departure but our analyses do not depend
on the taxonomic validity of

any of these forms One

subspecies pacijicus the Pacific Pocket Mouse
is currently listed as Endangered under the

Endangered Species Act and three others are con
sidered of conservation concern by the State of Cali
fornia and the IUCN Species Survival Commission

Patten et al 1998 The
ranges of both subspecies and

populations in Southern California have been strongly
influenced by habitat conversion degradation and

fragmentation as result of intensive development

especially within the past 50 years

We use hierarchical phylogenetic and popula
tion genetic analyses to address the question of the

uniqueness of extant populations of all recognized

races of the Little Pocket Mouse in Southern Cali
fornia We combine data from extant populations
with those from historical but now extirpated popula
tions of pacificus to help examine the relative impor
tance of deeper history and recent habitat fragmen
tation through urbanization to the observed patterns

of genetic diversity We conclude that these types of

molecular studies primarily yield information about

that deeper history rather than more recent anthro

pogemc population perturbations This backward look

into the
genetic past must be combined with future

projections based on current demography and the like

lihood for population intercomiections in the develop
ment of any management directives

Perognathus longimembris in Southern CaIfornia

For the
purposes of this paper we define Southern

California to include the Los Angeles Basin and

coastal plain south to San Diego was well as the

western margins of the Colorado Desert in Riverside

San Bernardino San Diego and
Imperial counties

map Figure By current taxonomy Williams et al

1993 four subspecies of Iongirnembris are recog
nized within this region bangs Springs
Pocket Mouse brevinasus Angeles Pocket

Mouse internationa/js llnternational Pocket

Mouse and pacficus Pocket Mouse

Williams 1986 noted that the systematjcs of the

entire Ion gimernbris group is in need of revision

especially the various subspecies in Southern Cali
fornia For simplicity we use the

range designations

given in Williams et al 1993 for each subspecies

yet recognize that both the
validity of these taxa and

their explicit boundaries remain to be firmly estab

lished The range of bangsi includes in the Coachella

and Imperial valleys east of San Gorgonio Pass at

least to the Mexican border brevinasus inhabits the

arid coastal basins to the immediate west and inter

nationalis is known from the quasi-isolated ipterior

desert valleys in eastern San Diego Co Figure
Both bangsi and brevinasus have experienced con
siderable habitat loss from urban development in the

Palm Springs and greater Los Angeles areas respec

tively Brylski et 1994 The historic
range of paci

ficus extended down the coastal strip from approxi
mately El Segundo Los Angeles Co to near Tijuana

Baja California Today this subspecies is limited to

two small and isolated areas one at Dana Point

Orange Co and the other at three separate nearby sites

on Marine Corps Base Camp Pendleton in San Diego
Co Spencer et 2000a 2001 It has apparently
been extirpated from the remainder of its range Two
other subspecies are distributed to the adjacent north

and east in the Antelope Valley and Mojave River

region Iongimenbris Figure inset and along
the Colorado River bombycinus we include data

for the former but not the latter

Perognathus Iongimenbris is diminutive 12

grams in adult body mass nocturnal solitary and

semi-fossorial living in self-dug burrows rodent in

the family Heteromyidae It is largely granivorous

specializing on grass and forb seeds that it caches The

species inhabits desert scrub and sparse sage scrub

in the southwestern U.S and northwestern Mexico

particularly in areas of fine sandy soils Average life

expectancy in the field is
approximately one year with

survival for as long as 35 years common French et at

1967 1974 and one exceptional record of over years
in captivity Edmonds 1972 The extended longevity
for such small-bodied mouse is presumably facil

itated by seasonal heterothermy winter hibernation

and facultative summer aestivation resulting from the

environmental stresses of food shortage and/or low

temperatures Chew et al 1965 Bartholomew and

Cade 1957
Few studies of these mice have been undertaken in

Southern California Anecdotal references e.g von

Blocker 1928 1931 suggest that populations of paci
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Figure Map of southern Cailfornia showing sample localities of four subspecies of the Little Pocket Mouse Perognathus longimembris

from Southern California Localities are numbemd as listed in the Appendix The inset map illustrates the generalized ranges of each of these

subspecies as well as the range and sample sites for six localities of the nominate subspecies loagimembris from the Mojave Desert north

of Southern California divided into western and eastern geographic uisis

Jicus were normally at low numbers punctuated by

the occasional year with local irruptions in numbers

The only relatively long-term population studies have

been at site Irvine Ranch Orange Co
1972 Meserve 1976 where pocket mice are now

apparently extirpated Brylski et al 1994 Spencer et

al 2000ab 2001 Here mice were rare and their

occurrence unpredictable over 15-month trapping

study MCloskey 1972 Mark-and-release studies on

the extant populations of pacijicus at Dana Point and

Marine Corps Base Camp Pendleton suggest current

population sizes from less than 20 to about 1000 indi

viduals respectively with limited adult movement and

juvenile dispersal distances US Fish and Wildlife Ser

vice unpublished data Spencer et al 2000a Recent

trapping studies of bangsi north of Palm Springs found

it to be among the most abundant mammal species

reaching densities of about 60 to 200 individuals

per hectare in creosote scrub habitat Spencer et

2001

Materials and methods

We examined variation within the first 810 base

pairs of the mitochondnal cytochrome cyt-b gene
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Sequence data are available for 99 specimens

including 12 of the nominate subspecies

longimembris from the Mojave Desert 24 bangsi
from the Coachella and Imperial valleys brevinasus

from the northern and eastern Los Angeles Basin

internationalis from San Diego Co and 48 paci

ficus from Dana Point Orange Co and three sites

on Camp Pendleton in northern San Diego Co San
Mateo North and South and Oscar One see map
Figure Table and the Appendix for locality

list All preserved specimens are cataloged in the

Museum of Vertebrate Zoology and representative

haplotypes are deposited in GenBank accession num
bers AY152409AY152417

We used liver or muscle tissue as the source

of DNA for all specimens except for most spe
cimens of pac/icus and few ban gsi for which

either hairs or biopsied hind toe were removed

from live-trapped individuals prior to their release

In addition to samples from extant populations we
also extracted DNA from mm skin snips

from 12 museum specimens of pac4ficus collected in

the 930s from three localities that span the historic

range of this subspecies Table Appendix We
used lysis-salt procedure Medrano et al 1990 or

the DNAease kit Quiagen Inc for all extractions

Initially we sequenced manually following asym
metrical amplification and direct sequencing protocols

given in earlier papers Patton and Smith 1992 Patton

et al 1994 Smith and Patton 1993 We sequenced

other specimens obtained since 1996 including all

skin snips on an ABI 377 Applied BioSystems Inc
automated sequencer following manufacturer proto
cols For the DNA from recent specimens we ampli
fied the entire 8l0bp fragment with primer pairs

MVZO5/MVZ16 and sequenced in both directions by
each primer along with the light-strand internal primer

MVZ65 For DNA extracted from skin snips from

museum specimens we obtained final 432bp frag

ment by amplifying overlapping smaller fragments

using primers MVZO5IMVZO6 and ASO7/MVZO4
MVZ primer sequences can be found in Smith and

Patton 1993 the sequence for ASO7 which begins

at position 14256 on the light strand of the Mus mito

chondnal genome is 5-GGTATGTCTCATTATCC-

We aligned sequences either with Sequence

Navigator ABI Inc or Sequencher Gene Codes

Corporation software and identified redundant haplo

types by subjecting file of all 99 individuals to

MacClade 4.0 Maddison and Maddison 2000 We

Table Sample sizes N1 number of separate populatiom

sampled per pooled group Ne and number of haplotypes Nh of
each subspecies of the Little Pocket Mouse Pemgnathuç longitnem
bris Localities are numbered as us the map Figure and as detailed
in the Appendix The date of collection of each historic sample is

indicated

Subspecies N1 Np
Geographic

subdivision

longimembris

Little Pocket Mouse

west

east

brevinasus

Los Angeles Pocket Mouse

east

west 10il

ban gsi

Palm Springs Pocket Mouse

east 13
west 48

internationaljs

Internatjonaj Pocket Mouse

north 12
south 13

pacificus

Pacific Pocket Mouse

Dana Point 14
San Mateo North 15
San Mateo South 15
Oscar One16
El Segundo 1937 17
Oceanside 1931 18
Tijuana 1931 19

examined the phylogenetic relationship among these

unique haplotypes with PAUP 4.0b8 Swofford 2001
using maximum parsimony To address the question
of the monophyly of the longimembris samples
we used sequences from the other two species of the

ongimetnbris-group amplus from Arizona and

inornatus from the Central Valley of California

from two of the three recognized subspecies inor

natus and neglectus see Appendix Because of the

large number of highly similar haplotypes we lim

ited phylogenetic analysis to single heuristic search

using TBR branch swapping We assessed the strength

of the major internal nodes by bootstrapping with

15

27

10 10
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1000 replicates on random sample of 10000 trees

obtained from the heuristic search Bremer support

indices Bremer 1988 were calculated using TreeRot

Sorenson 1996 on this same reduced set of trees

We used
Arlequin 2.0 Schneider et al 2000 for

all measures of nucleotide and haplotype diversity

for hierarchical analysis of molecular variation

AMOVA and to construct minimum spanning net

work among haplotypes by the method of molecular

variance partitioning We also used TCS alpha vet

1.01 Possada 2000 to construct statistical parsi

mony network Templeton et 1992 In both proce

dures the number of mutational steps along the net

work branches measures the degree of evolutionary

divergence between any two haplotypes in each net

work To
arrange the shorter museum sequences

within the larger haplotype database we truncated

the 8lObp data set to the museum sequence length

of 432 bp and analyzed these data separately The

AMOVA analysis used matrix of mutation steps

We used the subspecies designation to define geo
graphical regions which sort taxa into those from the

Mojave Desert Ion gimem.bris Coachella-Impenal

valleys bangsi upper Los Angeles Basin brev

inasus intermontane desert valleys internarionalis

and coast pacificus We combined geographically

adjacent localities within each subspecies to provide

measure of inter-population variation within each

subspecies see Table Pooling in some cases is

arbitrary but could not be helped given the difficulties

in securing sufficient samples of these mice from all

areas Different pooling strategies yielded similar hier

archical patterns For example pooling the San Mateo

samples of pacificus did not change the apportion

ment pattern obtained when each single locality of this

subspecies was treated separately We also combined

historic and modern samples of pacificus in separate

Set of hierarchical analyses for this subspecies

We generated standard variance components at

each of three hierarchical levels using the AMOVA
subroutine in Arlequin differences among the groups

subspecies or temporal samples relative to the total

haplotype pool differences among populations within

groups and differences among individual haplotypes

within populations We used 4ST as an estimator

of Wrights FST Michalakis and Excoffier 1996 to

infer levels of female gene flow Nm denoted as

Slatkin 1993 Estimates of provide qualitative

signal of past or recent gene flow under assumptions

of equilibrium based on Nm l/4lfF from

Kuhner 1998 to calculate the population exponen
tial growth or decline parameter from haplotype

data for three single localities for which
sanwles sizes

were 10 or more Dana Point and San Mateo com
bined of pacificus and Snow Creek of bangsi lhis

estimate can give insights into the genetic history

of population such as the likelihood of expansion

from recent bottleneck wherein genetic diversity was

reduced Kuhner et al 1998 Because the Markov

Chain Monte Carlo simulation is based on the gene

alogy of haplotypes at each locality which will neces

sarily be different among localities we standardize the

growth parameter by its standard deviation Since each

of these analytical procedures assumes that haplotype

variants are not under selection we used both Tajimas

1989 and Fus 1997 tests of selective neutrality as

implemented in Arlequin

Results and discussion

In what follows we present the general trends among
all sampled populations from Southern California and

follow these by consideration where appropriate of

the truncated dataset involving only the temporal and

spatial samples of pacficus Combining both sets of

analyses most of 14 estimates of Tajimas or

Fu are negative and none are significantly dif

ferent from zero Table These data thus support the

assumption that observed haplotype variation has been

governed by neutral processes As consequence

we can assume that selection has not significantly

influenced the distribution of that variation during the

history of the populations under study

Haplotype and nucleotide diversity

There are 62 unique haplotypes among the 99 indi

viduals for which the 810 bp cyt-b gene fragment was

available Table These differ by maximum of

20 mutational steps 2.5% uncorrected with mean

among all haplotypes of 11.4 steps The truncated

dataset of 432 bp for all 60 specimens of pacificus con
tained 19 haplotypes from the historic individuals

and 12 from extant samples These differed by max
imum of 12 mutational steps 2.8% uncorrected The

pooled samples for each subspecies exhibit approxi

mately the same haplotype and nucleotide diversities

and contain similar average pairwise nucleotide dif

ferences among their included haplotypes Table

The exception is the small sample of inrernationalis
Slatkin 1994 Finally we used Fluctuate version 1.3
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Table Estimates of haplotype and nucleotide diversity average number of pairwise differences and measures of the
intensity of selection

Tajmsas and Fus Ps for pooled samples of each subspecies of Perognathus longiinembris Measures are means One standard deviation
ns non-significant 005 The extant and historic samples of pacficus include 432 bp of sequence all other measures are based on
the complete set of 810 bp

Subspecies Haplotype diversity Nuclcotide
diversity

Mean pairwise differences TajimasD FusFs

that is lower in all measures Table whether or not

this difference is real or only results from the lim

ited sample remains to be determined Importantly

the endangered Pacific Pocket Mouse pacificus is

not singularly different in any of these measures of

diversity or inter-population differentiation in com
parison to the other subspecies For this subspecies

however historic haplotypes were slightly more dif

ferentiated among themselves than were those from

extant populations means 5.308 steps versus 3.637

steps respectively although this difference is not

significant atp 0.05 Table This slight difference

is also not surprising given the much larger portion of

the original subspecies range represented by the his

toric samples linear distance of approximately 120

versus 20 miles respectively Figure

For the most part it was not possible to calcu

late reliable measures of haplotype and nucleotide

diversity for single population samples as the number

of individuals examined in each was limited However

we did estimate these parameters for the five popula

tions that had sample sizes between and 27 Dana
Point San Mateo and Oscar Cabazon

and Snow Creek Of these the

sample from Dana Point was notably low in haplo

type diversity 0.8661 0.0362 in comparison to

this measure for the other four samples range 0.9333

Creeki to 1.0000 Mateo and Oscar Nuc
leotide diversities for all five samples however were

similar with that for Dana Point 0.00699 0.00386

intermediate between those for the other samples

range 0.00518 to 0.00946

Phylogeny and phylogeography

The related species amp/us and inornatus differ

from loagimembris by 103 and 61 steps on average

respectively Phylogenetic analyses strongly associate

all sequences of long imembris into monophyletic

dade in relation to the two
out-group species with

100% bootstrap support and Bremer index of 10

Figure inset Within the longimembris dade how
ever there is little phylogenetic structure among the

62 haplotypes Although several distinct clusters are

evident only one has bootstrap sUppOl-t above 50%

Figure This particular cluster includes haplotypes

from western samples of bangsi localities through

Figure those of brevinasus localities and

10 and two haplotypes of pacificus both from Dana

Point Haplotypes of ion gimembris from the Mojave
Desert Figure inset eastern bangsi localities

and internationalis localities 12 and 13 form

weakly associated cluster bootstrap 50% at the

base of the tree Importantly haplotypes of pacficus

are scattered throughout the tree except among those

of the basal cluster The subspecies are not recipro

cally monophyletic with regard to the genealogy of

their respective haplotypes although with the excep
tion of bangsi most haplotypes of single subspecies

are closely united

Haplotype networks generated by statistical parsi

mony and molecular variance parsimony were

identical in the placement of individual haplotypes

Differences between the two methods were only in

the identification of missing haplotypes in the net

work that are estimated by statistical parsimony For

simplicity we illustrate the network without the place

ment of missing haplotypes Figure Four general

longünembris 0.9636 0.05 10 000969 0.00552 7.8545 3.9609 0.001 14al L48l095
brevinqsus 0.9167 0.0725 0.01163 0.00669 9.4767 4.7775 -0.44353 l.42422il

ban grE 0.9601 0.0252 0.0 1972 0.00582 8.8877 4.2450 IJ9flflS 37s438al

inzernationalis 0.7333 0.1552 0.002630.00196 2.1333 1.3728

pacficus 0.9521 0.0152 0.009400.00495 7.6117 3.6134 ...045731S ...64394011S

extant 0.8511 0.0324 0.00842 0.00482 3.6374 1.8755 046765m .492524flS

historic 0.8718 ir 0.0670 0.01229 0.00713 5.3077 2.7403 O.4O9S8 O42399
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Figure Stnct consensus maximum parsimony tree illustrating the phylogenetic relationships of 62 unique cytochrome haplotypes of

Pemgnathns lorigrnsembrrs in Southern California and rooted by comparison to the other two species in the longimembris-grnup azaplus and

mornatus subspecies inomatus and neglectus of 138395 trees each257
steps long 810 total characters 608 constant 109 parsimony

mforsnative consistency index 0.665 Roostrap values
linking haplotype clusters 50% are indicated at internal nodes Inset illustrates

the relationship of the outgroup taxa to longimembris bootstrap and Bremer support values at nodes supporting the monophyly of the 62

haptotypes of longimembris are indicated

Ion gimombris

Ion gknenbds
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nomatus iaonlatus
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haplotype clusters are apparent one of these groups

all Iongimembris from the Mojave Desert interna

rionalis and eastern bangsi and second groups

western ban gsi most brevinasus and one pacficus

haplotype from Dana Point The remaining paci

ficus and one brevinasus haplotype that from locality

11 Figure belong to separate but united clusters

that form the nexus between these other two group

ings Generally each cluster of haplotypes in the

network is coincident with geographic relationships of

the respective samples with one group to the north and

east of the Salton Sea and second that combines all

interior and coastal Southern California samples The

exceptions are the haplotypes of internationalis from

southeastern San Diego Co that group with those to

the east and north rather than to coastal forms contra

expectations see Williams et at 1993
There is also limited haplotype sharing among

the extant samples as only one haplotype is shared

between samples of the eastern and western groups
of bangsi between localities and 45 Figures

and and four haplotypes are shared among samples

of pacficus one between Dana Point and San Mateo

South one between San Mateo South and Oscar One
and two between the

separate San Mateo samples
The Dana Point sample includes at least one haplo

type positioned in each cluster in the network where

pacificus haplotypes are found In contrast all haplo

types from Camp Pendleton
group collectively into

the single larger cluster Interestingly the single

haplotype of brevinasus from the Pauba Valley on the

border of Riverside and San Diego counties while

relatively divergent from all others groups with those

of pacijicus rather than with others of this subspe

cies Thus of the five subspecies examined as their

distributions are currently understood ban gsi clearly

represents two historical units eastern and western

margins respectively of the Coachella and Imperial

valleys while brevinasus is the least inclusive and thus

apparently the most polyphyletic The remaining three

subspecies exhibit cohesion in the network even if

they do not form reciprocal monophyletic groupings

All historic haplotypes of pacficus those with

432 bp are tied to one of two common haplotypes

among the extant samples arrows Figure The

single individual from El Segundo locality 17 and all

those from Oceanside locality 18 group with haplo

type shared between Dana Point locality 14 and San

Mateo locality 15 while all haplotypes from Tijuana

locality 19 stem from another Dana Point haplotype

Each of these differs by no more than mutational

Table hierarchical
analysis of vatiance across population

samples of Perognathus longimenbric from Southern California

The percentage variance explained and
probability estimated from

permutation tests are given at each hierarchical level see Excoffier
etal 1992

Variance component Subspecies Temporal samples

____________
of pacficus

Among groups si
Among populations

within groups 1ps
Within populations Zp

steps 0.69% from the closest haplotype among extant

individuals

Hierarchical apportionment

Only limited amount 23.7% of the total pool of

haplotype variation is attributed to each subspecies in

the AMOVA analysis Table as might be expected

by visual examination of both the phylogenetic tree

Figure and haplotype network Figure Rather

most variation is found within populations 45.5%
and an intermediate amount is distributed among
populations within subspecies 30.8% The structure

present is significant by permutation test at each

hierarchical level 0.001 in all cases Table

This same pattern of apportionment is present in other

analyses not shown that placed samples into dif
ferent hierarchical

groupings such as Mojave Desert

Colorado Desert and coastal California Hence
the patterns presented here are not merely an arti

fact of arbitrary grouping The limited subspecies

effect reflects the lack of reciprocal monophyly but

is nevertheless significant and results from the general

grouping of haplotypes belonging to single subspe
cies into unified clusters within the network Similarly
individual populations within each subspecies or geo
graphic group retain substantial amount of the total

pool of variation In general therefore these samples
do exhibit degree of geographic structunng perhaps

larger than might be expected given the rather lim

ited geographic scale over which our samples were

collected This grouping is evident in the haplotype
network Figure

We employed separate AMOVA analysis com
paring the temporal samples of pacificus to determine

if there has been any change in structure among

23.65 0.001 6.49 0.302

30.83 0.00 54.37 0.001

45.52 0.001 39.14 0.001
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Q2-4

Q57
Figure Parsimony network illustrating relationships

of the 62 haplotypes 810 bp of Perognathus tongimembris samples from Southern

California Separate symbols are used for each subspecies and for the three
separate population samples of the endangered pacficus

Pacific Pocket Mouse the size of the symbol indexes the number of individuals with that
particular haplotype Small solid circles along

interconnecting lines are the number of mutational
steps separating adjacent haplotypes in the network and dotted lines

identify alternative

network connections Arrows indicate the placement of the 432 bp haplotypes recovered from the historic samples of
pacificus in the collection

of the Museum of Vertebrate Zoology relative to the larger network

populations over the past 70
years Table No

demonstrable temporal effect is apparent however as

only 6.5% of the total pool of haplotype variation can

be attributed to comparisons between the historic and

extant samples an amount that is not significantly dif

ferent from zero 0.302 Most of the variation

is again found among populations within each tem

poral period 54.4% or is apportioned to individual

differences within populations 39.1%

Gene flow past and present

As emphasized by Moritz 1994a even with statis

tically adequate sample sizes it is difficult to obtain

estimates of population size or migration rates that are

accurate in the short term through the use of any set of

genetic markers This is particularly true for mtDNA

genes which are more prone to the stochastic effects

of drift because of their smaller effective size relative

to nuclear markers Moreover the maternal inherit

ance of mtDNA means that any gene flow estimates

are those of females only and are thus likely to be

biased towards low levels in organisms like mam
mals where female philopatry and male dispersal are

typical Given these caveats therefore our data at

best provide qualitative perspective on the historical

connectedness among samples of female pocket mice

Certainly the exact numbers should be accepted with

care and Y-chromosome markers would be needed to

obtain complementary measures for males

For populations of longimembris of Southern

California pair-wise values Slatkins 1993
estimate of Nm range from 0.112 between the Dana

Point sample of pacificus 14 and interna

rionalis 12 to 10.999 between inrerna

tionalis and eastern bangsi with mean of 1.175 for

the 78 comparisons All samples of longimembris

from the Mohave Desert north of our major sample

area Figure are connected by relatively large

values 5.5 to 7.6 despite quite large straight-line

distances among them maximum approximate dis

tance 130 miles average distance 69.6 miles

western bangsi
brevinasus longimembris

eastern bangsi
international/s

longimembris

bangs

LII brevinasus Dana Point

pacificus San Mateo and

infernationalis
Oscar One
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Clearly populations of this species have the capacity

to exchange genes or at least be genealogically con
nected over respectable distances The relatively

high connectedness among samples from the Mojave
Desert contrasts sharply with data for samples from

Southern California In this focal sample area the

mean value is 0.814 only pairwise comparisons

are above 1.0 and those that are range to maximum
of 2.71 between western bangsi and eastern brev

inasus sample sites that are approximately miles

apart For samples of pacificus all values are

less than 1.0 with the exception of those between the

two San Mateo
samples 4.1379 and between

San Mateo North and Oscar One 1.6588 The

Dana Point sample exhibits uniformly low values

to other samples 0.4956 to 0.6069 suggesting that

it has been relatively isolated from these for period

of time Similarly estimates of among the historic

samples are all below 1.0 range 0.1696 to 0.4170

indicting that the pattern of relative isolation between

the extant samples at Dana Point and Camp Pendleton

is qualitatively the same as that among population

samples taken 70 years ago Assuming that these esti

mates of are accurate then values among the

sampled populations of longirnembris throughout

Southern California are for the most part below the

threshold of 1.0 whereby populations are likely to

diverge by genetic drift alone Mills and Allendorf

1996

Historical population demography

Estimates of the population growth parameter for

Dana Point 664.5496 sd 84.3272 San Mateo

1206.3342 sd 203.1894 and Snow Creek

3359.2727 sd 414.8081 are each positive

and significantly different from zero using conser
vative estimate of standard deviation This

suggests that each population has experienced popula
tion expansion since the last coalescent event in their

respective haplotype genealogies Kuhner et al 1998
This conclusion is consistent with the relatively large

negative estimate of Fus 1997 F5 especially so

for samples of pacifi cur 6.4394 Table which is

nearly significant and also in the direction of expected

population expansion 0.024 statistical signifi

cance at the 0.05 level for Pus test is p-value of

0.02 see Schneider et al 2000 90 The standardized

estimates of are two to three times higher for the

Snow Creek sample than for either sample of pacificus

182 versus 2.687 and I.97c respectively

The indication of exponential growth for
samples

of pacçficus is at odds with actual estimates of

population size based on current demographic studies

Spencer et at 2000a summarized trapping studies

performed at Dana Point from 1993 to 1998 and esti

mated the total population at approximately 25 to 36
individuals More recently an intensive trapping effort

during 2001 that was designed to obtain
complete

population count captured only individuals at Dana
Point US Fish and Wildlife Service unpublished
data Spencer et al 2000a also estimated the two
San Mateo sites to support no more than 50 indi
viduals each and the largest extant population Oscar
to support in the neighborhood of 1000 Clearly

growth estimates based on our genetic samples reflect

longer history than the likely demographic impacts
of severely restricted habitat that characterize these

populations today Rogers and
llarpending 1992 for

example have shown that the time scale for popula
tions to reach genetic equilibrium after decline is

an evolutionary one measured in units of hundreds or

thousands of generations 112p where
js

is the muta
tion rate Several empirical studies including that of

the endangered Stephens Kangaroo Rat Dipodomys
stephensi Metcalf et al 2001 distributed over much
of the same region in Southern California and coconut

crabs from the Pacific e.g Lavery et al 1996 have

documented genetic signatures of expansion even in

severely declining populations of endangered species

Consequently the genetic data we report here for paci
ficus should be taken in this light and

certainly do

not suggest that the species is currently enjoying

population expansion or is unworthy of protection

Conclusions and
prospectus

The combination of most
samples with unique

haplotypes that generally group into
genealogical

clusters Figure lack of haplotype sharing

among any subspecies or between most populations
even those

geographically adjacent substan

tial degree of apportionment at the level of geo
graphic area Table and low estimates of

inter-population gene flow suggests that each subspe
cies of longimembris in Southern California and

most of their member
geographic units and/or popula

tions have been
genetically relatively independent for

reasonable period of time Samples from the Mojave
Desert where gene flow rates as measured by

values are uniformly high offer exceptions to this
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general trend Nevertheless either local populations

must have remained sufficiently large to prevent the

loss of genetic variation despite opportunities for

drift or these populations have remained of similar

size regardless of the degree of habitat modification

they have experienced Indeed historical population

expansion is supported by the few available estimates

of the genealogical growth parameter Otherwise

with such low levels of gene flow among popula

tions both the different subspecies if not many local

populations might be expected to exhibit greater

degree of reciprocal monophyly of haplotypes then

they do While it does seem clear from the network

Figure that the subspecies are moving in the

direction of reciprocal monophyly none have reached

this degree of differentiation The anecdotal record

of occasional population outbreaks which would pre

sumably lead to momentary increases in interpopu

lation connectedness interspersed temporally with

more typically small-sized but persistent local popula

tions von Blocker 1928 is fully consistent with these

observations

We offer two concluding comments on the utility

of these types of data relative to the conservation

of these mice and other taxa The first concerns

whether or not any of these populations or subspe

cies of longimembris represent an Evolutionarily

Significant Unit ESU as applied under the fed

eral Endangered Species Act Although each popula

tion is generally separable in the haplotype network

Figure none is reciprocally monophyletic for their

mtDNA genealogy and hence none meet strict defi

nition of an ESU based purely on neutral genetic

markers e.g. Moritz 1994b However such strin

gent criterion has been strongly debated and is being

replaced by an emerging consensus that ESUs should

be evaluated along two axes molecular genetic

diversity and adaptive diversity Crandall et al 2000

DeWeerdt 2002 Frazer and Bernatchex 2001 Moritz

2002 Neutral genetic markers e.g mtDNA reflect

the evolutionary history of population and remain

primary method of measurement along the first

axis The second axis adaptive diversity can be

measured either by investigating the genetic bases

of adaptive traits e.g studying functional nuclear

genes or by investigating meaningful ecological dif

ferences between populations The overall goal of

defining ESUs thus becomes one that conserves both

the products and the processes of evolution Moritz

2002 shift in focus from defining isolated products

of evolution to investigating and protecting histor

ical levels of gene flow between them DeWeerdt

2002
Based on such thinking Frazer and Bernatchez

2001 argue that an ESU should be defined as lin

eage demonstrating highly restricted gene flow from

other such lineages within the higher organization

level lineage of the species Frazer and Bernatchez

2001 2742 see also Crandall et al 2000 and Moritz

2002 By this definition which emphasizes the degree

of both ecological and genetic exchangeability in

the sense of Templeton 1989 the Federally listed

Pacific Pocket Mouse pacficus is clearly an

ESU Indeed case could even be made for recog

nizing its separate populations as ESUs An alterna

tive interpretation of our results based purely on

the one axis of molecular genetic diversity sup

ports considering combined grouping of pacfi cur

brevinasus and western bangsi populations as one

ESU separate from eastern bangsi internationalis

and Mohave populations of longiinembris This alter

native nearly meets the strict definition of an ESU

based on reciprocal monophyly Nevertheless we

strongly suspect that the yet unstudied second axis

that of adaptive variation would support defining

paczficus and perhaps other subspecies and popula

tions of longimembris from Southern California as

separate ESUs due to the extensive ecological differ

ences each exhibits The Pacific Pocket Mouse for

example lives immediately along the Pacific coast

line which differs dramatically in climate geology

vegetation animal communities and seasonal pheno

logy from the interior deserts and valleys occupied by

the other subspecies Goudey and Smith 1994 Miles

and Goudey 1998 Although detailed comparative

studies of adaptive variation among these populations

are not available these environmental differences are

so strong that the scientific peer cormruttee overseeing

recovery research for pacificus concluded that no other

subspecies represented valid research surrogate for

investigating its biology Spencer et al 2001
Finally we simply reiterate that the genetic signa

ture of extant populations is the result of the history

of those populations including their demographic

characteristics and degree of genetic connection with

others It should not be surprise therefore that

extant populations of pacificus appear little different

in their degree of molecular diversity or geographic

structure and relative isolation than historical samples

of this taxon taken more than 70
years earlier It

should also not be unexpected to record genetic char

acteristics indicative of exponential growth even in
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populations such as at Dana Point where current esti

mates are of exceedingly low numbers of individuals

It takes time for the measured genetic characteristics

of an extant population to reflect its immediate past

history and clearly the 40 years or so of increasing

isolation and reduction in habitat and population num
bers at Dana Point has been insufficient to override this

deeper genetic history What population genetic theory

allows us to predict with some degree of confidence

however is that if the current demographic conditions

at Dana Point continue into the foreseeable future

loss of diversity must necessarily occur Luikart et al

1998 Indeed Dana Point already exhibits the lowest

haplotype diversity of any sample of longimem

bris from Southern California including the other

two extant populations of the Pacific Pocket Mouse at

nearby Camp Pendleton
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Appendix

List of localities from which specimens were examined grouped

into pooled samples used in all analyses Those for the four sub

species from southern California are numbered as in the map
Figure all samples of longimembris come from the Mojave

Desert of California inset in Figure Voucher specimens when

preserved are identified by their Museum of Vertebrate Zoology

MVZ catalog
number

Perognatiws Ion girnenbris West Kern Co mi and mi

Rosamonct it MVZ 1827l0l827l2 nil and 5.5 nil

Rosamond MVZ 182713 San Bernardino Co mi

WSW Boron MVZ 182347 an Searles Station

MVZ 145699-145702 East San Bernardino Co mi ENE
Yucca Valley MVZ 195957 Pisgab lave flows MVZ
195191 Halloran Spring MVZ 195190

Perognathus bangsi Palm Spnngs Pocket Mouse East River

side Co 0.2 ml Rancho Dos Palmas MVZ 195955
Shavers Valley nit Cactus City MVZ 195954

Lndio 1ills Pushawalla Canyon MVZ 184650 West
Riverside Co Snow Creek 10 MVZ l84653t84661
0.5 ml Wand 0.1 miS Palm Spnng Station MVZ 184651

0.4 an Dos Palmas Spring MVZ 184652 San Diego

Co 3.3 nit Bonego Springs 184663184664 Imperial

Co Crucifixion Thorn Reserve MVZ 184644

Perognathus brevinasus Los Angeles Pocket Mouse East

Riverside Co nit Cabezon MVZ 184645-184649
West 1101 Etiwanda Wash MVZ 182968182969
Ternecula Creek Pauba Valley MVZ 182967

Perognathus internationall.r International Pocket Mouse North

San Diego Co 112 west side San Felipe Creek 2.5 nit S2 on

Hwy 78 MVZ 182970182971 San Felipe Valley 3.9 miS
San

Felipe
MVZ 182972 South 6.7 ml Sict Hwy S2

and S22 MVZ 182973-182974 7.2 nit Jc Hwy S2 and

S22n MVZ 182975

Perognathus pac/lcus Pacific Pocket Mouse Extant samples

Orange Co Dana Point Reserve 27 MVZ 195949 San

Diego Co. San Matco Noilh no vouchers and San

Mateo South 10 no vouchers Camp Pendleton Marine Corps

Base Oscar One Camp Pendleton Marine Corps Base

MVZ 19595 1195952 Historic samples Orange Co 0.5 ml

NW El Segundo MVZ 74750 San Diego Co 1181 Ocean

side MVZ 4710147106 mouth Tiajuana River

MVZ 4731247316

Outgroups used in phylogenetic analyses Perognathus amplus

pergracilis MVZ 149946 Arizona Mohave Co 10.2 ml NE
Oatman Perognathus inornatus inornatus MVZ 182713 Cali

fornia Tulare Co Pixley National Wildlife Refuge Perognathus

inornatus neglecrus MVZ 182836 California Contra Costa Co
Horse Valley nit Antioch
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Executive Summary

This report summarizes available scientific information establishing the crucial role that

Southern Orange County could play in efforts to conserve biodiversity at both global and

regional scales The report outlines conservation framework for the area using

principles of conservation planning to delineate four core biological resource units

These four resource units must be conserved essentially intact without further internal

fragmentation by development to continue supporting key species and ecosystem

processes We present this information in support of the Natural Community

Conservation Planning NCCP program for the Southern Orange County NCCP

subregion

South-coastal California is biodiversity hotspot of global importance Hotspots are

those areas harboring the greatest concentrations of living species especially those

species found nowhere else on Earth endemics Together 25 global hotspots identified

by leading conservation scientists support more than 60 percent of the Earth total

species diversity on only 1.44 percent of its surface Concentrating conservation efforts

in these relatively small areas therefore gains the greatest biodiversity value from limited

conservation funds

Much of Southern California unique biodiversity is concentrated in the foothills and

terraces along the Pacific coast from Orange County to the Mexican border Having thus

far escaped the urban sprawl that has reduced and fragmented natural habitats throughout

southern California southern Orange County supports last best representation of this

globally unique ecosystem In concert with adjacent federal lands Cleveland National

Forest and Marine Corps Base Camp Pendleton this large undeveloped block of natural

habitat supports the broadest remaining array of natural environmental gradients and

ecosystem processes in the south-coastal landscape Southern Orange County and

adjacent public lands support core populations of many imperiled wildlife species The

area outstanding biological attributes include the following

Seven federally threatened or endangered species and critical habitat areas

designated by the U.S Fish and Wildlife Service as essential to species survival and

recovery for three of these

Approximately 50 to 56 percent of the total remaining population of coastal cactus

wrensthe single most important breeding area for this rare endemic bird

Approx3mately
15 to 25 percent of the California gnatcatchers in the

U.Sthe

country largest contiguous population of this threatened species

Portions of the last remaining undammed and undiverted major drainage in all of

L.. southern Californian Mateo Creek is the most pristine coastal stream south of thej
Santa Monica Mountains and supports the southernmost population of the endangered

steelhead trout
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tremendous diversity of nesting raptors hawks owls eagles and falconswith

over 330 recorded nest sites and 15 speciencluding critical foraging area for one

of the last remaining golden eagle pairs in Orange County

Significant areas of native California grasslands an imperiled vegetation community

that exists here in natural mosaic with other diverse habitats as much of south-

coastal California once appeared

Healthy populations of mountain lions and mule deer which require large and intact

wildlands to survive

Some of the largest remaining populations of certain rare plant species within some of

the last and best examples of such rare ecological communities as southern alkali

marshes and alkali grasslands

Based on these biological facts principles of conservation biology and planning and

guidance provided by the Southern Orange County NCCP Science Advisors we mapped

those areas most critical to retaining these resource values in the region Four core

biological resource areas Arroyo Trabuco Chiquita San Juan and San Mateo must be

conserved essentially intact without further internal fragmentation signflcant reduction

in size or degradation by development to retain these resources and the ecosystem

processes they depend upon Conserving private lands within these four areas would

consolidate large ecosystem reserve in conjunction with adjacent existing protected

areas such as the San Mateo Canyon Wilderness Area Cleveland National Forest

Caspers Wilderness Park Rancho Mission Viejo Conservancy and Audubon Starr Ranch

Sanctuary

The findings and recommendations of this report should help guide NCCP planning for

the Southern Orange County NCCP subregion which is the last best hope to conserve

large ecologically intact representation of the globally unique coastal foothills and

terraces ecosystem This hope can be achieved through the NCCP process as long as

society agrees that these resource values are irreplaceable

vi



Introduction and

Overview

Most Southern Californians remain

unaware that globally significant

ecological jewel lies near the heart of their

regiona relatively intact and functioning

ecosystem that rates as global hotspot of biological diversity and conservation value

Having so far escaped the urban sprawl enveloping much of south-coastal California the

undeveloped lands of southern Orange County represent one last large and
relatively

undisturbed block of what was once more extensive and unique ecosystemthe southern

coastal foothills of the California Floristic Province

Little remains of the natural habitats that once covered the coastal foothills and terraces that

drain toward the Pacific Ocean between Los Angeles and Tijuana Over 85 percent of the

coastal sage scrub habitat has been converted to houses roads and golf courses the native

grasslands are all but lost to development and weedy invasions and all but one major stream

has been dammed and diverted But what remains of this unique ecosystem still supports an

assemblage of plants and animals dazzling in its variety and unlike any other in the world

The information summarized in this report suggests that remarkably intact representation of

this remnant ecosystem lies in southern Orange County in an area large enough to support

core populations of key wildlife species and to allow for the continued action of natural

ecological processes and cycles Unfortunately many of these species and ecological

functions are threatened with extinction unless large interconnected habitat areas are

conserved essentially intact without further fragmentation by roads or other development

Orange County is subregion under the State of Californias Natural Community
Conservation Planning NCCP program The 1991 NCCP Act seeks to sustain multiple

species on landscape level while accommodating economic development outside of

preserve areas The Southern California NCCP Conservation General Process Guidelines

California Department of Fish and Game 1998 require conservation of habitat on an

ecosystem level. based on recognized principles of conservation biology

NCCP planning was recently reinitiated in the Southern Orange County Subregion after

several years of hiatus Unfortunately development plans have proceeded piecemeal in

interim precluding some opportunities for comprehensive ecosystem planning In 1996

panel of scientific experts was convened to ensure that NCCP planning efforts for the

It has long been my opinion that this area

Orange County stands in class by itself as our

ONLY opportunity to conserve large unfragmented

ecologically intact portion of southern Californias

coastal ecosystems The regional and global

significance of this area cannot be overstated

Dr Paul Beier

Northern Arizona University

Objectives of This Report

Summarize available information to educate decision-makers and the public about

the unique biological resources of Southern California and the Southern Orange

County NCCP subregion

Use principles of conservation planning to delineate core resource areas that must

be conserved intact to retain these unique resource values
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subregion were informed by the best available science as required by law This report

supplements the Science Advisors guidance by translating pertinent biological data

guidelines and principles into conservation framework for the region that would provide

for the continued viability of this unique remnant ecosystem and its imperiled species

We delineated four core bioLogical resource units in southern Orange County using widely

accepted principles of conservation planning and specific guidance provided by the Science

Advisors These areas support diverse mosaic of native habitats over broad environmental

gradients including coastal sage scrub vernal pools alkali marshes native grasslands oak

woodlands and pristine riparian and aquatic communities Together with adjacent

wilderness reserves and federal lands these four areas allow such wide-ranging species as the

golden eagle mule deer and mountain lion to persist in south-coastal California These four

areas are also crucial to the continued viability and recovery of such rare species as the

southern steelhead California gnatcatcher coastal cactus wren arroyo toad and numerous

other rare and endemic species To maintain these species and the natural ecological

processes that define this unique coastal ecosystem these four areas must be conserved

without further internal fragmentation or substantial reduction in size

Information Sources and

Limitations

We collected no new data for this

report Rather we compiled and

analyzed available scientific

information from published and

unpublished works existing

geographic data data collected by

field biologists and expert opinion

recorded by the Science Advisors

and others

This report does not analyze all

species or issues that an NCCP

plan document or environmental

assessment must cover Instead

we present information on selected

resources and issues that we

believe deserve high priority in

designing viable preserve for the

subregion

Data Sources

Digital Map Information

Multi-resolution Land Characterization Consortium US

EPA/USGS 1999 National Land Cover

California Gap Analysis Project UC Santa Barbara

Biogeography Lab 1998 Land Status and Ownership

Bureau of Land Management 1999 Land Ownership

Greeninfo Network 2001 California Protected Areas

USGS digital elevation model 30 and 90 meter

Teale Data Center 1997 Transportation Digital Line Graph

1100000

US Forest Service 2000 Ecological Subsections

Conservation International 2000 Global Biodiversity Hotspots

California Department of Conservation Farmland and

Mapping Monitoring Program FMMP 1996 Urban Areas

Paper Maps
Dudek Associates 1998b Vegetation 148000 and

124000

Dudek Associates 1998c Species Locations Selected

Plants and Animals 124000

U.S Army Corps of Engineers 2000 Wetland Resources

Regulated Aquatic Resources Riparian Vegetation and

Hydrogeomorphic Surfaces 36432
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Biodiversity Hotspots

Since the British ecologist Norman Myers
conceived the hotspot concept in the late 1980s

it has become an essential tool for setting

conservation priorities throughout the world

Hotspots are those areas harboring the greatest

concentrations of living species especially

those species found nowhere else on Earth

endemics By concentrating conservation

efforts in these relatively small samples of the

Earths surface we theoretically gain the

greatest bang for the buck from limited

conservation funds

Leading conservation scientists have identified

25 global biodiversity hotspots Figure The

Key Terms and Concepts

Biodiversity The array of life on Earth

including all its different organisms their

genetic codes and their interconnections within

ecosystems and communities

Biodiversity Hotspots Those spatially limited

areas of Earth supporting the greatest

concentrations of living species especially

those endemic to region

Ecosystem dynamic complex of plants

animals and other organisms that interact with

one another and their non-living environment

as unit

Endemic Species Endemism Species

restricted in distribution occurring nowhere

outside defined geographic area such as

particular ecoregion

naturally vegetated portions of these 25 hotspots comprise only 1.44 percent of the Earths

land surface but support about 70 percent or more of all vascular plant species Moreover
as measured by species endemic to only single hotspot these 25 hotspots account for 44

percent of all plant diversity 35 percent of all terrestrial vertebrate species and 75 percent of

all terrestrial animal species listed as threatened by the IUCN-World Conservation Union
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CaIiftxrria Florlsdc Pirrc

C4pe florisric Regnas

Cnitthroc
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C4ral 06k

Bronlia Cnrrado
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22 Tropical Andes

23 Gthnean Forest oF West Africa
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25 Western Ghats Sri Lanka

sou.te Couservadrer htteratlonal

Figure The 25 global biodiversity hotspots Mittermeier et al 1999
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Overall this 1.44 percent of the Earths surface appears to account for roughly 60 percent or

more of the remaining diversity of life on Earth considering all groups of species
Mittermeier et at 1999 Mittermeier et at 1998 Although we cannot discount the species
and habitats outside of these hotspots as unworthy of conservation the hotspots clearly

represent areas of concentrated biodiversity and high conservation priority

Californias South Coastal

Hotspot

The hotspot concept has been studied and

applied by numerous biologists to identify

conservation priority areas using different

groups of species different spatial and

temporal scales and different analytical techniques for example by mapping plant diversity
the number of endemic species or the number of threatened and endangered species across
the globe or across the United States Regardless of the techniques scales or species used
these analyses invariably identify south-coastal California as hotspot for species diversity

endemism endangerment and conservation priority Myers 1988 Myers 1990 Kiester et al

1996 Dobson et al 1997 Flather et al 1998 Mittenneier et al 1998 Wilcove et al 1998
Mittermeier et 1999 Griffin 1999 Rickets 1999 Myers et at 2000 Stein et al 2000
Rutledge et 2001

For example Wilcove et al 1998 identified hotspots within the United States for all

federally listed threatened and endangered species They found south-coastal California to

be hotspot for nearly every group of species including plants invertebrates birds
mammals and reptiles Most recently Rutledge et 2001 tested how this endangered
species hotspot pattern holds within the United States when examined across different time

spansbeginning in 1967 when the government started listing species Unlike other

hotspots that were added or subtracted from the hotspot list over time due for example to

changing priorities in species listing the southern California hotspot endured throughout the

entire study period

Figure shows one recent hotspot map for the continental United States and Hawaii The

map indicates major concentrations of imperiled species as listed by the countrys state

Natural Heritage Programs weighted by the rarity of each species those with the smallest

geographic ranges count most This weighting scheme assumes increased conservation

significance for areas supporting large numbers of rare sp.cies that occur nowhere else

Hence these hotspots represent irreplaceable places for preventing species extinctions

Stein et at 2000 By this method south-coastal California stands out as one of the six

greatest hotspots for imperiled species in the U.S Of these six hotspots Southern California

supports the second greatest number of federally threatened and endangered species after

Hawaii U.S Fish and Wildlife Service 2001

We always tend to equate biodiversity only with

places like Brazil or Indonesia But as you look more

deeply you begin to realize that its as if North

Americans have won the biological lottery but forgot

to look at the ticket

Dr Eric Dinerstein

Chief Scientist World Wildlife Fund
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Looking successively closer at biogeographic patterns shows south-coastal California to be

hotspot within hotspot and southern Orange County to lie at its heart

The Global Scale The California Floristic ProvinceAt global scale southern

California lies within the California Floristic Province which extends from southern Oregon

to northern Baja and includes most of California west of the interior deserts and the Sierran

Crest It includes essentially all of the Pacific coast hotspots in Figure This floristic

province supports one of the richest plant assemblages in the world supporting about 25

percent of all plant species occurring north of Mexicoand about half of these species are

endemic to the province Mittermeier et al 1999 Raven and Axelrod 1978 Only five

floristic provinces in the world are defined by Mediterranean climatic conditions hot dry

summers and cool moist winters mediated by proximity to oceans All five of these

provinces are global hotspots each with an exceptionally high proportion of endemic plants

Of the five the California Floristic Province has the greatest diversity of soil types and

moisture regimes Stebbins and Major 1965 which further contributes to its wide array of

plant communities and associated speciesfrom Mediterranean shrublands such as coastal

sage scrub and maritime chaparral to coniferous forestsand from perennial grasslands to

alkali marshes riparian forests oak woodlands and vernal pools

The Continental Scale The South Coast EcoregionWithin the California Floristic

Province that portion lying generally south and west of the Transverse and Peninsular

Biodiversty Hotspots

In the Continenta US and Hawaii

Figure Biodiversity hotspots in the continental U.S and Hawaii map courtesy of

The Nature Conservancy Stein et at 2000
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mountain ranges along the Pacific coast comprises the South Coast Ecoregion Figure
This ecoregionbounded as it is by the Pacific Ocean and dramatic series of mountain

rangesmixes complex array of geological substrates topographic features climatic

regimes soil types and other physical factors The mountains also serve as barriers to plant

and animal dispersal thus isolating this area somewhat from other ecological communities

and species The result is natural laboratory of speciation and ecological innovation that

has made the South Coast Ecoregion hotspot within hotspot It supports more endemic

plant and animal species at least 138 and more imperiled species 158 and counting than

any other ecoregion in the U.S Stein et al 2000 According to the California Department
of Fish and Game 1996 this ecoregion supports more than one-third of Californias native

plant species on only percent of the land area

Figure Californias South Coast Ecoregion showing ØcóloglcÆl sectlns afld

subsections Goudey and Smith 1994

The Regional Scale The Coastal Hills and Coastal Terraces Ecological
SubsectionsMuch of the diversity and endangerment in the South Coast Ecoregion is

concentrated in those areas closest to the coast within two ecological subsections highlighted

in Figure 3the Coastal Hills and Coastal Terraces Ecological Subsections as niapped by

Southern Oiangc County NC Area

Ecological Seciou Boundasies

Couy Boundndes

Southern California 10 20 30 50 KiIinctr

PlItt3nLS and valleys
r-i-3i 1_ 10203040 50Mlies

ri____rL........
Ul Trw.ia MaeZ..a Pojoni.

Southern Califoini.

Coast Ecological

on

Ecological Subsections

Santa Yncz Valleys and Hills IS Upper San Gorgotmo Moutlams

Nesihern Transverse Ranges 14 Eontana Plain-Calimesa Tetraces

San Rafael-Tcçasops Mounlarns IS Santa Monica Mountains

Santa Ynez-Sulptair Mountains 16 Santa Ana Mountains

Sian Pekna-Misl Cann 17 Paris Valley and Hilts

San Gabriel Motntaàis 18 San Jacüo Foothifls-CalaiuIla Mountains

OasaidPlain-StlaPndaVatIey 19 Desa1Skes
Upper San Gabriel Mountains 20 San Jaciuao Moumauts

little San Bemaidino-Bighom Mountains 21 Ga Wfls

10 Sites Valley-Santa Susana Mountains

II San Gorgonio Mountains Palnmz- uyainaca Pank

12 Ios Angeles Plain 24 Western Cj.an.uc Foethils
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the ECOMAP program Bailey et al 1994 Goudey and Smith 1994 McNab and Avers

1994 These gentle slopes draining to the Pacific are covered by coastal sage scrub and
other associated vegetation communities whose distributions are limited by unique
combination of physical conditions especially the Pacific Oceans strong moderating effect

on climate Westman 1981 1983 Miles and Goudey 1998 More than 100 threatened or

endangered species are associated with coastal sage scrub vegetation Atwood 1993
California Department of Fish and Game 1996 and the coastal foothills and terraces are

widely considered to support among the greatest diversity of endemic plant species in North

America Stebbins and Major 1965 Stein et at 2000

The coastal foothills and terraces landscape is also favored by humans which have

developed most of it for their own uses The resultant removal and fragmentation of the

regions natural cormnunities threatens many endemic species with extinction

The Subregional Scale Southern Orange CountyNearly all of the Southern Orange

County NCCP Subregion falls within the Coastal Hills Ecological Subsection excluding
Cleveland National Forest lands which lie in the higher elevation Santa Ana Mountains

Ecological Subsection Together with large adjacent habitat blocks in the Santa Ana
Mountains and Camp Pendleton this NCCP subregion supports tremendous diversity of

imperiled species within globally unique ecosystem As discussed in more detail below
southern Orange County and adjacent natural areas represent last best example of the

coastal foothills ecosystem Thus southern Orange County lies at the heart of global

biodiversity hotspot

I3

Effects of Human

Development and Gaps in

Ecosystem Protection

I- The principal causes of species

endangerment are the direct removal or

degradation of habitat and fragmentation of

remaining habitat areas into smaller and

more isolated blocks Ehrlich and Ehrlich

1981 Diamond 1984 Wilcox and Murphy

1985 Noss and Cooperrider 1994 Noss et

al 1997 Flather et al 1998 Stein Ct al

2000 Czech et at 2000 review by Stein

et al 2000 found that about 85 percent of

imperiled species in the U.S are affected by

habitat loss and fragmentation 49 percent
________________________________________

by alien species 24 percent by pollution 17

percent by overexploitation and percent by disease In Southern California the principal

Key Terms and Concepts

Edge Effects Habitat degradation concentrated

near the interface between natural and disturbed

areas such as increases in weedy species

pollutants soil erosion and compaction and

predation by house pets

Habitat Degradation Human-induced changes in

the physical chemical or biological properties of

natural habitats that reduce their ability to support

native species and ecological processes

Habitat Fragmentation The reduction of remnant

habitats into smaller and more isolated blocks each

of which may be too small to continue supporting

viable populations of species or ecosystem

processes that operate over large landscapes such

as fire and hydrological cycles

Internal Fragmentation Fragmentation within

otherwise contiguous habitat areas thus creating

donut holes in the habitat matrix
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causes of species endangerment are residential and industrial devekpment 56 percent of

endangered species exotic species 52 percent agricultural development 45 percent

heavy equipment including military training 44 percent and livestock grazing 36 percent

Flather et al 1998

Considered in slightly different way the leading cause of species endangerment in

California is urban sprawllow-density automobile-dependent development that sprawls

into natural areas outside existing cities and towns Sprawl is estimated to imperil 66 percent

of the listed species in California Czech et 2001 In addition to directly rembving

habitats required by native species sprawl also fragments remaining habitat areas into small

or isolated blocks each of which may be too small to sustain natural ecological functions or

populations of certain species Fragmentation also increases adverse edge effects such as

incursions by exotic weedy species trampling by humans predation by house pets and

changes in fire frequency or intensity The following major factors of habitat degradation are

of particular importance in southern Orange County

Internal FragmentationAll else being equal habitat removal from the interior of habitat

area is more deleterious than habitat removal around the edges Simple geometry dictates

that internal fragmentation by development bubbles or donut holes within natural

landscapes causes greater edge effects than an equal area of development at the habitat edge

Moreover the adverse effects of these internal edges occur where they generally do the most

harm to native species and ecological processes Leap-frog development patterns that

create internal fragmentation also require new roads utility lines and other infrastructure

across the intervening habitat thus further compounding adverse effects on native species

and ecological processes For example the Wildlife Research Institute reports that 67

percent of all golden eagle deaths in Southern California since 1987 have been caused by

collisions with electrical distribution and transmission lines which is considered leading

cause in the species decline here Bittner and Bloom personal communication

RoadsRoads in particular cause increased edge effects direct mortality via road kill

disruption of natural migration or movement patterns interference with species

communication changes in water runoff and flow patterns and air water and soil pollution

Trombulak and Frissell 2000 Forman and Deblinger 2000 Jones et 2000 Reijnen et al

1997 During Beiers 1993 1995 study of mountain lions in the Santa Ana Mountains

vehicles killed 33 percent of the population including four lions killed at one road crossing

during 2-year period Horn et al 1993 predicted that planned roads in Orange County

would help to complete the already partial isolation of existing reserves leading to further

species extinctions in the region

Changes in Fire RegimesSouthern California vegetation communities have evolved with

fire which typically burned Mediterranean shrub communities at intervals of 20 to 50 years

Keeley 1986 Overly frequent fires may type-convert shrublands to grasslands The

establishment of exotic annual grasses provides fuel load that decreases the return interval

between fires creating positive feedback loop that favors non-native grasses over native

species even more Minnich and Dezzani 1998 On the other hand fire suppression by man
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leads to ecological stagnation and increased fuel toadswith larger hotter catastrophic fires

as the eventual result Maintaining natural fire cycles is therefore essential to retaining
natural ecosystems and native species in Southern California Achieving this goal requires

large native landscapes of many thousands of acres to allow for natural fire and successional

patterns to persist away from areas of human habitation

Changes in HydrologyMany southern California habitats and species also depend on the

natural flood-scour-deposition cycles in watersheds unaltered by dams diversions irrigation

or vegetation removal These natural hydrological cycles are necessary to replenish

nutrients create openings refresh ripanan vegetation communities replenish sands in coastal

estuaries and on beaches and open coastal lagoon mouths Exotic plants fishes and

amphibians are also far more common in drainages with altered hydrology and are primary

causes of endangerment for numerous aquatic and riparian species Swift et al 1993
Jennings and Hayes 1994 Stephenson and Calcarone 1999 Thus maintaining natural

watershed areas and their hydrological processes is essential for retaining many imperiled

species

PollutionAir and water pollution especially coupled with changes in natural fire regimes

and hydrological processes have significantly degraded habitats throughout much of

Southern California Zedler et at 1983 Zedler 1995 Minnich and Dezzani 1998 Allen et al

1996 Stephenson and Calcarone 1999 Increased nitrogen input into soils from automobile

exhaust greatly favors weedy annual species over native perennial species Allen et at 1996
When this effect is combined with invasion of exotic grasses and unnaturally frequent fires

coastal sage scrub and other native communities are rapidly converted to non-native

grasslands or weedy fields Minnich and Dezzani 1998 This process is likely to accelerate

under global climate change as discussed below Field et al 1999 Allen personal

communication

Climate ChangeClimate models suggest that Southern California will experience

increased winter precipitation hotter and drier summers and more severe El Niæo events

Field Ct at 1999 One effect of these changes will likely be general shift in the

distribution of vegetation communities and individual species to higher elevations and
latitudes Field et al 1999 Simulation models suggest that this ecological migration will

occur at an average rate of about 0.1 to kilometer per year Malcolm et at 2001 The

availability of broad elevational and other ecological gradients within contiguous habitat

areas is critical to accommodate such changes in ecological conditions and species

distributions The primary effect of climate change on Southern Californias vegetation will

likely be further expansion of non-native grasslands into areas currently dominated by coastal

scrub and chaparral especially in areas suffering from altered fire regimes and air pollution

Field Ct at 1999 Southern Orange County may be less susceptible to this exotic

encroachment than other areas in Southern California due to its relatively clean air and

natural fire regimes Allen personal communication

ConclusionMaintaining functional ecosystems requires large unfragmented natural areas

over which natural environmental and ecological processes operate The loss and

I-
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fragmentation
of natural areas result in variety of anthropogeflic effects that degrade

ecological integrity and lead to extirpation of species Southern Orange County possesses

several attributes favoring its ability to maintain natural processes and the species that

depend on them clean air large area broad ecological gradients intact watersheds and

hydrological cycles and good connectionS to existing reserves and other public lands

Analyzing Conservation Priorities Key Terms and Concepts

Ecological integrity The degree to which an

Conservation scientists use variants of three
ecosystem

retains its naturally functioning parts and

general methods to establish conservation processes
without adverse modifications by man

priorities
special element analysis Focal Species Species

selected for conservation

representation or gap analysis and analyses because they serve as surrogates for larger

focal species analysis Special elements are groups
of species or ecosystem flinctions such as

species places or biological occurrences
specieS requiting large areas or that are especially

sensitive to habitat degradation

high conservation value Noss et al 1999
Gap Analysis An assessment of existing protection

such as biodiverSity hotspots or unique levels for aspects of biodiversity species

habitat types like vernal pools or alkali ecosystems to identify gaps in protection offered

marshes Representation approaches select by existing reserve networks

samples of habitat types or environmental Representation
Analysis An assessment of the

gradients that capture the full range of range of environmental attributes present in an

environmental attributes necessary to ecosystem or region of interest and the proportion

maintain biodiversity and ecosystem
of this range

that is captured within existing or

proposed
reserves

processes Hummel 1989 Scott et at 1993
Special Elements Analysis An assessment of how

Soule and Sanjayan 1998 variant of
well reserve system conserves particular species

representation analysis gap analyS1s uses places or biological occurrences of high

geographic
information systems GIS and conservation value such as biodiversitY hotspots or

geographic data to identify aspects of rarecOmfliUflitYtYPes

biodiverSitY that are underrepreSented

within existing reserves and therefore are gaps in protection
of particular ecological

communities habitats or species Focal species approaches select key species that if

adequately conserved help ensure adequate reserve size configuration and connectivity to

maintain most or all of the other species and processes comprising functional ecosystem

Miller et al 1998/99 Focal species are often those requiring large areas for survival such

as mountain lions or eagles or that are most sensitive to human activities such as

amphibians or fishes that cannot tolerate pollution Lambeck 1997

Combining these three approaches results in the most complete evaluation of natural

variability and therefore the most robust and defensible reserve designs Kirkpatrick and

Brown 1994 Noss et al 1999 Given the global conservation importance of the Coastal

Hills and Coastal Terraces Ecological Subsections we recommend combined approach for

analyzing conservation priorities
reserve system for the region should capture the full

range
of environmental conditions ecological communities and species within these

subsections and reserve design for southern Orange County should capture
all its special

elements including vernal pools alkali marshes seeps cliffs and core breeding habitats

10
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and the full representation of environmental variability in the subregion including all

vegetation communities elevations slopes aspects and distances from the coast

Moreover the reserve should ensure continued persistence of wide-ranging and highly

sensitive focal species by maintaining large core habitat areas that are sufficiently linked to

maintain natural movement patterns and ecosystem functions that operate at the landscape

scale This report only touches on certain aspects of this approach More complete analyses

that address all sensitive species occurring in the subregion should be conducted as part of

the NCCP process

Gaps in Protection for the Coastal Foothills and Terraces

Figure maps current land protection status within the Coastal Hills and Coastal Terraces

Ecological Subsections It portrays the pattern of urban and agricultural development in the

area as well as existing and proposed conserved lands Unprotected lands that still support

native habitats represent potential gaps in protection Thus this map helps illustrate those

areas most worthy of conservation attention especially the larger more intact private lands

that are adjacent to existing reserve areas

Figure shows military lands distinct from other public and private lands due to their unique

land use and legal issues The military does not set aside or conserve land Rather it

attempts to manage land areas consistent with federal resource protection laws while

pursuing its primary mission of national security The military is exempt from state and local

regulations Boice 1996

Marine Corps Base Camp Pendleton supports many threatened and endangered species and

outstanding examples of southern California vegetation communities Allen personal

communication and is significant component of regional biodiversity and ecosystem

function In combination with southern Orange County and habitats in the Santa Ana

Mountains the open spaces of Camp Pendleton contribute greatly to maintaining ecological

functions and values in the region

Outside of military lands five large areas of unprotected private lands remain within the

Coastal Hills and Coastal Terraces Ecological Subsections Figure Table These areas

are described below from north to south in terms of their current conservation status

support of important biological resources and connections to conserved habitats Because

each area comprises unique set of ecological conditions and speciesand together

represent the full north to south and coastal to inland gradients of the coastal foothills and

terraces landscapethey represent complementary set of natural areas and each is worthy

of substantial protection

ii
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Land Ownership and Status

Habitat Preseives

Other Public Land

Mllitaiy

Private

Permitted Future Development

within San Diego MSCP

Agriculture

Ruth
L.aige Undeveloped Areas

Study Area

Hills and Terraces

Ecological Subsections

/V County Boundaries

Highways

10 20 Kiluncrs

10

Universal Transveie Mercator Zone 11 Prceon

Figure Land protection status in the Coastal Hills and Coastal Terraces

Ecological Subsections
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Area

North Interior

Orange County

Southern

Orange County

Lake Hodges
Olivenham

Area San

Diego County

Otay

Sweetwater

Area San

Diego County

Acres of Dominant

Natural Vegetation

Habitat Communities

43085 Chaparral coastal

sage scrub

grasslands non
native and native

ripanan
woodland

64092 46835 Coastal sage scrub

grassland native

and non-native

chaparral riparian

woodlands and

forests

98498 87032 Coastal sage scrub

59645 chaparral non-

native grasslands

riparian scrub

Status/Comments

Adjacent to Cleveland National

Forest but otherwise somewhat

isolated from other habitat areas by

urban development NCCP plan

protects about 20000 acres

Not yet planned wider NCCP
relatively little fragmentation Well

connected to existing large

wilderness areas and other habitat

reserves

Existing NCCP agreement for south

half allows substantial development

and fragmentation largely isolated

from other large habitat areas

North half currently being planned

under NCCP North San Diego

County MSCP Subarea Plan

to 25 miles Existing NCCP agreement and

from coast 250 independent state and federal

to 000 feet acquisitions are conserving

elevation sigmficant habitats but in more

fragmented configuration than

current cflditions

Table Characteristics of the largest remaining unprotected land areas in the Coastal Hills

and Coastal Terraces Ecological Subsections excluding military lands

Gross

Acreage

43651

Phvsioaranhv

CoastalOrange 23252

County

22398 Coastal sage scrub

grasslands non
native and native

chaparral

Isolated from other large habitat

areas by urban development

Approved NCCP plan protects

about 18000 acres

15 to 25 miles

from coast 900

to 2000 feet

elevation

to miles

from coast to

1200 feet

elevation

Oto 15 miles

from coast to

1625 feet

elevation

to 15 miles

from coast to

1700 feet

elevation

60137 252480 Chaparral coastal

40861 sage
scrub

Aggregated vegetation communities listed in order from greatest to least acreage source California Gap

Program

2Approved MSCP plan permits about 11619 acres of habitat removal which will reduce natural habitat acres to

about 40861 not accounting for potential permitted development wider the North County Subarea MSCP Plan

3Approved MSCP plan permits about 27387 acres of habitat removal here which will reduce natural habitat acres

to about 59645

North Interior Orange County

This area is adjacent to Cleveland National Forest on the steep hills rising above urbanized

Orange County It represents the northernmost inland extension of the Coastal Hills

Ecological Subsection The NCCP preserve for this area includes large block of habitat in

Limestone Canyon chaparral native grasslands and riparian woodlands with remnant

lower-elevation coastal sage scrub on southern slopes Other portions of the preserve are

relatively small and fragmented by highways and housing developments This area also

includes the Irvine Companys North Ranch which is intact but unprotected habitat adjacent

13
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to Cleveland National Forest that is considered essential to persistence of wide-ranging

species like mountain Lions and golden eagles in the Santa Ana Mountains Smith personal

communication It is well connected to other portions of the Coastal Hills and Coastal

Terraces Ecological Subsections as well as the Santa Ana Mountain subsection via Cleveland

National Forest but lower elevation connections are threatened with development

Coastal Orange County

This habitat block in the San Joaquin Hills represents the northernmost portion of the Coastal

Hills and Coastal Terraces Ecological Subsections along the immediate coast Although it is

valuable habitat for numerous species it is smaller and more isolated than other habitat

blocks in the Coastal Hills and Coastal Terraces Ecological Subsections and thus is no

longer capable of supporting such wideranging species as mountain lions or nesting eagles

Southern Orange County

This is the least fragmented portion of the Coastal Hills Ecological Subsection after

accounting for permitted habitat removal in San Diegos NCCP the Multiple Species

Conservation Program or MSCP Table and Figure Together with large protected areas

in the adjacent Santa Ana Mountains Subsection this area still supports mountain lions and

golden eagles Southern Orange County supports great diversity of vegetation communities

in natural mosaic The native grasslands here are more extensive and in better condition

than in any other portion of the county Roberts personal communication

Coastal sage scrub in this area is notable in that it includes large areas on gently sloping

lower elevation hills and valleys that are strongly influenced by maritime climate This rich

form of coastal sage scrub has become exceedingly rare in the South Coast Ecoregion

because it typifies
those areas that were most rapidly converted to urban and suburban

development since the 1930s Most other large extant blocks of coastal sage scrub are on

steeper slopes and in more interior climate zones that were not readily removed by

development Prevailing oceanic wind patterns bring cleaner air to southern Orange County

than found in most of Southern California making it more resistant to conversions to non-

native grasslands and the effects of global warming Field et at 1999 Allen et al 1996

Allen personal communication

As the focus of this report the resources of south coastal Orange County are more fully

described in the next section

Lake Hodges-Olivenhain

This island of natural open space is almost entirely surrounded by urban development in San

Diego County although it remains somewhat connected to more inland areas via the San

Pasqual Valley The southern half of the area is within the permitted San Diego MSCP plan

area about 11 19 acres is permitted for removal leaving about 40861 acres of natural
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habitat potential for conservation The County of San Diego is currently planning the
northern portion through the North San Diego County MSCP

The Lake Hodges-Olivenhain area is an important core habitat for coastal sage scrub and
chaparral speciesas part of series of landscape stepping stones Amec and
Conservation Biology Institute 2001 It extends from near the coast at sea level to about 15
miles inland however the more coastal areas are highly fragmented such that the bulk of
conserved habitats will be to 10 miles from the coast

Otay-Sweetwater

This is the largest of the five areas in gross acreage and supports large and well-connected
blocks of native habitat The Otay-Sweetwater area lies about to 25 miles from the coast
but the bulk of habitat conservation is and will occur more than 10 miles from the coast
where habitats reflect more inland climatic conditions San Diegos MSCP plan in

conjunction with acquisitions for the San Diego National Wildlife Refuge and the Rancho
Jamul State Ecological Reserve have made important progress in securing large and valuable
habitat areas including some topographically gentle locations It is well connected to more
interior ecological subsections Currently the area supports roughly 87052 acres of natural
vegetation but about 27387 of these are outside of approved MSCP preserve planning
boundaries and therefore subject to development

Summary Status of Remaining Habitat Areas in the Coastal Foothills and Terraces

The five unprotected large habitat blocks remaining within the coastal foothills and terraces

landscape are all important to maintaining regional biodiversity and precluding further
species extinctions Each area exhibits unique aspects of biodiversity not represented in
other areas for example some narrow endemic plant species are restricted to only one or two
of these five areas

Of the five areas the Otay-Sweetwater area and Southern Orange County are the two largest
most intact and best connected to adjoining ecological subsections and have the greatest
potential to sustain viable populations of key species and relatively natural ecosystem
processes Of these two areas Southern Orange County has less overall fragmentation
assuming that development proceeds as currently permitted in the Otay-Sweetwater area of
San Diego County It may also be more resistant than other areas to exotic invasions and
ecological shifts influenced by air pollution and global climate change Southern Orange
County therefore seems the last best opportunity to conserve an intact portion of the coastal
foothills ecosystem

15
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Southern Orange County The Heart of Hotspot

This section describes those attributes of the Southern Orange County NCCP Subregion that

make it the last best opportunity to conserve the unique coastal foothills ecosystemthe
heart of biodiversity hotspot

It supports viable populations of at least seven federally listed threatened or

endangered species and contains critical habitat areas officially designated by the

U.S Fish and Wildlife Service as essential to the survival and recovery of the species

for at least three speciesthe California gnatcatcher Riverside fairy shrimp and

anoyo toad

It supports approximately 50 to 56 percent of the total remaining population of

coastal cactus wrens representing the largest remaining core area for this endemic

form and its rare cactus-dominated sage scrub habitat Harper and Salata 1991

Ogden 1992 Garrett 1992 Rea and Weaver 1990 Dudek Associates 1998a

It supports approximately 15 to 25 percent of the remaining U.S population of the

endemic California gnatcatcher representing the largest contiguous population of this

threatened songbird in the country Dudek Associates 1998a Atwood 1990 1992
U.S Fish and Wildlife Service 1993

It supports great diversity of nesting raptors hawks owls eagles and

falconswith 15 nesting species and over 330 recorded nest sites for 11 of these

Dudek Associates 1998a Bloom unpublished data

It is critical foraging area for one of the few remaining golden eagle pairs in Orange

County and has potential to support other nesting pairs of eagles as well as peregrine

falcons Bittner 2001 Bloom personal communication

It supports significant though yet unquantified acreage of native grasslands which

have been extirpated from the vast majority of Southern California These occur in

natural mosaic with coa.stal sage scrub chaparral and oak woodlands semblance of

how most of the south coastal foothills and terraces once appeared Behrends

Bloom and Roberts personal communication

It supports portions of relatively intact and high-quality watersheds for two major

drainages San Juan Creek and San Mateo Creekthe last remaining undammed and

undiverted major drainage in coastal Southern California south of Ventura San

Mateo Creek is ...probably the most pristine coastal stream south of the Santa

Monica Mountains Stephenson and Calcarone 1999

16
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San Mateo Creek supports the southernmost population of the endangered southern
steelhead the only population recorded south of Malibu Creek Protecting this
watershed is therefore essential to recovering this species with the fullest range of
genetic diversity National Marine Fisheries Service 2000 Hunter unpublished 2000

Both San Mateo Creek and San Juan Creek support variety of sensitive aquatic and
amphibian species including substantial populations of the arroyo chub threespine
stickleback and endangered arroyo toad which depend on the clean waters and
natural flood-scour-deposition cycles that are possible only in such natural watersheds
Swift et al 1993 Griffin et al 1999 Stephenson and Calcarone 1999

In combination with adjacent Cleveland National Forest and Marine Corps Base
Camp Pendleton it supports populations of mountain lions and mule deer This
reflects the ecological integrity of the area because these species require large and
intact wildlands to survive Beier 1993 1995 Habitat fragmentation has all but
extirpated them from coastal California south of Camp Pendleton

It supports one of the
largest known complexes of several rare or endangered plant

species including southern tarplant many-stemmed dudleya and intermediate
mariposa lily Roberts personal communication

It supports some the largest concentrations of alkali grassland and alkali wetlands in
southern California which are of considerable importance because they support rare
plants that are in serious decline in Southern California Roberts personal
communication

The following sections describe these attributes in more detail highlighting those considered
most critical to defining conservation

priorities for the southern Orange County NCCP
Subregion

IT
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Vegetation Communities and

Environmental Gradients

The Southern Orange County NCCP planning

area is about 91800 total acres excluding

Cleveland National Forest Of this about 54800

acres 60 percent remain in natural habitat

Figure Table The planning area ranges

from sea level to 2700 feet Of particular note

are over 21300 acres of coastal sage scrub

vegetationhabitat for large number of

endemic and listed species of plants and wildlife

California Department of Fish and Game 1996

Stephenson and Calcarone 1999 Coastal sage

scrub in this area is distinctive for the diversity of

environmental gradients it covers from gentle

slopes and valleys to steep ridges from near the

coast to more inland areas and from sea level to

the highest elevations that support sage scrub

species over 2400 feet This is unlike most

conserved areas of coastal sage scrub

communities which cover more limited range

of environmental gradients and especially steeper

canyon slopes and more inland areas Nowhere

Table Vegetation Communities

and Land Cover for the Southern

Orange County NCCP Planning Area

Dudek Associates 1998
Coastal sage scrub 21352

GrasslaÆd 16742

Chaparral 8490

Riparian 5645

Oak woodland 1582

Forest 4.44

Lakes and reservoirs 423

Stream courses 81

Freshwater marsh 28

Cliffandrock 10

Vernal pools

Subtotal Natural Habitats 54845

Developed 30211

Agriculture 4287

Disturbed land 2330

Subtotal Non-habitat 36828

Grand Total 91633

1A1proxirnately 20-3O% of this is estimated to

be California native grasslands Bebrends

personal communication

else in the U.S is this full range of coastal sage scrub environmental gradients so fully

expressed within single contiguous area as in the Southern Orange County NCCP

Subregion Not only does this help support diverse array of specieseach requiring

slightly
different combinations of ecological conditionsthese gradients also provide an

environmental hedge against global climate changes

Diverse arrays of other habitat types occur in mosaic with the dominant sage scrub

vegetation including native perennial California grasslands annual grasslands chaparral

riparian woodlands and scrub oak woodlands and varietyof wetland vegetation types

Together this natural mosaic of conununities supports tremendous diversity and density of

wildlife and allows for nearly the full range of ecological processes and cycles to continue

with minimal human intervention This is quite different from more fragmented reserve

areas being established elsewhere in the ecoregion where intensive active habitat

management such as controlled burning exotic species control and artificial sediment

transport are considered essential to maintaining the species these reserves are intended to

protect Amec and Conservation Biology Institute 2001 Scott and Sullivan 2000 Sullivan

and Scott 2000
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Figure Vegetation communities in the Southern Orange County NCCP subregion
Dudek Associates 1998b
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Profiles of Key Resources

This section describes some key species and

other resources we believe should help

define conservation priorities for southern

Orange County It is not intended to cover

all aspects of biodiversity in the study area

but to highlight few that deserve high

priority in preserve design and for which we

have good distribution data

Figures 6a through 6d show the distributions

of selected species in the study area based

on surveys covering most portions of the

NCCP subregion except the Cleveland

National Forest see text box We defined

core and secondary concentrations of each

species from mapped observation points

using species-specific criteria Core

concentrations include at least 10

independent location points points for

raptor nests at close spacing less than

2000 feet between points for California

gnatcatcher and coastal cactus wren less

than mile for raptor nests For the arroyo toad core areas include stream segments having

over 100 adults during spring surveys Secondary or buffer areas include lesser

concentrations of points or less contiguous habitat areas that nevertheless have high habitat

value and support significant populations of these key species

Coastal Cactus WrenThe cactus wren is large non-migratory species of wren found

primarily in desert areas of southwestern North America Although the species is fairly

widespread unique form of cactus wren is restricted to coastal sage scrub habitats on the

coastal foothills and terraces of south-coastal California and extreme northwestern Baja

California Rea and Weaver 1990 Harper and Salata 1991 Solek and Szijj 1999 This

coastal population has been proposed as unique subspecies Rea 1986 and although this

taxonomic distinction remains in dispute U.S Fish and Wildlife Service 1994 there is no

question that the coastal form occupies unique ecological niche and represents an important

component of the south-coastal ecosystem

Survey Data

Dudek Associates 1998a 1998b 1998c

provided the vegetation map for the NCCP
subregion and maps and tables summarizing

results of species surveys in the planning area

These species surveys covered the largest

private property and some public lands in the

NCCP subregion but excluded Cleveland

National Forest This should be considered

when inspecting the range maps in this report

Figure

For the California gnatcatcher coastal cactus

wren and arroyo toad the surveys covered

essentially all potential habitat in the planning

area and provide reasonable estimate of adult

population size during the survey years
Behrends and Bloom personal

communication For many other species

especially plants and invertebrates surveys

covered more limited samples of available

habitat and additional populations are likely to

be found in the future Behrends and

Roberts personal communication
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Figure Distributions of key species in the NCCP Subregion outside of CleveLand
National Forest
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The coastal cactus wren requires coastal sage scrub with patches of tall cactus and its

distribution reflects the patchy distribution of this habitat Degradation of cactus wren

habitat by unnaturally high fire frequencies has greatly reduced wren populations on Marine

Corps Base Camp Pendleton and other areas Rea and Weaver 1990 Harper and Salata 1991

Bontrager et at 1995 Orange County supports the majority of the remaining population

probably in the range of 65 to 85 percent of the remaining nesting pairs estimated at 2450 to

2732 pairs based on data in Harper and Salata 1991 Ogden 1992 Garrett 1992 Rea and

Weaver 1990 Dudek 998a and Behrends personal communication The Southern

Orange County NCCP Subregion has 1378 recorded locations Table This represents

about 50 to 56 percent of the total estimated nesting pairs and is the largest and most

contiguous remaining population Central coastal Orange County supports the second largest

population with 777 recorded locations Behrends personal communication Most other

populations have been isolated by urban development and support much smaller numbers

Figure 6a maps concentrations of nesting coastal cactus wrens in the southern Orange County

planning area

California GnatcatcherThe coastal California gnatcatcher is small songbird endemic to

coastal sage scrub vegetation communities in the South Coast Ecoregion especially within

the Coastal Hills and Coastal Terraces Ecological Subsections The greatest population

densities occur near the coast Amec and Conservation Biology Institute 2001 perhaps due

to higher winter survivorship and richer food sources Mock 1998 victim of widespread

habitat loss and fragmentation the gnatcatcher was listed as threatened in 1993

Total population size is difficult to measure but has been estimated at 1811 to 2562 pairs in

the U.S with the single largest concentration in southern Orange County Atwood 1990

1992 U.S Fish and Wildlife Service 1993 The total number of recorded locations in the

U.S is about 5200which includes pairs single individuals some redundant locations and

some locations recently lost to development The Southern Orange County NCCP Subregion

database includes 627 non-redundant locations Table probably representing roughly 500

to 600 breeding pairs in most years Thus the subregion supports at least 12 percent

Table Recorded locations of selected songbirdsbithe Southern Orange County
NCCP SubreElon Dudek Associates 1998a 1998c1

Federal/State

Conunon Name Scientific Name Status Locations

coastal cactus wren Campylorhynchus brunneicapillus FSC/CSC 1378

California gnatcatcher Polioptila californica californica FTICSC 627

grassbopper -sparrow Ammodramus savannarum 619

least Bellts vireo Vireo beiii pusillus FE/CE 29

southwestern willow flycatcher Empidonax traillii extimus FE/CE

FSC/CSC 104tricolored blackbird Agelaius tricolor

Federally Threatened FE Federally Endangered FSC Federal Species of Concern

CE California Endangered CSC Califoriia Sjeies of Concern
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627/5200 and probably more than 20 percent 500/2562 but fewer than 33 percent

600/1811 of the U.S population Factoring in various uncertainties in these estimates

including the fact that the Atwood 1990 1992 and U.S Fish and Wildlife Service 1993
estimates were based on data collected during drought years we conclude that the southern

Orange County subregion supports roughly 15 to 25 percent of the U.S population of

gnatcatchers

This core breeding areaconcentrated on the gentle hills around Chiquita Canyon and
Canada Gobernadora Figure 6bis unique not only in size about 4000 acres of occupied
habitat scattered over about 8500 total acres and gnatcatcher density but also in its physical
and ecological setting It lies relatively close to the coast to 12 miles on gently rolling

hills having relatively low incidence of exotic plant species Other large gnatcatcher
habitat areas are generally farther inland 11 to 25 miles and mostly on steeper higher

elevation scrub communities that support lower densities of gnatcatchers Moreover the

southern Orange County population could likely be increased by restoring coastal sage scrub

to portions of Chiquita Canyon where sage scrub was historically removed by discing for

dry farming and pasture

Nesting RaptorsPete Bloom
field biologist who grew up

studying wildlife in southern

Orange County has for over 20 _________________________________________________

years recorded nest locations of __________________________________ _____________

raptors eagles hawks falcons

and owls using the area

Blooms data supplemented by
data from Dudek Associates

1998a 1998c show this area to

support rich and stable raptor

community Table Figure 6c
Fifteen species of raptors are

known to nest in the subregion

and another five species use the

area seasonally Bloom

personal communication Two

important raptor speciesthe

golden eagle and peregrine

falconmay no longer nest in the subregion but do forage here and have high likelihood

of returning to nest in the near future Peregrine falcon once nested on at least two of the

many sandstone cliffs that jut from canyon walls throughout the study area but these aeries

along San Juan Creek and Gabino Canyon were abandoned sometime during the mid-

twentieth century when the species was in steep decline The North American population of

the state-endangered peregrine responded positively to conservation and management efforts

throughout its range enough in fact to permit its delisting by the U.S Fish and Wildlife

Service in 1999 Bloom believes that the increasing population of peregrines in California

.3

Table Number of nesting locations recorded in

the Southern Orange County NCCP Subregion for

selected raptor species Bloom unpublished data
Dudek Associates 1998a 1998c
Common Name

peregrine falcon

golden eagle

barn owl

great homed owl

long-eared owl

northern harrier

Coopefs hawk

red-tailed hawk

red-shouldered hawk

turkey vulture

white-tailed kite

Scientific Name
Falco peregrinus

Aquila chrysaetos

Tyto alba

Bubo virginianus

Asio otus

Circus cyaneus

Accipiter cooperii

Buteojamaicensis

Buteo lineatus

Cathartes aura

Etanus caeruleus

Nest Locations

51

29

10

38

110

68

30

aeries not currently occupied
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will eventually result in this magnificent species returning to nest on cliffs in southern

Orange County

The golden eagle also once nested in the area and could again in the future Orange County
supported about seven eagle territories during the twentieth centuiy but at least four of these

were extirpated by encroaching development from 1925 to 1985 Bloom unpublished

data One aerie along the Arroyo Trabuco was abandoned in 1985 due to human disturbance

near the nest and conversion of foraging habitat to housing Bloom personal

communication

This story echoes many similar tales throughout Southern California David Bittner and

colleagues at the Wildlife Research Institute have been monitoring golden eagle pairs

throughout Southern California since 1987 over 200 pairs to date building on research and
records collected by many other

biologists as far back as 1895 records kept by Western
Foundation of Vertebrate Zoology These studies show that over 50 percent of Southern

Californias breeding golden eagles have been extirpated since the 1970s due most

significantly to destruction of habitat In the words of Bittner Preservation of foraging
habitat is as critical as protecting the nest sites of golden eagles Without both nesting and

foraging habitat golden eagles will continue to decline in Orange County and the rest of
Southern California Bittner 2001

Nevertheless golden eagles still nest in the ecoregion with several territories in or near

southern Orange County although the nest sites themselves are mostly in the Cleveland

National Forest One pair nesting along San Mateo Canyon depends on the Southern Orange
County NCCP Subregion for survival Bittner and colleagues estimate that about of every
10 foraging trips are to the extensive mosaic of grasslands and scrub habitats of Talega
Gabino La Paz Blind and Cnstianitos canyons in southern Orange County In the opinion
of Bittner and the eagle research staff at Wildlife Research Institute further loss of this

hunting area in southern Orange County would affect pairs ability to successfully

fledge young and will eventually lead to the loss of this golden eagle breeding pair

altogether ittner 2001

Bloom and Bittner believe that golden eagles could nest again in the Southern Orange

County NCCP Subregion outside of Cleveland National Forest unless new housing

developments further fragment the remaining habitat Offspring from the current pair on San

Mateo Creek may help fulfill this prediction

Arroyo toadThe arroyo toad is federally endangered endemic amphibian of south-coastal

California It occupies streams and adjacent uplands within the Coastal Hills and Coastal

Terraces Ecological Subsections and to lesser degree higher mountain sections below the

headwaters Jennings and Hayes 1994 U.S Fish and Wildlife Service 1999b Most

populations have been extirpated and many remaining populations are adversely affected by
combined effects of wetland and upland habitat loss reservoirs water diversions introduced

predators such as bullfrogs mosquito fish and largemouth bass mining activities road kill

and changes in river flows and sedimentation
patterns Griffin et al 1999 South of Los
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Angeles only three watersheds still support the species through the full range of stream

gradients from the headwaters to the coast San Mateo San Onofre and Santa Margarita
Griffin et 1999 Of these only the San Mateo watershed remains undammecl and hence
lacks many of the associated threats to the species Stephenson and Calcarone 1999 In

addition preliminary genetics work Shanahan 1998 has shown the San Mateo population to
have the highest known genetic diversity in the species and suggests that this population may
be genetically distinct from others in the range Hence maintaining the San Mateo
watershed in its current pristine condition is essential to the persistence and recovery of the

species and may be critical to retaining its full genetic diversity

Table Recorded locations of selected amphibians reptiles and invertebrates in the

Southern Orange County NCCP subregion Dudek Associates 1998a 1998c
Federal/State

Common Name Scientific Name Statust Locations

arroyo toad Bufo calfornicus FE/CSC 2626 acres

microscaphus calfornicus 550 adults
arboreal salamander Aneides lugubris 12

coast range newt Taricha torosa torosa /CSC
western spadefoot toad Scaphiopus hammondii FSC/CSC 16

orange-throated whiptail Cnemidophorus hypeythrus

beldingi FSC/CSC 179
red-diamond rattlesnake Crotalus ruber ruber FSC/CSC 15

rosy boa Charina trivirgata FSC/

San Diego ringneck snake Diadophis punctatus similis 10

San Diego homed lizard Phrynosoma coronatutn

blainvilei FSC/CSC 47
southwestern pond turtle Clemmys marmoratapaiida FSC/CSC 23
Riverside fairy shrimp Streptocephalus woottoni FE
San Diego fairy shrimp Branchinecta sandiegonensis FE
FT Federally Threatened FE Federally Endangered FSC Federal Species of Concern
CE California Endangered CSC California Species of Concern

Within southern Orange County Bloom surveyed populations of adult arroyo toads during
the 1998 breeding season to tdentify major breeding concentrations downstream from
Cleveland National Forest as shown on Figure 6d and quantified in Table He found
abundant populations along upper San Juan Creek and Bell Creek tributary of San Juan

Creek and along Talega Creek
tributary of San Mateo Creek He also found lesser

concentrations on Gabino Creek another tributary of San Mateo Creek and along lower San
Juan Creek Construction of new roads may have contributed to population declines and
recent extirpation of arroyo toads in these lower reaches of San Juan Creek Bloom
personal communication Note that Figure 6d does not show other known populations on
Cleveland National Forest and Camp Pendleton

Southern Steelhead and Other Native FishesSteelhead are the anadromous sea-running
form of rainbow trout and southern steelhead are winter-run populations that occur south of

the Santa Maria River in Santa Barbara County The southern steelhead is federally listed as
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endangered but the listing and subsequent designation of critical habitat initially failed to

recognize that population existed farther south than Malibu Creek Los Angeles County
In fact the southernmost population exists in San Matco Creek and its tributaries

Historically southern steelhead ranged south to Baja California Swift et al 1993 and

occurred in both San Juan and San Mateo creeks Research on historic population sizes in

various southern California coastal streams suggests that San Mateo Creek may have been

one of the most important steelhead streams in the region U.S Fish and Wildlife Service

l998b Individuals in San Mateo Creek regularly ranged up to 30 inches in length and 20

pounds in weightsubstantially larger than fish recorded from Malibu Creek during the

same time period

Southern steelhead were considered to be extirpated from streams south of Malibu Creek

until 1999 when an individual was caught in San Mateo Creek Vejar California

Department of Fish and Game personal communication Since then surveys have

documented juvenile and adult steelhead in San Mateo Creek and tributaries on federal lands

Genetic analyses have confirmed that these are wild reproducing anadromôus southern

steelhead and not the result of trout planting California Department of Fish and Game 2000
National Marine Fisheries Service 2000 As result of this new information the National

Marine Fisheries Service 2000 has proposed extending the southern steelheads designated

Evolutionarily Significant Unit and critical habitat to include the San Mateo Creek

watershed Recent surveys of habitat suitability have not been conducted in San Juan Creek

but headwater streams are also likely to support suitable habitat According to Hunter

unpublished 2000 the San Mateo watershed is Core Watershed critical to persistence

and recovery of the species and the San Juan watershed is Recovery Watershed critical

to recovery with some restoration to allow recolonization

San Juan and San Matco creeks support two other native fish species that have been

extirpated from most streams in their original range arroyo chub and threespine stickleback

The native fish fauna in coastal Southern California is unique assemblage of six extant and
one extinct species that are adapted to streams having highly variable conditions Swift et at

1993 Unlike most streams in Southern California San Mateo and San Juan creeks appear

to still support all of their historically occurring species The threespine sticideback in

particular is widespread in the subregion including the Arroyo Trabuco upper San Juan

Creek Hot Spring and Cold Spring canyons and Bell Canyon Control of exotic fishes

crayfish and frogs and maintenance of natural hydrological processes and water quality are

key to conserving this rare species within the NCCP subregion Atwood et al 1996

Mule Deer and Mountain LionMule deer and mountain lion are linked in primary

predator-prey system that serves as an indicator of ecological integrity Both species are

adversely affected by habitat fragmentation and have been largely extirpated from coastal

habitats south of Marine Corps Base Camp Pendleton As part of the larger Santa Ana

Mountains landscape the undeveloped habitat areas of southern Orange County support both

lions and deer in healthy populations Intensive studies using radio-telemetry have

documented the natural movements of lions throughout the area Padley 1991 Beier 1993
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1995 Beier 1993 studied the population viability of mountain lions in the Santa Ana
Mountains and Palomar Range and concluded that further loss of habitat or of critical habitat

linkages would likely extirpate lions from the region Based on this research and mountain
lion habitat suitability model that was peer reviewed by experts including Drs Paul Beier
Kevin Crooks and Michael SoulØ Hunter unpublished 2000 identified the San Mateo and
San Juan watersheds of this subregion as Key Conservation Area for maintaining viable

population of mountain lions in the region

Fairy ShrimpThe NCCP subregion supports two federally endangered invertebrates
Riverside and San Diego fairy shrimp These small crustaceans inhabit temporary ponds
called vernal pools and are adapted to the variable conditions of these ecosystemsforming
encysted embryos that lie dormant in dry soils and emerge once the pools fill with winter
rains Different species have adapted to pools with different physical and chemical
conditions Riverside fairy shrimp occupy deep cool vernal pools whereas San Diego fairy
shrimp occupy smaller shallower pools

Surveys by Dudek and Associates and PCR during 2001 documented Riverside fairy shrimp
in pools on Chiquita Ridge an area south of Ortega Highway known as Radio Tower Road
and at Saddleback Meadows in the northwest portion of the planning area Behrends
personal communication The Saddleback Meadows population represents geographically
distinct complex within the species range U.S Fish and Wildlife Service 1998a Some of
these pools are already protected According to Fred Roberts personal communication
additional locations may exist in the planning area

San Diego fairy shrimp have been recorded in vernal pools on Chiquita Ridge and along
Radio Tower Road U.S Fish and Wildlife Service 1998a Behrends personal

communication These locations represent distinct complex within the species range
U.S Fish and Wildlife Service 1998a Preserving these pools and surrounding watersheds
is essential to recovering San Diego fairy shrimp due to the potential genetic uniqueness of
these populations The U.S Fish and Wildlife Service considers the San Diego fairy shrimp
to have high degree of threat but high potential for recovery

Rare Vegetation Communities and PlantsThe Southern Orange County NCCP Subregion

supports diverse assemblage of rare plant species that are associated with unique habitat

types Table It supports the largest known populations of southern tarplant many-
stemmed dudleya and intermediate mariposa lily Roberts personal communication
which are listed as rare or endangered in California and elsewhere by the California Native

Plant Society CNPS List IB Major populations of other CNPS List LB plants in the

subregion include Coulters saltbush sticky-leaved dudleya and thread-leaved brodiaea
Thread-leaved brodiaea is also federally listed as Threatened and state listed as Endangered
Over 2750 individuals of this species have been observed in the south-central portion of the

subregion in association with native purple needlegrass grassland and new populations are

continuing to be discovered in other portions of the subregion Roberts personal

communication

27



11T

Chocolate Lily

Palmers
grappling hook

Catalina mariposa lily

Oak woodlands

Engelmanns oak

Rock outcrops

Sticky-leaved dudieya

Venial pools

Water pygmy stonecrop

Hairy pepperwort

Mesa brodiaea

Mud narna

Virnia rockcress

WashesIi

Ecological Signflcance of Southern Orange Couny

Table Rare plant species in the Southern Orange County NCCP subregion Roberts
personal communication

CNPS
Common Nawe Scientific Name List Population Sttus2
Alkali wetlands and grasslands

Southern tarplant Centromadiapanyi ssp austra/is LB
Coulters sattbush Atrplex coulteri

LB
Salt

spring checkerbloom Sidakea neomexscana

Coastal sage scrub and chaparral

Intermediate mariposa lily Cdochortus weed/i var

LB
Western dichondra Dichondra occidental is

California juniper Junipenis ca4fornica LR
Many-stemmed dudleya Dudleya multicaulis LB

Ashy spikemoss Selaginella cinerascens LR
Native and clay soil grasslands

Small-flowered morning-

glory Con vol vrd us simulans

Paniculate tarplant Deinandrapanicu/ata
Prostrate spineflower Chorizantheprocumbens

Thread-leaved brodiaea
Brodiaeafilfo1ia FT CE

113

Frit il/aria bflora LR

Harpagonellapalmeri

Calochortus catalinae

Quercus engelmannu

Dudleya viscida LB

Crassula aquatic

Magelia vest/ta

Bvdiaeajofoen.5

Nama stenoca

Sibara
virginu

PnInIhinIMp .UI414LJ4 PP1Y
California Native Pta tRncievRtn

111 Rare orendangered iii

California and elsewhere

Rare or endangered in

California more common elsewhere

Plants about which more

information is needed

Plants of limited distnbution

FT reaemiy inreatened

CE California endangered

LR Locally rare Roberts personal communication

Population status in the study area

Critical populations

Populations important but not critical

Species present but in low numbers
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Many of these rare plant species depend on unique vegetation communities or habitat types
that are especially noteworthy in southern Orange County Large expanses of alkali

grasslands and wetlands are located in Canada Chiquita and Canada Gobernadora which
Roberts personal communication believes are the largest remaining alkali wetlands in
Southern California Significant areas of clay soils native grasslands vernal pools oak
woodlands and riparian habitats also occur in the planning area in addition to the large
intact patches of coastal sage scrub discussed previously The native grasslands in

particular are considered to be amongst the largest and best remaining examples of this

community in Southern California Roberts personal communication Californias native
perennial grasslands have been reduced to about 0.1 percent of their original range Barry
1972 as cited in Keeley 1990

Special Microhabitat Features Habitat consists of more than just the vegetation
associations that biologists often use to describe species-habitat relationships Habitat

includes all of the physical and biological features required by species to survive and
reproduce such as cliffs for nesting eagles and falcons or large hollow trees for roosting bats
In addition certain very rare habitats or microhabitat features such as vernal pools springs
and seeps need special consideration in conservation planning to ensure that they are

adequately protected and buffered from adverse effects to the species they support

The Southern Orange County NCCP Subregion includes variety of such features some of
which are mapped and others that are not Sandstone cliffs are scattered throughout the

canyons where they are used as traditional nesting aeries by several of the resident raptor
species Vernal pools in the area support the endangered Riverside fairy shrimp and San
Diego fairy shrimp and other rare species Groves of large sycamore trees along streams

support populations of the uncommonly observed arboreal salamander and large oaks and

sycamores are used for roosting by insectivorous bats as nesting sites by raptors bluebirds
and other species and as granary trees by acorn woodpeckers where the woodpeckers store

acorns in thousands of small holes they drill in the trunks Upland springs and seeps which
have yet to be fully mapped create unique microhabitats for plants and animals along the

ridges and canyon walls Water bodies scattered throughout the area also providing drinking
water for wildlife and are used as nesting roosting or foraging habitat by diversity of water
birds Chiquita Canyon holds some of the last alkali marshes in the region and hundreds of
ti-i-colored blackbirdsa species of concernnest in these and other marshes in the area
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Conservation Priorities In Southern Orange County

Southern Orange County supports significant remnants of once extensive and still globally

unique ecosystem In this section we present conservation measures to maintain this portion

of the South Coast Ecoregion as viable and functioning ecosystem Due to limitations in

data availability and the complex nature of conservation planning this should be considered

framework for further refinement as part
of the NCCP process The NCCP process should

also address the full range of species and expected impacts from proposed development

which are beyond the scope of this report

The approach we take recognizes southern Orange County as the heart of biodiversity

hotspot and probably the last best example of globally unique ecosystem The resource

values this subregion supports are therefore irreplaceable sensu Stein et at 2000 This

dictates that any conservation plan for the area deserves liberal application of the

precautionary principle which holds that given uncertainty about ecological processes and

the consequences of habitat alteration conservation plans must err on the side of

conservation to hedge against loss of species or ecological collapse Noss et al 1997

Principles of Conservation Planning

To ensure that the Southern Orange County NCCP is informed by the best available science

stakeholders in the process convened prestigious group of science advisors in 1996 The

group included well-known scientists from universities museums and other research

institutions as well as local field biologists having comprehensive understanding of southern

Orange Countys ecology and species The Science Advisors produced document entitled

Principles of Reserve Design Species Conservation and Adaptive Management for the

Proposed Southern Orange County NCCP Atwood et al 1996 The document translated

broad tenets of reserve design prepared by the NCCP Scientific Review Panel California

Department of Fish and Game and California Resources Agency 1993 into more explicit

principles to be used in designing preserve system specifically
for southern Orange County

in this document we attempt to translate the Science Advisors principles and our own

findings into map showing which areas are most critical to conserve in southern Orange

County

We adopted the following principles based on Atwood et al 1996 to guide mapping of core

biological resource areas

Conserve species throughout the planning area

Maintain potential for re-establishment or enhancement of sensitive species such as

southern steethead or peregrine falcon and habitats such as coastal sage scrub that

has been converted to agriculture

Keep reserves large to support larger populations of species and to maintain

ecosystem processes that operate over large landscapes like natural fire and

hydrological cycles
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Keep reserves diverse by capturing broad environmental gradients such as the full

range of elevations slopes soil types distance from coast and vegetation types
Maintain important grassland areas and grassland-scrubland mosaics especially in

Gobernadora Chiquita Upper Gabino and Cristianitos canyons and in areas
northeast of San Clemente and San Juan Capistrano

Maintain the integrity of key nparian systems especially San Juan Creek Arroyo
Trabuco and key tributaries to San Mateo Creek Gabino Talega and Cristianitos

creeks This includes protecting the natural hydrology and erosion regimes over
entire watersheds

Keep reserves contiguous and connected and avoid internal fragmentation 9f large
habitat blocks

Minimize physical or visual barriers to species movement such as roads through
reserve areas

Direct development to already disturbed areas and away from native communities
wherever possible

Maintain landscape linkages especially along riparian systems or other naturally

vegetated landscape features used by dispersing animals especially wide-ranging

species like mountain lions Maintain ridgetop connectivity between Gobernadora
and Bell canyons which is considered essential for mountain lion movements Beier
and Barrett 1993

Core Biological Resource Units

We delineated four Core Biological Resource Units Figure within the subregion using

variety of geographic information and the guiding principles outlined above Each of these

units supports unique resource values and therefore has unique biological objectives and

management considerations To ensure continued ecological integrity each unit must be
conserved essentially intact as mapped without further habitat degradation or internal habitat

fragmentation Some minor modifications of the external boundaries may be acceptable
based on further study However any development proposal in or near these core units must
use the best available science to demonstrate that the project would not reduce any units

ecological integrity including its ability to support key species and ecological and
environmental processes

These core units do not necessarily represent all areas necessary to support all species of
concern in the subregion For certain species such as narrow endemic plants that persist in

small habitat fragments smaller reserves outside of these core areas may also be necessary
Delineation of such areas is beyond the scope of this report and should be based on more
detailed biological analysis as part

of the NCCP process
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Figure Core biological resource units in the Southern Orange County
NCCPSubregion
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Information sources used in mapping included vegetation map for the area inch 4000
feet Dudek Associates 1998b and the combined core areas for key species Figure
Where possible entire watershed areas were delineated to meet the planning principles

Existing developed areas were excluded In few cases recent developments are not

depicted on existing maps so development patterns may differ somewhat from those

depicted on Figure

Arroyo Trabuco Unit

The Arroyo Trabuco and associated

riparian and watershed habitats support

rich biota despite some isolation by

development in the lower reaches below

the headwaters In addition to

supporting threespine stickleback arroyo

chub Behrends personal

communication and wide variety of

nesting raptors Dudek Associates

1998a 1998c the Arroyo serves as

movement corridor for mountain lions

Beier 1993

About 2000 acres along Arroyo Trabuco

are already conserved as biological open

space Due to the linear nature of the

Arroyo with dense housing

developments on both sides it is

expected to suffer variety of adverse

edge effects The headwaters in the

northern portion of the study area are less constrained having high ecological integrity where

they arise in the Cleveland National Forest Opportunities for further conservation in the

area are limited except in the northern areas south of Cleveland National Forest

Management plans should address adverse edge effects along the Arroyo ensure continued

function of natural hydrological cycles flood-scour-deposition and maintain water quality

by controlling water runoff from development Non-native aquatic species such as

bullfrogs crayfish sunfish and mosquito fish should be monitored and controlled Public

access and recreational uses should be managed consistent with resource protection goals in

this area

Arroyo Trabuco Unit

Size 6988 acres including 4595 acres of natural

habitat 2000 acres are already protected 28.6%
Primary Communities Wetland and aquatic

communities including vernal pools and riparian

forest coastal sage scrub and chaparral linking the

nparianlaquatic system to headwaters on Cleveland

National Forest

Special Elements Vernal pools raptor nesting

sites

Focal Species Rare fishes arroyo chub and

threespine stickleback nesting raptors fairy

shrimp mountain lion mule deer

Essential Processes Hydrological cycles wildlife

movement ecological migration response to

climate change

Conservation Management Goals Manage

edge effects water runoff and non-point source

pollutants maintain natural hydrological cycles

control trespass in sensitive areas maintain

linkages to Cleveland National Forest and Chiquita

Unit
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Chiquita Unit

Canada Chiquita represents the single

most important core area remaining in

southern California for the coastal cactus

wren and the California gnatcatcher
This unit captures broad range of

variation of the coastal sage scrub

ecosystem in one large contiguous block

of habitat over 7000 acres with

pockets of native grasslands alkali

marsh oak woodlands and other native

habitats The lower and gentler slopes

have been disced to support dry farming

and some orchards have been planted in

the lower canyon These agricultural

changes have somewhat fragmented the

natural habitat and introduced exotic

plants but do not present barriers to

dispersal or habitat use by key species

such as gnatcatchers cactus wrens and

mountain lions According to Fred

Roberts personal communication the dry-farmed areas still support number of sensitive

plant species and areas of native grasslands These disced areas could be restored to native

sage scrub and grasslands

About 1745 acres are already protected under conservation easement most notably the

Chiquita Canyon Conservation Area in the uppermost part of the Canada Housing
developments have encroached on both the west Mission Viejo and Ladera and east Coto
de Caza However Canada Chiquita is well buffered from these developments by
topographic relief Of more concern is internal fragmentation within the upper Canada due

to recent extension of the Foothill tollroad to Oso Parkway and construction of high school

adjacent to the roadway

Chiqulta Unit

Size 8763 acres including 7017 acres of natural

habitat 1745 acres are already protected 17.1%
Primary Communities Coastal sage scrub
grasslands native and non-native alkali marsh
riparian scrub vernal pools

Special Elements Vernal pools alkali marshes
native grasslands and coastal

sage scrub with wide

ecological gradients

Focal Species Coastal cactus wren core

population California gnatcatcher core

population fany shrimp and numerous rare plants

associated with vernal pools alkali marsh native

grasslands and clay soils

Essential Processes
Fire/vegetation-succession

cycle over broad landscape ecological migration

response to climate change
Conservation Management Goals Prevent

internal fragmentation restore agricultural areas to

coastal sage scrub and native grasslands maintain

connections to other three units manage for natural

fire regime
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San Juan Watershed Unit

This large area nearly 19500 acres of

high ecological integrity supports wide

diversity of habitat types and species

within the watershed of San Juan Creek

including pristine Bell Canyon In

addition to core concentrations of cactus

wrens and nesting raptors this area is

critical for conserving several key

aquatic species including arroyo toad

and arroyo chub Conserving this area is

essential for maintaining mountain lions

in the subregion and perhaps the entire

ecosystem surrounding the Santa Ana
Mountains Beier 1993 Primary

biological goals include maintaining

high ecological integrity by precluding

internal fragmentation by roads

agricultural expansion or development
and maintaining water quality and

natural hydrological regimes within the watershed Watershed protection including

protection of the underground aquifer is essential to maintain conditions required by
sensitive aquatic species in San Juan Creek and tributaries New or deeper wells could lower

the aquifer and the flow of water required by these species and replacing native vegetation
with development would increase runoff and add pollutants to the water

Nearly 60% of this unit including pristine Bell Canyon is already protected as biological

open space in Caspers Widerness Park and Audubon Starr Ranch Sanctuary The Ortega

Highway State Route 74 runs through the area but other existing roads are relatively low
impact ranch roads This area is contiguous with the San Mateo Canyon Wilderness to the

east Additional conservation is required to connect these existing reserves via broad

landscape linkages to the Chiquita Unit to the west and the San Mateo Watershed Unit to the

south Doing so would secure large watershed reserve system of high ecological integrity

San Juan Watershed Unit

Size 19490 acres including 16885 acres of

natural habitat 11429 acres are already protected

58.6%
Primary Communities Coastal sage scrub
chaparral oak woodland riparianlaquatic systems

Special Elements Cliffs and outcrops seeps and

other wetlands

Focal Species Coastal cactus wren core
population rare fishes arroyo toad core
population raptors mountain lion mule deer

Essential Processes
Fire/vegetation-succession

cycle over broad landscape natural hydrological

cycles ecological migration response to climate

change

Conservation Management Goals Prevent

internal fragmentation buffer and connect existing

reserve areas maintain broad landscape
connections to Chiquita and San Mateo Watershed

units maintain watershed integrity and water

quality manage for natural fire regime
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San Mateo Watershed Unit

The San Mateo Watershed Unit is nearly

11000 acres in total size including

nearly 10000 acres of natural habitat It

supports some of the most pristine

natural habitats left in southern

California including native grasslands

riparian woodlands and broad canyons
and ridges covered with coastal sage

scrub chaparral and oak woodlands

San Mateo Creek is the last remaining
undammed and undiverted major

drainage in coastal California south of

Ventura This unit includes Cristianitos

La Paz Talega and Gabino creeks

which drain into San Mateo Creek near

the boundary of Marine Corps Base

Camp Pendleton

As one tribute to the areas high

ecological integrity the San Mateo

watershed is the only watershed south of

Malibu Creek to support breeding

population of southern steelhead and is

considered critical to recovery of this

listed species It also supports ____________________________________________

threespine stickleback arroyo chub and core populations of arroyo toads Riparian areas

downstream on Marine Corps Base Camp Pendleton also support core populations of

endangered least Bells vireos southwestern willow flycatchers and tidewater gobies
Grasslands in the area are considered critical foraging areas for the golden eagle pair nesting

along nearby San Mateo Canyon Bittner 2001 This area also supports the best remaining

examples of native grasslands in the subregion in part due to the moderate grazing pressure
it has received relative to other areas Bloom personal communication Finally this large

intact habitat area is considered essential to maintaining deer and mountain lion populations

in the subregion

The overall biological goal for this area must be to maintain the existing level of ecological

integrity water quality and natural hydrological regime by precluding internal fragmentation

by new roads or other development The area is largely intact despite some fragmentation by
Cnstianitos Road and the existing TRW facility in the southern part of Cristianitos Canyon
The unit abuts Marine Corps Base Camp Pendleton on the south the San Juan Watershed

Unit on the north and private inholdings between the subregion and the San Mateo
Wilderness Area on the east Only about 1271 acres are already conserved as the Rancho
Mission Viejo Conservancy Area in the western portion of the watershed

San Mateo Watershed Unit

Size 10908 acres including 9855 acres of

natural habitat 1271 acres are already protected

11.7%
Primary Communities Coastal sage scrub
grasslands native and non-native chaparral oak

woodland ripanan/aquatic systems

Special Elements Native grasslands high
quality western jumper relict population cliffs

and outcrops raptor aeries seeps and other

wetlands

Focal Species Golden eagle essential foraging

area steelhead trout recovery watershed and

other rare fishes arroyo toad raptors mountain

lion mule deer and numerous rare plants

Essential Processes
Fire/vegetation-succession

cycle over broad landscape natural hydrological

cycles over entire watershed ecological migration

response to climate change
Conservation Management Goals Prevent

internal fragmentation conserve all grassland

areas buffer cliffs raptor aeries buffer and

connect existing reserve areas maintain broad

landscape connections to Chiquita and San Juan

Watershed units maintain watershed integrity and

water quality manage for natural fire regime
manage trespass in or near sensitive areas

including raptor aenes
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Conclusions

The Southern Orange County NCCP represents unique opportunity to conserve what
remains of globally unique diverse and functioning ecosystem and its collection ofendemic species In many ways this subregionthe heart of global biodiversity hotspotseems the last best hope to conserve large unfragmented and ecologically intact
representation of the natural ecosystem that once existed throughout the coastal foothills of
Southern California Without doubt this area represents the most important single tract of
land in this ecoregion for

conserving the coastal cactus wren and California gnatcatcherWise conservation decisions here would also help retain and recover populations of the
southern steelhead golden eagle mountain lion and mule deer along with numerous other
species unique to this ecoregion The science of conservation planning dictates that large
intact and unfragmented watershed units be conserved within this area connected by
landscape linkages and where necessary healed with ecological restoration This can be
achieved through the NCCP process so long as society agrees that these resource values are
irreplaceable
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EXECUTIVE SUMMARY

Current Status The Pacific pocket mouse Perognathus longimembris

pacj/Icus historically occurred on the immediate coast of southern California

from Marina del Rey and El Segundo in Los Angeles County south to the vicinity

of the Mexican border in San Diego County The subspecies has been recorded

up to approximately kilometers 2.5 miles inland Rediscovered in 1993 after

20-year period during which the subspecies was not detected the subspecies is

currently known to occur at the Dana Point Headlands Orange County and two

locations on the Marine Corps Base Camp Pendleton in San Diego County

Current occupied habitat for the Pacific pocket mouse is estimated to be less than

400 hectares 1000 acres at the three known localities combined

Habitat Requirements and Limiting Factors The Pacific pocket mouse has

occurred on fme-grain sandy substrates in open coastal sage scrub coastal strand

coastal dune and river alluvium habitats The extant populations at the three

known locales occur within open coastal sage scrub habitats The subspecies is

iniminently threatened by habitat destruction and fragmentation documented

depredation by domestic cats and recreational activities

Recovery Objective Delisting with an interim objective of reclassification to

threatened status

Recovery Criteria We may consider reclassifying the Pacific pocket mouse to

threatened status ifand when

Ten populations are independently viable and stable or increasing and their

habitats are secure free of risk of loss and fully protected through fee

ownership by resource agency or conservation program conservation

easement or other means of permanent protection Populations of Pacific

pocket mice shall be considered viable if the appropriate analysis of

measured population parameters indicate that each of the 10 populations has

95 percent or greater chance of surviving for 100 years
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Occupied habitat consists of minimum of 2000 hectares 4940 acres that

are secure and fully protected through fee ownership by resource agency

or conservation program conservation easement or other means of

permanent protection

All Pacific pocket mouse populations are managed through program to

maintain genetic diversity for future generations

All Pacific pocket mouse populations and essential habitat are managed so

that current and potential threats e.g predation and disease are eliminated

or minimized to the extent that each population is not at risk of extirpation

Essential habitat is defined to mean both suitable and potential habitat that

is necessary for the full recovery of the subspecies

We may consider delisting the Pacific pocket mouse if and when

All actions necessary for reclassification to threatened have been

implemented

Any necessary protection restoration and enhancement activities on all

sites that have been determined to be essential to the recovery of the

subspecies are successfully completed

Populations of the Pacific pocket mouse should be representative of the full

existing genetic variability and historical geographical range of the

subspecies and occur in habitats that collectively represent the full range of

parameters observed and described in the past or during prescribed future

research and monitoring efforts

Actions Needed and their costs

Identify and protect
all extant populations and essential habitat $511000

Prepare and implement management plans 2900000

iv



Enhance and expand occupied and potential habitat 698000

Conduct research on life histoiy ecology and population biology 1053000

ldentify and implement measures to create additional populations 2096000

Enhance public awareness 211.000

Total $7.5 million

These costs exclude land acquisition and other as yet undeterminable costs

Dates of Reclassification Reclassification to threatened status may occur by the

year 2023 assuming full implementation of this plan Research and other tasks

prescribed by this plan are necessary to determine the potential for complete

recovery and delisting Accordingly the date of delisting is presently uncertain
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Introduction

The Endangered Species Act Act calls for preparation of recovery plans for

those listed species that are likely to benefit from the effort recovery plan must

establish ifpracticable recovery goals and objectives describe site-specific

management actions recommended to achieve those goals and estimate the time

and costs required for recovery recovery plan presents set of

recommendations

Species Overview

The Pacific pocket mouse Perognathus 1ongimembrispacflcus is endemic to

the coast of southern California from Marina del Rey and El Segundo in Los

Angeles County south to the vicinity of the Mexican border in San Diego

County The subspecies occurred on fine-grain sandy substrates and inhabited

coastal strand coastal dunes river alluvium and coastal sage scrub habitats

growing on marine terraces within approximately kilometers 2.5 miles of the

ocean Currently the subspecies is found predominantly on sandy substrates

within coastal sage scrub habitats

We the U.S Fish and Wildlife Service emergency listed the Pacific pocket

mouse in February 1994 59 FR 5306 following the rediscovery of
single

population at the Dana Point Headlands in 1993 Upon expiration of the

emergency rule we federally listed the subspecies as endangered on September

29 1994 in accordance with the Endangered Species Act 59 FR 49752 We

gave the subspecies recovery priority number of 3C which means it is facing

high degree of threat including conflicts with development projects yet has

high recovery potential The California Department of Fish and Game also

designated the Pacific pocket mouse as Species of Special Concern

In 1995 Pacific pocket mice were discovered in two general locations on the

Marine Corps Base Camp Pendleton in San Diego County Current occupied

habitat for the Pacific pocket mouse is estimated to total less than 400 hectares

1000 acres at all sites combined None of the nine historic locales Erickson



1994 Erickson 1998 are permanently protected and all have been damaged or are

threatened by habitat destruction or fragmentation human-caused fire or other

disturbances Populations at six of the historic localities apparently have been

extirpated

This recovery plan summarizes the taxonomy of the Pacific pocket mouse its

historic and current distribution known features of habitat and life history and
the current threats to the subspecies The present status of conservation efforts on
behalf of this subspecies is also described In Part II of this plan

recommendations are made for long-term program to affect the recovery of the

subspecies

Description

All members of the family Heteromyidae are nocturnal granivores with external

fur-lined cheek pouches The body pelage of the little pocket mouse

Perognathus longimembris is silky The little pocket mouse shows wide

geographic variation in pelage color Hall 1981 The dorsal pelage is

predominately brown pinkish buff or ochraceous buff The ventral pelage is

whitish There are typically two small patches of
lighter hairs at the base of the

ear The tail can be either distinctly or indistinctly bicolored The Pacific pocket

mouse is among the smallest subspecies of little pocket mice ranging up to 131

millimeters 5.2 inches in length from nose to tip of tail Hall 1981 Little

pocket mice weigh to grams 0.25 to 0.33 ounces

Taxonomy

The Pacific pocket mouse Perognathus longimembris paqficus is of 19

recognized subspecies of the little pocket mouse Perognathus longimembris

Hall 1981 This subspecies is the smallest member of the family Heteromyidae
which consists of spiny pocket mice Heteromys and Liomys pocket mice

Perognathus and Chaetodzpus kangaroo rats Dipodomys and kangaroo mice

Microdipodops



The Pacific pocket mouse was originally described by Mearns 1898 as distinct

species Perognathus pac/Icus based on the type specimen that was collected on

the shore of the Pacific Ocean at Mexican Boundary Monument 258 in San

Diego County California Although von Blocker 193 lab initially recognized

the Pacific pocket mouse as distinct species he subsequently concluded

pac4/Icus represented two subspecies of the little pocket mouse longimembris

paC4ficus and cantwelli von Blocker 1932 Subsequent to biometric

analysis of 331 specimens of the little pocket mouse Huey 939a recognized

1.pacficus
inclusive of the two subspecies described by von Blocker 1932 Hall

198 and Williams eta 1993 continued to rely on that treatment

Hjloric and Current Range

The Pacific pocket mouse is endemic to the immediate coast of southern

California from Marina del Rey and El Segundo in Los Angeles County south to

the vicinity of the Mexican border in San Diego County Hall 1981 Wilhams et

1986 Erickson 1993 The subspecies has not been recorded outside of

California Williams eta 1993 Erickson 1993 and has not been reliably

reported more than kilometers miles from the ocean Erickson 1993

noted further that the Pacific pocket mouse has not been reliably recorded above

180 meters 600 feet in elevation but Spencer 1997 noted that elevation and

distance from the coast are correlated values and doubted that elevation was

relevant

Range-wide survey data to date and all other relevant information indicate that the

Pacific pocket mouse was and is patchily distributed subspecies that has been

described as never common or rare on carefully studied plots or at best

historically and locally
.abundant on sandy bottoms near the coast of San Diego

County.. Bailey 1939 The available data indicate that the historical

distribution of the Pacific pocket mouse was much more extensive prior to the

large-scale development of the coastal lowlands of southern California Between

1894 and 1972 the Pacific pocket mouse was recorded from general locales and

30 specific
localities from Los Angeles County south to the Mexican border in

San Diego County Figure Erickson 1998 Prior to the recent discovery or
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rediscovery of the extant populations at the three known locales Figure

approximately 80 percent of all Pacific pocket mouse records were from 1931 or

1932 Erickson 1993

There are three historic localities for the subspecies in Los Angeles County

Marina del Rey/El Segundo Wilmington and Clifton There have been no

records of Pacific pocket mice from Los Angeles County since 1938 Erickson

1993 Brylski 1993 The Pacific pocket mouse has been confirmed at two locales

in Orange County the San Joaquin Hills and Dana Point The only known extant

Pacific pocket mouse population in Orange County occurs on the Dana Point

Headlands historic Pacific pocket mouse locality
that was discovered in the

1930s The Pacific pocket mouse was known historically at four localities in San

Diego County San Onofre the vicinity of the Santa Margarita River Estuary

Penasquitos Lagoon and the lower Tijuana River Valley Erickson 1994

Erickson 1998 Figure depicts the historic localities where individuals were

collected for museum research or in the case of Spyglass Hillt in Newport

Beach where research was conducted on rodent community ecology Meserve

1972 MCloskey 1972

In 1993 presence/absence surveys resulted in the capture of 25 to 36 individual

Pacific pocket mice at Dana Point Headlands spread over approximately 1.4

hectares 3.5 acres of occupied habitat Brylski 1993 Twenty-one individual

Pacific pocket mice were captured at Dana Point Headlands in 1997 on

approximately 2.8 hectares 6.8 acres of occupied habitat U.S Fish and Wildlife

Service 1998

Two locations with extant Pacific pocket mouse populations were discovered or

rediscovered in 1995 on the Marine Corps Base Camp Pendleton in the vicinity

of two historic locales One location consists of two separate small pockets of

animals detected immediately north and south of San Mateo Creek The northerly

site which has been designated by Camp Pendleton as the San Mateo-North Site

SMN is approximately 1.4 kilometers 0.9 mile from the coast The

southerly site which has been designated as the San Mateo-South Site SMS
is approximately 2.1 kilometers 1.3 miles from the coast Presence/absence
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surveys have been performed in much of this area as well as preliminaiy work

aimed at determining if the two San Mateo groups are connected or distinct MBA

and LSA 1996 MBA 1997 OGDEN 1997 Twenty individual Pacific pocket

mice were captured in 1996 at the San Mateo South site on approximately 13

hectares 32 acres of occupied habitat 37 individuals were captured in 1995 at

the San Mateo North site on approximately 6.5 hectares 16 acres of occupied

habitat OGDEN 1997 These surveys were designed to determine only the

presence or absence of the Pacific pocket mouse in specific areas and did not

employ the more intensive methods necessary to determine population numbers or

demographics OGDEN 1997

Studies to definitively determine the relationship between these two groups e.g

degree of exchange of genetic material are not yet conclusive and will take more

time and effort to complete than any of the studies conducted to date especially if

standard live trapping techniques are employed Pavelka pers comm 1998

Any movement occurring between these two groups probably is naturally sporadic

and infrequent -- something limited surveys would not likely detect Some

impediments to movement now exist including roadway cultivated agricultural

lands and San Mateo Creek wash Consistent occupation of the San Mateo Creek

wash or connecting corridor is unlikely to occur under current conditions as

Pacific pocket mice are not likely strong colonizers and probably could not

maintain presence in areas subject to periodic overwash/flooding or other

continual disturbances i.e agriculture Pavelka pers comm 1998

Nevertheless periodic movement between groups across the wash may occur in

the long term As result linkage between these groups may prove necessary to

maintain genetic integrity allow for habitat dynamics and ecosystem function

and provide for recolonization should one group become extirpated

lhe second separate Camp Pendleton locale with an extant population occurs on

marine terrace north of the Santa Margarita River in an area that is designated by

Camp Pendleton as training area Oscar- The extent of occupied habitat in the

Oscar-I training area ranged from approximately 2.5 to kilometers 1.6 to 2.5

miles from the coast in 1996 U.S Fish and Wildlife Service unpublished data

Fifty-four individual Pacific pocket mice were captured in 1995 at the Oscar-I



site estimated to possibly be as large as 350 hectares 865 acres of occupied

habitat OGDEN 1997 Surveys of the coastal area between the two known

locales with extant populations on Camp Pendleton have almost been completed

and no additional populations have been found Buck 1997 Although

supporting data are presently lacking both Camp Pendleton locales with extant

populations could be part of metapopulation operating in the long term with

populations occupying dynamic mosaic of habitats Even though the Pacific

pocket mouse appears to be extirpated from suitable patches today it does not

necessarily mean that these populations do not function as metapopulation

Given the temporal mosaic of suitable and unsuitable patches throughout this

subspecies range it appears more likely that they functioned as classic

metapopulation Davenport pers comm 1998 The locations and relative

sizes of the extant populations at the three known locales are depicted in Figure

Fewer than 150 individual mice when recaptures are considered were live-

captured at these sites from 1993 to 1997 Numerous recent surveys within the

historic range of the subspecies have failedto detect additional extant populations

U.S Fish and Wildlife Service 1994c U.S Fish and Wildlife Service

unpublished data OGDEN 1997 SAPPHOS 1997 Given the small numbers of

known populations the small area known to be currently occupied and total

individual animals captured to date the Pacific pocket mouse remains highly

endangered and vulnerable to extinction

Habitat Description

Pacific pocket mice occur on fine-grain sandy or gravelly substrates in the

immediate vicinity of the Pacific Ocean Mearns 1898 von Blocker 193 Ia

Grinnell 1933 Bailey 1939 Although individual Pacific pocket mice have been

collected or observed in several plant communities the subspecies has narrow

habitat requirements and typically occurs on sandy soils The Pacific pocket

mouse was known to inhabit coastal strand coastal dunes river alluvium and

coastal sage scrub growing on marine terraces Grinnell 1933 Meserve 1972

Erickson 1993 however recent survey efforts have found the subspecies in

sandy substrates within coastal sage scrub



Specific habitat descriptions
for various localities are as follows

Spyglass Hill San Joaquin Hills Orange County The habitat occupied by

the population of P. pacfIcus studied by Meserve l976b comprised open

sand 26.1 percent perennial shrubs 59.9 percent grasses 11.6 percent and

forbs 2.4 percent

Tijuana River Valley San Diego County There are three accounts of the

area Mearns 1898 noted that the type specimen was captured on ...a flat

often submerged by high ocean tides at the mouth of the Tijuana River where

it appears to be abundant Recounting his discovery of population von

Bloeker 193 Ia recorded the following The mistake was made of trying

totrap for pacficus on the ocean shore in the immediate vicinity of

Monument No 258 Instead he found them in neighboring field This

field gave the appearance from the road of being covered by dense growth of

weeds and brush However after entered the field small open spaces of

alluvial river-bottom sand were encountered that make an ideal situation for

pocket mice Two series of pocket mice were taken from three separate fields

in the bed of the Tijuana River near its mouth In two of the fields fox-tail or

barleyweed Hordeum murinum salt grass Distichilis spicata ice plant

MesembryanthemUm crystallinum star thistle Centaurea melitensis and

telegraph weed Heterotheca grandflora were the predominating plants In

the other field arrow-weed Pluchea sericea telegraph weed salt grass ice

plant and Croton calfornicus were the predominating plants Bailey 1939

described the Pacific pocket mouse as abundant on sandy bottoms near the

coast

Oceanside San Diego County The Pacific pocket mouse was formerly

found ...among the sand dunes along the shore near Oceanside where the

animals were apparently abundant over their restricted habitat Burrows were

noted under the edges of creeping vegetation None was discovered in the

high hard clay soil back of the beaches The burrows were simple and ended

in small cavity or nest chamber foot or so below the surface Bailey 1939



Dana Point Headlands Orange County Pacific pocket mice at this locale

were detected in open coastal sage scrub dominated by Artemisia ca1fornica

with fine sandy soil with bare sandy areas Brylski 1993 Exposed sandy soil

covered 13 percent of the surface area in occupied habitat Biylski

unpublished data

The Pacific pocket mice found in the Oscar-I area on Camp Pendleton
currently

occur in non-coastaJ sage scrub habitats including non-native grasslands and

disturbed areas dominated by filaree Erodium sp. Anecdotal evidence suggests

that the areas of dense grasslands are not occupied to level of being detectable

during surveys but the small coastal sage scrub bare ground and low density

non-native grassland patches within the more dense grasslands are occupied It is

unclear whether the mice occupy the dense grasslands in low numbers use them

only for movement to/from the smaller patches of suitable habitat or only move

across those areas following burn events which are quite frequent within Oscar-i

when the vegetation is less prohibitive to movements The Pacific pocket mouse

also exploits the friable easily crumbled soils in berms created during road

maintenance in this area It appears that the occurrence of the Pacific pocket

mouse is closely associated with loose or friable soils that permit burrowing

Pavelka pers comm 1998

Life History/Ecology

Table summarizes basic information on the natural history of the Pacific pocket

mouse and other longimembris subspecies Few studies have been conducted

on the ecology and life history of the Pacific pocket mouse However the

attributes of the little pocket mouse longimembris and the available data that

pertain to the Pacific pocket mouse suggest that the subspecies is facultatively or

partially fossorial relatively sedentary primarily granivorous and able to become

torpid estivate or hibernate in response to adverse environmental conditions

Bailey 1939 Kenagy 1973

Little pocket mice arc among the smallest mammals known to hibernate They

hibernate in winter OFarrell 1974 typically from September to April In

10



contrast to other hibernators that accumulate fat reserves for hibernation little

pocket mice feed on seed caches stored in their burrows Individuals become

torpid when deprived of food for 24 to 36 hours During hibernation the body

temperature of pocket mice is slightly
above that of and varies directly with

ambient temperature Bartholomew and Cade 1957 Periods of dormancy have

neither daily or strictly seasonal pattern In captivity dormant individuals may

show some activity each day within their burrows Emergence from hibernation

in spring typically in March correlates with availability of forb and grass seeds

Meserve 976b

Relatively little is known of the breeding biology of Pacific pocket mice

Meserve 1972 noted that pregnant and lactating females have been found from

April through June with immatures noted from June through September Brylski

1993 observed lactating females in July of 1993 on the Dana Point Headlands

and noted that two litters were produced One or more of the juveniles in the

Dana Point Headlands population were considered to have limited reproductive

capabilities Brylski 1993
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Table Summary of the Natural History of

Perognathus longimembris

Food Habits

1ongimembrispacficus Pacific pocket mice prefer seeds and stems of grasses and some

forbs Meserve 976a arthropods and larva are eaten somewhat von Blocker 1931

Meserve 1972 Meserve 1976a Bailey 1939 recorded seeds of the following species from

the pouches of collected specimens Lotus prostratus two species of salt bush heliotrope

mustard Monanthochloe Franseria rush.. Fromthe pouches of collected specimens

von Blocker in Bailey 1939 recorded the seeds of Heterotheca grand/1ora Chysothamnus

Centaurea melitensis Croton ca1fornicus Pluchea sericea and Hordeum murinum P.

pacficus was observed to drink water regularly in captivity Bailey 1939

Other longimembris P. longimembris typically forage in and adjacent to clumps of

vegetation Brown and Lieberman 1973

Activity

longimembrispac/Icus apparently hibernates in winter and generally remains in

underground burrows from November to February Meserve 1972

Other longimembris Kenagy 1973 observed that little pocket mice may stay in their

burrows continuously for up to months in winter alternating between periods of dormancy

and feeding on stored seeds Periods of dormancy apparently may be induced by or

correlated with food shortage Kenagy 1973 In the Owens Valley the activity of P.

longimembris differed in three consecutive winters ranging from to months of inactivity

Kenagy 1976 In 1969-70 the year of greatest survival 82 percent and the largest

population number 27 for this group they were active all winter Precipitation in the

season prior to the 1969-1970 winter was three times normal and plants produced prolific

crop of seeds This population was active foraging above ground during different winter

following poor seed production although it is not clear that all individuals were active Less

fit individuals and young of the year may be forced into winter activity due to low foo4

stores In the same study males were observed in the spring before females Winters are less

severe in the range of Pacific pocket mouse than of other subspecies which may explain and

predict some differences in activity patterns Spencer 1997
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Table Summary of the Natural History of

Perognathus longimembris

Continued

Density and Movements

longimembrispactIcus Thirty-six animals were captured in approximately 1.4 hectares

3.5 acres of occupied habitat on the Dana Point Headlands in 1993 Bzylski 1993 Ogden

1997 reported movement by recapture of about 22 meters Most other recaptures are at

the first capture location Spencer 1997 Twenty individual Pacific pocket mice were

captured in 1996 at the San Mateo South site on approximately 13 hectares 32 acres of

occupied habitat 37 individuals were captured in 1995 at the San Mateo North site on

approximately 6.5 hectares 16 acres of occupied habitat OGDEN 1997

Other longimembris Little pocket mice are often the most abundant rodent in arid

habitats Hall 1946 estimated population density in Nevada to be as high as 990

individuals/hectare 400 individuals/acre Home ranges ranged in size from 0.12 to 0.56

hectares 0.30 to 1.4 acres and populations ranged in density from to 5.5 individuals per

hectare 0.4 to 2.2 individuals per acre in Joshua Tree National Monument California

Chew and Butterworth 1964 In Nevada home ranges of males averaged 0.3 to 1.9 hectares

0.7 to 4.7 acres and home ranges of females averaged 0.5 to 3.1 hectares 1.2 to 7.6 acres

One studied population density fluctuated from to 5.4 individuals per hectare 0.4 to 2.2

individuals per acre

Little pocket mice have ranged up to 305 meters 1000 feet from their burrows in 24-hour

period Burt and Grossenheider 1976 In the Owens Valley California Kenagy 1973

observed movements of less than 50 meters 165 feet

Population densities of P.flavus fluctuate widely in one Arizona study area animals were

absent for years and yet later were the most abundant species Average range of movement

was 62.5 meters 205 feet Chew and Chew 1970 and the average dispersal distance during

lifetime was 202 meters 660 feet Brown and Zeng 1989 Home ranges have been

reported at 0.11 hectares 0.27 acres in Arizona and 0.24 to 0.63 hectares 0.6 to 1.6 acres in

New Mexico males home ranges are larger than those of females
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Table Summaty of the natural history of

Perognathus longimembris

Continued

Reproduction

longimembrispac/Icus Breeds from April through July minority of juveniles may

breed within month of weaning

Other longimembris The species as whole breeds from January to August with peak

from March to May Reproduction is keyed to the availability of green vegetation Nests are

constructed in the burrow with roots leaves and other organic materials Gestation is

approximately 22 to 23 days although extremes of 21 to 31 days were recorded by Hayden et

aL 1966 Young of the year are capable of breeding in the same season they are born

Longevity

longimembris pac/Icus Two P. pacficus lived about and years in captivity Bailey

1939 P.1 bangsi trapped as an adult lived 3.5 years in captivity when it died it was

probably more than years old Behrends 1997

Other longimembris Within population of longimembris studied at Joshua Tree

apparently bangsi 30 percent of the marked individuals survived from one spring to

the next Chew and Butterworth 1964

Behavior

longimembris pacficus Observations by Bailey 1939 and Meserve 1972 on captive

animals indicate this subspecies like other heteromyids is aggressively solitary
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Table Summary of the natural history of

Perognathus longimembris

Continued

Age Structure and Sex Ratio

longimembrispacflcus

Age Structure At the Dana Point Headlands and San Mateo Creek populations 61 percent

and 75 percent of the captures respectively were young of the year juveniles and subadults

Both studies were conducted during July and August Despite potential trap bias juveniles

may be more trappable than adults the age structure of these populations after reproduction

is dominated by juveniles

Sex Ratio At the Dana Point Headlands the sex ratio was 1.1 to dld At the San

Mateo Creek population the sex ratio was 0.8 to

Other longimembris No data found

Predation

longimembris pac/icus House cats are known predators on the Dana Point Headlands

population

Other longimembris Little pocket mice are preyed upon by owls loggerhead shrikes

foxes snakes and feral cats
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Population Viability

Population viability is the capacity of population to persist over time and is

influenced by both deterministic and stochastic factors Deterministic factors lead

to long-term population trends and may include such things as the amount of

suitable habitat predation rates reproduction rates etc Stochastic factors are

random or unpredictable events which may cause an instantaneous extinction or

more commonly reduce population to the point where it enters one of several

extinction vortices or positive feedback loops of biological and environmental

interactions that have further negative impacts on population possibly leading

to its extinction Gilpin and Soule 1986 Efforts to manage species or its

habitat can alter the deterministic factors but it may be much more difficult to

ameliorate or minimize the stochastic ones

Generally small populations are more vulnerable than large ones Pimm1991

Noss and Cooperrider 1994 Noss and Coopemder 1994 identified ibur major

factors which predispose small populations to extinction

Environmental variation and natural catastrophes Unusually harsh weather

fires or other unpredictable environmental phenomena

Demographic stochasticity Chance variation in age and sex ratios or other

population parameters

Genetic deterioration Small isolated populations are prone to inbreeding

depression and genetic drift or random changes in gene frequencies

Metapopulation dynamics Many species are distributed as systems of local

populations linked by occasional dispersal that wards against demographic or

genetic deterioration
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Reasons for Listing Decline and Current Threats

Although suitable Pacific pocket mouse habitat apparently remains in San Onofre

and contiguous coastal areas of the Marine Corps Base Camp Pendleton San

Joaquin Hills Palos Verdes Peninsula El Segundo Dunes and at scattered

localities elsewhere in the historic range of the subspecies this habitat is

becoming increasingly scarce and likely will continue to be destroyed disturbed

or otherwise adversely affected by human activities Williams 1986 concluded

that habitat losses resulting from off-road vehicle activities highways and

urbanization likely were extensive Erickson 1993 observed that industrial and

agricultural development likely were additional factors contributing to the decline

of the subspecies Studies of the effects of habitat fragmentation and depredation

on small mammal populations suggest further reasons for the decline of the

Pacific pocket mouse All such major threats directly or indirectly implicated in

the decline of the Pacific pocket mouse are individually discussed below

Habitat Destruction

The conversion of native habitats resulting from urban suburban and agricultural

development apparently is the leading cause of the large-scale destruction of

Pacific pocket mouse habitat recent comprehensive review of the Pacific

pocket mouse Erickson 1993 included considerations of the fate of confirmed

historically-occupied Pacific pocket mouse habitat Other more recent data

pertinent research and analyses have been integrated into the following account

The large majority of native habitats within the historic range of the Pacific

pocket mouse in coastal Los Angeles Orange and San Diego counties have been

converted to urban suburban and agricultural uses U.S Fish and Wildlife

Service 1993 Less than 400 hectares 1000 acres or percent of approximately

11340 hectares 28000 acres within 3.2 kilometers miles of the coast in Los

Angeles County apparently are undeveloped U.S Fish and Wildlife Service

unpublished data 1993 In Orange County about 17600 hectares 43500

acres or 81 percent of approximately 21600 hectares 53500 acres within 3.2

kilometers miles of the coast have been developed U.S Fish and Wildlife

17



Service unpublished data 1993 Land uses in coastal San Diego County are

reportedly similar Oberbauer and Vanderwier 1991 reported that 72 percent of

the original
coastal sage scrub 94 percent of native grasslands 88 percent of

coastal mixed chaparral 88 percent of coastal salt marsh 100 percent of coastal

strand and 92 percent of maritime sage scrub habitats in San Diego County had

been converted to urban and agricultural uses by 1988

Although the historic distribution of the coastal sage scrub element of Pacific

pocket mouse habitat was undoubtedly patchy to some degree this condition

evidently has been greatly
exacerbated by urban and agricultural development

All of the published literature on the status of coastal sage scrub vegetation in

California supports the conclusion that this plant community is one of the most

depleted habitat types in the United States U.S Fish and Wildlife Service 1993

In broader context the California floristic province which is recognized as

separate evolutionary center by botanists is identified by Wilson 1992 as one of

the recognized world hot spots which are defined to be ...habitats with many

species found nowhere else and in greatest danger of extinction from human

activity The California floristic province is the only designated hot spot in

North America and Mexico Wilson 1992

The available information further suggests that the quantity of potential Pacific

pocket mouse river alluvium substrate has significantly declined since the

subspecies was last recorded in numbers in the 1930s With few exceptions such

as the Santa Margarita River essentially all of the rivers and creeks within the

historic range of the Pacific pocket mouse are now partially or completely

channelized In many cases e.g Los Angeles River San Gabriel River Santa

Ana River stream and sediment flows are regulated or inhibited by dams

reservoirs or other water conservation or impoundment facilities Erickson 1993

Although described as locally abundant in the Tijuana River Valley environs in

south westernmost San Diego County by Mearns 1898 and Bailey 1939 the

Pacific pocket mouse has not been detected at that locale since 1932 despite

recent repeated attempts to locate an extant population Taylor and Tiszler 1991

U.S Fish and Wildlife Service 994ac U.S Fish and Wildlife Service 1995ab

18



Montgomery 1995 And although small populations have been discovered

further north in San Diego County in upland areas near the Santa Margarita River

and near San Mateo Creek recent intense survey efforts at the historically

occupied vicinity of the Santa Margarita River mouth similarlydid not result in

any Pacific pocket mouse detections OGDEN 1997 Salata 1981 U.S Fish and

Wildlife Service 1994c Zembal 1984 During the 1930s when Pacific pocket

mice were detected at the mouth of the Santa Margarita River the Marine Corps

Base Camp Pendleton did not exist The southern half of the Santa Margarita

River Estuary was destroyed in the early 1940s during the establishment of Camp

Pendleton and the related construction of boat basin and harbor facilities In

addition the adjacent Oceanside area has been extensively developed since the

Pacific pocket mouse was last recorded there in the 1930s

Within Orange County the Pacific pocket mouse has been confirmed at two

locales the San Joaquin Hills and Dana Point Development of the Spyglass

Hill area in the San Joaquin Hills began in 1972 and has resulted in the

destruction of the site where the Pacific pocket mouse and number of other

small rodent species were studied for 3-year period Meserve pers comm

1994 MCloskey pers comm 1994 MacMillan pers comm 1994

MCloskey 1972 Meserve 1972 Prior to the rediscovery of the Pacific pocket

mouse in 1993 on the Dana Point Headlands Brylski 1993 the last record of the

subspecies was from Spyglass Hil1 in the San Joaquin Hills in 1971 Erickson

1993 June to October trapping efforts totaling 6411 trap nights in the San

Joaquin Hills and adjacent Laguna Canyon in 1993 resulted in no detections of the

Pacific pocket mouse Erickson pers comm 1993

The Pacific pocket mouse has persisted on the Dana Point Headlands in southern

coastal Orange County Given the data and analysis presented by Brylski 1993

it is apparent that from 25 to 36 Pacific pocket mice occupied approximately 1.4

hectares 3.5 acres of habitat within coastal sage scrub community at that locale

in 1993 This population was located on land under consideration for

development e.g City of Dana Point in litt 1994 EDAW 1994 An April 28

1998 approval by the Dana Point City Council supported development proposal

on the 49 hectare 122 acre site with 28 hectares 70 acres of the site designated
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as open space The Dana Point Headlands population is within this open space

area but the open space is currently slated to remain private property with

undetermined conservation protection

Within Los Angeles County the Pacific pocket mouse historically was detected in

three areas Marina del Rey/El Segundo/Hyperion Wilmington and Clifton

Two of the three historic locales for the Pacific pocket mouse Clifton and

Wilmington in Los Angeles County have been developed Erickson 1993 We

are currently unaware of potential Pacific pocket mice habitat at these two locales

none was disclosed or revealed as result of our request for infonnation U.S

Fish and Wildlife Service 1994c The third historic locale Marina del Rey/El

Segundo/1-lyperion apparently has been substantially altered since the subspecies

was last detected there Erickson 1993 Bryiski in liti 1993 The Hyperion

area which formerly contained relatively large expanses of coastal strand and

wetland habitats has been extensively developed Although potential habitat

remains at the El Segundo Dunes the available information suggests that it is

unlikely that the Pacific pocket mouse presently occurs there Brylski in litt

1993 The El Segundo Dunes within the Los Angeles Department of Airports

property were extensively trapped in 1997 with negative results SAPPFIOS 1997

James pers comm 1998 This trapping was performed in conjunction with

environmental baseline studies for the Los Angeles International Airport 2015

Expansion Master Plan Project There have been no records of the Pacific pocket

mouse in Los Angeles County since 1938 Erickson 1993 Brylski in litt 1993

James pers comm 1998 Given the available information at the time

Williams 1986 concluded that it was probable that all populations north of the

San Joaquin Hills in Orange County were extinct

Habitat Fragmentation and Degradation

Habitat fragmentation is thought to reduce habitat quality and increase local

extirpation of native wildlife e.g Terborgh and Winter 1980 Wilcox 1980

Ehrlich and Ehrlich 1981 Wilson 1992 Bolger eta in press Soule etal 1992

Based on studies of native bird rodent and flowering plant species persistence in

chaparral and coastal sage scrub habitat remnants in coastal San Diego County
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California Soule eta 1992 concluded that effects of fragmentation in

scrub habitat in California on taxa plants birds and rodents are concordant

Extinctions within the habitat remnants occur quickly and the sequence of species

disappearances of birds and rodents is predictable based on population density in

undisturbed habitat Terborgh and Winter 1980 observed previously that

proves to be the best index of vulnerability

Bolger et in press concluded that support fewer species

native rodents than equivalently sized plots in large plots of unfragmented

chaparral indicating that local extinctions have occurred following insularization

Given composite of the available data on the local status and distribution of

select species within the study area in coastal San Diego County Soule et al

1992 remarked that it was possible to assess with reasonable accuracy the date

that particular habitat remnant became isolated

Soule et 1992 further noted that ...urban barriers including highways

streets and structures impose very high degree of isolation Similarly Ehrlich

and Ehrlich 1981 observed that smaller animals may also suffer fragmentation

of their populations by highways railways canals etc changing population

structures and making the remaining populations smaller and more subject to

random extinction One study has indicated that four-lane divided highway may

be barrier to the movement of small forest mammals equivalent to river twice

as wide Ehrlich and Ehrlich 1981 Although not forest animal the Pacific

pocket mouse must now be considered rare by any standard and therefore

vulnerable to the effects of continuing habitat destruction and fragmentation see

Terborgh and Winter 1980

Population persistence and expansion should be maintained by precluding actions

which result in physical barriers to movement habitat fragmentation or an

increase in edge effects All ecosystem components of Pacific pocket mouse

habitat should be maintained or reestablished including predator-prey

relationships retention of pollinators linkages with other habitats necessary for

ecosystem functioning maintenance of corridors between potential populations
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and protection of habitat currently unoccupied due to successional cycling of the

vegetation community

Wildfires due to anthropogenic ignitions
have contributed to the loss degradation

and fragmentation of coastal sage scrub vegetation in southern California U.S

Fish and Wildlife Service 1993 Most of these human-caused fires occur during

the fall in conjunction with Santa Ana wind conditions Natural fires most often

likely occurred during the late spring and early summer May to June in

conjunction with occasional fate season lightning storms Minnich pers

comm 1989 Lightning an ignition source more rarely strikes the coast than

the foothill-mountain region and prehistoric fires probably burned from the

foothills to the coast infrequently Minnich pers comm 1989 Natural fires

near the coast generally consisting of coastal sage scrub likely occurred

episodically and less frequently than in the foothills more often composed of

chaparral Coastal sage scrub is fire adapted plant community Beyers and

Wirtz 1996 but unlike for chaparral little biological justification exists for

maintaining high fire frequency in coastal sage scrub Zedler 1996 Coastal sage

scrub does not appear to have high senescence risks the chance that long intervals

without fire will result in population decline or local extinction as compared to

immaturity risks the chance that populations will be harmed by recurrence of fire

when insufficient time has elapsed for regrowth or build up of seed reserves

Zedler 1996 An increased fire frequency may favor invasion of exotics in

coastal sage scrub Zedler 1996

The seasonality size intensity and frequency of fire in coastal southern

California has likely changed drastically in the last century Minnich pers

comm 1989 Most of coastal southern Californias remaining natural areas are

likely subject to less frequent aseasonal and comparatively largerfhotterwildflres

than occurred prehistorically Camp Pendleton habitats likely suffer from an

increased fire frequency with many fires occurring aseasonally Although it is

true that the largest areas of relatively unfragmented coastal sage scrub vegetation

remain on the Marine Corps Base Camp Pendleton over 6070 hectares 15000

acres of native vegetation much of it coastal sage scrub have burned on the Base

during recent years as result of fires started incidental to military training
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activities Two of these fires consumed over 2630 hectares 6500 acres of

coastal sage scrub vegetation High fire frequencies and the lag period associated

with recovery of the vegetation may significantly reduce the viability of affected

habitats throughout much of the current and historic ranges of the Pacific pocket

mouse

Some habitats that would otherwise generally remain sub-optimal for Pacific

pocket mouse may be repeatedly manipulated such that they will support the

taxon in the short term Other habitat areas that would typically and likely

historically did support optimal habitat may be made occupiable by removal of

some perturbing influence such as reduction of exotic species cover portion

of the Oscar-I population of Pacific pocket mice on Camp Pendleton currently

occurs in areas that haveburned recently either by wildfire or controlled burning

including some areas that have been burned annually for several years Buck

1997 The Pacific pocket mice found in the Oscar- area on Camp Pendleton

currently occur in non-coastal sage scrub habitats including non-native

grasslands and disturbed areas dominated by filaree Erodium sp. Anecdotal

evidence suggests that the areas of dense grasslands are not occupied to level of

being detectable during surveys but the small coastal sage scrub bare ground

and low density non-native grassland patches within the more dense grasslands

are occupied Pavelka pers comm 1998

Little is known of the relation between fire and Pacific pocket mouse habitat Fire

of unknown frequency intensity and season may intermittently create or sustain

Pacific pocket mouse habitat mosaics Two of the three locales with extant

populations of the Pacific pocket mouse occur solely in open coastal sage scrub

habitats and are absent from adjacent patches of dense coastal sage scrub

Disturbance to the dense shrub canopy as result of disturbances such as -fire

may improve habitat for the subspecies In the short term fire in the proper

season and intensity could temporarily reduce shrub canopy coverage that may be

too dense to provide optimum habitat for the Pacific pocket mouse e.g over

much of the Dana Point Headlands and San Mateo sites By contrast fire could

potentially eliminate occupied habitat for the Pacific pocket mouse and may also

result in development of denser and unacceptable understory of non-native
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annual grasses and sprouts of native shrubs Previously it was reported that

increased fire frequency may contribute to the type conversion of coastal sage

scrub to annual grassland habitats U.S Fish and Wildlife Service 1993

Currently minimal data are available to evaluate the overall effects of fire on

Pacific pocket mice or their habitat We conclude that current fire prevention

measures and unnaturally high fire frequencies resulting from anthropogenic

ignitions may directly or indirectly impact the Pacific pocket mouse It will be

necessary to evaluate the role of fire prevention and management practices to

develop measures that are consistent with the long-term maintenance of Pacific

pocket mouse habitats

The vegetation of the marine terraces from Dana Point to southern Camp

Pendleton today is heavily influenced by annual grasses and other non-native

species partly in response to exotic plant introductions and agricultural use of

these lands during the late nineteenth and early twentieth centuries as well as the

fire regime changes noted above Such dense exotic vegetation in concert with

relatively hard soils probably precludes occupation by the Pacific pocket mouse

whereas relatively low densities of animals may have historically occurred in the

same areas in association with the original more open native vegetation

Historic agricultural uses appears to have had lasting adverse effects on Pacific

pocket mouse habitat function Results of surveys on Camp Pendleton illustrated

potentially strong negative relationship between known Pacific pocket mouse

distribution on Base and areas that have been farmed in the past OGDEN 1997
No Pacific pocket mouse captures occured within these former agricultural areas

which include many sites that otherwise appear suitable OGDEN 1997 One of

the largest blocks of high potential habitat that has not been farmed supports the

largest population on Base Oscar- the other population on Base seems likewise

restricted to unfarmed portions of the high potential soils in the San Mateo area

OGDEN 1997 Unfortunately it appears that no extant population is adjacent to

an agricultural area that has gone fallow which would help confirm this potential

relationship
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As consequence of recent survey we U.S Fish and Wildlife Service 1994a

reported that selected habitats and lands in historically occupied Pacific pocket

mouse locality apparently have been adversely affected by pedestrian and horse

traffic artificial lighting and the presence of non-native rodent species All

factors considered heteromyid rodents including the Pacific pocket mouse may

be more susceptible to the adverse effects of the human presence than cricetid

rodents MacMillan pers comm 1994

Artificial night-time lighting may cause problems for nocturnal rodents such as

the Pacific pocket mouse through potential modification of predation rates

obscuring of lunar cycles andlor causing direct habitat avoidance Artificial

lighting has the potential to increase the efficiency of predators and could have

negative effect on the Pacific pocket mouse Pavelka pers comm 1998

Illumination of foraging habitat by artificial light during Pacific pocket mouse

surface activity periods likely makes detection by predators easier potentially

increasing the predation rate by owls coyotes fox house cats etc Artificially lit

habitat areas may also be directly avoided by Pacific pocket mouse for unknown

behavioral reasons Artificially lit but otherwise apparently suitable habitat was

avoided by 1-leteromyid rodents evidenced by absence of burrows while

adjacent unlit habitat areas were occupied in survey performed on Fallbrook

Naval Weapons Station Davenport pers comm 1998

Exotic Argentine ants are invading coastal sage scrub areas near Pacific pocket

mouse habitats These ants could have adverse direct or indirect effects on Pacific

pocket mouse populations Fisher pers comm 1997 Argentine ants are

known to exclude most native ant species upon invasion in coastal southern

California habitats Fisher pers comm 1998 Ants are major ecosystem

component of most terrestrial ecosystems Wilson 1992 Argentine ants could

adversely affect Pacific pocket mouse individuals such as nestling mortality and

burrow sites directly They could also affect seed producing plants or could

disrupt key ecosystem functions including those typically carried out by native

ants Invasion of these ants may be expedited by development and associated

irrigation
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In summary habitats within the historic range of the Pacific pocket mouse have

been highly fragmented or degraded by highways roads structures lighting foot

traffic other human activities and the proliferation
of non-native plant and animal

species Fragmented and degraded habitats support smaller populations which

are more susceptible to random extinction events

Depredation

Feral or domestic cats are one of the existing threats to the population of Pacific

pocket mice at the Dana Point Headlands Feral and domestic cats are known to

be efficient predators of rodents e.g Hubbs 1951 George 1974 Pearson 1964

concluded that the removal of 4200 mice from 14-hectare 35-acre test plot

was accomplished largely by cats over months For the Anastasia Island field

mouse Peromyscus polionotus phasma reduction in feral cats was followed by

an immediate and sustained increase in mouse population density Frank 1993

Phil Brylski examined one dead specimen of Pacific pocket mouse taken from the

mouth of house cat Bryski pers comm 1998

Other non-native species including the red fox Vulpes vulpes are also potential

predators of the Pacific pocket mouse The explosive proliferation of non-native

populations of red foxes in coastal southern California is well documented e.g

Lewis et 1993 Given the relative abundance of the red fox in coastal

southern California Lewis et 1993 and the fact that the diet of red foxes

invariably include mice Ingles 1965 Jameson and Peeters 1988 Burkett and

Lewis 1992 Lewis eta 1993 red foxes could substantially impact populations

of Pacific pocket mice where they are sympatric

Conservation Efforts Research

Research on the life history
and ecology of the Pacific pocket mouse has been

limited see previous section on life history and ecology It should be noted that

much of the information concerning the Pacific pocket mouse was collected

incidental to more general rodent studies or is derived from other subspecies that
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may not apply to the Pacific pocket mouse e.g daily and seasonal activity

patterns home ranges diet etc Bebrends 1997

Conservation Efforts Management and Protection

The only known extant populations of the Pacific pocket mouse occur on two

areas on the Marine Corps Base Camp Pendleton and on small parcel of land on

private property at the Dana Point Headlands To date recovery activities to

achieve the protection and conservation of the Pacific pocket mouse have been

recent and limited in scope Future efforts will by necessity include habitat

protection and species management accomplished through the cooperation of

Federal State and local agencies species experts landowners and other

interested citizens

Federal Actions

Section 7a of the Act as amended requires Federal agencies to evaluate their

actions with respect to any species that is proposed or listed as endangered or

threatened and with respect to its critical habitat if any is designated Regulations

implementing this interagency cooperation provision of the Act are codified at 50

CFR Part 402 If species is listed section 7a2 requires Federal agencies to

ensure that activities they authorize fund or carry out are not likely to jeopardize

the continued existence of such species or to destroy or adversely modify its

critical habitat If Federal action may affect listed species or its critical

habitat the responsible Federal agency must enter into formal consultation with

us the Service in accordance with the regulations at 50 CFR 402 Federal

agencies that authorize fund or cany out activities that may affect the Pacific

pocket mouse include the Service Department of the Navy Marine Corps Base

Camp Pendleton the Army Corps of Engineers and Federal Highways

Administration These agencies which are all individually charged to utilize their

resources to further the purposes of the Endangered Species Act are individually

treated below
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U.S Fish and Wildlife Service Since the designation of the subspecies as

candidate for listing in 1985 we have attempted to conserve the subspecies by

seeking the support and cooperation of other government agencies and the

interested public to achieve that goal In an open letter dated May 1992 to local

planning agencies and concerned parties within the histonc range of the

subspecies we solicited relevant information and comments pertaining to the

status distribution and the possible listing of the Pacific pocket mouse and eight

coastal plant species Prior to listing the subspecies we coordinated with local

jurisdictions on specific projects in the range of the Pacific pocket mouse and

asked for focused surveys for the subspecies and the avoidance of impacts to

potential habitats Also prior to listing we contacted the Marine Corps Base

Camp Pendleton natural resource office personnel regarding the precarious status

of the Pacific pocket mouse and asked for their assessment of the status and

distribution of the subspecies within their jurisdiction

Since the subspecies was listed we in accordance with our responsibilities under

the National Environmental Policy Act and Endangered Species Act have

continued to ask for focused Pacific pocket mouse surveys in appropriate habitats

throughout the historic range of the subspecies We have also conducted two such

surveys on our own National Wildlife Refuge lands We have authorized in

partnership with the California Department of Fish and Game projects in

accordance with section of the Endangered Species Act that provide for the

identification and delineation of potential habitat and hopefl.illy additional extant

populations We are also undertaking studies on Camp Pendleton to gather

information on habitat affinities and demographics of the Pacific pocket mouse

and have performed presence/absence surveys on our Refuge lands in the Tijuana

Estuary area In addition we have issued recovery permits in accordance with

section Oa of the Endangered Species Act that allow for appropriate and

prudent Pacific pocket mouse surveys and management

The Department of the Navy Navy The Navy is charged with protecting

trust resources on multiple areas of land containing potential Pacific pocket mouse

habitat Biologists with the Navys Environmental Planning and Natural Resource

Management Division Southwest Division have coordinated and conducted five
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focused surveys for the Pacific pocket mouse on Federal lands Because no

Pacific pocket mice have been detected during the course of these surveys it is

likely that none will be directly affected by impending projects

Marine Corps Base Camp Pendleton Camp Pendleton has authorized

coordinated and funded multiple surveys for the Pacific pocket mouse in recent

years Focused surveys for the Pacific pocket mouse were conducted in

appropriate habitats along the coastal portion within miles of the shoreline of

Camp Pendleton during 1994 1995 1996 and 1997 Presence/absence surveys

for the Pacific pocket mouse are scheduled to be completed in 1998 Buck 1997

these surveys cover majority of the potential habitat on base

For purposes of continued militaiy training and land management activities the

level of survey effort is considered sufficient to conclude absence of the Pacific

pocket mouse on those training areas where no Pacific pocket mice were found by

this or previous studies However construction projects in areas typical of Pacific

pocket mouse habitat may still require specific trapping surveys according to our

Service protocols Ogden 1997

Survey efforts authorized by Camp Pendleton in 1995 led to the discovery of two

of the three locales with known extant populations of the Pacific pocket mouse

The Base also developed habitat evaluation model Spencer 1997 Camp

Pendleton is funding some additional surveys on the Base with trapping in 1998

on Edson Range Impact Area and in the Stuart Mesa area Spencer 1997 The

Base has noted that they would authorize the translocation of animals from the

Base to off-base locales for purposes of establishing new populations Camp

Pendleton personnel are additionally preparing management plan for Base

upland habitats and have begun the process of identifying potential habitats by

developing model that relies on data pertaining to soils vegetation elevation

and distance from the coast

U.S Army Corps of Engineers The U.S Army Corps of Engineers Corps

regulates and permits the discharge of fill into wetlands and waters of the United

Stales in accordance with various provisions of section 404 of the Clean Water
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Act Because the Pacific pocket mouse could occur in areas that are designated as

wetlands or waters of the United States the Corps may regulate some projects that

could affect the subspecies For the International Wastewater Treatment Plant

Project in the Tijuana River Valley the Corps funded surveys for the Pacific

pocket mouse within the action area of the project Like any Federal agency the

Corps is required to consult with us in accordance with section of the

Endangered Species Act iftheir discretionary authority to issue permits may
affect federally listed species including the Pacific pocket mouse Avoidance or

compensation measures are generally integrated into projects that may affect

listed species

Federal Highways Administration The Federal Highways Administration has

required and authorized focused surveys for Pacific pocket mice in conjunction

with the proposed Foothill South Transportation Corridor project It is expected

that the Federal Highways Administration will continue with informal

consultation ongoing as of April 1998 and will initiate formal consultation with

us in accordance with the regulations at 50 CFR 402 ifthe project may adversely

affect the Pacific pocket mouse populations near San Mateo Creek At the

present time the project applicant the Transportation Corridor Agencies

apparently is redesigning the proposed project to avoid direct impacts to the local

Pacific pocket mouse occupied habitat as it was defmed in the last survey effort

The applicants proposed preferred alternative currently parallels San Mateo

Creek One alternative alignment for the proposed project avoids San Mateo

Creek drainage altogether by connecting with Interstate-5 farther to the north We

are evaluating number of alternatives in coordination with the Federal Highways

Administration.

State and Local Actions

California Department of Fish and Game Department Because the Pacific

pocket mouse is not State-listed threatened or endangered species it is not

presently protected in accordance with the California Endangered Species Act

CESA However the Department formally supported the listing of this

30



subspecies Berg California Department of Fish and Game in lilt 1992 and

recognizes the Pacific pocket mouse as Species of Special Concern

The California Environmental Quality Act CEQA enacted in 1970 provides for

the disclosure and mitigation of project impacts to State-designated rare animals

and plants in accordance with the CEQA environmental review process conducted

by the Department The rediscovery of the Pacific pocket mouse in 1993 was

result of the Departments formal request for focused survey for this subspecies

on the Dana Point Headlands

The Department is also responsible for enforcing various codes established to

protect native California plants and animals In this capacity the Department

could issue citations for the unauthorized capture of Pacific pocket mice As

such authorization to trap
and collect the Pacific pocket mouse is excluded from

standard collecting and trapping permits

Most recently the Department at the request of the State of California Resources

Agency initiated Natural Community Conservation Planning NCCP program

in an attempt to conserve the coastal California gnatcatcher Polioprila cal4fornica

calfornica that species coastal sage scrub habitat and other sensitive plant and

animal species therein The NCCP planning effort has developed to the point

where minimum of 30 cities counties 35 landowners and land management

agencies have formally committed to develop or to assist in the development of

conservation plans that based on process guidelines finalized by the California

Resources Agency on September 1992 meet the standards for allowing

incidental take of federally listed species under section 10 of the Endangered

Species Act and are in compliance with the 4d rule established for the coastal

California gnatcatcher Landowner/land management agency enrollments which

allow for the destruction of percent of the remaining coastal sage scrub

encompass about 18200 hectares 45000 acres of coastal sage scrub habitat

Conservation needs of the Pacific pocket mouse or the subspecies potential

habitat are being addressed by several plans being developed under the NCCP

program At the present time however the Pacific pocket mouse is not the
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primary focus of any NCCP and few subregional plans or individual plans have

been completed or implemented that provide for specific protection of the

subspecies with the exception of the approved Central/Coastal NCCP plan in

Orange County This plan has identified potential Pacific pocket mouse habitat

within the proposed conservation reserve area

California State Parks State Parks branch of The Resources Agency State of

California this agency leases land from the Marine Corps Base Camp Pendleton

that contains significant portion of the north Camp Pendleton Pacific pocket

mouse population State Parks is responsible for managing these lands as well as

other park property in southern California that apparently contains suitable Pacific

pocket mouse habitat One of State Parks land management mandates is the

conservation of sensitive species and their habitats The agency also participates

fully in NCCP planning and conservation efforts

City of Dana Point The City of Dana Point City has expressed an interest in the

conservation of the Pacific pocket mouse population and other sensitive animals

and plants within their jurisdiction In this regard the City suggested the potential

need for conservation measures above and beyond those in the Orange County

Central/Coastal NCCP plan On April 28 1998 the Dana Point City Council

unanimously supported development proposal that calls for 185 homes and 28

hectares 70 acres of open space on the 49-hectare 122-acre Dana Point

Headlands parcel Apparently most of this 28 hectare open space which includes

the Dana Point Headland Pacific pocket mouse population would be privately

owned It is undetermined what retention of this habitat area as private property

general open space means for the short- and long-term conservation of the Pacific

pocket mouse at this location
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II Recovery

Recovery Strategy

The recovery strategy for the Pacific pocket mouse consists of two components

The first is to stabilize the existing populations by protecting currently occupied

habitat In addition to providing protection to the known populations the first

component also entails searching for additional populations and providing

protection to any that are found The second component involves establishing

additional populations through natural colonization/recolonization into nearby

and adjacent habitats coupled with habitat management in these areas and

translocation and/or the release of captive-bred individuals

The success of translocations into continental as opposed to island habitats is

poor Soule 1996 In the case of the Pacific pocket mouse the number of

individuals available for translocation are likely to be small making success more

tentative Soule 1996 Extant populations of Pacific pocket mice currently may

not be large enough to support captive breeding program substantial number

of individuals probably will be needed to establish successful breeding program

Behrends 1997 Releases of wild-caught animals are usually more successful

than releases of captive bred animals and introductions of widespread species are

more successful than introductions of species with limited ranges Soule 1996

Pimm 1991

Because establishing additional populations is experimental and to date has met

with limited success with other species we intend to work with closely related

surrogate species to refine captive breeding and release techniques If

translocation is successful with surrogate species we would pursue such

techniques with the Pacific pocket mouse However prior to the implementation

of translocation or captive breeding program for the Pacific pocket mouse

suitable unoccupied habitat must be identified and research must be conducted on

the protocols for both the translocation and captive breeding of longimembris

The narrative outline to follow and Appendix delineate protocols for captive

breeding and translocation techniques and activities
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The immediate recovery goal is to avert the extinction of the Pacific pocket mouse

by focusing on short-term strategies to improve the subspecies prospects for

survival Foremost among these are the immediate protection and restoration of

existing populations and the habitat of the subspecies Considering the extremely

small population size of the Pacific pocket mouse fewer than 150 individual

animals were detected from 1993 to 1997 and the fragmentation and depletion of

the coastal strand river alluvium and coastal sage scrub habitats upon which the

subspecies depends further losses of occupied or potential habitat would seriously

reduce the probability of the persistence of the subspecies Given the small sizes

of the populations at the three known extant locales the apparent sedentary nature

of the subspecies Meserve 1972 and the severe fragmentation and diminution of

the subspecies habitat the Pacific pocket mouse is highly susceptible to

extinction as result of environmental or demographic factors alone see Mace

and Lande 1991

Unless or until sufficient additional viable populations are discovered andlor

established and protected it is imperative that existing populations be protected

and expanded through active management Loss or degradation of any of the

populations at the three known extant locales could irretrievably diminish the

likelihood of the subspecies survival All known extant populations are essential

including the Dana Point Headlands population Boggs 1997 Buck 1997 Price

1997 Silver 1997 Silver and Drumm 1996 Soule 1996 Concurrent with the

initial priority of protection conservation and appropriate management of

existing populations recovery should focus on the identification of potential

habitat and creation of additional habitat and viable populations Although the

fundamentals of population biology and conservation biology e.g Mace and

Lande 1991 strongly suggest that additional or larger populations of the Pacific

pocket mouse are critical to reduce the risks of stochastic extinction the biology

and life history of the Pacific pocket mouse currently is not sufficiently well

known to permit conclusive assessments of viable population size and the amount

and configuration of essential habitat Essential habitat is defined hereby to be

those areas necessary for the recovery of the subspecies
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Accordingly this recovery plan should be reviewed within years of becoming

final and every years thereafter However this document should be

immediately reviewed if at any time new data and analyses pertaining to the

subspecies natural history population/metapopulation dynamics viable

population sizes and management measures reveal that the subspecies is not

responding or is likely not to respond to the recovery measures prescribed

herein

Recovery Objectives and Delisting Criteria

The ultimate objective of this recovery plan is to protect and maintain sufficient

populations and habitat of the Pacific pocket mouse to allow the removal of this

subspecies from the List of Endangered and Threatened Wildlife in accordance

with the Endangered Species Act The recovery of the Pacific pocket mouse will

involve two-stage process beginning with reclassification of the subspecies

from endangered to threatened status

Recovery of the Pacific pocket mouse will likely take approximately 25 years

until the year 2023 We may consider reclassifying the Pacific pocket mouse to

threatened status if and when

Ten populations are independently viable and stable or increasing and their

habitats are secure free from risk of loss and fuiiy protected through fee

ownership by resource agency or conservation program conservation

easement or other means of permanent protection Populations of Pacific

pocket mice shall be considered viable if the appropriate analysis of measured

population parameters indicate that each population has 95 percent or greater

chance of surviving for 100 years

Occupied habitat consists of minimum of 2000 hectares 4940 acres that

are secure and fully protected through fee ownership by resource agency or

conservation program conservation easement or other means of permanent

protection
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All Pacific pocket mouse populations are managed through program to

maintain genetic diversity for future generations

All Pacific pocket mouse populations and essential habitat are managed so that

current and potential threats e.g predation and disease are eliminated or

minimized to the extent that each population is not at risk of extirpation

Essential habitat is defined to mean that habitat necessary for the full recovery

of the subspecies

We may consider delisting the Pacific pocket mouse if and when

All actions necessary for reclassification to threatened have been implemented

Any necessary protection restoration and enhancement activities on all sites

that have been determined to be essential to the recovery of the subspecies are

successfully completed

Populations of the Pacific pocket mouse are representative of the full existing

genetic variability and historical geographical range of the subspecies and

occur in habitats that collectively represent the full range of parameters

observed and described in the past or during prescribed future research and

monitoring efforts

In order to delist the subspecies we must also detennine that the following five

factors no longer continue to adversely affect the survival and recovery of the

subspecies the present or threatened modification or curtailment of the

subspecies habitat or range overutilization for commercial recreational

scientific or educational purposes disease and predation inadequacy of

existing regulatory mechanisms and other human-made or natural factors

affecting the continued existence of the subspecies 50 CFR 424.11 final

decision relating to the delisting of the subspecies would be made only after

thorough review of all relevant information including prescribed research
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Narrative Outline for Recovery Actions

Identify and protect all extant populations and essential habitat

Pacific pocket mouse populations occur at three sites the Dana Point

Headlands in Orange County and San Mateo Creek northern Camp

Pendleton and Oscar-i southern Camp Pendleton in San Diego County

Fewer than 150 individuals with recaptures considered have been live-

captured at these sites OGDEN 1997 U.S Fish and Wildlife Service

1998 The historic range of the Pacific pocket mouse has been adversely

affected by urban and suburban development and the demand for further

coastal development within its range can be expected to continue

indefinitely Consequently achieving the objectives of the recovery plan

requires that the identification selection and protection of essential

habitats and populations be done expeditiously

1.1 Protect and secure extant populations

The recovery criteria indicate that 10 viable populations are

required Loss or degradation of any of the populations at the three

known extant locales could irretrievably diminish the likelihood of

the subspecies survival All extant populations are essential

These populations should be protected and secured from

significant potential impacts This should include dedicating the

biological resource open space that has been secured for the area

occupied by the Dana Point Headlands population to conservation

of the Pacific pocket mouse population on site in perpetuity

1.2 Undertake surveys to locate unknown populations

Learning whether additional populations exist is critical to

achieving the objectives of the recovery plan to the extent it

influences the nature and intensity of management efforts on

populations The location of additional populations may make
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intensive management efforts to establish additional populations

less imperative

Efforts to locate any additional populations are occurring through

two avenues through the environmental review process of

proposed development projects required under the California

Environmental Quality Act CEQA the National Environmental

Policy Act NEPA and the Endangered Species Act and

through special studies undertaken by various State Federal and

local agencies such as the Service the Marine Corps Base Camp

Pendleton and the California Department of Parks and Recreation

The Service and the California Department of Fish and Game

should communicate survey methods and data reporting

requirements to the appropriate agencies jurisdictions and

individuals and advise them on when and where surveys are

needed

Surveys should be performed in Baja California Mexico to

determine possible occupation Current aerial photos and satellite

imagery of this area should be obtained as well as any available

soils and vegetation data/maps Historic sampling of much of this

area did occur and these records should be researched for clues to

potential locations Coordination between U.S and Mexican

authorities and experts should occur Cooperative and systematic

searches by U.S and Mexican mammalogists should be performed

in Baja California Norte in coastal locales between the

U.S.IMexico border and the city of El Rosario

1.3 Continue to refine standardized survey approach

We have developed standardized survey approach to help ensure

that the results of surveys are reliable and correctly indicate

presence or absence of the Pacific pocket mouse The standardized

survey approach should continue to be tested and refined because
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Like most small mammal populations populations of the

Pacific pocket mouse are expected to show dramatic

fluctuations in numbers Survey results in one area should

not be applied to other even adjacent areas The survey

protocol should be sensitive enough to detect the

subspecies when numbers are naturally low

The Pacific pocket mouse may persist in unlikely places

and all populations are important to the conservation of this

subspecies Small populations in isolated locales may

be important in maintaining the genetic and ecological

diversity of the subspecies persist in the long term if

carefully managed and provide animals for translocation

or the possible establishment of captive breeding

populations

1.4 Identify prospective habitat and population sites

Reconnaissance surveys are needed to identify potential habitat

that is either occupied by the subspecies or can serve as host site

for iranslocation efforts Because of the subspecies reliance on

sandy soils such efforts should begin with range-wide analysis of

soils and identify those similarto those that support existing

populations Regional planning efforts identify and protect

potential and prospective habitat areas

Potential habitat should be identified based on soils maps foot

surveys of the site and live-trapping surveys Detailed analysis of

these and other appropriate features should be performed to revise

and refme the existing habitat evaluation model developed by

Camp Pendleton Potential habitat sites in Los Angeles County

include the El Segundo dunes adjacent to Los Angeles

International Airport and selected areas of the Palos Verdes

Peninsula Prospective sites in Orange County include from north
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to south Bolsa Chica uplands around the wetlands and grasslands

to the south the Central/Coastal Orange County Reserve San

Joaquin Hills University of California Irvine Crystal Cove State

Park Dana Point Headlands and San Clemente State Park The

largest number of sites and acreage of habitat occurs in San Diego

County including San Onofre State Park the coastal portions of

Camp Pendleton Batiquitos Lagoon Torrey Pines State Park

Border Fields State Park and the mouth of the Tijuana River

Surveys should also be perfonned in and around the following

areas the Naval Radio Receiving Facility NRRF on the Silver

Strand Spooners Mesa Outlying Landing Field Tijuana River

Penasquitos Lagoon San Dieguito Lagoon San Elijo Lagoon

Aqua Hedionda Lagoon and Buena Vista Lagoon

1.5 IdentiIy essential habitats and sites

Essential habitats required for the recovery of the Pacific pocket

mouse should be identified based on studies of population size

extent of potential habitat dynamics of habitat occupation and/or

succession ecosystem interactions opportunities for population

and habitat management and the results of research on viable

population sizes and metapopulation dynamics see Section

The identification of essential Pacific pocket mouse habitat should

begin immediately

1.6 Evaluate and prioritize protection alternatives for essential

habitat

Multi-species planning efforts are underway within the historic

range of the Pacific pocket mouse Protection options for habitats

include fee ownership voluntary landowner protection plans deed

restrictions resource management plans easements and

memoranda of agreement The adequacy of these protection

alternatives should be evaluated with respect to the long-term
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viability of Pacific pocket mouse populations and habitat at these

sites Regional planning efforts should take into account overall

ecosystem functions seif-sustainability dynamic nature of habitat

occupation through time connectivity and fragmentation fire and

fire abatement effects and the influence of adjacent land uses

1.7 Protect essential habitats and sites

Utilizing the protection alternatives considered and prioritized

above essential habitats and populations should be protected in

perpetuity As development pressure intensifies areas of potential

Pacific pocket mouse habitat will likely become more fragmented

and isolated Conservation and management of these important

sites is essential but we recognize that even the best sites may

continue to lose species loss of diversity if isolated from other

similar habitat patches Margules et al 1982 Research in relation

to island biogeography and extended to the study of nature reserves

has shown that fragmented habitats will not support full range of

species Jones eta 1996 Harris and Gallagher 1989 To

maintain their full potential these ecosystems as whole must be

managed in way which will support and complement full

ecosystem functioning to the extent currently possible Occupied

habitat potential habitat and surrounding linkages should be

secured and protected so that the ecosystem upon which the Pacific

pocket mouse depends is conserved

Prepare and implement habitat management plans

The conservation and maintenance of existing populations of the Pacific

pocket mouse and its habitat as well as suitable habitat at historical

locations are immediate recovery plan priorities Protecting and

maintaining existing populations includes range of potential actions and

interventions In the short term it involves protection against conversion

of occupied habitat and various disturbances in and around occupied

41



habitat that could reasonably be expected to adversely affect the Pacific

pocket mouse population Such disturbances include off-site activities that

would fragment Pacific pocket mouse populations on-site off-highway

vehicle use excessive foot or bicycle traffic and predation by cats and

other predators particularly exotic predators and artificially high native

predator levels In the long-term it involves actively managing habitat in

some areas but providing for self-sustaining ecosystem functions

wherever possible so as to minimize the risk of extinction and to conserve

the ecosystem upon which the Pacific pocket mouse depends

Management plans should be prepared for each extant population as

means to identify avoid minimize and off-set threats to protect and

enhance existing ecosystems habitats and populations and to manage

habitat to maximize pocket mouse population viability/size If additional

populations are located site-specific management goals and objectives

should be developed included in the appropriate management plan and

implemented Conservation of the ecosystem upon which the Pacific

pocket mouse depends should be the long-term goal of aLl management

plans All research described below should be coordinated and combined

as appropriate

2.1 Monitor population trends and identify potential threats and

management needs

Limited population data are currently available for the populations

at the three known extant locales Dana Point Headlands San

Mateo Creek north and south sites and Oscar-I in southern

Camp Pendleton Annual long term monitoring of these

populations based on capture/recapture studies is essential Studies

designed to monitor existing populations will need to be carefully

designed to yield useful data because of the small population sizes

and limited number of populations Behrends 1997 Statistically

determining significant factors that affect population viability will

be difficult Monitoring proposals should be peer reviewed by
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qualified biostatisticians or scientists to ensure that proposed

studies clearly define research methods and analytical techniques

including statistical analyses that will be employed Bebrends

1997 Although the most significant current threats to the Pacific

pocket mouse are habitat destruction fragmentation and

depredation all potential threats should be monitored on

continuing basis Potential threats include invasion by exotic plant

and animal species disease recreational activities and changes in

habitat e.g vegetation densities edaphic factors meso-predator

population increases Once potential and real threats are

identified appropriate corrective measures should be incorporated

into management plans for each site

2.2 Develop habitat and species management plans

Management plans that direct management of the subspecies and

its habitat should be prepared for each known population The

management plans must provide site and population-specific

details and should concisely describe the actions to be taken

building on the menu of actions listed below The habitat and

species management plan should be ecosystem oriented and place

site-specific efforts in the context of various regional planning

efforts such as the NCCP The plans should provide details of

avoidance minimization and mitigation measures needed

including issues of habitat avoidance indirect effects adjacent land

use edge effects fire predator retention fragmentation wildlife

movement corridors exotic species habitat secession and cycling

restoration needs self-sustainability and preservation of long-term

ecosystem functioning All recommendations should focus on key

problems not indicators or symptoms and be long-term if

possible Management plans should be amended whenever

necessary to incorporate new information and to implement field

proven techniques
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2.2.1 Develop an adaptive management plan for Federal lands on

the Marine Corps Base Camp Pendleton

Two of the three locales with known extant populations of the

Pacific pocket mouse are found on the Marine Corps Base Camp

Pendleton where training exercises result in various forms of

landscape disturbance Certain forms and magnitudes of

disturbance may be beneficial for the Pacific pocket mouse Many

formsof disturbance are likely destructive to Pacific pocket mouse

habitat and resident populations The Base and Service staff

should co-develop management and enhancement strategies and

impact avoidance measures for incorporation into the Base-wide

upland species and habitat management plan now in preparation

lhis plan should incorporate monitoring research and

management needs for all potential Pacific pocket mouse sites on

the Base Fire management plans and other existing management

plans on the Base should be reviewed and updated if necessary to

include provisions for avoiding and minimizing impacts to the

Pacific pocket mouse This management plan should incorporate

the Marine Corps and Service responsibilities
under section 7a of

the Act and the military mission of the Base

2.2.2 Develop and implement adaptive management plans for other

locales as necessary

Management plans should also be prepared for populations and

habitats outside of Camp Pendleton Management plans in these

areas can be requirement of the permitting process
for proposed

development projects In the case of public lands e.g State

County or city park lands or other public open spaces they can be

prepared as separate management plans or incorporated into

resource management or multi-species planning efforts
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2.5 Protect Pacific pocket mouse habitat from fire and fire

abatement measures at occupied sites

The Dana Point Headlands and San Mateo Creek populations are

located on the perimeter of residential areas where human-caused

accidental fires are possible The Oscar-i population is located

within Marine Corps Base Camp Pendleton training area where

repeated human-caused fires are possible Habitat adjoining this

population recently burned Until the effects of various fire and

fuel abatement regimes are known Pacific pocket mice and their

habitat should be protected from fires or fuel abatement practices

that could impact occupied habitats and individuals Potential but

unoccupied habitat should be protected from fuel abatement

measures

2.6 Fence Pacific pocket mouse habitat where necessary

Two Pacific pocket mouse populations are adjacent to residential

areas where urban and recreational uses including unexpected

changes in the pattern
and intensity could have adverse impacts

Documented impacts have occurred in Pacific pocket mouse

habitat from activities of residents adjacent to occupied habitat

Pavelka pers comm 1997 For example one Pacific pocket

mouse population has recently been subjected to vegetation

clearing and ground disturbance for creation of bicycle motocross

track Avery pers obs. Potential impacts include but are not

limited to vegetation clearing/ground manipulation fire fuel

abatement dumping/littering bicycle/off-road vehicle use pets

exotic plant and animal introduction trail creation and vegetation

trampling As yet undiscovered populations may also exist near

residential areas and would likely benefit from fencing that

separates residential zones from potential habitat Fencing may

only have limited usefulness in reducing some of the impacts noted

above The type of fencing used needs to be considered carefully
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to ensure that important predator-prey relationships are maintained

Bebrends 1997 including maintaining coyote presence For

example perching predators such as great homed owls should not

be encouraged by such fencing Price 1997 This can be

accomplished by using large enough buffers to distance potential

perches from occupied habitat or fence design that minimizes

perching benefits Signage on fencing may be appropriate

2.7 Control depredation by house and feral cats and other exotic

predators as needed

Because of their relative locations at least two of the three locales

with extant Pacific pocket mouse populations Dana Point

Headlands and north Camp Pendleton/San Mateo Creek are at

significant risk due to predation by house and feral cats An

ongoing program that results in the removal of house and feral cats

from these locations and maintains viable presence of coyotes and

other native predators is needed Camp Pendleton should

continue to discourage house cat ownership on Base

Supplemental feeding of any wild animals including feral cats

should be discouraged Basewide Local residents in proximity to

the populations should be provided educational outreach material

on Pacific pocket mouse habitat/coastal sage scrub ecology and the

influence of non-native animals and land use practices e.g

outdoor feeding of animals trash placement etc that modify

predator numbers and other ecosystem functions Activities that

are compatible with native ecosystem functions should be outlined

and encouraged Using ecosystem management predator

management programs should be developed or existing ones

modified to keep all native predators extant at viable/natural levels

and to eliminate exotic predators/competitors in the long term

healthy coyote population on Camp Pendleton may help control

the feral house cat populations there Spencer 1997 Predator

prey relationships of the Pacific pocket mouse need to be
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maintained Adjacent land uses practices that contribute to self-

sustaining and relatively natural population levels of native

animals should be encouraged

2.8 Control exotic plants

Two known Pacific pocket mouse populations occur in coastal

sage scrub communities that have been invaded by aggressive

exotic grasses and forbs Other escaped exotic species such as

hottentot fig Carpobrotus edulis have invaded portions of the

Dana Point Headlands site which is also vulnerable to invasion by

crystal ice plant Mesembryanthemum crystallinum Pacific

pocket mice currently do not occur in portions of the site invaded

by these plants These invasive plants should be removed from

potential
habitat and from sites targeted for translocation efforts

As coastal sage scrub is invaded by non-native taxa particularly

annual grasses sites on sandy soils along the coastal terraces and

slopes acquire an understory that may be too dense to provide

useable habitat Other negative effects are likely The invasion of

exotic plant species should be monitored and effects/control

evaluated further

2.9 Monitor the success of management efforts

The effectiveness of management plans and efforts should be

evaluated regularly Evaluation criteria should include population

stability and trends area of occupied habitat adult fecundity and

other factors for individual sites

Enhance and expand Pacific pocket mouse habitat

Management of Pacific pocket mouse habitat has not yet been attempted

and there is limited information on techniques that can be used to create

restore enhance or expand Pacific pocket mouse habitats The regulatory
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agencies should prepare or direct the preparation of habitat

management plan component that provides for optimization of Pacific

pocket mouse habitat at managed sites Techniques that could be

employed include revegetation with or without salvaged materials such as

topsoil and selective habitat enhancement including experimenting with

tire Small degraded areas incapable of supporting Pacific pocket mouse

populations or other listed species may serve as sources for plants seeds

and transplants or substrate materials particularly sandy topsoil for

restoration/enhancement efforts Plant and substrate materials should be

salvaged from all development projects
where appropriate Emphasis

should be placed on self-sustaining long-term natural habitat

optimization techniques Simple low-tech and easy methods should be

tried first with movement to more complex and high-tech methods if

simple methods do not work Behrends 1997

3.1 Select target sites for actions that enhance or expand pocket

mouse habitat

The habitat at known population localities is surrounded by plant

communities that are candidates for selective vegetation

manipulations to expand suitable habitat and pocket mouse

populations Other actions that enhance or expand pocket mouse

habitat may be recommended at other sites The sites for these

actions should be identified and prioritized
for their importance to

achieving the objectives of the recovery plan

3.2 Undertake habitat manipulations near or adjacent to occupied

habitat to expand available habitat and increase population

numbers

Opportunities to promote expansion of Pacific pocket mouse

populations likely exist where occupied habitat is surrounded by

dense cover of Artemisia scrubs and in sandy areas devoid of

vegetation or dominated by certain exotic plant species Where
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existing vegetation is dense removal of individual shrubs or

groups of shrubs could create additional habitat that may be

colonized by dispersers from nearby or adjoining occupied habitat

Where sandy areas are devoid of vegetation or where it is

dominated by exotic species e.g Mesembryanthemum

crystallinum or European grasses and not utilized by the Pacific

pocket mouse exotics control and revegetation with appropriate

native species including reintroduction of soil microflora where

necessary could also create/enhance habitat to support populations

of the Pacific pocket mouse Manipulated vegetation would likely

require on-going management efforts For example hand clearing

or coverage reduction may result in rapid regrowth following root

sprouting by sage scrub species Consequently thinning to prevent

closed canopy conditions from rapidly reoccurring may be

required

Another approach to reduce vegetative cover would be the use of

herbicide containing relatively benign glyphosates which could be

applied to sprouts when Pacific pocket mice are underground

Experiments could be undertaken away from and possibly

adjacent to occupied sites to ascertain the effectiveness of this

strategy to keep areas between shrubs open or to reduce

understory grasses principal concern of these efforts would be

to ensure that adequate seed sources that provide food for the

Pacific pocket mouse are maintained in occupied habitat

Compacted areas such as abandoned roads would likely be more

attractive to the Pacific pocket mouse ifthey were decompacted

and covered with several centimeters of sand Sand should

preferably come from the same general locality if removable

without harm to native habitats e.g removed from areas already

legally
disturbed by construction

Techniques that are more self-sustaining/long-term and ecosystem

oriented should be experimentally sought reduction in overall
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plant cover and understory could be obtained through reduction in

soil fertility or anti-fertilization which can be accomplished by

adding organic matter e.g wood chips to the soil matrix St

John pers comm 1996 or by adding coarse inorganic material

e.g sand washed of fine materials Conversely care should be

taken when experimenting with soil properties as soil texture and

structure e.g crusts may be as essential to the Pacific pocket

mouse as optimum plant cover Spencer 1997 Ailopathic plant

effects or artificial changes in soil chemistry could also be utilized

to reduce plant cover If senescent coastal sage scrub is

unoccupied by the Pacific pocket mouse then earlier seral stages

may be more attractive Earlier semi stages could be created by

fire discussed below or other methods mosaic of potential

habitat types and ages could be created outside of occupied habitat

in this manner

Some habitats that would otherwise generally remain sub-optimal

for the Pacific pocket mouse may be repeatedly manipulated such

that they will support the taxon Other habitat areas that would

typically and likely historically did support optimal habitat may

be made occupiable by removal of some perturbing influence such

as exotic species The latter has the
greater potential for long-term

success

The Pacific pocket mice found in the Oscar-I area on Camp

Pendleton currently occur in non-coastal sage scrub habitats

including non-native grasslands and disturbed areas dominated by

ifiaree Erodium sp. Anecdotal evidence suggests that the areas

of dense grasslands are not occupied to level of being detectable

during surveys but the small coastal sage scrub bare ground and

low density non-native grassland patches within the more dense

grasslands are occupied Where appropriate habitat manipulations

that convert adjacent exotic grassland areas back to coastal sage

scrub should be attempted particularly those actions that promote
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essentially self-sustaining and long-term habitat trends Pacific

pocket mice also exploit the friable soils in berms created during

road maintance in this area We the Service do not advocate

creation of additional benns but protection of these existing berms

could be important Pavelka pers comm 1998

33 Adaptively manage Pacific pocket mouse habitat and

populations

Conservation of Pacific pocket mouse populations depends largely

on the adequate and adaptive management of populations and their

habitat Two of the most important issues to be addressed at each

site are how to increase habitat utilization and viability and

remove obstacles particularly artificial Ones to population

expansion and dispersal
between populations

Preparation of interim management plans should promote

management of Pacific pocket mouse habitats that is flexible and

quickly responds to needs as they arise Interim plans should be

prepared first for known populations
then for other populations as

they are discovered The urgency of the need for interim

management plans and updated versions thereof will be

influenced by the current status and distribution of populations

relative opportunities for habitat or population expansions and

ongoing threats including development proposals and depredation

Management plans methods for monitoring and determining

population viability and threats and criteria of monitoring the

success of management plan actions will be updated on an as-

needed basis If substantial changes are recommended they should

be incorporated into updated management plans Management

plans should seek long-term solutions that promote self

sustainability and full ecosystem functionality thus minimizing the

need for and potential problems of active management
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The San Mateo populations at Camp Pendieton is subject to

natural and artificial impediments to periodic movement between

currently occupied habitat areas Most of these impediments are

temporary dynamic or relatively easy to improve Artificial

barriers such as roadways agriculture and flood damage reduction

efforts may need to be removed modified or enhanced so that

connectivity between the San Mateo north and south groups is

improved Natural upland habitats particularly coastal sage scrub

in this portion of the San Mateo Creek watershed should be

restored and/or enhanced to improve habitat linkage facilitate

movement between the two sites by Pacific pocket mice allow for

population/habitat dynamics and improve ecosystem integrity

San Mateo Creek wash should be restored and maintained in

natural state this includes restoration of native floodplain

vegetation and maintenance of the wash area free of roads

lighting exotic vegetation and linear structures such as walls rip-

rap etc. Provisions for native animal Pacific pocket mouse

snakes coyote fox bobcat mountain lion etc movement should

be included within any artificial structures remaining inarea

such as series of bridges along Christianitos Road All future

actions in this area should improve ecosystem function and habitat

linkage/connectivity

3.4 Undertake habitat manipulations at sites targeted as host sites

for reintroduction efforts

Habitat manipulation may also be undertaken at sites targeted to

receive translocated individuals Such sites will contain suitable or

nearly suitable habitat for the Pacific pocket mouse and are likely

to require some manipulation to optimize the habitat for the

subspecies Such habitat manipulations will need to be completed

prior to any translocation efforts at given locality
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3.5 Evaluate and monitor the success of habitat restoration efforts

Successes and deficiencies in the restoration efforts should be

identified reported and corrected Appropriate corrective

measures should be taken if restoration efforts do not produce

results consistent with the objectives and needs identified by

relevant research Monitoring and restoration efforts may be

necessary for at least 10y if difficulties are encountered in

maintaining high function and value habitats

Conduct research on the life history ecology and population biology

of the Pacific pocket mouse

Data should be collected and analyzed pertaining to the genetic variability

see Appendix population dynamics life histories ecological

requirements and viable population sizes of the listed subspecies Such

infonnation should be used to guide recovery actions and to construct

mathematical models that help in predicting the likelihood of the

persistence of the subspecies over time Care should be taken to not over

extend the population viablity analysis approach by relying solely on such

mathmatical models to predict persistence over time Spencer 1997

Population viability anylasis is powerful tool of modem demographic

modeling but it must be used with caution Price 1997 Population

viability analysis is most useful for comparing the relative merits of

alternative preserve configuration or plans and the relative effects of

various parameters and model assumptions or predicted metapopulation

survivorship Spencer 1997

Historic potential and occupied habitats should be mapped on GIS along

with soils tire history vegetation and senstive species data All

associated GIS digital data from Camp Pendleton cities counties and

other associated agencies with potential habitat should be delivered to us

by 1999 with updates provided as they develop All research should be
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coordinated and combined as appropriate and possible to increase

effeciency and reduce costs

4.1 Collect basic information on the natural history of the Pacific

pocket mouse particularly habitat relations and diet

This Pacific pocket mouse is known from few populations and has

not received adequate historic research in the field to allow clear

understanding of many aspects of the subspecies habits and life

history These data should be collected as they are important to the

development of sound strategies pertaining to the habitat

manipulation and ecosystem enhancement

Because heteromyid rodents are relatively ecologically uniform

group information pertaining to one species can often be applied

to others with only minimal additional data collection to verify that

the Pacific pocket mouse adheres to patterns typical for the family

Price 1997 Using existing information in this way could reduce

redundancy and the cost of implementing this task We should

encourage additional communication with active heteromyid

rodent researchers who could assist in compiling relevant existing

information and help determine how it can be used

4.2 Research on potential and known predator ecology

Research on predator ecology within Pacific pocket mouse habitats

should be performed Bloom 1997 Radio telemetry studies of

likely predators including the three most abundant snake species

pacific rattlesnake gopher king barn owls great homed owls

coyotes fox and bobcats should be completed Other nocturnal

predators should also be considered including house cats House

cats may prey differentially on other species of mice e.g Mus

inusculus which may indirectly effect Pacific pocket mouse
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populations Spencer 1997 The main goal of this research is to

determine the abundance of predators within Pacific pocket mouse

areas and the level of predation of each species If removal of

surplus dispersing juvenile Pacific pocket mice for translocation

is considered knowledge of predation levels may be influential in

decisions on how many animals to be moved in particular year

Bloom 1997 Predator ecology and movement information

would also be beneficial when considering the potential for

successful release of Pacific pocket mice into unoccupied sites

Bloom 1997

4.3 Evaluate Argentine ant invasions into existing and potential

habitat

Exotic Argentine ants are invading coastal sage scrub areas near

Pacific pocket mouse habitats These ants could have adverse

direct or indirect effects on Pacific pocket mouse populations and

other native species including replacement of native ant species

it Fisher pers comm 1997 Chris Nagano pers comm 1998

Potential ecosystem effects include but are not limited to Pacific

pocket mouse nestling mortality insect population shifts and

modification of seedling survival rates Invasion of these ants may

be expedited by urban or agricultural development possibly as

result of supplemental water being made available Argentine ant

invasions should be monitored and overall ecosystem effects

evaluated Ant control methods including biological control and

land use changes should be developed ifnecessary

4.4 Evaluate the role of fire and fire management

Currently very little data are available to evaluate the overall

effects of fire on Pacific pocket mice or their habitat Research is

needed to develop long-term fire management fuel management

and/or fuel abatement program that would protect the animals and
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their habitat If the prescribed research reveals that certain fire and

fuel abatement measures are warranted or preferred such measures

should be implemented

The design and implementation of warranted or preferred fire

suppression and management and fuel abatement activities

including controlled burns fuel thinning crushing mowing

clearing and fire suppression efforts should be coordinated among

all regulatory and fire management agencies and landowners to

ensure the development of site-specific Pacific pocket mouse

management plans that specify optimum habitat management

practices The potential role of fife in managing or disturbing

habitat of the Pacific pocket mouse is poorly known lhis question

should be addressed for each locality with occupied habitat Any

information obtained on fire effects should be incorporated into the

individual management plans

Some areas of unoccupied potential habitat should be treated with

controlled burn and evaluated in scientifically-based

experimental approach with the goal of determining the positive

and negative effects of fire Ecosystem effects of fire should be

evaluated rangewide as opportunities present themselves by

wildfire Existing fire history data including GIS digital data

should be delivered to us and necessary GIS maps should be

created and maintained for all potential
Pacific pocket mouse

habitat The role of fire in its positive and negative influence on the

invasion or persistence of various exotic plant species should be

evaluated The potential advantages and disadvantages of fire as

management tool should be addressed

45 Evaluate the effects of artificial night-tune lighting

Artificial night-time lighting may cause problems for nocturnal

rodents such as the Pacific pocket mouse through potential
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modification of predation rates obscuring of lunar cycles and/or

causing direct habitat avoidance Artificial lightingflight pollution

and its influence on Heteromyid rodents particularly those taxa

closely related to the Pacific pocket mouse and overall ecosystem

functioning should be evaluated Predator-prey relationships in

illuminated and unilluminated coastal sage scrub should be

researched with the goal of attaining empirical data on effects

Secondary and tertiary effects should be examined Illumination of

habitat by artificial light and activity patterns/densities
of owls

coyotes foxes bobcats house cats snakes and rodents should be

correlated with lunar cycles and other appropriate habitat

attributes All experimentation with potential for adverse effects

should take place in areas unoccupied by the Pacific pocket mouse

4.6 Evaluate the role of past agricultural uses on habitat function

The effects of historic agricultural practices on habitat function

should be evaluated in areas that have been passively or actively

restored to moderate level of coastal sage scrub functioning

Preliminary evidence suggests that areas previously tilled do not

support the Pacific pocket mouse although they seem to be

appropriate habitat otherwise open sandy coastal sage scrub

adjacent to existing Pacific pocket mouse populations Spencer

1997 OGDEN 1997 Soil characteristics soil

microfauna/microflora plant structure plant diversity including

exotics insect diversity and seed production should be

characterized and compared in occupied habitat and former

agricultural areas that otherwise appear suitable Care should be

taken to not misidentify relationships and coincidences

4.7 Develop biological control methods for exotic plant species

Current management of non-native vegetation requires

considerable commitment to thoroughly remove or kill all above-
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and below-ground parts of the target species and follow-up in

subsequent years to control any exotics outbreaks Eradication of

most exotic species currently requires combination of mechanical

and chemical control

The development of biological control of non-native plant species

through U.S Department of Agriculture USDA international

and/or university programs should be initiated Biocontrol

programs for some plant pest species have already been developed

including the use of six insect species to control yellow-star thistle

Centaurea sp an exotic from southern Europe Randall 1994

and the release of European beetles in New York State for

biological control of purple loosestrife Lythrum sp an invasive

exotic from Europe U.S Fish and Wildlife Service 1997 The

USDA is currently proposing release of Tamarix-specific leaf

beetles and mealybugs in nine areas throughout the southwestern

U.S USDA 1997 The USDA and the International Institute of

Biological Control headquartered in Switzerland reportedly have

staff and facilities to perfonn the international research needed to

perform the type of work required for biological control of invasive

exotic plant species in the range of the Pacific pocket mouse Dr
Bernd Blossey Professor of Biology Cornell University pers

comm 1997 Biological control programs hold the promise of

long-term self-sustaining and very wide-ranging control of

invasive plant species with
relatively limited costs or use of

chemicals but are not without the biological risks associated with

releasing additional exotic species MIot 1997 Beardsley 1997

Perlman 1997
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4.8 Conduct research to understand viable population sizes and

nietapopulation dynamics and construct appropriate

mathematical models to guide management efforts

To predict the likelihood of survival information on the number of

offspring produced the life span and the mating habits of this

subspecies should be collected and evaluated It is sometimes

possible to estimate populations chance of survival based upon

number of assumptions However more reliable estimates are

only possible after conducting appropriate studies The following

studies should be carefully coordinated to produce the most usable

results

4.8.1 Determine the reproductive potential of the subspecies

using Leslie matrix models

The survival or extinction of population or of an

endangered species are chance events Dennis and Scott

1991 for which probability estimates can be obtained The

Leslie matrix model requires estimates of age specific

survival and fecundity rough estimates for which should be

used in preliminary analyses while the population studies

needed to obtain more reliable estimates are conducted

4.8.2 Determine habitat area requirements and dispersal

distances

After completing the research prescribed above realistic

estimate of the acreage of habitat required to support

population
of the Pacific pocket mouse should be

calculated This habitat acreage will likely be different for

each population
and in part depend on the habitat quality

and degree to which populations fluctuate naturally



Currently virtually nothing is known about dispersal

characteristics of the Pacific pocket mouse such as the

timing magnitude and distance of dispersal and whether

particular
habitat or landscape features are preferred These

data should be collected for the Pacific pocket mouse To

obtain these data radio tracking may be if logistically

feasible the best methodology available If radio-tracking

is used emphasis should be to telemeter large number of

juveniles/subadults in the late summer to maximize the

potential
to track dispersers Spencer 1997 Otherwise

live-trapping studies could be conducted at varying

distances from the source population of marked individuals

standard trapping grid without drift fences should be

utilized due to the potential for interference with home

ranges foraging and social interactions and the possibility

of the fences attracting predators to Pacific pocket mice

Behrends 1997

4.9 Conduct research on conservation genetics of the Pacific

pocket mouse

An understanding of the genetics of the known populations of the

Pacific pocket mouse using modem molecular techniques is

needed The goals of this task are to describe genetic variation in

naturally occurring populations
of Perognathus longimembris

paccus assess whether any of the disjunct populations show

evidence of reduction in genetic variation describe any genetic

subgroups within the Pacific pocket mouse and integrate
the

results into conservation planning efforts for the subspecies

Populations with unusually low variability may be candidates for

interventions to bolster genetic variation through mixing of

populations It may be necessary to concentrate conservation
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efforts on priority populations The priority ranking of

populations requires an assessment of how genetic variation within

the species is apportioned or represented and the development of

strategy
for maintaining the greatest amount of genetic variation in

the long term Data on interpopulational patterns of genetic

variation should be used to identify genetically unique groups or

subgroups

Part of this study includes an examination of the intrapopulational

and interpopulational genetic variation This information is

important in order to identify populations at risk due to

consequences
of the lack of genetic variation such as loss of

adaptive flexibility within changing environments Protein

allozyme and molecular evidence should be used to calculate

Wrights Coefficient of Relatedness quantify amounts of genetic

variation within the populations and estimate historic levels of

gene flow among the populations
We the Service should

encourage standard protocols for tissue collection and encourage

permitted trappers to collect and submit samples Spencer 1997 if

safe and appropriate

4.10 Refine management plans

Based upon the results of these studies refine the management

plans developed under task above

4.11 Refine recovery criteria

The results of the population viability analyses and metapopulation

dynamics are needed to further refine these criteria Fewer than 10

populations may be needed for recovery if they are sufficiently

large and highly unlikely to be extirpated Many more than 10

populations may be required if they are small unstable and/or

isolated
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Identify and implement measures to create additional populations

Protection of all existing enhanced and any newly discovered Pacific

pocket mice populations and habitat may be insufficient to ensure recovery

of the subspecies In addition to implementing the habitat management

objectives in Task it may be necessary to remove individuals from

selected populations for the purpose of establishing captive breeding

population or introducing wild-bred or captive-bred individuals into

suitable but currently unoccupied habitat Potentially suitable habitat

apparently occurs within existing publicly-owned and managed natural

areas that are within the subspecies historic range Reconnaissance-level

surveys are needed to evaluate whether the habitat substrate and

vegetation within number of these areas can potentially support Pacific

pocket mouse populations

Most occupied Pacific pocket mouse habitat patches are now small and

fragmented Although there are limited number of sites with suitable or

potentially suitable habitat the establishment of populations in these areas

could contribute to the subspecies recovery by increasing the number of

populations and constituent individual animals

5.1 EvaLuate the feasibility of carrying out translocation effort

for the Pacific pocket mouse

Nielsen 1988 recommended that feasibility study should

include in part considerations of the reason for translocation

status of the wild populations to be translocated ecology

biology and ethology of the subspecies current size and

density of the wild populations movements and distribution

of the subspecies malefemale ratio annual recruitment

mortality rates and causes health and condition of the

populations 10 genetic variability and integrity 11 status of

remaining habitat 12 depredation rates in target areas 13
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II

translocation strategy e.g time of release number and sex of

animals involved 14 capture technique and technology 15

number and location of release sites and 16 post-release support

of translocated animals Research and management tasks

described above should provide enough information to determine

the feasibility of attempting to translocate Pacific pocket mouse

individuals

Translocation should be considered after the feasibility tasks above

are performed and surveys indicate that the potential
for

undiscovered populations is very low and previously defined

conservation and management measures fail to produce sufficient

essential habitat and populations
research reveals that animals

may be safely translocated into target habitats and the donor

population can withstand the loss of individuals

5.2 Develop translocatiofl protocol for wild-reared and captive-

bred individuals

protocol for trarislocation of wild-reared or captive-bred

individuals should be prepared that addresses all phases of the

translocation effort including host site selection habitat

manipulation animal capture and release and monitoring

Only sites containing apparently suitable albeit unoccupied habitat

are to be considered for translocation efforts unless genetic studies

reveal that the translocation of individuals from another population

is necessary to enhance genetic variability of the host population

or otherwise benefit the subspecies

The protocol should consider suitable times of the year for

translocation the number of individuals to be moved and target

densities the number and type of artificial burrows and food

seeds and leafy vegetation to be provided spacing patterns
of

63



individuals and sexes the optimum period of time to maintain

animals within artificial burrows to allow them to become

accustomed to the unfamiliar surroundings and the genetic

makeup of translocated animals see Appendices and

5.3 Implement translocation program

Translocations should be limited to sites that were previously

occupied by the Pacific pocket mouse or that contain the

appropriate substrates and habitat attributes Translocations to

occupied habitat should be done according to the prescribed

protocol

5.4 Monitor translocated populations

Translocation efforts are to be accompanied by long-term

monitoring of the population Monitoring can be accomplished

through establishment of trapping stations where live-trapping is

conducted at least twice each year once to sample adults upon

their emergence from their burrows between late April and May

once between late July and late August to sample adults and their

annual offspring

5.5 Develop protocol for captive breeding and implement first

using non-listed related species

The captive breeding protocol should follow Hayden eta 1966

and Daly et 1984 The protocol should require routine or

regular observations of natural estrous cycles in large numbers of

captive females in order to determine the most favorable mating

time and pairing receptive females with males under conditions

that minimize mortality of individuals Pairs should be observed

for 15 to 20 minutes and immediately separated if violent behavior

is observed If the pair appears to be compatible they may be left
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together from to hours or overnight After this the female

should be removed to an observation cage Mated females should

be kept in relatively quiet place away from daily disturbance

and provided with refugium see also Appendix

protocol for captive breeding additionally should address the

following issues

Whether captive-breeding efforts should be undertaken in

light of the results of other recovely plan actions and trends

in population numbers

Whether or not suitable or potentially
suitable host sites

have been identified within the subspecies historic range

captive breeding protocol for the Pacific pocket mouse

surrogate species The protocol should contain the essential

tasks discussed and prescribed in Appendix Hayden et

al 1966 successfully bred longimembris bangsi it

seems reasonable to assume that the same or similar

protocol can be used to successfully breed longimembris

pacflcus Experience at breeding pocket mice should be

gained by repeating their experiments with two relatively

common taxa longimembris longimembris or

longimembris bangsi Efforts to breed Pacific pocket mice

should be undertaken after successful results are obtained

working with these surrogate species The captive breeding

facility for the surrogate subspecies should not be located

within the range of the Pacific pocket mouse Although

interbreeding of subspecies is common in nature mixing of

genetic lineages as result of accidental releases of animals

should be avoided
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The minimum effective size of the captive breeding colony

To maximize the opportunity for success of the effort the

breeding colony should start with the largest
feasible

number of individuals Hayden et al 1966 used over 200

females in their program in part because it was known that

not all individuals would be reproductively receptive during

given desired time window Males will have to be

screened for their sexual interest Bebrends 1997

Genetic analysis The results of the genetic analysis of

existing populations of the Pacific pocket mouse should be

evaluated including the source populations for the

captive breeding and translocation programs prior to the

removal of animals The genetic analysis should be

consistent with the protocol presented in Appendix The

purpose of the genetic study is to determine whether there

are important genetic differences between populations

whether any populations have reduced genetic variability

and determine the minimum number of individuals needed

to capture at least 90 percent of the populations genetic

variability The results of the genetic study would be used

to determine whether it is desirable for captive breeding

program to interbreed individuals from two or more

localities to increase genetic variability Small tissue

samples should be taken from individual animals for any

necessary future studies As an alternative there is new

technology available using fecal analysis as far less

invasive technique for extracting DNA

5.6 Implement captive breeding program for related species

The captive breeding program should be consistent with the

protocol presented in Appendix In particular
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Individuals for the captive breeding program should be

obtained from populations whose distribution and

abundance are well known and whose population is

expected to be able to withstand the removed individuals

Populations with restricted opportunities for recruitment

e.g populations surrounded by unsuitable habitat are

likely to produce more individuals in average years than are

typically recruited into the population The juvenile

production beyond that required to maintain viable

population level could be removed late in the season i.e

late September early October and potentially be used in

either translocation or captive breeding programs

Individuals should be kept individually in gallon jars or

other appropriate containers containing sand and refuge

and fed diet of seeds grass and sunflower soaked in

water soluble vitamins pet vitamins or equivalent

Freshly cut grasses or lettuce are supplied every other day

The laboratory conditions successfully established by

Hayden et al 1966 including temperature relative

humidity and lighting should be duplicated or used as

basis for the development of protocol specifically

designed to suit the needs of the Pacific pocket mouse

Captive-bred animals are to be released at the host site as

soon as feasible The offspring produced in captivity by

Hayden eta 1966 were born from April to July all

individuals would be weaned by early August Preliminary

evidence indicates that young of the year disperse from

their natal home range from August to September in search

of unoccupied habitat The release of captive bred animals

would attempt to mimic this natural pattern to the extent

feasible To minimize the impact of captivity on the fitness

of captive-bred individuals juveniles should be released in
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family groups as soon as is feasible possibly as early as

weeks after birth

5.7 Implement captive breeding program for the Pacific

pocket mouse

Captive breeding of Pacific pocket mice for their

reintroduction into suitable unoccupied habitat could

potentially play role in recovery under specific

conditions particularly if it becomes infeasible to obtain

founding populations by regular selective removal of

individuals from existing populations Captive breeding

could be undertaken if necessary to prevent the Likely

imminent extinction of the subspecies or to produce

relatively large numbers of individuals that are as

genetically diverse as possible for the purpose of

translocation The chain of conunand and the decision-

making process should be clearly established at the

beginning of any captive breeding program for the Pacific

pocket mouse Behrends 1997

Enhance public awareness of and appreciation for the Pacific pocket

mouse recovery program through educational and interpretive

programs

Public awareness of restoration and other recovery efforts will create

positive image of these efforts and help to reduce impacts to protected

populations Interpretive exhibits should be established adjacent to

habitats containing Pacific pocket mouse populations Outreach and

education efforts will enhance the publics understanding and appreciation

of these rare animals and potentially reduce accidental impacts to the

subspecies Interpretive signs and exhibits should describe and depict

sensitive local resources and the involvement and contributions of

volunteers announce the availability of published materials and
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information and advertise the locations and times of interpretive walks

and programs Mailings/flyers to residents living near Pacific pocket

mouse habitat should be developed outlining ecosystem and life history

details as well as recommendations for pet care trash placement fire and

fuel abatement precautions hiking and bicycle use etc Care should be

taken to not induce or direct vandalism

6.1 Federal and State agencies should work with private parties to

develop participation plans to implement specific recovery

tasks

The success of Pacific pocket mouse recovery efforts will depend

on cooperation among Federal State and local agencies

researchers conservation organizations the public and land

owners to manage lands containing Pacific pocket mouse habitat

for the protection of the subspecies To further such cooperation

outreach efforts that encourage landowners to conserve Pacific

pocket mouse habitat and populations should be undertaken

The agencies and organizations that can be expected to cooperate

in recovery planning efforts are the Service the Marine Corps

Base Camp Pendleton Department of the Navy California

Department of Fish and Game California State Parks the Nature

Reserve of Orange County the Orange County Environmental

Management Agency through its role as lead agency in the Central

and Coastal NCCP program the Transportation Corridor

Agencies the Dana Point Headlands landowners and the City of

Dana Point through its jurisdiction over land use planning for the

Dana Point Headlands In addition the following organizations

and agencies may be involved in plan implementation

Department of the Navy Army Corps of Engineers Federal

Highway Administration Transportation Corridor Agencies City

of San Clemente and the Endangered Habitats League The list of
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cooperating agencies will be finalized in the first stage of recovery

plan implementation

6.2 Distribute information on recovery plan actions and results to

appropriate agencies jurisdictions landowners land

managers and the interested public

The support and involvement of local jurisdictions landowners

the public and State agencies are important where occupied and

suitable habitats occur Updated information on potential habitats

results of the recovery plan efforts and suggested mitigation

guidelines and protection alternatives should be provided

periodically to appropriate city and county planning departments

An important element of this cooperation is to interface with the

NCCP effort In addition concerted effort must be made to

coordinate recovery activities with interested landowners land

managers scientists with relevant expertise and interested citizens

and citizens groups

6.3 Integrate implementation of the recovery plan with local

agencies including appropriate NCCPlead agencies

The historic range of the Pacific pocket mouse overlaps with three

existing programs being implemented under the NCCP program

the Multiple Species and Multiple Habitat Conservation Plans in

San Diego County and the Central and Coastal Conservation Plan

in Orange County The Service and California Department of Fish

and Game should work with the appropriate agencies to optimize

the opportunity for the NCCP to affect the conservation of the

Pacific pocket mouse Long-term seif-sustainability and

ecosystem functionality of existing and potentially occupied sites

should be considered in land use planning of adjacent areas as well

as the sites themselves
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Ill Implementation Schedule

The Implementation Schedule that follows outlines the specified actions and

estimated costs for the recovery of the Pacific pocket mouse It is guide for

meeting the objectives discussed in the Recovery section of this plan and

depicts task numbers descriptions priorities
and durations responsible agencies

and estimated costs The implementation schedule utilizes the numbering system

from the narrative outline in the Recovery section of this document to identify

recovery actions These actions when accomplished should bring about the

recovery of the Pacific pocket mouse and the protection of its habitat Because

the monetary needs for all parties involved in recovery are identified this

schedule reflects the total estimated fmancial requirements for the recovery of the

subspecies All costs related to recovery efforts except those associated with

possible perpetual maintenance of optimum habitat and populations possible

regulatory needs beyond the year 2005 possible land acquisition and possible

monitoring of restored sites beyond the year 2005 are estimated and included in

the schedule The potential for these additional costs which remain to be

detennined TBD are disclosed in the comments section of the implementation

schedule

Priority numbers given in Column of the implementation schedule are defmed

as follows

Priority
An action that must be taken to prevent extinction or to prevent the

subspecies from declining irreversibly

Priority
An action that must be taken to prevent significant

decline in the

subspecies population or habitat quality or some other significant

negative impact short of extinction

Priority
All other actions necessary to provide for full recovery of the

subspecies
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Acronyms used

COE U.S Army Corps of Engineers

CORNELL Cornell University

CSP California State Parks

DFG California Department of Fish and Game

FWS U.S Fish and Wildlife Service

IIBC International Institute of Biological Control

LAWA Los Angeles World Airports

MCBCP Marine Corps Base Camp Pendleton

NROC Nature Reserve of Orange County

OCEMA Orange County Environmental Management Agency

SWDIV Department of the Navy Southwest Division

TBD to be detennined

TCA Transportation Corndor Agencies

USDA U.S Department of Agriculture
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Table Implementation Schedule for Pacific Pocket Mouse Recovery

Priority Task Task Description
Task

Duration

Years

Responsible Estimated

Agencies
Total Cost

1000s

Costs $1 000s

CommentsFY

01

FY

02

FY

03

FY

04

FY

05

1.1 rotect and secure extant

populations

All TBD EBD

1.2 Jndertake surveys to locate

mknown populations

10 FWS DFG

MCBCP

SWDIV

LAWA TCA

400 40 40 40 40 40 otential

dditional costs

eyond agency

osts TBD

1.3 ontinue to refine

tandardized survey

ipproach

FWS

14

1.5

dentify prospective habitat

ind population
sites

dentify essential habitats

10

10

FWS CSP 60

DFG

NROC

MCBCP

SWDLV TCA

LAWA

All 20

10 10

nd sites



Priority Task Task Description Task

Duration

Years

Responsible

Agencies

Estimated

Total Cost

$1 000s

Costs $1000s

CommentsFY

01

FY

02

FY

03

FY

04

FY

05

1.6 va1uate and prioritize

rotection alternatives for

ssential habitat

10 All 26

1.7 rotect essential habitat 25 All TBD xtent of essential

Labitat and

ossible costs

resently unknown

2.1 1onitor population trends

nd identify potential threats

nd management needs

25 FWS CSP

DFG MCBCP

SWDIV

2000 80 80 80 80 80

2.2.1 evelop and implement

daptive management plan

for Camp Pendleton

25 MCBCP 300 20 20 20 20 20

2.2.2

2.3

evelop and implement

Ldaptive management plans

or other locales

rotect habitat from fire and

25

25

FWS DFG

LAWA

SWDIV CSP

TCA

All

142

TBD

22 27 27 26 20 Implementation

osts are presently

inknown

ire abatement measures



Priority Task Task Description Task

Duration

Years

Responsible
Estimated

Agencies Total Cost

$1 000s

Costs sI000s

FY CommentsFY

01

FY

02

FY

03

FY

04 05

2.4 ence Pacific pocket mouse

iabitat where necessary

FWS CSP

DFG

MCBCP

SWDIV

LAWA

TBD

10 10 ontrolto be

2.5 ontrol depredation by cats

md other exotic predators

25 FWS CSP

DFG MCBC1

SWDIV

252 12 10 10

10 10

Lchieved per

ntegrated predator

nanagement plans

ifter 2001

possible future

2.6 ontrol exotic plants
25 All 140 10

osts TBD

2.7 Monitor success of

pTlanagement
efforts

22 FWS CSP

DFG MCBCI

SWDIV
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Priority Task Task Description Task

Duration

Years

Responsible

Agencies

Estimated

Total Cost

$1000s

Costs $l000s

CommentsFY

01

FY

02

FY

03

FY

04

FY

05

3.1 Select target sites for actions

hat enhance or expand

iabitat

FWS CSP

DFG MCBCP

SWDIV

LAWA

TCA

13

3.2 Jndertake habitat

rianipulations to increase

opulation numbers

24 FWS CS
DFG MCBCP

SWDIV

LAWA

360 15 15 15 15

3.3 daptively manage Pacific

ocket mouse habitat and

opulations

25 All 265 20 20 60 60

3.4 Jndertake habitat

nanipulations for

eintroduction efforts

TBD FWS DFG

MCBCP

SWDIV

LAWA

TBD costs and task

luration TBD



Priority Task Task Description Task

Duration

Years

Responsible

Agencies

Estimated

Total Cost

$1 000s

Costs $1 000s

CommentsFY

01

FY

02

FY

03

FY

04

FY

05

3.5 vaIuate and monitor

uccess of habitat restoratiot

fforts

20 FWS CS
DFG

MCBCP

SWDIV

LAWA

60

4.1 ollect basic information on

iatural history

FWS DFG

MCBCP

SWDIV

20 10

4.2 .esearch predator ecology FWS CSP

DFG MCBC1

SWDIV

50 20 10 10 10

4.3 valuate Argentine ant

invasions into existing and

otential habitat

All 65 15 15 15 10

4.4 valuate role of fire and fire

nanagement

25 All 104 10 10 11 otential

idditional costs

IBD



Priority Task Task Description Task

Duration

Years

Responsible

Agencies

Estimated

Total Cost

$J000s

Costs $l000s

CommentsFY

01

FY

02

FY

03

FY

04

FY

05

4.5 valuate effects of night-

ime lighting

FWS CSP

DFG

MCBCP

SWDIV

45 15 15 15

4.6 valuate effects of past

griculture on habitat

unction

FWS CSP

DFG

MCBCP

SWDIV

16

4.7 evelop biocontrol methods

or exotic plant species

15 FWS USDA

CORNELL

500 100 100 100 100 otential

dditional Cost

4.8.1 etermine reproductive

otential of the subspecies

FWS DFG 95 20 30 25 20

4.8.2 etermine habitat area

equirements and dispersal

listances

FWS DFG 85 30 20 20 15

4.9 onduct research on

onservation genetics

FWS 45 15 15 15



Priority Task Task Description Task

Duration

Years

Responsible

Agencies

Estimated

Total Cost

1000$

Costs S1000s

CommentsFY

01

FY

02

FY

03

FY

04

FY

05

4.10 .efine management plans 10 FWS CSP

DFG

MCBCP

SWDIV

20 10

4.11 1efine recovery criteria FWS

5.1 valuate feasibility of

arrying out translocation

fforts

FWS DFG

MCBCP

SWDIV

LAWA

24

5.2 evelop translocation

rotoCOl for wild-reared and

aptive-bred individuals

FWS DFG

5.3 mplement translocation

rogram

10 FWS DFG

LAWA

750 75 75 75 be undertaken

inly if feasible an

tecessary as

letermined by

prescribed

esearch possible

uture costs TBD



Priority Task Task Description Task

Duration

Years

Responsible

Agencies

Estimated

Total Cost

$1 000s

Costs $l000s

CommentsFY

01

FY

02

FY

03

FY

04

FY

05

5.4 4onitor translocated

opulations

20 FWS CSP

DFG

MCBCP

SWDIV

LAWA TCA

100

5.5 evelop protocol for

aptive breeding if

iecessary

FWS DFG 16

5.6 mplement captive

reeding program
for

elated species

FWS DFG

TCA

500 ro be done only as

last resort

ossible future

osts TBD

5.7 mplement captive

reedrng program for

acific pocket mouse

20 FWS DFG

TCA

700 10 be done only as

last resort

ossible future

osts TBD

6.1 evelop participation plans

implement recovery

25 ALL 100
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Executive Summary

This summary describes the improved emission factors that were developed in this

study for construction activities and paved roads in western states For construction

activities four levels of emission estimation are presented The first level area-based

may be directly substituted into any prior inventory that incorporated the original AP-42

construction emission factor The other three levels offer increasing accuracy as

compared to the area-based factor but require successively more detail on the types and

intensities of construction activity in the inventory study area

Emission Factors for Construction Activities

In addition to the area-based emission factor the current version of AP-42 also

includes series of factors for unit operations that occur at construction ites These

operations include activities such as loading and unloading of earth and aggregate

materials land clearing and general vehicle traffic The unit operation approach can be

expected to provide more accurate emission estimate than the area-based factor for

given site because site-specific information can be used On the other hand the unit

operation approach cannot be directly applied to the large-scale emission inventories

maintained by air regulatory agencies because of the intensive input information

required The project described in this report bridges the gap between the two

approaches

This report describes series of emission inventories based on the unit operation

approach prepared for seven construction projects that were visited during the study
The sites were located in four study areas Las Vegas Coachella Valley South Coast

and the San Joaquin Valley

For each of the construction sites visited the emission inventory took into account

the type and intensity of construction activities observed at the site during the morning

before lunch break and afternoon Inventories made use of the unit operation

emission factors given in AP-42 Table 13.2.3-1 together with activity observations and

other data collection activities

The investigation results for each site are summarized in Table ES-i The table

presents the range mean and standard deviation of the estimated hourly PM10 emission

rate for on-site construction activities In addition the mean hourly rate is divided by
the area of the construction site to develop an overall area-based PM10 emission factor

of the same sort as the original TSP AP-42 emission factor that has been used in

inventories since 1975 Given the range in size and level of activity from one

construction site to another it is not surprising that the overall area-based emission

factors range over two orders of magnitude

MRI-ENVIRON\R355-OI ES-i



Table ES-i Summary of Uncontrolled PM10 Emission Rates Estimated

for the Construction Sites

Estimated uncontrolled PM0 emission Overall uncontrolled PM10 emission

rate lb/br factor

Site Range Mean S.D lb/acre-work hr torilacre-inonth8

1.1 82-150 11628 0.39 0.032

1.2 67 161 13344 3.8 0.32

2.1 18 146 02 73 0.95 0.080

2.2 0.68 0.81 0.74 0.065 0.046 0.0039

3.1 300 494 393 80 4.8 0.40

3.2 560 793 712 104 5.1 0.43

5.2 82 228 164 74 4.1 0.34

Geometric mean Geometric mean
1.3x15.9 0.11 x/4-5.9

Based on 168 work-hours per month

Note that in 1990 study for South Coast Air Quality Management District

SCAQMD Midwest Research Institute MRI recommended an adjusted version of the

original factor to reflect PM10 rather than TSP emissions from construction sites The

revised value for PM100.31 ton/acre-monthserves as the basis for comparisons in

this study

Table ES-I shows that the geometric mean of the emission factors is 0.11 ton/acre-

month Substitution of this value for the original AP-42 emission factor represents the

simplest revision that can be recommended based on the present study

The revised overall factor 0.11 ton/acre-month is roughly three times smaller than

the previous value of 0.31 ton/acre-month However direct comparisons between the

original and revised factors can be somewhat misleading for at least two reasons

First about half of the surveyed sites yielded an overall factor greater than

0.31 ton/acre-month These sites were associated with large-scale earthmoving

operations and trucking of fill material On the other hand sites without large-

scale cut/fill operations yielded area-based factors smaller than the

0.31 ton/acre-month value To at least partially account for this variability the

sites with active large-scale earthmoving operations were considered separately to

obtain worst-case overall factor of 042 ton/acq4

Second the original factor includes effects of at least two emission sources not

included in the proposed overall factor of 0.11 ton/acre-month Because the

original factor was based on air quality monitoring over areas that were several

-square miles in extent any localized wind erosion or trackout would affect the

ES-2



moniCe the resulting emission factor It is not clear how much wind

eroilhtttrackout occurred at the sites that were tested in developing

the original AP-42 factor

It is important to recognize that the emission inventories and any emission factors

based on these results reference uncontrolled conditions i.e they do not account for

any mitigative effects of watering or other dust controls This is in keeping with the

EPAs guidance that AP-42 emission factors should represent the uncontrolled state

Although almost all sites visited regularly watered travel routes none of the water truck

traffic nor any effect of the water on emissions was included in the inventories

The value ofQ straightforward means of revising

current inventories by airect substitution of one emission factor for another However

direct substitution retains the same problems associated with ç.je 4ypf cc

ojiginal
AP-42 one size fits Upision factor For examplehow wll do the

characteristics of the inventoried sites match the characteristics of construction sites in

general Do the inventoried sites contain disproportionally large amount of

earthmoving

To account for differences in activity levels from one site to another second level

of
aggregajpfl

was undertaken to develop an improved emission factor This approach

reconjedt operations rlted to off-highway and over-the-rôtd vehicle moement

of cij/filfand other matenals typically
accounted for nt6re than half of emissions

estimatedr site missions frcfrn those activities were remorom ihe sit totals

Remaining emissioft were averaged and normalized by the sites area The remaining

emission estimates were deemed general coiihdtl81i The gene/al construction

emission factors exhibit far less variability than do overall factors presumably because

they isolate the effect of important source contributions

This report also contains normalized truck and scraper factors that can be used to

estimate emissions from earthmoving operations Recognizing that end-users will not

always have readily available information on numbers of tons and miles transported

third level of aggregation yielded default factors for off-highway scrapers and over-the-

road trucks hauling construction materials e.g fill road base etc.

Table ES-2 summarizes the emission estimation methods recommended on the basis

of the present study As shown four different levels are recommended The first level

represents direct substitution of the overall factors and represents an areawide average

Levels and require that progressively more information be known about the site

The information needed to apply Levels or to areawide emission inventories could

be developed by an agency through review of building or dust control permits or

through direct survey of construction contractors Agencies would develop guidelines to

estimate the amount of cut/fill for different classes e.g residential commercial

institutional etc of construction in much the same manner as they currently estimate

area disturbed on the basis of construction projects valuation Level on the other

MRIEVIROPR51
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hand requires detailed knowledge and probably represents methodology that can only

be used to generate site-specific rather than areawide emission estimates

Basis for emission factor Recommended PM0 construction emission factor

Level Only area and duration known Apply 0.11 ton/acre-month average conditions
0.42 ton/acre-month worst-case conditions

Level 2Area and amount of earthmoving Apply 0.011 ton/acre-month for each month of

known construction activity

Plus 0.059 ton/i 000 yard3 of on-site cut/till

0.22 ton/i 000 yard3 of off-site cut/till

These values are based on an assumption that one

scraper can move 70000 yard3 of earth in one month

and 35000 yard3 of material can be moved by truck in

one month If the on-loft-site fraction is not known
assume 100% on-site

Level 3More detailed information available Apply 0.13 lb/acre-work hr

on duration of aarthmoving and other material

movement plus 49 lb/scraper-hr for on-site haulagea

94 lb/hr for off-site haulageb

Level 4Detailed information on number at Apply 0.13 lb/acre-work hr

units and travel distances available

pIus 0.21 b/ton-mile for on-site haulage
062 1/f on-mile for off-site haulageb

If the number of scrapers in use is not known default value of may be used In addition lithe

actual capacity of earthmoving units is known values given in the body of the report should be used

Factor for use with over-the-road trucks It off-highway trucks are used hailage should be considered

on-site

EmissionFactors for Public Paved Roads

Concurrent with the surveys of construction sites field sampling program was

undertaken to determine spatially averaged values of paved road surface silt loading and

total loading in the four study areas The purpose of this testing was to determine how

silt loadings in the study areas compare to the distributions given in AP-42

The results obtained in this study support suspicions that the AP-42 public road silt-

loading database represents roads with higher than normal surface loadings Median

silt-loading values measured in this study were roughly to 10 times lower than in

AP-42 In fact some of the high-ADT roads produced silt loadings slightly lower than

the AP-42 default value for limited access roads i.e 0.02 g/m2 During this program

no strictly quantitative method was used to distinguish between low and high ADT
roads Instead roads were classified on the basis of how they were depicted on city

street maps or on functional classification maps provided by the study area liaison In

general the high ADT roads would be classified as arterials on major streets while

the low ADT roadways could be termed collectors or local streets

Table ES-2 Recommended Emission Factors
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Table ES-3 summarizes the revised paved road emission factors recommended for

general use Alternately this report contains the information needed so that member

agencies may employ the individual silt-loading and mean vehicle data in the same

manner that AP-42 encourages readers to use individual values presented in AP-42

TabJe ES-3 Recommended Paved Road PM10 Emission

Factors

Emission factor gfVMT

High-ADT Low-ADT Averaget

Average conditionsb 0.37 1.3 0.81

Worst-case conditionsc 0.64 3.9 2.1

Based on 65% of high- and 35% of low-ADT sL value

Based on median value and 2.4 tons

Based on 90th percentile and 2.4 tons
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Section

Introduction

The U.S Environmental Protection Agencys EPA reclassification of five areas in

the southwestern United States from moderate to serious PM10 nonattainment

represents challenge to state and local air regulatory groups Simply put to

effectively plan and design control programs that will bring an area into attainment

regulators require reasonably accurate emission inventories However compiling

accurate PM10 inventories in the Southwest is an extremely difficult task for the

following reasons

Unlike other areas in the United States fugitive dust from nontraditional sources

accounts for far greater portion of PM10 emitted in the planning area Here
nontraditional is used to describe emission sources that typically were not

subject to stringent air regulations in the past Industrial plants such as

manufacturers quarries etc which have long been subject to air permitting and
emission inventorying activities are examples of traditional sources Although
construction activities are issued building permits the need to control emissions

from construction operations has only recently been included by many agencies

that use planning to achieve air
quality goals Construction thus represents

nontraditional source Nontraditional also refers to public PM10 sources such
as reentrainment of material from paved streets as well as activities such as

unpaved driveways or off-road recreational vehicles of individual citizens

Nontraditional sources are geographically diverse throughout planning area and

can usually be considered moving targets In other words beyond the fact that

it is difficult to locate and inventory all important nontraditional sources at any
one time many sources may not be present months later while new sources

will have appeared

Nontraditional sources can often have interaction effects For example emissions

from public streets are usually higher near construction sites unpaved driveways
etc because loose material is tracked off and deposited on the paved road

surface As another example off-road vehicles make open areas more

susceptible to wind erosion

Unlike factors for ducted sources techniques to estimate fugitive dust emissions

are of more recent vintage and the techniques continue to evolve Furthermore

fugitive dust emission factors usually take the form of predictive equations
Thus to develop an accurate emission inventory one must have confidence in

the values input to each equation as well as appropriate measures of source

activity
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Federal state and local regulators are well aware of deficiencies in currently

available fugitive dust inventories Even though the EPA recently completed updates to

its emission factor handbook AP-42 there are still limitations in directly

incorporating the revised factors into existing emission inventories To address these

problems the BACM best available control measure Working Group has initiated

several research studies MRI performed one of these studies to improve certain

emission factors based on field sampling data collection and analysis as described in

this report Specifically the objectives of the subject study are to

Recommend improved emission factors for use in estimating paved road
dust emissions on both an annual and 24-hr basis for public roadways
within each of the four study areas.a As discussed in Sections and the

plan has been designed to allow one not only to distinguish between

different functional classes of roadways but also to further differentiate

between the same class of roads in areas with different land use patterns

Recommend methods to estimate emissions on both 24-hr and annual

basis from construction activities within the four study areas As
discussed in Sections and the plan has been designed to permit one not

only to develop areawide inventories based on summary types of

information but also to prepare site-specific inventories for individual

construction sites so that effective dust control plans can be developed for the

sites

The remainder of this report is structured as follows Section briefly summarizes

background information on emission factor methodologies for paved roads and

construction activities as well as limitations on their use Section describes the field

test sites visited during the project and the field activities conducted at each site

Section discusses how the field data were used to refine emission factor

methodologies for the study areas Section summarizes the conclusions and

recommendations and Section contains the references

In this plan the term study area is used to refer to any of the four geographical areas in which

field measurements will be made The four areas are Las Vegas Valley San Joaquin Valley South Coast

Air Basin and Coachella Valley

1-2



Section

Background

This section first discusses what methods are available for estimating emissions

from paved roads and constructioti activities and then describes the underlying basis for

each factor The section also describes limitations of the different methodologies and

what sort of refmements are necessary to improve the overall accuracy of emission

inventories

It is important that the reader keep several points in mind throughout the report

First emission factors can serve several purposes For example one can produce

estimates of either areawide average emissions from broad class of activity or

emissions from specific activity at an individual site over clearly defined time

period Each type of estimate serves useful purpose and any improved methodology

should be capable of providing either In other words the study plan must be designed

such that the resulting emission factors provide flexibility and can accommodate

variety of spatially and temporally resolved input parameters

Also emission factors generally arc best suited to reflect average and relatively

long-term conditions In other words an estimate for total emissions from number of

sources over period of time is usually far more accurate than is an estimate for

single source condition at specific time For example the paved and unpaved road

emission factor equations in AP-42 reference combined emissions from all vehicles

traveling road That is to say one should not consider individual vehicles or vehicle

classes and then attempt to combine separate emission estimates This poses little

problem in preparing emission inventories because source combinations are of primary

interest

Finally it is important to recognize the similarities and differences between open

dust sources at construction sites and those in other industries For example

earthmoving and trenching in construction are comparable to materials handling

operations used in mining and aggregate processing Earthmoving and mining use

similar types2 of equipment to remove transport and reclaim materials Like many

other industries construction also relies on truck deliveries of materials These

similarities justify use of the emission factors developed for the other industries

Of course the most important distinction to be drawn regarding construction

involves its time duration Unlike other industries there usually is no steady-state or

annual average condition Whereas general mining activities can be expected to occur

at least two-thirds of the year in most locations earthmoving at construction site may

be completed within one- or two-week period

MRI-EVtRONR3S5-OI.2 2-1



In practical terms this means that it can be quite difficult to plan field activities for

construction site based on the results of previous visit to the site There is no next

yea that one can presume to be similar to years past

2.1 Emission Estimates for Construction Activities

In 1993 EPA updated3 fugitive
dust emission factors containçd in Compilation of

Air Pollutant Emission Factors AP-42 The update specifically focused on problems

that had been noted about factors for construction activities and paved roads

The section on construction had not been revised to any substantive extent since its

incorporation into AP-42 in 1975 The original section provided single TSP emission

factor to be used for construction operation from start to end

1.2 ton/acre-month of activity

where represents TSP emissions.t The update found that although the existing

factor may have been useful for providing conservatively high emission estimates for

broad geographic areas of interest it cannot either provide reliable estimates for

specific site or subdivide construction sowve contributions for control planning

purposes

The updated AP-42 section includes emission estimates based on unit operation

approach Under this approach construction activities are broken down into generic

operations such as truck travel over paved or unpaved surfaces site preparation by

scrapers and graders or the handling of aggregate material and emission factors in

other sections of AP-42 are recommended to develop estimates Table reproduces the

new guidance on estimating emissions at construction sites

The updated methodology offers improved emission estimates for specific site

However the new approach cannot be directly incorporated into current inventories that

use the older factor based on disturbed surface area The new approach requires more

types of information and higher degree of resolution

To develop means that Working Group members can use to develop areawide

inventories series of field measurement activities surface and activity

characterization were conducted so that mini-inventory of PM10 emissions at each

construction site was performed Section discusses how the field activities were

conducted and Section describes how that information was used to develop an

improved methodology

Note that MRI recommended revised factor of 0.31 ton/acre-month for use by the SCAQMD in

1990 review.4
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Table Recommended Emission Factors for Construction Operations

Construction phase Oust generatingaciMties Recommended emission factor Comments

DEMOU11ON AND DEBRIS

REMOVAL

DemolItion 01 bulIdIns or other natural

obstacles such .s trees bonders etc

1. MechanIcal dememberment

headache bell 01 edatinB

structures

NA

lb ImplosiOn of eaistlrbQ structures NA

ic OriilIn9 an biastln of soil Drilling factor 1.3 tb/hole in Table 11.24-4

Blasttn2 factor NA
BlastIng factor In Table l.24-l-2 not

considered appropriate tot general

construction actibities

id General land clearing Dozer equation overburden In AP42 Section for

Western Surface Cost Mining old Tibia 5.24-1 -2

0.75

where PM1O emission rate lb/lw

surface 55 content

surface moisture content

Lo.dng of debrIs Into trucka Material handIng factor In SectIon 13.2.2

0.0011 U/S M13

where PM1O emIssion factor lb/ton

mean mind speed mph
material moisture Content

Truck transport of debris Unpaved road emission factor In Section 13.2.1

2.1 sl12 5130 W13 w/4t

where PM1O emission factor b/vmt
surface mats Iii aNt content CS

mean vehicle apeed mph
mean vehicle weight tons

mean number of tieels per
vehicle

or

Peved road emisSion factor In Section 13.2.4

0.015 st2auI j131t

where PM1Q emission factor tbvmt

IL sit losig Win
mean vetle weight tons



Table Continued

Dozer equation th old Table 0.24.1

0.75 a/M
fssre PM1O emission rite lbftw

surcesItconlsi15%
aurfece moistigi coqtiint

Construction phase Oust generaiirlg
sctMties Aecominended emisSion laclor Comments

Truck unloading of debris Material handling actor in Section 132.2

0.0011 UI M12

sstere PM1O .mision factor lb/ton

mean awind speed mph
mitetial moisture content

May occur oil-site

ii SITE PREPARATION

EARTH MOVING

OiMdoztng

075 IS/ M4

where PM1O emission rate lb/br

surface alit content .%
surface moisture conient

Scrapers unloading topsoil Scraper unioang factor 0.04 lb/ton in old Table

5.24-4

Scrapers tn travel Scraper travel mode expressIOn In old Table 0.24-

.2

0.0000037 fW

where PM1O emission actor lb/vmt

surfaci material ant Content

mean vehicle weIght tons

Scrapers remosing topsoli
5.7 koJVKT 20.2 fa/VhfT

LoadIng of excavated material kite trucks Malarial handling factor In Section 13.2.2

0.0011 UI53IM/2

where PM1Q emission factor lb/ton

mean wind speed mph
material moisture content

Truck dumpIng 0110 material road base

or other materials

Material handling factor In SectIon 13.2.2

0.0011 U/5I M/2

where PM1O emission laCtOr lb/ton

mean wind peed mph
malerial moisture content

May occur oft-site

CompactIng
EmIssion factor downgraded because

of dlffer.ncea In operating equipment



Table Continued

Construction phase Dust g.n.rating aclMtles Recommended emission factor Cemmenta

Motor grading Grading equation in Table 6.24-1 -2

0031

where PM1O emission factor ibtvmt

mean vehicle speed mph

Iii GENERAL CONSTRUC11ON Vehicular trstflc Unpaved road emission factor in Section 13.2.1

2.1 s/i Sf30 Wf3

where PM1O emission factor ib/vmt

surface material sift content

mean vehicle speed mph
main vehicle weight tons
mean number of wheels per vehicle

or

Paved road emission factor In SectIon 13.2.4

0.016 sLJ2 W/3

where PM1O emission factor lb/vim

CL iSt loading Wm
mean vehicle weight Ions

Ptable plants

2a Crushing
factors for simUar maierlalopsratlons In SectIon 11

old SectIon Cl AP-42

2b Screertg factors for similar matertal/operstlofls In SectIon 11

old Section of AP42

2c Material transfers Material handltng factor In Section 13.2.2

o.oaii UISI Mf2

where PM1O emission factor lb/ton

main wind speed mph
material moistue content

Other coersilons Factor for simper matedalloperltlOns In SectIon 11

fold SecbCn of AP-42



The study plan also made provision for focused emission testing at construction

sites because the emission measurement database for construction operations was

extremely limited.3 Although AP-42 has included an entry for construction-related dust

emissions for almost 20 years there had been little emission characterization performed

that was directly applicable to construction As indicated in Table even the revised

AP-42 Section 13.2 formerly Section 11.2 borrows heavily from tests in the mining

industries as well as the so-called generic fugitive dust factors Although mining

industry factors have been routinely applied to construction Sites over the years there

have been no independent data against which the accuracy of the estimates can be

assessed It is generally unknown how accurately those factors predict emissions from

construction sites For example many construction sites contain temporary unimproved

travel routes At present one cannot confidently answer the question How well does

the unpaved emission factor equationwhich is based on field tests conducted on

permanent roadsestimate emissions from the unimproved routes Section 3.1 also

describes how the limited-scale emission testing was conducted to address this

shortcoming in the available database

2.2 Paved Road EmissionEstimates

The AP-42 update3 also addressed shortcomings in the methods used to estimate

emissions from paved roads For over 10 years AP-42 presented three sets of paved

road emission factor models and it was sometimes difficult to select the set that was

appropriate for particular application During that period distinctions between

urban and industrial paved roads became blurred and it was unknown how well the

urban emission factors performed for cases of increased surface loading on public

roads such as after application of antisldd materials within areas of track-out from

construction or after the accumulation of blowsand

The recent AP-42 update addressed these issues by combining the old urban and

industrial emission factor databases and supplemented the combined database with

additional tests The end result consolidated two older AP-42 sections into single

section containing an emission factor in the form

sLJ265 W/35

where emission factor in glvehicle-mile traveled gIVMT for particular

particle size range see below

sL silt loading amount of loose dry material smaller than 200 mesh

present on the road surface area in g/m2

mean weight in tons of vehicles traveling the road

base emission factor g/YM1 for particle size range as given below
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Particle size range gIVMT

PM25 3.3

PM10 7.3

PM15 9.0

PM 3B

In contrast with the alternate AP-42 methodology for construction the revised

paved road equation can be fairly readily substituted into existing emission inventories

There remains some question about what silt-loading values are appropriate for public

roads Although AP-42 stresses the need to collect site-specific silt-loading sL data

the new section assembled public paved road sL database for possible use when site-

specific information is not available

The paved road sL database is limited in its usefulness in developing improved

methodologies for the present study for various reasons

Almost two-thirds of the available data were collected in Montana and only data

collected in Montana provide information on the seasonal variation of sL

There has been little uniformity in either the sampling/analysis methods used to

determine sL values or in schemes used to report roadway classifications

Examination of the database did not reveal any meaningful relationship between

silt loading and other variables such as average daily traffic road class

etc.

It is suspected that the sL database is somewhat skewed toward high values

This is because the majority of measurements were collected during the first

calendar half which was found to have substantially higher values than the

second half and because of anecdotal information that at least some of the

sampling programs focused on suspected trouble spots that were heavily loaded

such as after snow/ice storms near construction sites etc.

Several sL sampling programs have been undertaken since the time of the AP-42

update One study centered on the effectiveness of controls for mud and dirt trackout

from construction sites.5 The Idaho Department of Environmental Quality measured

road loadings during the 1993 winter season in Pocatdilo Washoe County Nevada is

currently conducting year-long study that will better define temporal variations

Although all provide useful information none remove the limitations noted above

MRl.ENVIROWR3$SS-OL2
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The field program discussed in Section 3.2 was conducted to develop site-specific

sL data for the study areas of interest The study plan provided for collection of

spatially averaged sL data for different roadway classifications and under

normal and elevated conditions
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Section

Field Sampling and Data Collection Activities

This section discusses the field measurement and other data collection activities that

were undertaken during the program

3.1 Construction Sites

Two types of field activities were conducted at the selected construction sites The

first dealt with demonstration case study that was conducted for each site MRI

collected site-specific aggregate material samples and monitored activity at each site

over period of or days This information was used in conjunction with the factors

in Table to generate an emission inventory of major PM10 dust sources at the time

of the visit The inventories in turn were used to develop revised estimation methods

see Section 4.1

The second type of field activity concerned limited emission testing of certain

PM10 sources at construction sites As noted in Section 2.1 the measurement database

directly applicable to the construction emission sources is extremely limited Testing

conducted in this program provided independent data against which the accuracy of

available emission factors may be assessed

3.1.1 Description of Construction Test Sites

During the period of April through 12 1995 MRI visited candidate construction

test Sites in the four study areas Sites had been identified by Working Group liaison

for the study area From the candidates MRI selected Sites suitable for both field

objectives i.e inventory and source testing Table presents the construction sites-

visited and describes what activities were present during the site visit and what activities

were projected for the field sampling visit MRI returned to the sites to perform field

sampling activities during the period between June 19 and July 18 1995

As would be reasonably expected some anticipated construction activities were not

present when MRI returned to the sites in June and July As result modifications to

the sampling plans were sometimes necessary The following paragraphs describe the

sites selected as well as the construction activities that were in progress when MRI

returned for sampling.6

Based on information learned during the April visits three test sites were selected

in the Las Vegas area The first site selected Site 1.1 was the Golden Triangle

industrial park Figure being developed in North Las Vegas Most large-scale

MRI-IRO1%R3$-Ol .2
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Table Surveyed Construction Sites

Construction activity
levels

Type of

Study area Site construction Observed during the April site survey Projected to be present during JunJuly Observed during June/July

Las Vegas 1.1 Industrial Trenching and pipelaying limited Construction of storm channel with Moderat activity Inclung trenching

earlhmovlng concrete deliveries other concrete woric firnited earthmoving prepaving activities

e.g sidewalks etc mad paving

ranching

1.2 Residential Scraper excavation in Unit no General construction pads framing Moderate activity trenching in Unit

activity In UnIts or etc

Heavy activity short-distance

Long haul of cut material from Unit to eathmoving dtliuingblasting

Unit compactIon in Unit

1.8 Residential Construction riot begun during April Trenching paving None trencher broken down during

visit

Coachella Valley 2.1 Residential Construction not begun during April Grading and paving of roads in Moderate trenching prepaving to

Tract 27365 to start In mid-June heavy tuddng of road base

2.2 Residential Trenching road grading General construction with some Low to moderate activity including

ranching remaining Chance of framing and landscaping

earthmoving

South Coast 3.1 Residential Heavy earthmoving by scrapers Heavy earthmoving with some long haul Heavy actMty cut/fill
with some limited

of cut material stockpiling

3.2 Residential Heavy earthmoving by scrapers Heavy earthmoving Heavy earthmoving

observed from off-site location

San Joaquin 5.2 Commercial Site was not visited prior to sampling Site was not visited prior to sampling trip Moderate ranching to heavy activity

Vafley trip
tnicldng of fill material
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Material samples and analytical results

coded as follows Sample IDs consist

3-digit number preceded by code lettter

paved road sample

unpaved road sample

bulk material sample

Taken from travel areas throughout site

Analysis results axe coded as follows

surface moisture content

silt consent

sL turface silt loading g/ns2
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earthmoving had been completed by the time of the July visits variety of activities

were observed during the July return visit including

trenching for sewers/utilities

stockpiling of road base and other pre-paving operations

scraper movement of spoils

Site 1.2 was residential construction Site Figure in the southwestern part of

metropolitan Las Vegas The site-was being developed near Russell and Rainbow

Roads by Perma-Bilt Homes Construction was planned for different phases and

Units and were scheduled to be active during the summer of 1995 At the time

of the April site surveys it was expected that substantial earthmoving operations would

occur during June with 80000 cubic yards cy of material being moved from Unit to

Unit Prior to arriving in June however MR was informed that the long-haul

movement was largely completed During the return visit MR found mostly trenching

activities in Unit and fairly short-haul cut/fill operations in Unit

The third site selectedSite 1.3was another Perma-Bilt subdivision located near

Maryland and Pebble roads in the southeastern portion of Las Vegas metropolitan area

In April it was expected that grading activities would be completed before the return

visit and that July activities would consist of trenching and general construction

During the return visit in July however no construction activity was present at this site

because of equipment repairs

Two residential sites were selected in the Coachella Valley The firstSite 2.1
consisted of the Del Webb Sun City phased single- and multiple-fa.mily residential

development Figure in Bermuda Dunes In the northern tracts houses were being

spot built in areas with paved roads and utilities were already completed The major

construction activity anticipated during the April site surveys involved utility trenching

and paving in Tract 27365 and blading of roads was scheduled to begin in mid-June

Start-up of the Tract 17365 activities was delayed however until the second week

of July As result when MR arrived at Site 2.1 the road base material had been

delivered to Tract 27365 However base material was delivered to an area farther to

the north This activity was observed and emissions estimated Even though the

activity occurred to the north the estimated emissions were ascribed to the inventory for

Tract 27365 to partially account for the importation of road base material that had

occurred few days earlier

Site 2.2 in the Coachella Valley involved residential construction Figure in

La Quinta At this site near Miles Avenue and Dune Palms Road Century Homes was

building two product lines of homes Construction was progressing from the corners

toward the middle of the site
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Figure Site 2.1

Kc Material samples and analytil results

coded as follows Sample IDs conssa of

3-dilt number preceded by code lcttter

paved road sample

unpaved road sample

M- bulk material sample
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50m

Analysis rtsult arc coded as follows

surface moisture content

silt content

si..- surface silt loading fm2
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During the site survey it was expected that trenching for utilities and flatwork/framing/

finishing would occur during June and July although some earthinoving approximately

50000 cy might occur During the return visit in July only limited framing/fmishing

work was in progress

Two large-scale earthmoving projects were selected based on the April survey visit

to the South Coast area Both projects were operated by SUKUT Construction

Site 3.1 concerned residential development in Newport Beach This site involved

cut/fill operations on hillside to provide more ocean view lots The project Figure

involved the movement of 1500000 cy and was expected to run through June 1995

By the return visit in late June mOst long routes had been completed although eight

scrapers were still in daily cut/fill use The other major activity observed was the

construction of Loffel retaining walls along the eastern property line

Site 3.2 Figure was another residential development Wishbone Hill located

approximately mile down the coast from Site 3.1 Earthmoving for this project also

was expected to extend through June 1995 The site was unavailable for visiting during

the April 1995 trip At the time of the return visit in late June eight scrapers were in

daily use

No sites were identified during the April visit to Bakersfield During that visit

representatives
of both the San Joaquin Valley Unified Air Pollution Control District

SJVUAPCD and MRI met with Building Industry Association BIA personnel to

discuss study objectives and desirable attributes of candidate sites Attempts failed to

locate suitable sites in the Bakersfield area. However SJVUAPCD personnel identified

two candidate sites in the Fresno area Arrangements were made to visit these sites in

late July and early August to conduct the demonstration studies

Site 5.1 involved construction of Valley Childrens Hospital in Madera County

Activities observed during the July 31 visit included scraper excavation for foundations

and trenching for utilities Because of difficulties in obtaining corporate approval full

access to the site was not possible and no demonstration studies could be conducted

Site 5.2 Figure pertained to commercial development Market Place at

River Park in northern Fresno Construction activities observed included scraper cut/

fill trenching for sewer/utility and importation of fill material
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In summary total of seven construction sites were selected

Site DescnptIonevel of activity observed

1.1 Industrial park moderate activity trenching prepaving and small-scale earthmoving

activities

1.2 Residential construction moderate activity trenching in Unit and heavy activity

cutiII in Unit

2.1 Residential construction moderate trenching prepaving to heavy trucking of road

base activity

2.2 Residential construction low to moderate activity

3.1 Residential construction heavy activity

3.2 Residential construction heavy activity

5.2 Commercial development moderate to heavy trucking of fill material activity

An eighth site Site 1.3 was also visited however no major construction activity

was in progress because trenching equipment was broken down copy of the field log

is provided in Appendix

3.1.2 Demonstration Case Studies Inventories

At each site minimum of days of observations were made Separate

observations were made in the morning and the afternoon so there were minimum of

four observation periods for which inventories could be developed

Both source activity and properties of the dust-emitting materials were needed to

prepare the emission inventory This required the collection of the following types of

information

Traffic counts for primary haul routes on-site and access points to public roads

Use counts for heavy equipment such as bulldozers graders etc

Samples of

Unpaved road surface material

Paved road surface material

Road base or other aggregate materials

Excavated materials including that moved by scraper

Material samples were analyzed for silt and moisture contents as necessary for use in

the emission factors in Table
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As described in the test Plan6 MRJ used pneumatic traffic counters along the major

travel routes and at main access points To determine counter accuracy 30-mm visual

observations of vehicle passes over each traffic counter were used Observations were

made both before and after the normal lunch break and each observation period lasted

at least 30 mm

For nonroad operationssuch as scrapers dozers compactors and excavatorsand

other operations that might damage traffic counter hose visual observations were used

to determine cycle time and how many loads were completed Note that by selecting

suitable vantage points more than one set of visual observations could be recorded

simultaneously

Figures through also show the material samples collected at the sites Sample

collection followed the general procedures presented in Appendix C.1 in AP-42

Additional detail on sample collection and analysis are provided in the test plan.6

3.1.3 Focused Emission Measurements

Because few emission measurements had ever been collected specifically
for

construction sites part
of the field program was devoted to second objective of

collecting data to better define the applicability of unit operation emission factors to

construction sites

Preliminary planning called for testing to emphasize major on-site dust sources

The major sources could all be represented as line sources for the purpose of testing

Past studies indicated that the most important sources pertain to earthmoving scrapers

graders etc and truck haulage with the handling of cut/fill and other materials

representing small fraction of total emissions

Three sitesSites 1.2 2.1 and 3.1were selected for the limited-scale emission

testing The sources tested were as follows

Las Vegas Study Area

tests of scrapers traveling over an unwatered route at Site 1.2

South Coast Study Area

tests of scrapers traveling over an unwatered route at Site 3.1

tests of scrapers traveling over watered route at Site 3.1

Coachella Valley Study Area

tests of captive light-duty vehicles traveling an unpaved route at Site 2.1

MRI.VlRONR38S5-OI
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As discussed in the test plan6 the categories tested represent line sources and were

evaluated using the exposure profiling method

Emission testing employed the basic exposure profiling method The technique

uses direct mass-balance calculation scheme similar to stack testing methods rather

than relying on an uncalibrated dispersion model to indirectly back calculate an

emission rate Figure shows equipment deployment for testing line source such as

traffic on an unpaved road or scraper movement The sampling device was high-

volume hi-vol air sampler fitted with cyclone preseparator Figure The

cyclone exhibits an effective 50% cutoff diameter of approximately 10 .imA when

operated at flow rate of 40 acfm 68 m3/hr.6 Samplers were fitted with volumetric

flow controllers to maintain the desired flow rate and airborne particulate Samples

were collected on in by 10 in glass fiber filters

Additional detail on test methods sample analysis and data reduction are provided

in the test plan.6 In addition the field logs in Appendix describe the testing

3.2 Paved Road Surface Silt Loading

The other major objective of the study was to provide better paved road emission

factor for use by BACM Working Group members The AP-42 emission factor for

paved roads depends on silt loading sL which represents mass of loose material less

than 200 mesh present on the active road surface area The magnitude of the silt

loading in turn depends on numerous factors including

The number size and speed of vehicles traveling the road

Proximity to unpaved areas such as parking lots shoulders and construction

sites

Degree to which the road is maintained

Anthropogenic and naturally occurring consequences of weather e.g antiskid

materials and wind and water erosion

The overall sampling scheme involved collection of eight sets of composite loading

samples in each study area The sets were broken down as follows Roads in three

zones were identified in conjunction with the study area liaison
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Two zones were chosen to represent nominal conditions in the study area while the

third represented an area in which fairly extensive trackout from construction and other

activities might be expected The roads were classified as either high- or lowADT.c

Recall that the objective of the sampling scheme was to provide composite

loading sample In other words single silt-loading value would be determined for

each zorielADT combination from series of sample increments taken of four to eight

individual sites for each combination Actual streets selected for sampling would

provide reasonable geographic coverage and actual sampling Sites Would be recorded on

detailed street maps

Sampling followed the procedures given in Appendix C.1 to AP-42

During the April site visits MM collected two composite samples in each of the

four study areas The preliminary exercise allowed MRI to field-evaluate certain

parameters such as determining suitably sized areas for surface sampling and number of

increments Each preliminary composite sample consisted of four increments taken

from nominal 5% 200 ft2 18 m2 area Based on results from preliminary

sampling MRI modified its original
plans

so that roughly twice the total sample area

i.e approximately 1600 ft2 was used

The preliminary exercise also provided for limited comparison of paved road

surface-loading values at different times The roads sampled in April in each area were

resampled in June/July

No strictly quantitative method was used to distinguish between low and high ADT roads

Rather roads were selected On the basis of bow they were depicted on either city street maps or on

functional classification maps provided by the study area contact person Note also that no effort was

made to coUect surface material samples from limited access or very high-ADT roads The decision is

based primarily on safety concerns for the field crew
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Section

Data Analysis

This section discusses how the field data were analyzed to recommend improved

emission estimation methods for construction activities and paved roads

4.1 Recommended Emission Factor for On-Site

Construction Activities

As noted in Section emission inventories were prepared for the construction

activities observed at each site during the morning before lunch break and afternoon

Inventories made use of the emission factors given in Table together with

observations and other data collection activities The inventories are presented in

Appendix and the results for each site are summarized in Table The table

presents the range mean and standard deviation of the estimated hourly PM10 emission

rate for on-site construction activities In addition the mean hourly rate is divided by

the area of the construction site to develop an overall area-based PM10 emission factor

of the same sort as the old former AP-42 emission factor that has been used in

inventories since 1975

Given the range in size and level of activity from one site to another it is not

surprising that the overall area-based emission factors range over two orders of

magnitude The geometric mean of the emission factors is 0.11 ton/acre-month

Substitution of this value for the original AP-42 emission factor represents the simplest

revision that can be recommended based on the present study

It is important to recall certain features of the inventories and by extension of any

revised emission factor based on the inventories First two potentially important dust

sources have not been includedwind erosion and mud/dirt trackout

Wind erosion of areas exposed at construction sites can result in substantial

emissions of particulate matter Wind erosion requires that two events occur the

area first must be disturbed so that the mitigating effects of crusting and compaction are

destroyed and then wind gusts above threshold wind speed must occur For

construction that is associated with limited time period there are fewer opportunities

for both events to occur Furthermore intensive anthropogenic activity that disturbs

larger surface areas is usually concentrated in relatively short period of time at

construction site Thus wind erosion is typically
less important for construction Sites

than it is for areas landfills storage yards and staging areas off-highway recreation

sites etc that are exposed to the wind throughout the year

MRI.VIRON%R3L55-1-2
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Table Summary of Uncontrolled PM10 Emission Rates Estimated for the

Construction Sites

Estimated uncontroiled PM10 Overall unntrolIed PM10
emission rate Ib/hr emission factor

Site area

Site Range Mean S.D acre lb/acre-work hr tonfacremontha

1.1 82- 150 11628 300 0.39 0032

1.2 67 161 133 44 14 Unit 3.8 0.32

21_Unit_2

2.1 18 146 82 73 86 0.95 0.080

2.2 0.68 0.81 0.74 16 0.046 0.0039

0.065

3.1 300 494 393 80 82 4.8 0.40

3.2 560 793 712 104 140 5.1 0.43

5.2 82 228 164 74 40 4.1 0.34

Geometric mean Geometric mean
1.3x/i-5.9 0.11 x/ 5.9

Based on 168 work-hours per month
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To estimate emissions from wind erosion at particular construction site the

procedure presented in References and should be followed The procedure which

is essentially the same as that given in AP-42 Section 13.2.5 has been automated and is

contained in the WIND model available from the EPAs OAQPS bulletin board

919-541-5472 Section 5.3 presents an example of how wind erosion can be estimated

for specific construction site

In addition this study did not quantitatively address track-out of material from the

surveyed construction sites onto adjacent paved roads This construction-related but

off-site source can often represent very substantial emissions MRI staff photographed

the access points and neighboring roads at the sites and found wide
variety of track

out effects.d

Trackout affects emissions from another source category paved roads contained in

large-scale emission inventories Thus inclusion of trackout in construction emission

factor introduces the possibility
of double counting emissions Should one desire to

estimate the emissions due to trackout from specific construction site then the

procedure given in earlier EPA guidance documents should be followed This approach

is illustrated in Section 5.3

Because the original AP-42 emission factor was based on air quality monitoring

over areas that were several square miles in extent any localized wind erosion on

trackout would have affected the monitors and hence the resulting factor It is not clear

how much wind erosion or mild/dirt trackout was included in the original factor

Furthermore the emission inventories referenced uncontrolled conditions and any

emission factor based on these results also will reflect uncontrolled conditions Most of

the sites visited had water trucks controlling travel routes and applying water to any cut

fill areas Information on water truck usage is provided in the field logs in

Appendix Note that no water truck usage was included in the inventories in

Appendix B.C

The 0.11 ton/acre-month value discussed above represents straightforward means

of revising current inventories with the direct substitution of one emission factor for

another However direct substitution retains the same problems associated with the

generality of the original factor For example it is unclear how well the distribution of

inventoried sites matches the characteristics of construction sites in general Do the

inventoried sites contain disproportionally large amount of earthinoving scraper

For example trenching along the northern boundary of Site 1.2 required the temporary blocking of

one travel lane of public road This forced westbound traffic to travel several hundred feet over an

unpaved shoulder Both sites in Newport Beach area on the other hand showed very little sign of track

out onto the public streets

Note that some of the focused emission measurements addressed the control effectiveness of

watering travel routes This is discussed in Section 4.2
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emissions To at least partially account for the higher emission rates found for sites

with active large-scale earthmoving operations the overall area-based emission factor

for Sites 1.2 Unit 3.1 3.2 and 5.2 can be considered separately As shown in

footnote to Table this yields worst-case overall factor of 5.0 lb/acre-work hr or

0.42 ton/acre-month

To account for differences in activity levels in another way second level of

aggregation was undertaken to develop an improved emission factor This approach

recognizes that operations related to scrapers and truck movement of cut/fill and other

materials typically accounted for far more than half of emissions estimated for site

In the second level of aggregation emissions related to scraper pickup movement

and unloading and truck dumping and haulage of fill or road base material were

removed from the site totals Remaining emissions were averaged and normalized by

the sites area The remaining emission estimates were deemed general construction

and are shown in Table together with the original overall factor

The truck and scraper emissions were themselves normalized by dividing the hourly

emission rate lb/hr by the product of tons handled per hour and the round trip

on-site distance For example if scraper transported cut material 500 ft to fill area

then the round trip on-site distance would be 1000 ft On the other hand if belly

dump truck entered site at one access point traveled 300 ft to fill area and thereafter

traveled 500 ft to another exit point then the on-site round trip distance would be

800 ft

The general area-based emission factors in Table exhibit far less variability

than do the overall factors presented earlier presumably because they isolate the effect

of important source contributions Furthermore even though the calculated scraper and

truck haulage emission factors range over an order of magnitude the ranges are far

tighter than that given for the overall area-based emission factor presented above

The area-based emission factor of 0.11 ton/acre-month 0.42 ton/acre-month under

worst-case conditions described above represents Level emission estimate To

develop an emission estimate more refined than Level the following approach was

undertaken First the general construction factors in Table for Sites 1.1 1.2 2.1 and

5.2 were geometrically averaged to obtain 0.14 lb/acre-work hr 0.011 ton/acre-month

This value was considered to represent emissions due to construction activities exclusive

of earthmoving and other large-scale movement of material Note that Sites 3.1 and

3.2 were excluded in the averaging because these were exclusively earthmoving

projects and Site 2.2 was excluded because of the low activity level during the field

visit
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Table Second Aggregation of Estimated Emissions

Area-based emission factor Material haulage factor

b/acre-work hr lbfton-mile

General

Site constructionb Overall Range Geo mean

1.1 0.11 0.39 0.12-1.2 025

0.75 0.78 0.75

1.2 0.19c 62d.e 0.11 027 0.22

2.1 0.072 0.95 0.13 0.13 0.13

0.23-0.23 0.23

2.2 0.046 0.046

3.1 0.051 4.8 0.13 0.32 0.19

3.2 0.017 5.1 0.22 0.26 0.25

5.2 0.24 4.1 0.18 0.46 0.28

0.13-0.13 1.3

Geometric meant Range over all sites Geometric mean

0.14 lb/acre-work hr 0.11 1.2 0.21 x/ 1.32

0.23- 1.3 0.62 x/ 2.42

Source extent is product of mass of material transported times round trip on-site

travel distance See discussion in text Table lists scraper enission factors unless two

entries are given In that case the first factor represents scrapers and the second

represents over-the-road trucks such as belly dumps that can travel public streets

Excluding on- and off-site material haulage and handling

Unit

Unit2

Value included in obtaining geometric mean factor of 5.0 lb/acre-work hr 0.42 tonI

acre-month for sites with active large-scale earthmoving

Average of Sites 1.1 1.2 2.1 and 5.2

MRl.VPOAR35S-O1.2
4-5



more refmed emission estimate would make use of the base emission factor of

0.011 ton/acre-month and would add an estimate for emissions from earthmoving or

other large-scale movement of materials To account for emissions from such

operations MRI first developed mean hourly emission factors for scrapers and over-the-

road trucks hauling construction materials e.g fill road base etc. Tables and

show how these factors were developed The inventoried hourly emission rates

attributable to scrapers in Appendix were divided by the number of working scrapers

These values were averaged over all periods at site when scrapers were observed to be

operating To account for differences in the size of scraper Table breaks down

factors by the nominal capacity

As in Table the hourly emission rates in Appendix attributableto truck

movement were averaged over all periods at site when truck movement was observed

However unlike the per-scrape factors in Table the emission factors for truck

haulage in Table are based on the total truck fleet hauling material to/from the site

This approach rather than per-vehicle basis was adopted because the number of

trucks used varies with the distance of construction site from the source/disposal site for

the material For example if the material to be transported is nearby two or three

trucks might be enough to maintain efficiency in loading/unloading cycle On the other

hand if the source is several miles away then additional trucks would be necessary to

maintain efficiency because more time is spent in travel

As mentioned above the more refmed emission estimates use the base factor 0.011

ton/acre-month and add estimates for emissions from material movement Perhaps the

most straightforward use would involve examining construction plans for the amount of

material to be transported and how far material is to be moved on-site In this case the

material haulage factors in Tables and could be used However this type of

approach would require extensive information which cannot reasonably be assumed to

be available to air regulatory personnel interested in areawide emission inventories

On the other hand it is reasonable to assume that regulators may have access to the

amount of cut/fill at construction project For example the amount of cut and fill is

requested in the application for Clark County Air Pollution Control Division dust

control permit Furthennore by comparing the applicants response for amountof cut

with the response for amount of fill one can determine whether all earthmoving occurs

on site or if material is to be transported to/from the site In developing Level

estimate it was assumed that agency personnel have access to this type of information

In Level emission estimates for earthmoving are based on knowledge of the

amount of cut/fill For on-site movement it is assumed that one 3O-cy scraper can

move 70000 cy of earth monthly The basis of this and other assumptions is given in

Appendix Using the average scraper emission factor of 49 lb/hr from Table then

total of 4.1 ton/month is estimated for 168-hr month When this is divided by the

70000 cy/month of moved an emission factor of 0.059 ton/l000 cy is obtained for

on-site movement

46



Table Mean Emission Rates for Scrapers

Mean PM10 scraper emission rate lb/scraper-hr

by nominal scraper capacity

Site 10 cu yd 20 Cu yd 30 Cu yd 45 Cu yd

1.1 31.1

1.2
51.3

2.1 10.9

2.2

3.1 47.6 62.2

3.2
114

5.2 32.0 64.6

Geometric 19 45 49 84

Mean

Capacities correspond to Caterpillar Models 613 623 631/637 and 657 In the

absence of other information assume that

scrapers are of 30 cu yd capacity

four scrapers are in use

Table Mean Emission Rates for On-Road Trucks

Mean truck PM10 emission factor

Site lb/work hr

1.1 34.5

1.2

2.1 130

22

3.1

3.2

5.2 186

Geo Mean 94 b/work hr 7.9 tor1month

MRI.VRON\P3855-OI2
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Appendix also describes the basis for the assumption that 35000 cy can be

transported to/from by truck per month Based on the average truck factor of 7.9

ton/month in Table an off-site factor of 0.22 ton/ 1000 cy results

Table summarizes the recommended emission estimating procedure Level

corresponds to only information that is available in any current inventory based on the

original AP-42 emission factor Level is based on information that could be obtained

through review of building or dust control permits Development of the necessary

information is discussed in Section 4.4

Table also presents Level and Level These correspond to the straightforward

use of the emission factors in Tables through As mentioned earlier Levels and

require information on how and what types of equipment are used at the site Level

in particular requires detailed knowledge and probably represents methodology that

can only be used to generate site-specific
rather than areawide emission estimates

Although not intended for use in large-scale emission inventories these two levels may

be useful estimation tools when specific construction sites are of interest

4.2 FOcused Emission Measurements

As discussed earlier very limited data exist against which the performance of

Table emission factors can be assessed The field program described in Section

developed independent data that can be used for this purpose Testing parameters are

given in Table Table presents the results of the limited-scale emission

measurements and Table 10 compares predicted and measured emission factors for the

two source categories considered

Measured uncontrolled scraper travel emission ranged over roughly one order of

magnitude The emission factor equation developed from tests at surface coal mines

underpredicted emissions in Las Vegas but overpredicted emission levels in Newport

Beach On average the equation overpredicted by approximately 30%

Tests BA-8 and -9 suggest that watering can afford control efficiencies of 60% to

90% at construction sites

The AP-42 unpaved road equation underpredicted emission factors measured in the

focused emission tests Underprediction is at least partially due to the unimproved i.e

no base material or compaction nature of the travel surface at Site 2.1 Previous tests

also have shown that the unpaved road underestimates emissions from unimproved

surfaces In addition the route did not appear to have been recently traveled This is

presumed to be the reason that the emission factor grew from one test period to another
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Table Recommended Emission Estimation

Basis for emission factor Recommended PM construction emission factor

Level Only area and duration known Apply 0.11 ton/acre-month average Conditions

0.42 ton/acre-month worst-case conditions

Level 2Area and amount of earthmoving Apply 0.011 ton/acre-month for each month of

known COflStrUCtiOfl activity

Plus 0.059 ton/i .000 yard3 of on-site cut/fill

0.22 ton/i .000 yard3 of off-site cut/fill

These values are based on an assumption that one

scraper can move 70.000 yarc9 of earth in one month

and 35000 yarct3 of material can be moved by truck in

one month If the on-/off-site fraction is not known
assume 100% on-site

Level 3More detailed information available Apply 0.13 lb/acre-work hr

on duration of earthmoving and other material

movement plus 49 lb/scraper-hr for on-site haulagea

94 lb/hr for off-site haulageb

Level 4Detailed information on number of Apply 0.13 lb/acre-work hr

units and travel distances available

plus 0.21 IMon-mile for on-site haulage

0.62 lbitonmile for off-site haulageb

If the number of scrapers in use is not known default value of may be used In additon if the

actual capacity of earthmoving units is known use values given in Table

Factor for use with over-the-road trucks If off-highway trucks are used haulage should be considered

ion-site

MRI-RO38S5i 4-9



Table Test Site Parameters for the Focused EmissIon Measurements

No of

vehicle Avg temp Avg B.P

Run Date Site Description Start time Stop time passes inHg

BA-i 6121/95 1.2 Scraperuncontrolled 1401 1444 19 91 27.50

BA-2 6/21/95 1.2 Scraperuncontrolled 1453 1515 12 91 2750

BA-3 6/26/95 3.1 Scraperuncontrolled 1445 1525 17 74 27.20

BA-4 6/26/95 3.1 Scraperuncontrolled 1445 1525 17 74 27.20

BA-5 6/26/95 3.1 Scraperuncontrolled 1542 1638 14 74 27.10

BA-6 6/26/95 3.1 Scraperuncontrolled 1542 1638 16 74 2710

BA-8 6/30/95 3.1 Scrapercontrolled 1116 1129 42 70 28.30

BA-9 6/30/95 3.1 Scrapercontrolled 1315 1331 74 70 26.30

BA-lU 7/13/95 2.1 Light dutyuncontrolled 1343 1412 32 105 29.86

BA-il 7/13/95 2.1 Light-dutyuncontrolled 1451 1526 29 105 29.86

BA-12 7/13/95 2.1 Light dutyuncontrolled 1553 1621 31 105 29.85



Table Measured PM10 Emission Factors

Scrapers AU traffic

Measured Measured

Average Average PM10 emission Average Average PM10 emission

Sift Moisture speed weight Average factor speed weIght Average factor

Hun mph ton wheels IbNMT mph ton wheels IbIVMT

BA-i 7.69 1.16 95 57.4 4.0 6.76 8.8 54.8 4.2 6.06

BA-2 7.69 1.16 9.5 58.5 4.0 11.1 9.5 58.5 4.0 11.1

BA-3 6.04 7.41 14 86.5 4.0 1.32 14 86.6 4.0 1.32

BA-4 6.04 7.41 14 86.5 4.0 0.578 14 86.5 4.0 0.578

BA-5 6.04 7.41 14 97.7 4.0 1.34 14 77.0 4.0 1.17

BA-6 6.04 7.41 14 87.7 4.0 0.635 14 77.0 4.0 0.653

BA-8 411 4.14 16 94.0 4.0 0.369 16 86.7 4.1 0.335

BA-9 3.35 5.69 16 87.1 4.0 0.101 16 79.6 4.1 0.0904

BA-b 15.54 0.27 25 2.8 4.3 3.33

BA-il 15.54 0.27 25 2.0 4.0 9.10

BA-12 15.54 0.27 25 2.0 4.1 12.5

MRI-ENVlROP1\355-0I .2



Table 10 Comparison of Table Emission Factors and Measurements

Overall the results from comparing limited field emission measurements to

estimated values proved inconclusive with no clear-cut tendency for over- or

underprediction As such no changes were made to the emission factors presented in

Table for use in developing the construction site inventories

4.3 Paved Road Emission Factors

Table 11 summarizes the spatially averaged silt and total loading values collected

from the four study areas As expected all low ADT roads exhibited far higher sL

values than did the high ADT roads in the same zone In general the low ADT roads

had sL values to 10 times higher

As noted in Section there are good reasons to suspect that the AP-42 sL database

is skewed high The results obtained here support those suspicions Figures 10 and 11

compare the silt loadings obtained for high-ADT and low-ADT roads against the

corresponding values in AP-42 As can be seen from the figures median sL values

measured in this study are roughly to 10 times lower than in AP-42 In fact some of

the high-ADT roads were associated with sL values slightly lower than the AP-42

default value for limited access roads i.e 0.02 g/m2

Repeat sampling between the April and June/July visits led to the following

summary statistics

Study area Road class Range percenta

Las Vegas Low AOl 14%

High AOl 45%

South Coast Low ADI 110%

High Aol 4.5%

Bakersfield Low ADT 93%

HighADI 113%

Coachella Valley Low ADT

High ADT 31%

Defined as high low/average 100%

Significant construction track-out observed during Aprd sample

Mean predicted to measured ratio

Source category
No of tests Range Mean

Scraper in travel mode

Site 1.2
0.15 0.24 0.19

Site 3.1
2.42 5.52 3.61

Overall
0.15 .5.52 1.35

Unpaved surface
0.14 0.68 0.26
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Table 11 Paved Road Surface Sampling Results

Medum and

heavy duty Total Silt

vehicle passes loading loading

Sampling location of total gfm2b gIrnSb

Las Vegas

Repeat Low ADTSpnng Mountain Pioneer Desert Inn Odette .68/i .46 0.08410.097

Repeat High ADTRainboW Jones Tropicana Chadoston 9.9 1.88/0.90 0.05210.033

Residential Low ADTEdison Phoenix Suney Boca Grande 142 1.27

Residential High ADTRussell Sandhll Pecos Desert Inn 3.3 1.20 0.029

Industrial Low ADTHamion Mi Baba Sadcletree Red Oak 4.74 0.28

Industriai High ADTWestern Highland lndusttial Vailey View 10.8 7.19 0.20

South Coast

Repeat Low ADTMaple Simmons WlNowwood Struck 1.4910.90 o.1a.s1o.os4

Repeat High ADTCrown Canyon Golden Lantern Moulton 22 0.09110.13 0.012/0.015

Mica

Orange County C-5 Low ADTStewart Walnut Varsity Palm 1.90 0.17

Orange County High ADTGlassal KateMa Main Garden Grove 2.3 021 0.011

San Fernando Low ADTNoble Orion Tupper Gledhifi 224 0.14

San Fernando High ADTNordhoff Plummer Woodman 1.0 0.69 0.046

Devonshire

Bakersfield

Repeat Low AOTCalloway Seabeck Pacheco Winter Ridge 1.03/0.99 0.52/0.19

Repeat High ADTH Planz Stine Ashe 1.5 0.65/0.56 0.05410.015

t4ortheast Residential Low ADTSL Marys Rampart Wendy 16.5 0.94

Oakhdge

floitheast Residential High ADTColumbus Fairfax Panorama 1.3 0.43 0.051

ML Vernon

Industrial Low ADTInyo Kentucky Lincoln Chico 8.94 0.41

Industrial High ADTTruxton Baker Bernard Monterey 0.5 0.38 0.039

Coachelta Valley

Repeat Low ADTMlies Dune Palms Westward Ho Desert .4d/427 2.O4I0.42

Stream

Repeat High ADTDinah Shore Ramon Gene Autry Sunrise 3.0 0.65/1.73 0.027/0.037

City of Coachella Law AOTFrederick Westerileki Tripoli 628 0.35

Cypress

City of Coachella High ADTHamson 52nd Grapefruit 50th 3.1 1.49 0.082

Palm Desert Low ADTDesert Lily Rutledge Mode DeeP 3.07 0.20

Canyon

Palm Desert High ADTFred Waring Monterey Country Club 4.4 0.87 0.030

El Paseo

During the high ADT sampling periods in June/July MRI began count of 100 vehicles once medium- or heavy-

duty vehicle was observed This method provides an average vehicle weight that is
slightly high

two values are given the first is the result from the April
visit and the second the value from the June/July visits

These roads exhibited noticeable trackout from construction area

MR.EV1RO\R355-OI
4-13



CuwLatve Frequency Distribution

Figure 10 Comparison of Silt-Loading Values Obtained in This Study

with AP-42 Database for High-ADT Roads
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Ct.iutative Frequency Distribution
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The repeat sampling results suggest that sL values may vary substantially over time

However because sL is raised to power less than one in the AP-42 paved road

equation the resulting variation in the estimated emission factor is less pronounced No

seasonal trend was found in the samples In comparing the eight repeat samples five

June/July sL were greater
and three were lower than the corresponding April values

Table 11 also presents non-light-duty fraction of vehicles observed during the road

sampling program The overall mean ratio is 2.5% and the corresponding mean vehicle

weight is conservatively estimated as 2.4 tons Table 12 summarizes the paved road

emission factors recommended for general use

Table 12 Recommended Paved Road PM10 Emission Factors

Emission factor 9NMT

High-ADT Low-ADT Averagea

Average conditionsb 0.37 1.3 0.81

Worst-case conditionsc 0.64 3.9 2.1

Based on 65% of high- and 35% of low-ADT sL value

Based on median value and 2.4 tons

Based on 90th percentile and 2.4 tons

In addition member agencies may choose to employ the individual sL and mean

vehicle data in the same manner that AP-42 encourages readers to use the silt-loading

values presented in AP-42 That is AP-42 recognizes that end users of that document

are the most capable of identifying which roads in the database are similar to roads of

interest to them

4.4 Collection of Information Needed for Construction

Emission Factors

As noted in Section 4.1 progressively more detailed information is needed to

employ the different levels of emission factors recommended in Table Working

Group member agencies are not expected to have the information readily available

however collection of the information appears to be relatively straightforward process

The following describes questionnaire to collect the information and discusses how the

data may be reduced
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For several years the Clark County Nevada Department of Health has issued

permit to disturb topsoil The application for that permit asks for the amount of cut and

fill material at particular
site Figures 12 and 13 show an example questionnaire

based on the Clark County application form that requests the types of information

needed to employ Levels through in Table It is recommended that member

agency submit this questionnaire to major earthxnoving contractors doing work within

the agencys jurisdiction cover letter should ask that contractors complete the

questionnaire for example for projects over 10 acres performed during the past

years Alternately an agency may ask contractor to keep records for each

successful bid in the coming year and submit the information to the agency at the end

of that time

Once the agency has assembled the responses the data may be aggregated and

analyzed in several ways For example an agency may choose to construct an estimate

of the amount of cut/fill and other materials on the basis of sites area and duration of

the project Summary statistics could be used to determine study area-specific default

values e.g number of scrapers in use vehicle capacity

MRf4VWOr\R355-OI2
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Name of Construction Project _____________________________________

Project Address
______________

Project Acreage ________

acres

Amount of material used in Cut process _______________________

banked cu yd

Please specify off-road equipment used in Cut/Pill process

Amount of material used in Fill process

compacted cu yd

Equipment No of Units

Make

Model No Capacity cu yd

Estimated haul distance

ft
No of Months to be used

at site

Scraper

Off-highway inick

Loading tool

Wheel Loader

Excavator

Compactor

Grader

ompIetc tör scrapers and trucks only

over

Figure 12 Front Page of Questionnaire
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Please specify over-the-road equipment used in Cut/Fill process

Equipment No of Units Capacity Cu yd

No of Months to be

used at site

Estimated total travel

distance on-site ft

Belly dump trucks

Rear dump trucks

Other specify

Please specify the amount of other major materials that will be trucked in e.g road base concrete etc.

Please specify the over-the-road vehicles that will be used to truck these materials to the site

Equipment

Total Amount of

Material Capacity Cu yd

No of Months to be

used at site

Estimated total travel

distance On-site ft

Belly dump trucks

Rear dump tnicks

Other specifyb

NtJlb ii any on-road velücles will be used to move materials on-sue picase include here

Figure 13 Back Page of Questionnaire



Section

Example Use of the Factors Recommended for

Construction

This section presents examples/ showing how to use the emission factors

recommended for construction sites The examples follow the same order as do the

levels in Table and illustrate how additional information is needed as one progresses

from one level to the next The additional information needed to employ the different

levels is underlined at the time it is needed

5.1 Site 3.1

The first example is based on Site 3.1 and concerns 82 acre site with 1500000

cubic yards cy of on-site cut/fill activity over 3-month period The Level estimate

makes use only of the sites area and the project duration

82 acres in size

month duration

Estimated PM10 Emissions 0.11 ton/acre-month 82 acre month

9.0 ton/month month

27ton

improved Level Level estimate is possible because we know that the site

involves active earrhmoving and thus the worst-Case value of 0.42 ton/acre-month can be

used

Estimated PM10 Emissions 0.42 ton/acre-month 82 acre month

34 ton/month month

100 ton

The Level estimate requires additional informationnamely the amount of

cut/fill

82 acres in size

month duration

Active earthmoving underway

1500000 cy of earth to be moved all on-site

MaI-ENVIRONR385$-O12
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Thus emissions are estimated in Level as

Estimated PM10 Emissions 0.011 ton/acre-month 82 acre month

0.059 ton/1000 cy 1500 1000 cy
0.90 ton/month month 88 ton

9lton

In Level even more information is necessaiy In this case we know that

scrapers are used but we do not know how large the scrapers are

82 acres in size

month duration

Active earthmoving underway

1500000 cy of earth to be moved all on-site

Eight scrapers in use but size unknown i.e use default emission factor

Thus the Level estimate using the default scraper factor of 49 lb/scraper-hr is

given as

Estimated PM10 Emissions 0.011 ton/acre-month 82 acre month

49 lb/scraper-fir scraper month

0.90 ton/month month 390 lb/hr

168 hr/month month

2.7 ton 98 ton

lOOton

refined Level Level 3a estimate requires that we know the capacity of the

equipment used At site 3.1 four 30-cy and four 45-cy scrapers were used and size

specflc scraper emission factors from Table are be used

82 acres in size

month duration

Active earthmoving underway

l5000O0 cy of earth to be moved all on-site

Four 45-cy and four 30-cy scrapers

Estimated PM10 Emissions 0.011 ton/acre-month 82 acre month

49 lb/scraper-br scraper month

84 lb/scraper-br scraper month

0.90 ton/month month 190 lb/hr

168 hr/month month 340 lb/hr

168 hr/month month

2.7 ton 134 ton

140 ton
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Under Level even more detailed information is needed about the length of the

average round-trip distance traveled and the density of the material

82 acres in size

month duration

Active earthmoving underway

1500000 cy of earth to be moved all on-site

Four 45-cy and four 30-cy scrapers in use

Average haul distance 3000 ft

Earth density 1.4 ton/cy

Estimated PM0 Emissions 0.011 ton/acre-month 82 acre month

0.21 lb/ton-mile 1500000 cy 1.4 ton/cy

3000 ft

0.90 ton/month month 125 ton

l3Oton

The following table compares the different estimates with the results from the mean

inventoried emissions from the demonstration study

Estimated PM10 Area-normalized emissions

Level emissions tons ton/acre-month

27 0.11

Ia 100 0.42

91 0.37

100 0.41

3a 140 0.56

130 0.52

Average inventory result based on 99 20 0.40 0.081

values in Table
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5.2 Site 3.2

second example is based on Site 3.2 Here 3000000 cy of earth are to be

cut/filled over 6-month period The site is 140 acres in size The Level estimate

makes use only of the site area and the project duration

140 acres in size

month duration

Estimated PM10 Emissions 0.11 ton/acre-month 140 acre month

92ton

The Level Ia estimate makes use of the worst-case factor because we know that the

site contains large-scale active earthmoving

Estimated PM10 Emissions 0.42 ton/acre-month 140 acre month

35Oton

Use of Level that we supply information on the amount of cut/fill

140 acres in size

month duration

Active earthnioving underway

3000000 cy of earth to be moved all on-site

Thus the Level estimate is given by

Estimated PM10 Emissions 0.011 ton/acre-month 140 acre month

0.059 ton/1000 cy 3000 1000 cy
186 ton

In Level even more information is necessary In this case we know that

scrapers are used but we do not know how large the scrapers are

140 acres in size

month duration

Active earthrnoving underway

3000000 cy of earth to be moved all on-site

Eight scrapers in use but size unknown i.e use default emission factor

Under Level with the default scraper factor of 49 lb/scraper-hr the emissions

are estimated as
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Estimated PM10 Emissions 0.011 ton/acre-month 140 acre month

49 lb/scraper-hr scraper month

207 ton

refmed Level Level estimate requires that we know size of the actual

equipment in use at the site At Site 3.2 all scrapers are 45 cy in capacity and the

size-specific scraper factor from Table is used

140 acres in size

month duration

Active earthrnoving underway

3000000 cy of earth to be moved all on-site

Eight 45-cy scrapers in use

Estimated PM10 Emissions 0.011 ton/acre-month 140 acre month

84 lb/scraper-hr scraper month

348 ton

Level requires detailed information on the length of the average round-trip haul

distance and the material density

140 acres in size

month duration

Active earthmoving underway

3000000 cy of earth to be moved all on-site

845-cy scrapers in use

Average haul distance 3000 ft

Earth density 1.4 tonIcy

Estimated PM10 Emissions 0.011 ton/acre-month 140 acre month

0.21 lb/ton-mile 3000000 cy 1.4 ton/cy

3000 ft

343 ton

The following table compares estimates from the different levels with the mean

inventoried value

MRtENVIRON\R3S55l.2
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Area-normalized

Estimated PM.0 emissions

Level emissions tons ton/acre-month

92 0.11

la 350 0.42

186 0.22

207 0.25

3a 348 0.41

343

Average inventory result based on 360 52 0.43 0.063

values in Table

5.3 Estimates of Wind Erosion and MudlDirt Trackout

As discussed earlier the estimation methods recommended in Table do not

include emissions due to wind erosion and trackout This section presents examples of

how to estimate emissions from those two emission sources The examples are based

on Site 3.1

5.3.1 WInd Erosion

Wind erosion was estimated using the procedure contained in the WIND model

available through the OAQPS bulletin board 919 541-5472 The procedure is identical

to that presented in References and and closely parallels the approach given in AP

42 Section 13.2.5 Industrial Wind Erosion

Figure 14 presents the output from the WIND model run using the data for Site 3.1

Several items should be noted

Approximately 10 acres at the 80-acre site were considered erodible This

corresponds to the open area used for equipment storage and the roadways

Both are disturbed daily and are open to the wind

The estimation procedure requires that one year of daily fastest miles of wind

be available The meteorological file used here was the example file

LCDXMPL.MET which is supplied with the WIND program
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Spreadsheet as of 115356 on 03-25-1996

lrut Fileneme openare.ef

Inventory area Exaile Site 3.12

Source ID open area Filename c\windXy\fileS\Cpcflare.EF

Emissions estimate year 1995

Based on wind data year 1990

Fastest mite filename lcdxnpt.met

System of taiits English

SOUrCe life inclusive days of year

Start day
End day 30

Ff tat area PCconicaL pile P0ovat pile

Area aCres
Material description Surface material

Percent moisture content

Percent silt content

Threshold friction velocity Ut cn/sec
Roughness height cm
Mode ma of sire distribution .59

IC value cf Fig 6-3 of reference manual

Tottt emissions emitted over the period 13480.15

Threshold velocity 77.70894 cm/s

Control Effective windspeed ratio

Us/Ur DIsturbance interval days

Simmary for Us/Ur DIsturbance Interval

13480.15 Total emitted over 30

Sury for entire source 13480.15 emitted over period 30

MOTE For variety of reasons given in the user manual the erosion estimates

presented above may be considered as CONSERVATIVELY HIGH See the

user manual for more information

Figure 14 Output from WIND Model

77.70894

denotes calculated vaLue
.01

Frequency of disturbance information

Us/Ur subarea 100 of regime disturbed every days

Period high on

Period high on

Period high on

Period 10 11 high on 11

Period 11 12 high on 11

.7915031 rn/s 753.5366 emitted

.8187963 rn/s 2313.998 emitted

.8187963 rn/s 2313.998 emitted

.8460895 rn/s 4049.311 emitted

.8460895 rn/s 4049.311 emitted

MRImVIROnR3z5s-OI
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The threshold wind speed was based on the mode of the particle size

distribution of the sample Sample number SC 15 003 in Figure collected

from the open area used for equipment storage The largest fraction of material

was caught between the 20 and 40 mesh screens The size distribution mode

was taken as equal to 0.59 mm which is the geometric mean of 20 and 40

mesh openings 0.833 and 0.417 mmrespectively

The mode of 0.59 mm was used by the model to estimate threshold friction

velocity of approximately 78 cm/sec roughness height of cm was

assumed for the surrounding area

The area was modeled as flat 1-acre site Furthermore only one month was

considered in the example calculation for the purposes of illustration In

this case total PM10 wind erosion emissions are estimated as 13500

29.7 ib To obtain total emissions for the approximately 10 acres considered

erodible over the 3-month-long period that the site is active one must multiply

the that result by 30 to obtain 890 lb

5.3.2 MudIDirt Trackout

The EPA guidance document Control of Open Fugitive Dust Sources EPA-

450/3-88-008 presents means to estimate PM10 emissions from mud/dirt trackout

For an individual access point from paved road to construction/demolition site the

PM10 emission increase in g/day is estimated as

EeM
where unit emission increase equals 5.5 g/vehicle if fewer than 25 vehicles

enter or leave the site daily and equals 13 g/vehicle otherwise

number of vehicle passes per day on the adjacent public paved road

At Site 3.1 more than 25 vehicles entered or left the site each day Assuming that

approximately 1000 vehicles pass the access point on Pelican Hifi Road see Figure

then the daily emission increase is

13 g/vehicle 1000 vehicle/day

13 kg/day

Over the 3-month 90 day period total of 1200 kg 2600 is estimated as being

emitted due to trackout Note that this estimate reflects uncontrolled conditions whereas

the access point Site 3.1 was cleaned at least twice per day

5-8



Section

Conclusions and Recommendations

Based on information presented in the report the following conclusions and

recommendations can be made

It is recommended that BACM working group members substitute the revised

construction emission factor of 0.11 ton/acre-month in place of the original

AP-42 factor The new factor references PM10 rather than TSP emissions

MRI recommends that member agencies consider developing information

needed to be used with Levels and in Table For some agencies such as

Clark County database could be constructed relatively easily by combining

permit application information with default values for scraper capacities etc

Other agencies may find it necessary to develop information from scratch It

is recommended that agencies consider collecting one or two years of data

using survey instrument such as that presented in Section 4.4

It is recommended that member agencies refrain from using default values

presented in AP-42 Section 13.2.1 and other EPA guidance documents when

preparing emission inventories for public paved roads within their jurisdictions

Based on data collected in this study road surface silt loadings are roughly an

order of magnitude lower than the defaults

The focused emission measurement results were inconclusive in establishing

how well emission factors developed for other industries predict emissions

from construction operations On average agreement was fairly acceptable

However this reflected balancing of substantial overprediction at one site with

underpredictiofl at second site Additional field tests wifi be necessary to

provide better answers to questions involving the applicability of Table

emission factors to construction activities

It is recommended that any future field tests of emissions from earthmoving

activities be closely coordinated with long-term earthmoving project and that

tests be conducted as early as practical In this way longer haul distances will

be available and there will be less wind interference from cut/fill areas and

stockpiles

MR1VROPM3$55I2
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Abstract simulated population dynansice Qf couer1 to

predict the miatmum areas and levels 0/ insnsigration

needed to aveid population astinclion caused by demo

TiC and mentet stochasticisy for apiriod 100

yz tJnder mc tplawthl.paswmeter tatsie the model pre

diceri very low ertiflcUon risk sir went as small as 2200

and in the sence Qf immIgration increasing risk as

below 2200 km2 if as few as one to fosa

animals per decade could bunigrat into sinai popula

tio the probabilify of population persistence increased

maedt Thus corridor jbr imsn4gration will benEfit

small population in an wen rihere further loss of habitat

will occur

The model applied to the coagin- population in the

Santa Aria Mowstain Rtulge of sinsibern Caiforvsia 2070

km with about 20 adts Field date support the models

conclsukm that this population is demographically unsta

bit There udU be high risk Qf tctinction 4f the habitat Is

to currently protected and cormectad er 1114

kmt movement corridor allowing imnigrationftvnl the

adjacent population and intra-range corridors would

8VvatY enhance the prognosis Houmr the last corridor/or

Immigration has been degraded by scent bwrsins actis4

Within the mountain wrg cosers recently becarre extinct

In 75.krr habitat fragment recently Iwlatad by develop

ment and coug will become extinct in another 150-ku

of habitat proposed housing prqect occizsdee critical

corridor Radio tracking has confirmed use of this wad other

corrre
Neither th model nor the field data alone would basic

micb influence in the face ofd 1opmentpressw logetber

they bace stimulated interest in restorg andprofectfrsg crit

ical corridors in this swsge Nonetheiass the Long-term piug

rosl5jbr this populalkin is bleak because 22 local govern

merits review potential Impact on case-by-case basis

Cwrrnt .dth Sckool of Forestr Northn Anrcna University

FLz1a tZ oii v.t

Paper tsrterUflat Septeruber 1991 revtse4 manuscript accepted
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ccexnziiando kcas njhtim de bsbftat hsiut

coercdcs ps mas

esugnes Slnssdi in dinªnka dv Ia poblacida dv

pasa prwincfr theas mhthnw niveim dv brmmión iw

cesea porn evitor- La grthsción dv in pobiacidn debido

estocastiddad d.nsogr4flca emblestal por sin perlodo dv

100 cabs Usando los psvdrsemas rid viablv% vi modelo

pr.dicr riesgos de extincidn nisq bgos en deent tan pequ
las como 2200 n2 err ausencia dv inmlgracides ins

rieqo crecient nsedida que vi ben dpor debo dv

2200 km Si tan solo 14 arimaim per dkada pwea51n

bimIgnv unapequeibapoblaciór laprubabilidad dv per

sistencia se inasmentmla mwrddamerue For consiguierste

Mn corredorpora La tnrisigrncidn pried benfldor un pe
quvnapoblacidrs en an dews dónde ocurrd sin mayor pdr
dMa dvi bdbitat

El nodelo flee aplicado La póblacidn dv psmas en La

cadena Mosslrukxa Santa Ara4 at Sur dv CalIfornia 2070
kin2 con ursos 20 adultos aprralniddam.nte Da dv

campo apoyan Las conciusiorsas del modelo que tisdican

usia pcrbladdt densogniflcwrsente isestabla Si .1 habitat as

reducido las actuales b-ens pn.gidasy cortador 1114
km2 habria usa alto riesgo dv extinción La prognosis se

podrIa mejorar ampuament con un cora-udor dv mo
Wmiento que permitiera Ia lnmlgnscidn deed poblaciones

en dreas adyacantesy cvryedorm derabo del bra dv dustribu

ciÆn Sinernbrv4 .1 sUtimo cowedorpewa La bzmi.gración

ha sido degnadadopor vi reclente impacto bumano Deniso

ste La caderra montadosa los pumas se ban extingublo is

cientemente en unJvsgmento ste habitat dv 75 km2 aistado

causa dcl desarrollo los pumas se mtinguian en ofrOs

150 kin2 dv habitat si an proyecto dv tziviendas propuesto

obelruye cm corredor crItico El use dv este otros impor

tarries coredoreeba side confirmado trasift dv tl.metrla

Ni ci modelo iii Los datos dv campo por si solos hadrian

nuecho Impacto ante lapresiOn por- ci desarroilcxjuntos ban

estimulado vi interis en rertaureryprot.ger corradores que

son critcos en esta cadena pesar dv todo in prognosis
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Effective land-use plaiming must be spatially arplicit and

regional fri ecope Becana cougais isent corridors end be

caiLte telemeter cougws can quicky i4enti movement

cceridocs couget es is an efficient and appvvpe

uezy to inject biological data into such planning efflcS

Introduction

As landscapes are fragmental Into ever-smaller patches

of habitat Isolated by high-speed barriers Harris Gal

lagher 1989 it has become Important to determine the

ffliflflTtflfl area needed to preserve functioning ecosys

telus Because there arc no methods to determine the

mInimum areas of reserves with rdcrence only to eco

system properties biologists are forced to conduct via

bility analyses for few Indicator or umbrella spe

des as an c1cnt way to address the viability of the

whole system Souk 1987a8 Nasa 1991

Species such as the grizzly bear Ursus airtos boribi

fir the wolf Canis lupus and the cougar or moun

tain lionPetit concolor make ideal candidates for such

analysis because they exist at low density and require

large areas Of these only the cougar plays significant

ecological role in much of the lower forty-eight states

Therdbet viability analysis for this species would have

widespread utility Shaffer 1983 presented an analysis

for the griaaty bear In this paper present such an

analysis for the cougar

focus solely on the Issue of identifying the minimum

area and migration rate needed to avoid extinction

caused by demographic and cnvironmcntal stochastic

ity ignoring lthrceding effects Previous analyses have

shown that the areas needed to avoid Inbreeding de

pi-esslon in the long term are so large that the only

recourse in most situations will be to establish the spe

cies In several sites since there wont be enough space

In any given site SoulØ 1987b177 My analyses ad

dress the Issue at how large each of these several sites

must be so that m2n2genlent intervention can be limited

to that needed to maintain genetic variability

Simulation models arc superior to analytic models

when addressing particular species because the ana

lytic calculations are poasthie only for unduly simplified

mocjel Ewais ci aL 198767 But there arc pithils to

the simulation approach especially with small popula

tions For example most simulation models account

only for females and make no allowance for an Alice

effect whereby animals at low density may have diffi

culty finding mates This creates an inverse density-

dependence In feQmdity when numbers of one sex are

laigoplazopara artapobleciOn esyermaya qua 22 gobier

nor iocal tevisaion los impacfospotenciabe casopor cam

Una EOicffies pkmftcacidn del uso de In tienu debe set en

plicita espnciabbeUey regional en artensidn La lncesta

cidn sobrepumar en saw eta eficiewte apropfada de insm

ducirdatas bioldgkca en los esftserzos deplaniflcacidn EUo

en asiporque bspsnnen riecesiten corrresy al estw mai

cador telamØbicaiflenle pevmsten identificar nlpidan.ente

lot conedores de movbnlento

very low Bcgon Mortimer 198130 wtiidi has been

docwnented In cougar population Padlcy 1990 An
other problem is that most subroutines for incorporat

ing stochastic variation In survival rates Introduce an
cial errors when simulated populations become small

see Methods Section. Most Important even though

habitat fragmentation .. Is the primary cause of the

present eXtinction crisis Wilcox Murphy 198
884 few sinadatian models allow analysis of the elects

of movement corridors such analysis requires explicitly

modeling various levels of immigration

In this paper describe model that realistically sian

utatcs the population dynamics of small populations of

cougars My goal was to predict the cociditions under

which cougar population can avoid extinction In the

short term 110 years Ignoring inbreeding effect My
main conditions of interest were those that InXnas fl
control namely area of habitat controlled by restric

tions on human development and the amount of Immi

gration Intà the population controlled via provision for

wildlife movement ccinidon to adjacent pOpuIatIOnsL

In addition examined how estimates of exthctioo risk

depends on estimates cliMe history parameters many of

which vary geographically or arc dicuft to measure

Finally lapply the model to the cougar population in

the Santa Ana Mountains of southern California whIch

have studied since 1988 and summarize some of the

relevant field observations from that study This real-

world application Illustrates that model results have lit

tle impact on land-use decisions unless they are supple

mented by field study to identify actual or potential

movancut corridors My goals in this illustration are to

promote the use of data from telemetered cougars to

identify and protect wildlife corridors and to advocate

that regional planning efforts based on geographic infor

mation systems GIS replace current piecemeal ap

Methods

The simulation modeL used standard Leslie-matrix com

putations with subroutines that controlled Immigration

VoL No Macb t993
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and adjusted survival and fecundity rates for density

dependence demographic and environmental stochas

ticlty and an Altec effect For each combination olmput

conditions the population dynamics were simulated

100 times each thnnbtiOn was 100 years in duration In

each case the initial number of adults animals or

morc years oagewas set equal to the carrying capacity

and evenly distributed ambrig age classes Initial num
bers of 0-ycar-olds and 1-ycar-olds were set at half and

quarter respectively of the number of adult females

The question of what constitutes preservation is the

most crucial and least addressed Issue In conservation

lio4ogy Does 95% probabIlity ci persistence for 100

years make cxtinction sisifielendy remote or all too Un

inanent Shaffer 19878184 advocate planning for

an extinction risk of less than 1% and label slgnifl

cant any extinction rIsk 2% or more

For ends set ci 100 runs the program recorded the

population trajectory by sex and age class the number

of runs on which the population went extinct mean

population size in year 100 and other summary statis

tics

The main factors ci concern were area of habitat and

level of immigration Shnulations were run with habitat

areas as small as 200 km2 and In increments of 200 kni2

until extinction risk dedined to less than 2% Four lev

els of Immigration were considered The first leeI de

picted no wildlife movement corridor no immigra

tion fl second and third levels reflected marginal

corridor allowing innigration of one or two males per

decade respectively The fourth level of immigration

was three males plus one female per decade These 1ev

ds reflect the finding that about 80% of Juvenile males

but only about 25% ci juvenile females dispersed out of

their natal mountain range often crossing Inhospitable

desert habitat to reads another range Ashman et

1983
For cach combination of habitat area and level of Un

migration simulations were run under many combina

tions of estimates for life history and environmental at

tributes Table We have poor estimates for some of

these parameters for example male and female cqui

librium densities Juvenile survival rates and some pa
rameters may vary geographically so used many com

binations initially smaller subset was obtained by

dropping values that produced unrealistic outcomes

and variables that did not Influence the results

Lilter size Mean litter size Table was based on

reports of Robanette et al 1961 Ashman et al 1983
and Andersons 198334 compilation of data from 407

litters In the simulations up to 40% of the 2-year-old

females bred each year and no kittens or yearling fe

males bore young based on minimum and mean ages of

Parwneer Possible Statar

Mean iin size 2.4

2.8

3.2k

Juvenilec rvial 0.55 0.50
0.650.60
075 0.70

Adult survival 0.652

0i5

0.85

Carrying capacity Sex ratio of les per male

breeding adults 0.4 females 0.2 males

per 100 km 0.6 females 0.3 males

0.8 females 0.4 males

1.0 females O5msJes

1.2 females 0.6 males

Sex ratio ci 3-4 females pa male

0.8 females 0.2 males

1.2 frm2fr males

Sex ratio near Unity
0.4 femalc 0.4 males

0.8 na1es 0.6 males

None constant

apafty
Severity of catastrophe 20% In years 2527 5053 7577

loss of carrying 40% us years 2527505375-771
capacity

primiparous females of 25 and 32 months Mhman et at

1983 Because the mean Interval between births ex
cept when litter dies is usually about 24 months

Hornocker 197016 Robinette et at 1961215 the

model excluded from breeding those females with sur

viving litters from the previous year The model as

sumed that female whose litter dies coma into estrus

and breeds the next year Hornocker 197016 Seiden

sticker et at 197356 Eaton Velander 1977.65

Juvenile survival ut There are few cstimaxes of

survival o0-year-olds Comparing mean litter sizes near

birth and at 12 months not the same litters followed

through time Athman et at 1983 suggested value of

0.78 Similar data inRobinette ci aL1961213 Inferring

age from weight suggested survival rate of 0.73 To

the extent that entire litters died this is high estimate

Robinetac ci aL 1961213 it is also higher than the

adult survival rate reported by Lindzey ci at 1988
Survival razes of African fetid cubs lion cheetah arc

about 0.50 Schafler 1972191300 Preliminary anaty

TØl pcs 1w 4ohcal p--iS. vIa
4FU altiSutS

This dismisst b.cause ltprods.cad miiy loW

populatkm atv gthrn aad hi mnc-f vth optimusic ssW

nmjbr s1ar $wJWst mcUo.sof1
Ibis sizme dhininad auIe 1p.vdsi lncUoiiprobdl

i11 that did Ot diff.flii UUir rim ll2
aad this süae is bnt mpporteit byfMdstudks trtkm of

Rwd
0- sd 1.y.ar oi of both 2.yra.old maiss

Swvical of i-y.old ªca bIp
F.maks 22 ye.us old sd maiss 23 ys old

1Th1S wlste dlsnsi bsnne thicfioa probabilitin

frispfrus the 20% case S.efru zeaicsi of
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sis of 172 cougar-months of telemetry data 0- and

1-ycar-olds combined suests an annual survival rate

for cougar cubs of 0.48 Beler unpublished data
Ilcmker ct al 1986 reported surviva1 rate 072% for

cube between and 10 months of age In an ares of

extremely low cougar density gross dcnszty of 0.5 cou

gars pet 100 kin2 this rate may reftect density-depen

dent enhancement of survival rates at low density In

any event If additional mortality during 03 months of

age is considered 0.75 is probably high estimate and

Was ILSed as the highest estimate In the simulations

There are no published estimates of survival of 1-year-

oldu Hanker et at 1986 reported survival rate of

92% for cubs from 10 months to dispersal at 16-19

months from the same low-density population This fig

ure ignores higher poet-dispersal mortality Hornockcr

197018 1cking better evidence set yearling sur

vival rates equal toO-year-old survival rates In the sim

ulations kittens died when orphaned In the year of birth

but kittens orphaned In the
year

after birth had the same

survival rate as nonorphans

Adult survival ratu used adult survival rates 065%
Robincue ci al 1977123 Mliman ci at 1983 75%

Undzey ci aL 1988 and 85% Anderson ci at 1989
Longevity maximum longevity of 12

years was used

in all simulations The longest lifespan reported for

wild cougar is 1315 years HopkIns 198923 found

no other reports of wild cougars living past 12 years of

age ExLewe longcvitics Ibe captive cougars arc 12 15
and 18 years Young 194659 and 12 and 19 years

Eaton Velander 197756 My preliminary analyses

showed that risk of extinction decreased only slightly as

mathnum longevity Increased past 12 years espedally

in the critical right tall FIgs 3-6 of the cxtlnctlon

curve

Canying capacity Although they are not territorial

social intolerance among adult females is thought to

regulate their density whereas territoriality among
males separately regulates male density Seldcnsiicker

ci at 1973 Apparently female density is calibrated to

vegetation topography and prey availability whereas

males compete for nccs to females Seldensticker ci at

19735956 To model density-dependent survival

rates separate estimates of carrying capacity for males

and females were needed

Estimates of densities For male and female adult cou

gars vary widely Hornocker 1970 Scidensticker et aL

1973 Sitton Wallen 1976 Curr ci 1977 Shaw

1977 Hanker ci aL 1984 Logan et aL 1986 Neal ci al

1987 Hopkins 1989 Because many study sites were

selected because of expected high cougar density some

reported densities arc atypically high Also not all stud

ies reported how many of these adults were nonbrccd

Ing transients as described by Hofnockcr 1970 and

Seldensticka ci al 1973
In light of these uncertainties ran the model under

variety of carrying capacities Table Because most

studies excluding male-biased sunui21-ies of hunting

return report 21 ratio of breeding adults females

males Scideflsdckcr ci al 197317 first years Cur-

net ci al 1977 Asbnian ci al 1983 Murphy 1983
Hcmki ci aL1984 Logan ci aL 1986 Neal ci at 1987

Hopkins 198923 most simulations used this ratio be
tween canying capacities for males and females How
ever other aduft sex ratios have been reported for ex
ainAe 31 Currla ci at 1977 iaw 1977 Qulglcy et

at 1989 JaLAl and Roes Calgary Alberta tin

pubhed data 1.31 HornockCr 197015 and 11

Scidensticker et al 197317 last years Hopkins

198 Therefore also used cfmlbr ratios Table
excluded high densities due to winter concenira

Lion The markedly lower gross density of 04/100 kni2

reported by Hanker ci at 1984 and the markedly

higher aduk den ity 03/100km2 reported by Neal ci

1987 were also excluded as outliers which may devi

ate from the actual long-term carrying capacity

Catastrophic ructions in canying capacity On
ead run simulated carrying capacity decreased by ei

ther 0% 20% or 40% durIng years 26-28 years 51-53
and

years 7678 This modeled prey dle-o due to

droughts or severe winters

Because the gestation period is only 92 days and neo
nates weigh only 500 grams Anderson 19833334
cougar pregnancy is re1azive1 cbeap thetdorc aim
taxed litter sizes were independent of density and ma
ternal age When the simulated number of adult females

was less than carrying capadty all females over years

old except those with surviving litter from the pre
vious year and 40% of 2-year-old females Ashman ci

at 1983 bore litters The program allowed females In

excess of carrying capacity to breed with probability

equal to 0.20 and assigned the youngest females to non-

breeding status reflecting the inhibition of reproduc

tion In young females until home range establishment

Scidenstickcr xl 1973
The probability of female breeding was inversely

density-dependent when numbers of breeding males

were below the carrying capacity for adult males When
there were vacant male territories the proportion of

adult females that were bred was reduced by 6ctor of

KM AdM

where KM carrying capacity for breeding males and

AdM number of adult males Under this expression
each adult male increases his home range size by 15%
for each deficit male thus the ect is very mild cx-

Cocon
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In preliminary analyses some simulations were run

without any density dependence In survival rates re

sulting extinction rates were about ten times higher

than those produced using density-dependent survival

ralcs for all ages Other 1rnn1t4nflS were run With mild

density dependence in Juvenile survival rates Fig
curve and density Independent adult survival rates

producing extinction sates about five times higher than

when survival rates for aU ages were density-dependent

In muladons lacking density-dependent survival razes

the memi number of adults in year 100 in surviving

populations br exceeded carrying capacity Because

density Independence produced such unrealistic ending

population sizes ran all remaining simulations with

density-dependent survival rates FIg Table

In the model density dependence operated most

strongly on 0- and 1-year-olds whose survival rates de

pended on the number of adult females survival of

I-year-old males also varied with the number of adult

POPULATION SIZE

FIgure Density-dependent Jluzctions relating sw
viva rates to population density Lines and.i

spectirely illustrate the adult and juvenile survival

jiawtions Table used In all simulations thus

tmt Figures 37 Simulations using stronger

density-dependent functions dashed lines did not

change the risk of extinction mall simulations the

juvenile survival function was one line steeper than

the adult survival ftmction Carrying capacity

for the appropriate sex Max 0.95 adults or 0.9

fuveniles Mm 0.5 adults or 0.3 juveniles

Survival rate at canying capacity

Tale used is cre delty.destc is

seMul ss lbs l2-b susilusi re rla
rby KI usi ..adIy b.Jl.j kka

and dse rsectvaly Ales and aiber of

2-yew-old airi and reawly

FDensy-Dependsnt
Age Sex Survival Rate

both KF/Admoles5
lU/AdFernsies

Minim KF/AdPernks or

WAdFaralc KMIAdMales5

WMMales
SKP/AdFcmaic25

XM/MMalcs25

To area ...aUask rnu abos auio.sa jield .md
wtain coud sueS uan d4cr 4ipuae.5es equate

zeso mepupum naacated all survival unt ku 0.3

andO.9fEraItwwJs smd.3y.tv bitww 0.5 and 595

Jbradsdts

males reflecting density-dependent mortaifty of young

males during dispersaL Density-dependence was rela

tively mild for animals less than years old There Is no

empirical data to support
thcse particular functions Ta

ble they were chosen for computational simplicity

In light of the markedly changed outcomes when den

sity dependence was added to the model above
tested the mOdel using more severe density-dependent

functions Neither risk of extinction nor ending popula

tion size varied among the functions Illustrated in Fig-

ure

smorsnc TAJMTI

Most simulation models introduce stochastic variation

into survival rates by randomly selecting ra from

normal distribution and then multiplying this rate by the

number of individuals In an age-sex class When there

ccpc at very small population sizes for emnplc when

KM and AdM 492% not 80% of the feiiIs

MAX

MIN
YS/x are only one or two 2nlm2Ic In sex-age class this ap

proach introduces rounding errors that hxiease the sur

vival rate to near 100% and Ironically I4imrn2tC sto

2K 3K 4K chastic variation Befer unpublished data To avoid

this problem the model applied the appropriate proba

bility to each individual 2nim in the population For

example if the survival rate for yearling males was 0.60

and there were two yearling males In gIven year all

outcomes or survivors were possible with

binomial probabthties 0.36 0.48 and 0.16 rcspcc

lively in biologically realistic manner

Similar procedures introduced stochasticity into pri

mary sex ratio litter sizes and immigration ra Each

ncwborn had 50% chance of being male Each litter

had two three or four cubs with probabilities appro

priate to the specified mean value Each year one male

or one female immigrated with the appropriate proba

bility and the immigrant was assigned to the 1-year

Cavth@
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2-year or 3-year age class with probability equal to 0.3

0.5 and 0.2 respcctivdy

Fld Week In the

The cougar population In the Santa Ana Mountain lange

cisouthan California con ci about twenty adults on

about 2070 km2 of habitat Fig Baa Barrett

192b The surrounding urban areas do not o8r even

marginal cou habitat About 1270 km2 ci thiS habitat

61% Is protected from urban uses primarily within

lands owned by the US Forest Service and US Navy

Table Of the protected land about 1114 km2 fosins

contiguous blóck if all private lands were devclopcd

SCRNAROXNO COtThTY

kIV$XCt COUNTY

Figwv The heavy solid line encloses three 2070 ken2 of cor- habitat in the Santa Aria Mountain

Range including the Chino HilLs 75 kni of suitable habitat in the San joaquin Hills ecenry atinct and

east of HIghway 15 portion of the habitat in the aaJacent Palomm Ranga The heavy dashed line encloses

1114 heir2 of protected and connected pvels Table 3t AZ roads thourr we 6- 10-lane fteeutays

Cocsuidon Bo4cgy
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TaMe Ama .tjw.sscd hads esu Is ie-A Fiu Ci.r.M

Ormmersb4p and Pwei Name

Federal

Cleveland National Forest

Qeydatid National Forest parcels

Caap Pendieton

Fallbrook Naval Weapons Station

Bureau at Land MmgInwl parcds

Bureau of Land Managemna parcel

Stare

Qiino Hills State Park

San Diego State UniYcrsity Field Station

Dept Fish Game Coal Canyon Preserve

Oraege County ParL

UmCanyon
ONeill

frv
Wagon Wheelsa

Pævate Reserves

Santa Rosa Plateau Preserve

National Auduboc Society Starr Ranch

Rancbo Mission Viejo Conservancy

Total

5059

15C

Z169d

632

193

178

142

2803c

486

15448

the other 154 km2 of protected land would be Isolated

into fragments unusable by cougars

The six counties of southern California contain 5% of

the U.S human population The human population of

the eastern half of Orange County and the western sixth

of Riverside County Is projected to grow from 1.15 mil

lion In 1987 to 2.09 mIllion by 2010 Anonymous

1989 Most of this 8wwth Is expected to occur in tract

homes built in privately-Owned open spaces induding

most of the best cougar
habitat In addition to outright

habitat destruction some wildlands are lost to the cou

gar population because they become isolated by free

ways and other development For example after urban

zation isolated 75-kin2 fragment of cougar habitat

Fig San Joaquin Hills in the late 1970s cougars

became extinct there by June 1990 Bcicr Barrett

1990a
In early 1988 field work began in the southern half of

the range focusing on seven tdemctercd adult females

In January 1988 one such female had 3-month.old trIp

lets and second bad single yearling cub at heel After

the death of mature male cougar in February 1988

there was no additional rqroductive activity and no

sign of breeding male for over 12 months Padley

19904043 When two young males established them-

selves as breeders In early 1989 their tracks and vocal

Izations were obvious In AprIl 1989 we heard copula

tory vocalizations involving four telemetered females

and that summer six of the seven females bore cubs

Padlcy 1990 The presumed sires othese
itjcrs two

adult n3nLcs subsequently captured and radlo-raed

were both 2ycsrs old ax the time they became breeders

Therefore all evidence sucsts that there was no adult

male and no reproduction in the southern half of the

range for full year

In 1989 the study expanded to include the entire

mountain range We intensified our cifocts to collar pre

dispersing anhfn2k and four times per month we se

lected focal animal whose location was determined

every 15 minutes from hour bdbre sunset until hour

after sunrise Ibis research has focused on identifi

cation of existing or potential corridors for immigration

into the population as whole Identification of

Lands w1th1 the mountain range that connect nearly

isolated patches of habitat and documentation of

the travel paths used by cougars especially dispersing

animals and especially paths between areas designated

as permanent open space If protected such paths can

be expected to become corridors as future human ac

tivities affect the adjacent habitat

Arens Forming Ldige

Contiguous Block

At Surrounded by

626

550

5360e

49292b

3099

364

385

3085

1578

111407

Errbidstpft
bhcha land to Swt Onofre B.a State Pas evcludes 1700 becwes In abtm use and ahflel4 includes se seunvly aOcSsd

boisbmg ranges at Jaay not be suftabi bablInt

Includes 510 bactaes Barnsu ofJ.andgaraPleusent land admlnistnud by VbefleM station

E.pecud ta be frmsJW7 to cowtyfirmiputt ownnz
Admdnistejud by The Nre Consen.v.cy 7NC Includes iande oun by ThC State aftfumi and C.ontiy

cQ
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Rejectkxi of linresilMic U.inhwive Paraci Values

To reduce the results to digestible mass first rejected

parameter values that produced unrealistic outcomes or

that did not influence the results For example the tncan

number ci adii1 in year 100 was 70-80% of carrying

capacity wbcnever adult survivqrship equalled 0.65

even with habitat area of 3000 km2 and the highest

estimates for juvenile survival ratemean liner size and

carrying capacity If carrying capacity is ever to be ob

servable in nature it should be so under these condi

tions so cicluded the adult survival rate of 0.65 from

consld
Similarly because mean litter size of 2.4 tended to

produce ending population sizes about 15% below car

rying capacity this litter size was excluded Extinction

rates decreased only trivially when mean litter size in

creased from 2.8 to 3.2 Because available data best sup

port mean Litter size of 2.8 the mean liner size of 3.2

was also excluded from further consideratioL Finally

extinction risk Increased only trivially as the seventy of

the catastrophe temporary loss of carrying capacity

increased from 0% to 20% to 40% All results reported

herein used the 20% reduction

lafluence of Hthktat Area and Level of llgrwion

The main actors of interest were those under human

control i.e area of habitat and the presence or ab

sence of corridor allowing various levels of Immigra

tion As expected both actors Influenced the probabil

ity of extinction FIgs 35
Despite variation in model predictions due to uncer

thnty In biological parameters 98% or more of simu

laterl populations persisted for 100 years when there

was 2200 km2 or more of habitat available except un

der the most pessimistic estimates of biological param

eters carrying capacity of 0.4 or fewer adult females

and 0.2 adult males per 100 km2 in concert with adult

survivorship of 0.75 or less

As expected the probability of extinction Increased

as area of habitat decrcaed With only 1000 km2 of

habitat and no iinmiation simulated populations bad

98% persIstence only under the most optimistic esti

mates of biological parameters carrying capacities of

1.0 or more adult females and 0.5 adult males per 100

km2 in concert with adult survivorship of 0.85 or more

and juvenile survlvorshlp of 0.65 or more in the ab

sence of an immigration corridor therefore the criti

cally small habitat area lies between 1000 and 2200

km2 Within this range the critical size depends on de

mographic parameters next section

Immigration improved the probability of survival at

surprisingly low levelsas low as one male per decade

For any given combination of biological parameter esti

Figwe Effect of habitat wea and ftnmlgnztion on

cougar population persistence given carrying Ca

paclty of 0.6 breeding adult females and 0.3 bsed

trig adult maim per 100 km In eath graph the top

through bottom lines give the percent of sbnulat

populations tbat urent extinct wilbin 1W yews uen
be numbers of immigrants per dade were

male males or males and female respectively

Juv Sun juvenile survival ruse and Ad Sun adult
survival use we defined in Table

mates the critical habitat area was 600 km2 smaller

with an Immigration corridor than without Immigration

had no Influence on the size of the adult popula

tion in year
100 for opuIations tint survived

influence of ologlcal Pareters

Predictions were sensithe to all of the biological param

eters especially the estimates of carrying capacity Figs

11

Il

14 11 Is

HA1TATX 100

Cocrvco BioŒcgy
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Flgww Effect of habitat and immigration on

cvugw popul4tion persistence given cvrying ca

paci of 12 breeding adult females and 04 breed

Ing adult males per 100 km In each graph the

tbrougb bottom lines give the percent of simulated

populations that went extina within I00 yswhen

the numbers of ft migrants per decade were

male males or males and female respectivefr

Juv Sun juvenile nuvival ruts and Ad Surv adult

swvlrul rule are defined In Table

3-5 graphs for carrying capacities listed In Table but

not illustrated herein are available on request Both

juvenile and adult survivoesh4i values also had Impor

tant in9ucnccs on model results Figs 3-5
The adult sex ratio the ratio of carrying capacity for

females to that for males was also important When the

adult ser ratio was skewed toward females Figs 34
immigration of one or two males per decade had the

most pronounced rescue effects This was most evident

with highly skewed ratio Fig in amtrast im
migration of one or two males bad relatively muted

rescue effect on populations with equal sex ratios

These populations however benefited dramatically

from corridor that allowed four immigrants Induding
one female per decade FIg

Flgwe Effect of habitat ai and immigration on

cougar population persistence given canying Ca

pacity of 0.4 breeding adult femalat and 14 breed

ing adult males per 1X hm In each graph the tQp

through bottom lines give the percent of simi4iod

populations that went emma within 100 when

the numbers of immigrants per decade steve

male males ce males and female respectively

Juv Surv uvenik survisml rate and Ad Surv adult
survival rate me defined in Table

Cuwdan BIokiy
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Population Trajectory

For populations with low extinction risk the population

trajectory on run of 100 years ftuCtUated near Can7lflg

capacity for example see Fig 6A Despite this relative

stability the age
and sex composition ci the simulated

population showed considerable variation even when

smoothed by takIng 5-year running means Pig 6B Sur

prisingly most trajectories wed no response to the

simulated catastrophes despite 2O-4O% reductions in

carrying capacity In years 2628 5153 and 7678

see Fig 6A
Populations at greater

risk of extinction showcd even

greater demographic instability Fig 6C When the sex

ratio skewed toward females the most common

extinction cenar1o was loss of breeding males at time

when no male cubs survived

FIgure Tnlectories of simulated cougar popula
ions with juvenile suwivavsbp 0.55 adult survi

varsbip 085 canyitg copac4y 0.6 female and

03 male adults/100 km no immigration and

20% loss of canying cqpacity lasting years every

25 With 2200 km2 of babitat all popula
tions persisted As In this typical frajectoty age and

sex compositiOn of the population varied nuvedly

over time Five-year running neansfrvin panel

showing that even with five gears of observation

population demograpbia varied considerably

WIth 1200 km2 of babitai demographic Instability

increased and 25% of the simulated populations

went extinct As in this typical frctoty extinction

was usually initiated by loss of adult majes

Applylag the Popo1io Mo4el In the Saga Mota4.

Given the best local esthnates for survivorshlp rates and

carrying capacity the model predicted that the coups

population In the Santa Aria Mountains Is clearly endan

gered Although there Is lest than 3% rIsk of extinction

In the next 100 years with the current 2070 kin2 of

habitat and no immlgraiicm every parcel of habitat lost

Increases the risk of extinctioti Fig if the population

Is confined to the 1114km2 block of contiguous pro-

tented lands extinction risk rises to about 33% an mi

migration corridor necessarily Including some lands

now ii
private ownership would greatly improve the

CorrWor

The only population that can potentially supply immi

grants to the
cougar population in the Santa Aria Moun

tain Range is that in the Palomar Range Interstate High

way 15 and the urban developments along it present the

most formidable barr1ct to wildlife movements between

thcs raage bridged river provides the only safe un

dcrcrossing of Highway 15 and there is only one po
tential corridor between the Palomar range and this Un-

FIgure Extinction risk jbr the cougar population

in the Santa Ana Mountains The top through bottom

lines give the percent of simulated populations that

went extinct within 100 yeas uien the numbers of

immigrants per decade u.e male males 0r3

males and female respectively From right to left

the vertical lines lndkate total available habitat in

1992 total available habitat if the Chino Hilts is

lost and total aren of the protected and inten
nected habitat block Simulations were run with the

following esrlma cariytng capacity 07 adult

females and 235 breeding adult males/100 km Ju
venile swvivorsbip 0.50 and adult survivorsb4

o.Aa

YEAR OF SIMULATION
AREA OF HABITAT SQ KM
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derpass Beler Barrett 1990k 1992b The potential

corridor is about 4.5 km long and follows an lntermlrent

watercourse Pecbanga Creek and the wooded ridges

south of this creek Fl Peth2ng2 Corridor Al

though crec tend to be natural travel corridors the

utility of lower Pechanga Creek as corridor is compro
mised by night lighting from adjacent tract homes
reambed degradation by recent con.slniction con
crete anbanicmait on portions of the north bank and

removal of woody vegetation for golf courses on the

south bank There arc also several residences an aban

doned quarry two-lane paved road and golf course

in the wooded ridges south of the creek

Although no single One of these obstades occludes

the corridor cdulccfrively they probably prevent immi

gration by mountain licns into the Santa Am Range

Field evidence suescs that the corridor almost works
On August 1990 dispersing male mountain lion

6iled to negotiate the corridor wandering into rural

residential area where be was captured by wardens On
29 October 1990 another cougar was killed on 1-15 just

south of the bridged underpass On 21 January 1992
telemetered dispersing male successirully used the cor

ridor to emigrate from the Santa Am Mountains to the

Palomar Range However he avoided the bridged un
dercrossing and the lower kilometers of Pechanga

Creek and was lucky not to have been struck crossing

1-15 The pattern of topography and habitat degradation
makc it even less likely that west-bound immigrant
would successiully find the undercrossing Beiei Bar
rett 199gb

Inlt-ke Corrlcws and Iruvd Pbs

Our data On cougar travel paths Including detailed ob
servations on dispersal routes have identified specc
areas that now prevent intra-range fragmentation The
most thzcazened Link is that connecting the Chino Hills

about 150 kth2 of cougar habitat including 57-km2

state park to the rest of the mountain range FIg
Coal Canyon Corridor State Route 91 and adjacent

developments present the greatest obstacle to move-

man between these areas The Coal Canyon corridor

provides an excellent natural travel mute to the freeway

and two usable passageways under it Beler Barrett

1990 1991 At least two probably three cougars

succcathslly used the Coal Canyon corridor and its un
derpasses to cross Route 91 into the Chino Hills In

addition one telanctered cougar was struck by vebi

de attempting to cross the freeway at the mouth of Coal

Canyon One tdernetered male dispersed from over 60

kilometers away to establish horse range that now
straddles Route 91 he has used the Coal Canyon corn

dor to cross the freeway at least 16 times during May
December 1991 pending proposal to build 1500

homes on 150-ha parcel in Coal Canyon would sever

this link eliminating cougars from the Chino Hills

Discussion

Popihalon Model

In the absence of immigration habitat area of 1000
2200 km2 depending on the demographics of partic
ular population is needed to support cougar popula
non with 98% or more probability of persistence for

100 years these minimum areas would bold about 15
20 adult cougars ibese areas are far n2Hr-r than the

area assumed necessary to support population of large

carnivores for several centuries without loss of genetic

variability PEankJlæ l980 ft must thercforc be stressed

that provision of the minimum areas suggested by this

model will not guarantee long-term survival of popu
lation In cases where no immIgration corridor Is pro
vided populations confined to such ualI areas will re

quite monitoring and perhaps periodic intervention

such as introduction of new genetic material through

translocation

The
attempt to eliminate some of the values for bio

logical parameters Table yielded two biological in

sights First natural catastrophes of moderate severity

up to 40% loss of carrying capacity frequency every
25 years and duration years appear unimportant to

cougar population persistence Shaffer 1983 sllliilarly

concluded that catastrophes were relatively unimpor

tant to the population dynamics of grizzly bears Future

modeling efforts can investigate whether this surprising

result also holds for disturbances of greater severity aI
frequency Secoqd because adult survivorshlp of 0.65

or less ptevented simulated populations from reaching

carrying capacity management of small populations

should include attempts to control factorssuch as

depredation permits construction of road undcrcross

ingsthat might Influence adult survival rate
These minimum areas and the number of cougars

present Therein are comparable to the minimum area

and number suggested by Shaffer 1983 for grizzly

bears goth my model and Shaflrs incorporated density

dependence and produced minimum areas and popula

tions much smaller than predicted by analytic models

see Belovsky 1987 or simulation models lacking den

sity dependence Captive Breeding Specialists Group

1989 Ginzburg en alL 1990 this paper Methods

Ginzburg et al 1990 advocated use of density-

independent models to generate conservative estimates

of extinction risk when it is highly sensitive to the shape

of the density-dependent function assuming the true

function is unknown However to the extent that

density-independent analysis m1class1flcs viable popu
latioos as hopelessly small It can be less conserva

tive approach Furthermore extinction risk in my model

was nor sensitive to the shape of the density-dependent

function Fig .1 Therefore chose density dependent

model because it is more realistic In general all natu

ral populations are.. Influenced by density-dependent

C.oGiuTatioa sioku
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processes Began Mortimcr 1981162 For cougars

in particular long-term observation in Idaho Hor
nockcr 197O Scidensticker et aL l97 Qulgley et al

1989 and the Ruby MOuntalis of Nevada Ashman et al

1983 show the stability characteristic of populations

with density-dependent regulation The data of Qugicy

Ct aL 1989 also sumr that cougar numbers track

major Iong.term changes in carrying capacity prey

abuixiance Finally simulated populations with den

sty-lndependent survival rates wIn they persisted

often had unrealistically high ending densities see

Methods Density-Dependence in Survival Rates
If wlldWe movement corridor is available to allow

immigration of up to three males and one female per

decade an area as small as 6001600 kin2 iidji
on the demographics of particular population can

support cougar population without significant extinc

tion risk in 100 years Doubtless higher levels of immi

gration would allow even smaller areas to support cou

gars This in areas whert isolation or fragmentation of

cou population appears imminent protection and

enhancement of any remaining corridor is valuable

The model predicts that south Florida wIth 8800 km2

of occupied range and an adult density of about 0.6

adults per 100 km2 Machr 1990 has adequate habitat

for demographic perslstence Captive Breeding Special

ists Group 1989 also using simulation approach

concluded that the Florida population faced high risk

of extinction These predictions do not necessarily con

diet however because the CBSG model included ex
tinctious caused by inbreeding effects and excluded en
hancement of survival rates when populations were

below carrying capacity In any event the best panther

habitat In Florida Is privately owned Machr 1990 and

rapid agricultural and urban development could soon

fragment this habitat Into dangerously small parcels The

aessFre protection of habitat and movement corri

dors is essential to ensure the persistence of Florida

Two Cvea in Applylag Model

Two caveats apply to this modeL First the model is

sensitive to the estimates for carrying capacities for

adult males and females Unctitical use of estimates from

different area or habitat type should be avoided Be

cause cougars are K-selected it is probably reasonable

to estimate carrying capacity from locally observed den

sities However the great variation In sex and age com

position in simulated populations suests that at least

five years of study are needed for reliable estimates Fig
6AB Also the carrying capacities used in this model

must be estimated by numbers of breeding adult males

and females ciduding the pool of nonbreedlng male

and female transients that characterize most populations

Sddenstkker Ct aL 1973 Categorizing all individuals

over year of age as adult breeders would lead to overly

optimistIc predictions

Second survival rates observed for population oc
cupyig large area will probably decrease as area de
creases and degree of isolation Increases doe to In

creased highway mortality Bcicr Barrett 1992a md
decreased dlspcisal success conservative approach

necessitates use of lower-tha-observcd survival rates In

making projections for population that has not yet

behagmented or isolated

ApIbkisn to the ta Aan Mountols ugc Site-Specific

Dsta along with Model Coudusloas Can S.ve land

If survival of this population is goal the model yields

several clear condusions Fig Developments that

isolate or destroy large tracts of habitat should be

avoided corridQr for immigration is of paramount im

portance Within the mountain range corridors are also

needed to Interconnect the protected parcels Table

Unfortunately these conclusions alone have little

power to save land In the pcodcvelopment political cli

mate of southern California For eample although the

admonition to avoid destroying large tracts can be

implemented without additional data few planning de
cisions involve tracts that are large relative to the 1-
itat needed support cougar population The other

conclusions cannot be heeded without additlonaldata

especially on the location of movement corr1dor

Field data suggest
dmt habitat degradation probably

prevents any regular inflow via the last potential corri

dor for immigration Fig Pechanga Corridor Except

for the 15-year-old freeway the obstacles to the

Pcdnga Corridor are less than years old If regional

spatially-explicit land-usc plan bad been in place in

1986 the importance of this corridor would have been

obvious and the obstacles preventable Stict protection

of the remaining habitat and additional habitat inodifi

cation and restoration will now be necessary If the

Pechanga Corridor is to function Beler Barrett

1992b The Nature Conservancy Is actively Interested

in taking such steps but faces an uphill struggle

Our work has also spotlighted critical corridor nec

essary to prevent intra-range fragmentation FIg Coal

Canyon The City of Anaheim is now considering ap
proval of housing project that would destroy this cor
ridor Our documentation of both the importance and

use of this corridor should result In scaled-back proj

ect that Leaves the corridor Intact The population

model convincingly predicts that loss of this corridor

would guarantee the cxtinction of cougars from the 150

km2 of habitat north of the freeway reducing by 7.5%

the total habitat available to our population and pushing

the population lcftward to the steeply rising part of the

risk curve Fig The field work shows that the cor

ridor is in fact used- Thus the model and the field work

Volume No Marcb 1993
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together may provide sufficient documentation to pro
tect this corndor certainly neither could do so alone

In another application the mode and complementary

fieldwork are having limited success In mitigating the

effects of planned freeway its proposed route slices

through pristine area with no human residents along

Its 21-kilometer length Anonymous 1990 This free

way would ect wildlik movement between the bu
of habitat on one side of the road and five smaller areas

of dedicated open space on the other side By all-night

radio-tracking of individual focal animals we have

learned the actual routes by which cougars travel

moag these areas Although these routes now traverse

pristine open space they will become corridors at

best as freeway-induced growth removes the djarent

habitat ibe transportazloà agency has responded to this

Information by planning bridged undcrcrossings at the

five most Important crossing points Previously the

agency had planned on only one of these bridges and

the location was based on geological rather than biolog

lcal considerations

Unfortunately preserving corridor is not as simple

as building bridge at one point along the corridor The

road4uIdlng agency has acknowledged that the free

way by providing critical infrastructure to large ex

panses of open space will induce massive urban

growth Anonymous 19905.13 such growth could

sever all of the wildlife corridors rendering the under

passes pointless The agency has refused requests to pur
chase easements to the three most important cokridors

as mitigation for this induced growth and it currently

faces Jawsuit on this issue

Coaclusloos

The cougar is an ideal species for identification of move

ment oorridor for two reasons First cougars arc an

area-sensitIve species therefore corridor Identified on

the basis of cougar use will benefit at least one species

Second bunting cougar travels an average of 5.5 miles

per night Beier unpublished data and thus generates

lot of corridor data In short time Collection of com

parable data for less wide-ranging species may take

years or generations

do not advocate using cougars as proxy for all

species of concern However management decisions

will not await the conduslon at long-term studies on

more sedentary species In western North America use

of data from tclcmctercd cougars may be the most ex

pcdlent way to interject biological facts into the analysis

of environmental impact and mitigation related to

movement corridors It is certainly big step above

current practices which include looking at aerial

photos in an office and guessing where corridor ought

to be or labeling the leftover shards of habitat or

the bridge built according to geological cotntralnts as

the wildlife corridor

Effectivç protection of wildlife corridors requires

putting them on the map Unfortunately the current

mechanism for such protection is for concerned citizens

to detect and force mitigation on cacti proposed project

that threatens the corridor For the cou population in

the Santa Mia Mountains this requires monitoring ad
being prepared to litigate decisions made by five county

governments Sevcnti municipal governments two

transportation authorities and the worlds largest water

district Because corridor Is only as strong as Its weak

est link tingle oversight or failure on the part of con
servationist -oluntcas is sufficient to lose the Iink

Putting wildlife corridors and critical habitat on

plannes map can best be done through geographic

information system covering regionat landscape Al

though General Plans arc mandated for cacti county in

California such plans are rarely sire-specific in any rec
ommendations and are almost never tied to GIS Fur

thermore as the present case Illustrates alnglc popu
lation or wildiand may span several counties and land

use planning Is nonexistent at the regional level

spatially-explicit planning tool such as GIS is es
sential because it provides the only efficient means of

addressing cumulative impact and an accessible forum

on which developers conservationists and other citi

zens express their vision of the çcgiocal landscape at

build-out Scott ct at 1990 describe GIS-based ap
proach that would admirably serve regional plan and

Hollings 1978 gives practical advice that should in

spire such planning
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INTRODUCTION

The South Coast Ecoregion encompasses 3.4

million hectares or roughly 8% of California

Lying west of the Sonoran and Mohave deserts

and south of the Santa Ynez and Transverse

Ranges the ecoregion extends about 320 km

south into Baja California Mexico Figure

Californias most populated ecoregion it has the

dubious distinction of being the most threatened

hotspot of biodiversity in the United States with

over 400 species of plants and animals considered

at risk by government agencies and conservation

groups Hunter 1999 Despite human

population of over 19 million 2000 census the

South Coast Ecoregion has many large wildiand

areas mostly in more rugged and higher-elevation

habitats within the Los Padres Angeles San

Bernardino and Cleveland National Forests

Santa Monica Mountains National Recreation

Area Marine Corps Base Camp Pendleton and

several State Parks Although each wildiand core

area would benefit from expansion increased

protection and restoration each enjoys some

degree of protection from urban expansion and

few if any major new wildland areas are likely to

be designated Therefore we focus on the

previously neglected portion of wildiand

network namely the linkages between core areas

Although numerous conservation efforts are

underway such as Californias Natural

Communities Conservation Plans NCCP Polak

2001 these efforts do not span the ecoregion and

do not conserve ecosystem processes
and

functions that operate over grand scalessuch as

top-down regulation by large predators or gene

flow between core areas lying in different

planning jurisdictions To address these gaps

each of us has worked on independent projects to

conserve and connect large wildland areas where

large-scale processes can operate in semblance

of their natural rhythms Since 2000 we have

worked together on an ecosystem-wide effort--the

South Coast Missing Linkages project SCML
SCML began with statewide workshop in

November 2000 sponsored by The Nature

Conservancy Geological Survey California

State Parks California Wilderness Coalition and

San Diego Zoo Over 200 land managers and

biologists from throughout California identified

232 actual or potential linkages needed to sustain

ecosystem processes
in protected wildlands South

Coast Wildiands was formed in early 2001 with

an Executive Director Board team of Science

Advisors and the goal of conserving essential

linkages throughout the South Coast Ecoregion

South Coast Wildiands brought together under the

umbrella of SCML variety of agencies and

organizations already engaged in various linkage

conservation efforts We worked with these

partners to develop standardized set of methods

for conserving network of protected wildiands

for the region
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Widespread and increasing urbanization in most

linkage planning areas constrained conservation

options and added urgency to the planning

process We experienced an understandable urge

to use expert opinion to quickly map conservation

targets seat of the pants approach Noss and

Daly this volume However three ideas

compelled us to develop set of scientific rule-

based procedures for delineating what we call our

Linkage Design First despite our confidence that

maps based on expert opinion would lead to

sound conservation decisions when we

experimented with more formal methods we

discovered some options that we had overlooked

see also Cowling et 2003 Second model is

transparent Landowners developers

conservation investors and decision-makers

demand strong support for recommendations to

conserve particular areas If they doubt one or

more assumptions parameter estimates data

layers or decision rules they can re-run the

model and see if it makes difference Finally

rule-based procedures allow formal sensitivity

analysis valuable tool for conservation

planning

In this chapter we describe SCMLs science-

based collaborative approach to linkage planning

in the largest urban area in the United States Our

goal is to provide one promising recipe for

designing plans that conserve and restore

connectivity in real landscapes These methods

were developed predominantly by the authors and

incorporate variety of GIS methods developed

by others Significant elements have been

incorporated from conservation efforts by our

partners most notably the workshop-based

approach developed by the San Diego State

University Field Station Programs

This chapter is broad overview to be

supplemented by additional papers on the

mechanics and results of priontization

permeability and habitat analyses Because our

focus is on science-based approach we ignore

important considerations of histoiy and

organizational theory future papers will describe

false starts historical lessons and the interplay

among biological foundations conservation

design and conservation delivery We have

already achieved number of successes with this

approach but acknowledge that it is work in

progress We adamantly hope that others will

improve on our efforts

The following sections are numbered and titled as

prescriptions because we hope others will use

them as an outline for future efforts Steps

through correspond to the six steps in linkage

design suggested by Beier and Loe 1992 which

have proven rather discrete and chronological in

practice as well as in concept We add new Step

coalition building which is logically first and

permeates all other steps

STEP BUILD COALITION

Key elements in developing coalition for SCML
include serving as catalyst engaging partners

holding organizational meetings forming

steering committee and developing an inclusive

workshop-based approach to conservation

planning

Serving as catalyst Conserving wildland

network on regional scale requires strong

collaboration among land management agencies

conservation groups transportation and resources

agencies sovereign Native American tribes and

others As the smallest of these entities South

Coast Wildiands serves as catalyst an agent

that develops synergy among various larger

partners We believe that small group like South

Coast Wildlands can best fill this role because

implementing the vision of connected

ecoregional wildiand network is our sole focus

and raison dŒtrerather than one of many

priorities vying for attention Furthermore most

other agencies have internal priorities that would

favor some linkages e.g linkages that serve

lands owned or managed by the agency that

could make them an inappropriate lead agency for

regional effort

Engaging partners
The statewide Missing

Linkages workshop had major sponsors above
By organizing this successful conference the

nascent South Coast Wildlands earned the respect

of these partners More important it became
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obvious at the workshop that all of the

management and conservation agencies

considered the workshop simply first step in

linkage conservation The idea had become

mainstream and could command enormous energy

if an effective plan were in place The workshop

report Penrod et al 2001 with the logos of

these sponsors on the cover was distributed to

most agencies and consulting firms in California

and received front-page coverage in most

California daily newspapers during its August

2001 release Ten days later capitalizing on this

publicity South Coast Wildlands convened

meeting among the original sponsors plus other

organizations potentially interested in linkage

conservation in the South Coast Ecoregion At

that meeting we outlined the proposal distributed

brief concept paper asked for feedbaclç and

solicited and received commitments of time and

funding to the effort From the outset this was

presented as collaboration not as project of

South Coast Wildlands with others as junior

partners

Partners now include scientific and educational

agencies Conservation Biology Institute San

Diego State University Field Station Programs

San Diego Zoo Geological Survey federal

land management agencies National Park

Service Forest Service state agencies

California State Parks Department of Fish and

Game Resources Agency Santa Monica

Mountains Conservancy and conservation

NGOs California State Parks Foundation

California Wilderness Coalition The Nature

Conservancy The Wildlands Conservancy Each

partner allows use of the organizations name and

logo on reports and in publicity events and

provides some form of support not always

funding In addition we have excellent working

relationships with entities that are not yet partners

including Native American tribes county

planning departments local land conservancies

Bureau of Land Management the California

Department of Transportation Pronatura

Mexican conservation NGO and Conabio

Mexicos federal Comisiôn nacionalpara el

conocimiento usa de la biodiversidad

Steering Committee In August 2001 we formed

steering committee with representatives from

each major partner The steering committee holds

monthly conference calls to ensure that SCML is

integrated with other efforts most notably the

Natural Communities Conservation Plans being

developed by the Resources Agency The steering

committee has averted potentially serious

misunderstandings and has kept the project on-

track and visible to participating groups and

agencies

Workshops As described below we used

workshops to engage partners in many aspects of

linkage planning By including developers and

their consulting biologists as well as our natural

allies we demonstrated that our process is

transparent inclusive and honest When

participants saw that their input is genuinely

sought and used they tended to adopt the effort as

their own We have involved partners in every

aspect of the process
because the plan will not

succeed if South Coast Wildlands simply asks

partners to implement its plan Only by

collaborating from start to finish will all players

fully engage in implementation

As with any collaboration our partnership
has

faced difficulties Dwindling resources and staff

time have prevented some partners from

providing resources necessary to conduct some

analyses Perhaps the most problematic issue has

been the rare plea to dispense with time-

consuming science and get our products out

faster However we have managed to keep our

focus on the big picture and these distractions

have not disrupted our working relationships nor

changed our commitment to scientific approach

STEP SELECT CORE AREAS AN
PRIOR111ZE LINKAGES

We initiated Beier and Loes 1992 first step
in

science-based connectivity planning identifying

cores in need of linkages at the November 2000

Missing Linkages workshop core area was

defmed as large wildland with reasonable

prospect
for retaining its wild character for the

foreseeable future including large military

installations but excluding sovereign tribal lands
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The process was minimally selective all proposed

linkages in California were accepted as long as

core areas were identified For Mexico where no

large protected areas occur within 100 km of the

international border but many large wildiands still

exist the nearest areas of natural habitat 2000

km2 were used as core areas In Mexico Pronatura

and Conabio have enthusiastically greeted our

initiative shared their plans and data and are

working to ensure that cross-border linkages will

connect to protected areas in Mexico

Conservation Biology Institute linkage manager

for the cross-border linkages is our primary

liaison with Mexico

Realizing that resources were insufficient to take

immediate effective action on all 60 linkages in

the ecoregion and additional linkages

connecting to wildiands in other ecoregions we

proposed 12 1inkaes for conservation action

Almost immediately advocates for particular

wildiands not directly served by those 12 linkages

lobbied to have the list changed or expanded

Obviously defensible prioritization process was

needed and only transparent process open to all

partners
would suffice

Following process inspired by Pressey et al

1994 Pressey and Taffs 2001 and Noss et at

2002 South Coast Wildiands invited all partners

to send representatives to prioritization

workshop at which each linkage was scored in

two dimensions biological importance and

vulnerability Participants assigned highest

priority to linkages that fell in the upper right

quadrant most important highest threat Seven

criteria were used to assess biological importance

sizes of the two core areas 35% weighting the

degree to which the linkage facilitated connection

to other ecoregions or was essential to the utility

of downstream linkages 20% habitat quality

in the smaller core area 20% existing width and

habitat quality in the linkage 10% the degree to

which the linkage connects the ocean to salmonid

nursery habitat or would reduce contaminants

sediment and insolation of riverine habitat 8%
and the degree to which the linkage might allow

for seasonal migration or facilitate range shifts in

response to climate change 7% The seventh

criterion was debit of 10 points for each riverine

linkage that lacked upland habitat was over 10

km long and had an average width narrower than

200 This debit distinguished between true

landscape-level linkages and those linkages that

while technically connecting large core areas

would not facilitate movement of wide-ranging

carnivores or other upland vertebrates due to

frequent road crossings severe edge effects noise

and light pollution garbage-dumping and other

disturbance conflicts with pets and low diversity

and integrity of natural habitats

The weighting among scores reflects an emphasis

on ecosystem processes and top carnivores and

thus area was more important than the particular

habitats or habitat quality in core areas The full

35 points for size of core areas was awarded to

linkages that would connect two large 2000
km2 each wildiands We assigned lower scores

for linkage between large and medium-sized 60
to 2000 km2 wildlands or between large

and

small 60 km2 wildlands down to low of

points for linkage between two small wildlands

The 2000 km2 and 600 km2 thresholds

correspond to the minimum areas required to

support puma Beier 1993 or bobcats Fells rufus

Crooks 2002 respectively over the short term

In addition to being among the most area-sensitive

species in the ecoregion these high-level

carnivores are important regulators of ecosystem

function Terborgb et at 1999 In addition one

or both of these species occurred in all core

areas and were thus more appropriate than

species such as peninsular bighorn Ovis

canadensis cremno bates that were present only

in some core areas

The relatively low weight given to current habitat

conditions reflected our optimism that if we could

avoid urbanization of large degraded wildiands

we would conserve at least the opportunity to

confront the restoration challenges The relatively

low weight for response to climate change was

hotly debated All participants agreed that global

change will have profound impact on biodiversity

However there was considerable scientific

uncertainty about the direction seasonality and

magnitude of changes in temperature and
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precipitation expected in our ecoregion with

corresponding uncertainty as to which linkages

would best facilitate range shifts To earn the

points for this criterion linkage had to span an

elevation gradient 650m 2000 ft or two major

life zones

At the November 2000 conference persons

describing each linkage had rated the severity of

each of several types of threat to the linkage on

scale of low to high For our assessment of

vulnerability we used the higher of the threat

scores for urbanization or roads We ignored other

threats such as off-road vehicle use or

agricultural conversion on the grounds that these

threats are relatively reversible compared to

urbanization and roads

Determining the criteria and scoring system was

an iterative process during which participants

gradually reached consensus on the conceptual

underpinnings of the gestalt ratings that each

person held at the start of the process Scoring the

69 linkages went quite quickly once these issues

were resolved The biological importance scores

were clustered in groups with 22 linkages

scoring as most important Twelve of these 22

priority linkages had high vulnerability ratings

and thus emerged as conservation priorities In

addition we added linkages with moderate

vulnerability scores in areas where our partners

had already begun conservation planning We

offer several related justifications for this

departure
from our prioritization

scheme First

the importance-vulnerability algorithm is not

responsive to real-world opportunities and should

be used to inform but not dictate conservation

decisions Noss et at 2002 These opportunities

related not only to the particular linkages

involved but also to maintaining and

strengthening the coalition needed to conserve

these linkages Finally in one case acquisition

efforts were half complete and we reasoned that

quick victory would help maintain partner

enthusiasm for the full program

These 15 linkages are the focus of our current

efforts Figure They include linkages within

the South Coast Ecoregion and linkages

between ecoregions including Baja California as

an ecoregion The core areas served by these

linkages include all the obvious major wildiands

in and adjacent to the ecoregion such as the San

Gabriel Mountains San Bernardino Mountains

San Jacinto Mountains Anza-Borrego desert

lands and Santa Monica Mountains The smallest

core area is the Otay Mountain area of southern

San Diego County 150 km2 The longest

linkage spans
over 80 km of the privately-owned

Tehachapi Mountains to connect the large

protected
wildiands in the Sierra Madre to those

in the Sierra Nevada The shortest linkages

serve core areas separated only by freeway and

few small private parcels For other linkages the

edges of the two protected cores are to 24 km

apart

Each linkage was adopted by partner

organization to serve as its linkage manager or

the entity most responsible for planning that

linkage South Coast Wildlands San Diego State

University Field Station Programs National Park

Service The Nature Conservancy California

State Parks US Forest Service and Conservation

Biology Institute serve as linkage managers or co

managers

STEP SELECT FOCAL SPECIES FOR
EACH LINKAGE

Although our ultimate goal is to conserve

ecosystem function we designed linkages to serve

the needs of particular focal species We used

focal species approach for the practical reason that

we do not know how to conduct permeability

analysis or design linkage Step in way that

directly conserves ecosystem processes
in the core

areas We acknowledge that our approach could

result in linkages that allow movement of focal

species
between core areas but that might fail to

conserve natural patterns and mechanisms of gene

flow pollination seed-dispersal interspecific

interactions energy flow and nutrient cycling

We do not take this risk lightly However given

the pace of urbanization we cannot wait for

answers to these questions We can immediately

exploit the focal species approach which has the

further advantage that species-based management
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is accepted and supported by managers decision-

makers and public opinion Lambeck 1997

Miller et 1999 Carroll eta 2001 Barn et

2002 Noss and Daly this volume

To minimize the disconnect between focal species

and ecosystem processes Ricketts et this

volume we sought variety of focal species for

each linkage including species that are closely

related to ecosystem function or sensitive to

linkage loss such as indicator species keystone

species area-sensitive species and umbrella

species Miller et al 1999 Coppohulo et al 2004

For instance linkage that serves focal species

such as puma Puma concolor conserves one

necessary
condition for top-down trophic

regulation Similarly we hope that linkage

designed to serve plant species
with limited seed

dispersal will conserve that process
for less

dispersal-limited species

Our suite of focal species also included few

orthogonal species i.e species that occurs

within the linkage but not necessarily in the core

areas Planning for such species can help ensure

that linkages maintain ecological integrity and are

not sterile gauntlets through which other species

must pass Thus although most of our focal

species were species that need the linkage to

pass between core areas the orthogonal taxa

represented species the linkage needs to ensure

its integrity For example the little pocket mouse

Perognathus longimembris occurs on fme sandy

soils in arid valleys between major mountain

ranges but not in the mountains themselves its

sensitivity to human barriers such as roads and

concrete ditches made it good focal species for

ensuring linkage integrity
between the

mountainous uplands

We did not give rare or threatened species special

priority as focal species although some such as

San Joaquin kit fox Vulpes macrotis mutica

were chosen because they met other criteria

Rarity in itself does not make species good

keystone umbrella or indicator species

Focal species were selected by participants
in five

workshops each organized around to linkages

in geographic proximity Participants
included

land managers planners consulting biologists

California Department of Fish and Game staff

and experts on species habitats and conservation

plans in the linkage area Selected taxonomic

experts gave presentations on what was known

about various species habitat connectivity

requirements and suggested some initial candidate

focal species Participants
then sorted into

taxonomic workgroups to select focal species

South Coast Wildiands and the collaborating

linkage manager provided detailed instructions on

how to select focal species and emphasized how

these species would be used to design and justify

the linkage and to serve as indicators of linkage

function over time

Participants were asked to select species
that

require inter-core dispersal at the scale of this

landscape for metapopulation persistence

have localized distribution at the spatial scale of

this landscape have short or habitat-restricted

dispersal movements represent surrogate
for

an important ecological process e.g predation

pollination fire regime need connectivity to

avoid genetic divergence of now-continuous

population might change from being

ecologically dominant to ecologically trivial if

connectivity were lost is an important

pollinator or seed disperser or would suffer

reproductive failure if it lost the service of

fragmentation-sensitive pollinator or seed

disperser or is reluctant to traverse barriers

e.g culverts under roads and would be useful

umbrella for other species sharing this trait

Workgroups tried to include focal species that

varied with respect to habitat specialization and

dispersal distances but were asked to limit the

number of species chosen to per taxonomic

group Workgroups reviewed the lists of other

workgroups to eliminate redundant species i.e

species
that seemed unlikely to add to the linkage

design in light of other included species in

deciding which of two species to consider we

retained the species whose habitat needs and local

distribution were better known
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total of 109 species were identified in all 15

linkages including 26 plants
25 invertebrates 18

amphibians and reptiles fish 20 birds and 16

mammals Although some species usually plants

or invertebrates were selected for single

linkage the average focal species appeared on

lists of 2.7 linkages range ito 15 linkages

Puma mule deer Odocoileus hemionus and

badger Taxidea ta.xus each appeared on lists for

14-15 linkages Steelhead Oncorhynchur mykiss

western pond turtle Clemmys narmorata and

western toad Bufo boreas each appeared on or

more lists On average 19 focal species were

identified per linkage range 14 to 32

STEP CREATE DETAILED LINKAGE

DESIGN

We developed multi-stage procedure for

identifying priority lands for conservation in each

linkage The first three stages A-C below reflect

the different types of focal species and the

considerable variation in ecological knowledge

available for each For appropriate species we

used least cost corridor analysis to identify

lands likely to facilitate movement Patch size and

configuration analysis was then used to

evaluate whether each focal species
could persist

and move through the union of least-cost paths

and to expand that union as needed The final

stage added buffer to accommodate edge

effects ecological uncertainty metapopulation

dynamics and processes
and species

omitted from

the analysis

Determine whether least-cost corridor

analysis is appropriate to identify lands that

best facilitate movement of each focal species

or their genes between the two core areas

Least cost corridor analysis LCCA is GIS

based method of estimating the optimal location

of landscape linkage between core protected

areas based on estimates or assumptions about

how focal species responds to various landscape

features that can be reflected in digital map layers

Singleton et al 2002 Theobald this volume

Because least cost corridor analysis identifies all

pixels with low travel costs it produces swath

that can include alternative path and is thus

superior to least cost path analysis which yields

single path one pixel in width for its entire length

Theobald this volume Other alternative

approaches to LCCA are presented by Barn et al

2002 Carroll this volume Clevenger and

Wierzchowski this volume Fagan this volume

Noss Daly this volume and Tracey this

volume We chose LCCA because we lacked

detailed data needed for the more sophisticated

alternatives such as movement of radio-tagged

animals or parameter estimates for spatially

explicit population viability models

Although the most quantitative and flashy tool in

our toolbox LCCA is the most data-demanding It

is also inappropriate for some focal species To

guard against inappropriate use of this tool we

used it only for species that met all three of the

following criteria First we must know enough

about the movement of the species or the

movement of its obligate pollinators and seed

dispersers to estimate cost-weighted distance

using the data layers available to us For example

although steelhead and arroyo
chub Gila orcu iii

are confmed to streams the GIS stream layer is

not detailed enough to indicate which stream

stretches have aboveground flow most blue-line

streams in the area do not or what barriers might

exist to movements Second the species must

occur or have historically occurred in both core

areas to be linked such that restoration is feasible

and the species or its genes must be capable of

moving between the cores although not

necessarily within single generation This

excluded the orthogonal species from LCCA
Third the time scale of the species gene flow

between core areas must be shorter than or not

much longer than the time scale at which

currently mapped vegetation layers are likely to

be replaced by disturbance events and other

environmental variation This condition excluded

focal species such as Engelmann oak Quercus

enge/mannhi for which gene flow would only

occur over many hundreds of years This criterion

would not be needed for LCCA that included
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dynamic vegetation maps reflecting vegetation

response to disturbance or climate change

In each linkage about half of the focal species

including reptiles amphibians birds and

mammals but no fish invertebrates or plants

met our criteria for conducting LCCA We

considered the needs of the other species via

habitat suitability analysis Section below

For appropriate focal species conduct least

cost corridor analysis LCCA

We conducted LCCA using four GIS data layers

that were readily available and likely to influence

movement of many animals vegetation/land use

topographic feature ridge canyon bottom flat or

slope elevation classes defined by each species

expert and road density km of paved road per

km2 Land use urban agriculture disturbed and

paved road density are intended to encompass all

the human activities that affect suitability of

linkage habitat Although other measures

densities of humans livestock pets off-road

vehicles seem attractive most of these are

probably highly correlated with urban land uses or

paved road density and none are readily available

in G1S format

For each focal species subject to LCCA we asked

biologist studying that species or closely

related species to estimate the relative importance

of each factor for habitat use by the animal

Recognizing that it is impossible to disentangle

the influence of vegetation from that of

topography and elevation we instructed the rater

to think of vegetation as the factor that integrates

the influence of topography and elevation in

way that is most important to the species We also

stressed the priority of vegetation because there is

much larger literature on selection of vegetation

types than on responses
to the other factors Thus

the weights for elevation topography and roads

reflected only their additional influence on animal

habitat preference in some cases this resulted in

0% weights for these factors

The biologist also scored the various

vegetation/land-use classes elevation classes

topographic classes and road-density classes with

respect to animal preference on scale of

highest preference to 10 strongest avoidance

Because Clevenger et al 2002 found that expert-

based models that did not include literature

review performed significantly worse than

literature-based expert models we asked raters to

first assemble the literature on habitat selection by

the focal species and closely-related species and

we offered assistance in gathering those papers

Although these scores weights in the equations

below were used to parameterize LCCA we

asked raters for habitat preference scores rather

than permeability or travel cost scores We made

this decision because experts are much more

consistent in rating
habitat suitability than in

rating ability to move through habitat

McRae and Beier unpublished data on ratings

of habitat suitability and permeability provided by

puma experts Furthermore there is large

literature on habitat use and preference but

almost no literature on permeability or travel cost

in various habitats

We used California Fire and Resource

Assessment Program FRAP land cover/land use

data as the source for our vegetation layer USGS

30-meter digital elevation models DEM for our

elevation layer and topographic feature layer

derived from elevation and slope models using

Weiss 2000 topographic position and landform

algorithm Because our field work showed that

the only widely available digital road layer

TIGER Line files Census 2000 failed to

differentiate between unimproved roads and

paved roads we used road data from Thomas

Brothers Inc and 1-meter aerial imagery to

modify these files to create paved road density

layer We did not distinguish among types
of

paved roads e.g freeway versus 2-lane highway

nor among roads with differing traffic volumes

Our LCCA was similar to that of Singleton 2002

except that we used an additive model rather than

multiplicative one We do not claim superiority

for our additive model we are currently assessing

whether the two approaches produce different
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maps Pixel size was 0.09 ha 30-rn grid in each

linkage except one in which data availability

forced us to use 1-ha cells For each species each

pixel was assigned travel cost

where the weight assigned to factor e.g
vegetation type or road density and the score

assigned to classj e.g to the particular

vegetation type or road-density class in that

pixel To estimate the cost of movement from the

edge of one core area we assigned each pixel

cost-weighted distance

nun

where the number of pixels along path from

the focal cell to the largest block of suitable

habitat as defined by California Department of

Fish and Game 2002 within one core area

Superimposing adding the cost-weighted

distances from the core areas produced map
depicting for all pixels in the linkage area the

average cost-weighted distances from the two

core areas Figure see also Theobald this

volume We tentatively accepted the lowest

percentile that formed continuous swath

between cores usually 1% or 2% maximum 5%

The least-cost corridor for each species was sent

to one or more species experts and persons

familiar with the landscape who reviewed the

model structure and outputs and recommended

percentile e.g the most permeable 2% of pixels

that would allow movement of the focal species

Quinby eta 1999 Although this recommended

percentile sometimes was higher than the lowest

percentile that produced continuous swath the

Linkage Design which reflected needs of

additional species and minimum width always

encompassed the expert-recommended minimum

If needed we would have expanded the Linkage

Design to accommodate an individual focal

species but our multiple-species approach made it

unnecessary to engage in this subjective process

Quinby et 1999

We combined the maps of all species to produce

union of least cost corridors ULCC that

encompassed the entire least cost corridor of each

species We decided not to map the ULCC using

different tones to indicate the number of species

served by different parts of the ULCC on the

grounds that this would not promote our policy of

No species left behind In most cases the

ULCC formed single band between the core

areas

LCCA will always produce least-cost corridor

even if the best corridor crosses freeway

aqueduct or other obvious barrier to movement of

focal species To address this any competent

practitioner will conduct fieldwork to identify

such barriers and recommend appropriate

restoration or mitigation However we caution

practitioners about more subtle pitfall

transportation agency or developer may be

tempted to use LCCA to simulate the impact of

adding road or golf course to the heart of

linkage area It is important to understand that

LCCA will almost certainly produce the same

map complete with the road or golf course

within the best 1% because this area will still be

more permeable than the adjacent housing tract or

reservoir Because someone would inevitably

misinterpret such result as indicating no impact

on connectivity it is best to avoid such abuse of

LCCA altogether Put another way LCCA should

not be used to evaluate scenarios about landscape

features such as particular highway that occur

at finer scale than the inputs into the analysis

such as road density which is only crudely

related to any particular road

Conduct habitat suitability analysis

least-cost corridor does not necessarily

encompass habitat patches large enough to

support viable populations nor are such patches

necessarily within the dispersal distance of the

focal species To evaluate the effectiveness of

each ULCC to provide connectivity for all focal
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species including orthogonal species and other

species for which LCCA was not conducted we

mapped the distribution and size of suitable

habitat patches for each focal species We used

suitability scores provided by experts or extracted

from literature review or the California Wildlife-

Habitat Relationships database California

Department of Fish and Game 2002 to identifS

suitable habitat in the planning area We
considered cluster of pixels large enough to

support 50 individuals as potential population

center rounding up to the nearest order of

magnitude in hectares e.g we rounded ha to 10

ha and 650 ha to 1000 ha This rounding avoids

belabored inferences from published estimates of

home range size or density Similarly we

considered smaller cluster of suitable pixels

large enough to support individuals again

rounded to the nearest order of magnitude as

potential habitat patch if it was within twice the

species mean dispersal distance from potential

population center We chose twice the mean

dispersal distance because estimates of dispersal

distance are based on small samples thus missing

extreme events and are biased low because

researchers lose track of individuals that move

beyond the researchers search radius

Barrowclough 1978 The rare dispersals longer

than the known mean can be responsible for

significant gene flow or demographic rescue

Brown and Kodric-Brown 1977 Thus using the

mean would cause potentially important patches

to be considered useless When data were

lacking we used the home range size and

dispersal distances for other species in the same

genus or fmily from studies in the most similar

ecoregion

Using this map of potential population centers and

habitat patches for each species relative to the

ULCC we evaluated whether adding potential

centers or patches would enhance the distribution

of habitat already captured in the ULCC If the

focal species could fly across urban or agricultural

areas the patch was added as disjunct stepping

stone For other species we added pixels of native

vegetation or agricultural land if insufficient

native vegetation was present to allow the species

to connect the area to the ULCC

Impose minimum widths on each ULCC

Portions of some linkages were narrow due to the

distribution of urbanized or agricultural lands We

expanded any constriction points along the ULCC
to width of km by adding pixels of natural

vegetation or when there was insufficient natural

vegetation agricultural land on which natural

vegetation should be restored We did not add

pixels of urbanized land however and this often

precluded expansion to km When possible we

used additions to increase the diversity of

topographic elevation and aspect within the

linkage reasoning that this would increase the

utility of the linkage during future climate

changes

There are many reasons why linkages should be

wide Many smaller animals such as

salamanders and lizards will take dozens of

generations to cross between core areas and thus

need enough area to support resident

metapopulations over time For species whose

needs are not well represented by our focal

species wide area will help ensure availability

of appropriate habitat or habitat elements e.g
host plants pollinators roosting sites

Contaminants sediments and nutrients can reach

streams from distances km Maret and

MacCoy 2002 Scott 2002 Naicker et at 2003
and fish amphibians and aquatic invertebrates

often are more sensitive to land use at the

watershed scale than at the scale of narrow

riparian buffers Goforth 2000 Fitzpatrick et al

2001 Stewart et al 2001 Wang et al 2001 Scott

2002 Willson and Dorcas 2003 wide

linkage buffers against edge effects pets lighting

noise nest predation nest parasitism Fire is

natural disturbance factor in the South Coast

Ecoregion and wide linkage allows for

semblance of natural fire regime to operate with

minimal constraints from adjacent urban areas

wide linkage enhances the ability of the biot.a to

respond to climate change Harrison 1992
suggests that linkage for species that needs to
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live in as opposed to move through the corridor

should be approximately the square root of half an

individual home range area

Harrisons 1992 reasoning provides an attractive

argument for width of to 2.5 km to

accommodate badgers coyotes or bobcats home

range sizes reported by Goodrich and Buskirk

1998 Riley et 2003 However these species

probably could use linkage 6-24 km long i.e

the lengths of most of our linkages that provided

combination of live-rn and pass-through habitat

None of these arguments provide rigorous support

for km or any other value as minimum

width We chose km as reasonable width that

probably achieves of these goals although it

may be too narrow to allow fire regime that

simulates natural conditions or enable biotic

response to climate change

The Linkage Design

For each linkage we use the term Linkage Design

for the map depicting the buffered ULCC In most

of our linkages the Linkage Design was

relatively narrow swath 6-24 km long and 2-3 km

wide along most of its length with occasionally

constrictions to accommodate existing urban

development But several Linkage Designs

encompassed broader areas for part of their

length including large patches that can function

as stepping stones or even core areas for even the

most area-demanding focal species

narrative accompanying the Linkage Design

map described the extent to which the Linkage

Design serves the needs of each focal species

Although the Linkage Design offers the best

chance of facilitating movement of each species

we have to admit that our best may not be good

enough for some focal species in some linkages

For example grasslands have been almost entirely

lost to development in several linkage areas

making it difficult to create corridor for badgers

For the remaining focal species we hypothesize

that even after urbanization of areas outside the

Linkage Design focal species or their genes

would move between core areas in way that

ensures species viability In non-scientific

parlance this hypothesis can be expressed as If

we build it they will come For orthogonal

species we hypothesize that the species would

persist within the Linkage Design after urban

build-out We discuss testing these hypotheses in

Step

STEP SPECIFY RESTORATION
OPPORTUNITIES AND MANAGEMENT
NEEDS

Linkage managers used high-resolution aerial

photos and fieldwork to identify restoration

opportunities and management needs e.g road

and aquatic barriers land use patterns for each

Linkage Design The fieldwork was especially

valuable For instance high-resolution air photos

suggested that an oil refinery was blocking

potential linkage but fieldwork showed the

facility to be abandoned and posted for sale In

another case lush riparian vegetation on the air

photo proved to be thickets dominated by the

invasive exotics tamarisk Tamarix ramosissima

and giant reed Arundo donax Biologists walked

each aquatic linkage and photographed and

measured dams siphons and encroachments

Highway edges were photographed and existing

crossing structures measured Sites where

improved road crossings could be constructed

were identified In rural areas biologists noted the

focal styles in fencing outdoor recreation

lighting livestock husbandiy and pet control

Locations of important features were recorded

with GPS We provided narrative and

accompanying photos to document these existing

conditions

The narrative also included recommendations

regarding land use domestic livestock pets off-

road vehicles artificial night lighting and

recreational activities As appropriate we

proposed restoration of native vegetation removal

of aquatic barriers rehabilitation of mined areas

and most especially improvement of

permeability across major roads High traffic

volumes on Southern California freeways for the

last 0-50 years
have made these roads into

especially formidable barriers For example in
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study of genetic structure of pumas throughout

California Ernest et al 2003 constricted gene

flow was apparent where Interstate 15 crosses

between the Santa Ana and Palomar Mountains

where Interstate 80 crosses between the Central

Coast and North Coast Ecoregions and where

Interstate passes between the Sierra Nevada and

Transverse ranges These discontinuities were

almost as pronounced as those across the Central

Valley converted to agriculture 150 years ago
or across the rock and ice of the Sierra Nevada

crest

Thirteen of the 15 linkages were crossed by

freeways up to 10 lanes wide Only two of these

13 freeway segments had crossing structures that

facilitate movement of terrestrial species Our

LCCA and habitat suitability analyses deliberately

ignored the location and quality of existing

freeway crossing structures none of which had

been located or built to facilitate wildlife

movement Because such structures are easier to

create re-locate and improve than native

vegetation topography and urban areas we

viewed them as landscape elements that should

respond to animal movement patterns
rather than

vice versa We caution conservationists

undertaking similar efforts not to let locations of

existing road-crossing structures chamielize their

thought processes
and skew their

recommendations away from biological optima

Clevenger and Wierzchowski this volume

Where biological optimum was apparent we

considered existing culverts and crossing

structures within the Linkage Design as places

where improved structures could be constructed at

lower cost Figure 3A Anecdotal information

e.g road kills game trails animal sign also

helped suggest locations for crossing structures In

some locations we recommended vegetated

overpasses Figure 3B or converting vehicle

underpasses into wildlife underpasses Figure

Where highway crosses linkage for several

kilometers we recommended multiple crossing

structures spaced as close as km apart

Clevenger and Wierzchowski this volume

We made bold recommendations for maintenance

enhancement and construction of wildlife

crossing structures but in discussions with

transportation agencies we did not ask for

immediate construction of major improvements

Instead we emphasized the opportunity for the

agency to implement meaningful mitigation

measures when they next add lanes or otherwise

upgrade these freeway segments Although

improvements may not occur for decade or

more we hope that once connectivity is restored

genomes of all affected species will rapidly

recover

STEP PARCEL LEVEL MAPS AND
IMPLEMENTATION

Throughout our reports and meetings we have

emphasized the importance of connecting two

core areas for the sake of biodiversity in all its

dimensions We have to remind even our most

sympathetic friends that this is not just an effort

to get the puma across the road Although roads

emerged as the most important potential barrier in

every linkage the best-designed crossing

structures only make sense if they are

appropriately sited and if the wildlands between

the road and each core area are conserved

Although pumas are an important focal species

whatever linkages we conserve over the next

decade will provide all the connectivity any

species will enjoy for the next century or more

To promote this broad view our written reports

described the likely biodiversity consequences of

losing the linkage and the conservation

investments in the core areas that would lose or

gain ecological value due to success or failure of

this project The value of state and regional parks

National Forest land and private reserves in these

areas reaches in the billions of dollars and

relatively modest investment in connective

habitats can help ensure their continued value We

also described how linkage protection would

advance other conservation efforts in the area

Although conservation decisions such as

purchases of easements or land or changes in

zoning will be made at the parcel level our
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printed reports offered no recommendations more

site-specific than the Linkage Design map and

descriptions of improved highway crossing

structures We made strategic decision to

exclude from our published reports any parcel

maps and any data on size value zoning or

ownership of parcels We believe that publishing

such data could be counterproductive because

media developers landowners and others are

likely to focus on the parcel map Arguments

about individual parcels
would distract from the

scientific and conservation message embodied in

the Linkage Design

Our partners are currently in the process
of

translating the Linkage Design into priority

parcels for conservation action Partners select

priority parcels and discuss appropriate

conservation measures at small workshops at

which politically sensitive discussions can take

place For instance partners can discuss the

biological and economic tradeoffs of omitting

specific parcels
from the conservation plan or of

allowing trophy home development on few key

parcels in the Linkage Design or whether

easements purchase or zoning would be the most

appropriate tool for conserving the linkage value

of particular parcel These compromises are

sometimes disconcerting but we recognize that

decisions to make conservation investments lie

with the investors rather than the scientists and

that conservation delivery involves an expanded

set of skills compared to conservation design See

Casterline et al this volume

The role of science and of South Coast

Wildiands will not terminate with the release of

the 15 Linkage Conservation Plans for the South

Coast Ecoregion We envision series of

implementation meetings at which partners
will

interactively build scenarios using South Coast

Wildiands biological expertise photo-

documented descriptions of potential barriers and

GIS layers including 1-rn resolution air photos

parcels zoning and administrative boundaries

Immediate feedback from scientists on the likely

biological consequences of various decisions will

help the conservation community make

scientifically sound decisions

On-going conservation activities with linkage

managers have provided opportunities for

enhancing and supporting linkage
conservation

For example the South Coast Conservation

Forum coalition of county state and federal

agencies universities and NGOs was recently

formed to advise the Department of Defense on

reducing urban encroachment and conflicts with

militaiy training maneuvers on Marine Corps

Base Camp Pendleton On the basis of

information we provided Department of Defense

recognized the linkage as an important mitigator

of long-term impacts to sensitive species in this

planning area This effort may effectively protect

the western third of the Santa Ana-Palomar

Mountains linkage one of the 15 priority

linkages Similarly South Coast Wildiands

collaborated with other conservation groups to

suggest reconfigurations of the proposed reserve

system for the Western Riverside County Multiple

Species Habitat Conservation Plan That plan

offered better species protection at less cost

Riverside County has incorporated some of our

recommendations which may help secure two of

our linkages

Public outreach is also an important part of

implementation Our interim products are of

interest and utility not only to partners but also to

citizens media and conservation educators

These materials include maps of conservation

designs biological attributes and restoration

opportunities We make these available as rapidly

and as widely as possible through our website and

on CD-ROM We have also prepared two types of

visual journey through each linkage flyover

animation consisting of color aerial photographs

draped over digital elevation map and an

interactive USGS 124000 topographic map of the

Linkage Design hyperlinked to digital

photographs taken from the ground to simulate

walk through the linkage

STEP DESIGN AND IMPLEMENT
MONITORING PROGRAM

As described in Step each Linkage Design map
with accompanying recommendations for

management and restoration embodies one or
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more testable hypotheses regarding focal species

To advance the science of linkage planning we

intend to design monitoring programs that address

these hypotheses Design of monitoring program

must address several related challenges including

formulating testable predictions securing long-

term funding implementing improvements e.g
new crossing structure restoring vegetation and

collecting data

Deriving testable predictions from the vague

hypothesis that the Linkage Design benefits focal

species first requires selecting an appropriate

dependent variable such as numbers of linkage

passages by individual animals or demographic

or genetic traits of the populations in the core

areas Beier and Lee 1992 Beier and Noss 1998

Movement studies should attempt to confirm

whether movements between core areas occur

often enough to influence population viability

and that in landscape without linkages such

movements would occur too rarely to benefit the

population Beier and Noss 1998 recommended

Before-After-Control-Impact-Pairs design to

maximize strength of inference from these

minimally replicated landscape experiments Two

types of control sites are feasible For example if

we are restoring linkage between two core areas

that are apparently isolated from each other the

control site could be either two well-connected

core areas or another pair of disjunct cores for

which no restoration is planned We believe the

strongest inferences would flow from having both

types of controls but finding suitably matched

sites in this rapidly changing landscape will not be

easy

Peculiar funding issues arise because pre- and

post-treatment data may need to be collected over

the course of many years Any ecologist who has

undertaken studies on vertebrate response to

forest treatments can attest to the agony of

collecting pre-treatment data and waiting years
for

well-intentioned management agencies to start

and complete treatments Research on linkage

function will be similar waiting game

Recruiting researchers to conduct independent

research on plant and animal populations in

linkages with an eye for repeating these studies in

10 to 20 years may be one solution Finally

interpreting the results of monitoring program

wiU be complicated by inevitable differences due

to compromise and errors between planned

treatments and treatments as implemented We do

not view any of these problems as

insurmountable and we hope to design

monitoring framework that is rigorous robust to

these difficulties and relevant to implementing

biotic linkages in real landscape

Although the long-term decades to centuries

effectiveness of each linkage is the most

important response variable for adaptive

management we also recommend research to

document indicators of short-term months to

years success of each linkage In most cases this

will involve documenting animal use via camera

traps tracks seats trapping or other surveys For

instance if adjacent habitat is suitable new

highway-crossing structure should start to be used

by focal species within 1-3 years after

construction Dodd Arizona Game and Fish

Department unpublished data from SR-260

study Failure to observe such use would indicate

that either the design of the structure or that some

other element in the linkage is defective Such

information should promptly inform

improvements in other linkages

Conclusions

The remaining large wildlands of the South Coast

Ecoregion form an archipelago of natural open

space within one of the worlds largest

metropolitan areas Until the recent dramatic

surge
in human domination of this landscape

these wild areas formed one ecological system

We envision future interconnected system of

natural space and we offer our approach as

biologically defensible and repeatable procedure

to design conservation linkages

Hallmarks of the SCML project have been the

development of rigorous quantitative methods to

prescribe linkage conservation needs and the

highly collaborative nature of the planning effort

This approach spans jurisdictional boundaries

and promotes the partnerships needed to

implement landscape connectivity at this scale
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garners greater visibility from agencies and

focuses disparate conservation efforts on

coordinated regional plan that appeals to the

public and to the agencies increases the

effectiveness of partners working at local scales

increases rigor and objectivity and provides

products that are defensible in touchy political and

social arenas and enhances communication by

providing beautiful and easily comprehensible

graphic outputs for agencies and the public

We trust that our approach will be copied

tweaked and improved by others Arizona has

initiated similar effort with two promising

innovations First the Federal Highway

Administration FHWA and Arizona Department

of Transportation ADOT were involved as lead

agencies from the start Because these agencies

are such critical part of implementing any

solution having them involved in meaningful

way developing the agenda and providing web-

hosting and GIS support for the initial workshop

augurs well for the Arizona effort Second at

Arizonas initial statewide workshop participants

were asked to provide the data needed for

prioritization as well as list focal species for each

linkage Obtaining data on biological importance

has enabled Arizona to prioritize linkages more

rapidly Although the lists of focal species

obtained at the initial workshop are less

comprehensive than those developed in

California Arizona may be able to select

additional focal species for the priority linkages

more quickly perhaps by an e-mail appeal to

knowledgeable persons followed by dialogs

between experts either at time or via

conference call and highly skilled staff person

Thus Arizona consolidated Steps and and

jump-started Step

Arizonas effort is led by coalition of agencies

chiefly Arizona Game and Fish Department

ADOT FHWA and US Forest Service rather

than an NGO This has advantages prominent

roles for and buy-in from the transportation

agencies more financial stability than tiny

NGO but we do see risk in having no analog to

South Coast Wildiands Not one person in

Arizona goes to work each day with the sole goal

of advancing connectivity in the State Although

the commitmentof each transportation agency has

been genuine and impressive will it be sustained

as political administrations change or when key

players must pay attention to other priorities An

excellent step toward minimizing this risk has

been proposed for the next reauthorization of the

US Transportation Efficiency Act If enacted the

law would require FHWA and state transportation

agencies using federal dollars to consult with state

wildlife agencies at the initial stages
of project

planning It would also make federal dollars

available to pay the salary of state liaison This

could ensure that each state would have staff

person in their conservation agency whose

primary job is to be engaged in consulting with

transportation agencies

We cannot overemphasize the importance of

investing in building and maintaining

relationships Development of technical plans to

overcome barriers to animal movement must be

matched by efforts to build and maintain linkages

among all the players We advise similar efforts to

budget ample time to engage partners especially

including extra time and effort for relationships

that span sovereign boundaries It is not sufficient

to e-mail invitations to Mexican and Native

American tribal agencies International travel can

be difficult and relatively expensive Tribal

sovereignty and ways of doing business must be

respected

Our effort has received considerable publicity

virtually all of it positive We believe media

exposure has been helpful and urge other efforts

to use public-relation specialists in partner

agencies to generate
and sustain positive

publicity Participants in workshop get positive

reinforcement when they see news story on the

event or on the release of the workshop report

several months later Agencies such as

transportation agency gain confidence about

moving in new greener direction when they

are publicly praised for their action it is

especially useful if high-ranking officials are

featured in press releases Reporters tend to be
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sympathetic filters especially in the early stage of

identifing pairs of core areas in need of

connectivity with connective areas only vaguely

defined Developing rapport with reporters

partners and the public at this time can help set

positive tone for later stories about specific

implementation measures

Although insects plants and birds need

connectivity the large four-legged furred

creatures will probably be the first to suffer when

connectivity is lost and they are often the best

flagships to sell linkage design We urge

practitioners to emphasize the needs of flagships

including reptiles and other non-mammals to

garner public support

Large mammals also tend to lend themselves to

least-cost corridor analysis LCCA Because

LCCA produces crisp and persuasive GIS outputs

it is tempting to use LCCA for all focal species

However we advise careful matching of

analytical tools to the species natural history and

the data available for each species For example

pixel-to-pixel permeability analysis for most birds

would not pass the laugh test for either

scientific or lay audiences both of which know

that most birds can fly over dozens of pixels of

inappropriate habitat We offer patch size and

configuration analysis Step 4C as way to

meaningfully consider the needs of diverse

species including those for which LCCA is not

appropriate

Finally in an ecoregion less urbanized than the

South Coast of California we advise that the

Linkage Design Step should rarely be

narrow hard-line corridor Simberloffet

1992 suggested that connectivity could best be

obtained by managing the entire landscape.. as

matrix supporting the entire biotic community

Although massive urbanization in our landscape

precluded this option in many of our linkages we

did pursue this option in those portions of those

linkages where it was feasible We envy those

who have the luxury of managing broad swaths

for permeability throughout their ecoregion

The United States largest metropolitan area has

human infrastructure without equal on the planet

People water information electric power gas

automobiles and trains move across this

landscape with remarkable efficiency Figure

Our goal is to create green infrastructure that

is commensurate with these other types of

infrastructure We pray that the quality of our

effort befits this global hotspot of biodiversity
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Dan Silv Director June 62001
Endangered Habitat League Fax 323-654-1931

8424-A Santa Monica Blvd PMB592
Los Angeles CA 90069-4267

Dear Dan

Regarding your inquiry about Golden Eagle acUvity in the area of Rancho Mission

Viejo Orange County California

The Wildlife Research Institute Inc WA1 has been monitoring the Golden Eagles of

Southern California since 1987 This monitoring has built upon research and records

collected by many others starting in 1895 Our most intense efforts have been In San

Dieg Orange and Riverside Counties although we regularly monitor eagles in all of

Southern California

Specifically the Golden Eagles we toter to as the San Matso pair utilize the area of the

Rancho Mission Viejo The Pair nest in San Mateo Canyon Wilderness of the

Cleveland National Forest The nest area Is near the junction of San Diego Orange

and Riverside Counties The Wilderness is remote and covered with Chaparral

habitat type that is not suitable for Golden Eagle foraging Golden Eagles need open
grassland or scattered brush land to successfully hunt This pair of Golden Eagles are

seen flying from the protected nest and roost canyon cUffs to the open habitat of

Talega Gebino La Paz Blind and Crlstlanitos Canyons on regular basis We have

observed them flying as far as Trampas Canyon with newly fledged young

Aithough we have not tracked these eagles with transmitters to know exactly where In

each canyon hilt they hunt we can say that out of 10 foragIng trips are west in the

direction of Rancho Mission Viejo Our accumulated knowledge of studying over 200

pairs of Golden Eagles would indicate that this area is significant and important

foraging area for the San Mateo pair of Golden agles The loss of this hunting area to

the eagles would in the opinion of our eagle research staff affect their ability to

successfully fledge young and will eventually lead to the loss of this Golden Eagle

breedIng pair altogether

Iri our study area over 50% of the breeding Golden Eagles have been extirpated since

the 1970s The most significant contributing lactor to these losses is destruction of

habitat PreservatIon of foraging habitat Is as critcal as protecting the nest sites of

PLO Box 2209 Ramona CA 92065 Ph 760 765-1957 1ax 760 7653323
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Golden Eag$es Without both nesting and foraging habitat Ootden Eagles will

continue to dechne in Orange County and the rest of Southern California

Our researchers and our 58 volunteers who help monitor all these eagles appreciate

your efforts to help protect Golden Eagles If we can be of further assistance please
cell me at 760765-1957

Respectfully

Dave Bittner

Executive Director



072O/2004 1136 FAX 5624394570 HAMILTON ll0O2/013

94 5owh.tt Crjon1i at Sd

93t $994 pp 112

SouUt Caijiomis Aodc of Sdcntfl 994

The Biology and Current Status of the Long-eared Owl in

Coastal Southern California

Peter Bloom

Western Foundation of Vertebrate Zoology Calle San Pablo

Carnarillo California 93010

Abstract The Long-eared Owl Asia ants is poorly known in southern California

This paper reviews its historic nesting distribution in Orange and western San

Diego counties as determined from 79 egg set records from museum collections

and contrasts this with the distribution of 50 nesting attempts as recorded in

Orange and northern San Diego counties between 1968.-i 992 Comparisons reveal

substantial area of extirpation in the coastal region with small remnant

population in interior areas- The number of historic breeding territories has de

creased by at least 55% Reproduction appears good with 85% of 40 nests fledging

young Diet was typical of other regions with small rodents Micmtus cat jfornicus

Rettlirodontornys megalotis and Thomomys bottae comprising 90% of the prey

by number

Except for anecdotal accounts from early in this century little is known about

the biology of the Long-eared Owl Asia outs in coastal southern California

Dawson 1923 Willett 1933 Bent 1938 in this paper present information

obtained over 24-year period 19681992 on nesting Long-eared Owls in coastal

Orange and San Diego counties California Fig and contrast this with the

historic 18891961 nesting distribution Table Also included are data on the

breeding biology nesting habitat predators diet and the results of 1991 and

1992 surveys of historic and recent nest territories These data were collected

largely on an opportunistic basis while monitoring the breeding biology of the

more common raptor species-

The impetus for this paper stems in part from reports of declines of Long-eared

Owls in Pennsylvania New Jersey and California Clark and iCIer 1986 Bo

sakowski et al 1989 Mani and Marks 1989 and recent distribution maps Burton

1984 Johnsgard 1988 Macu and Marks 1989 which incorrectly indicate that

the species does not bread in southwestern California It also updates previous

Long-eared Owl status reports provided in Garrett and Dunn 1981 and Un.itt

1984

Study Area

The historic breeding distribution of the Long-eared Owl included all of south

ern California Grinnell and Miller 1944 with the likely exception of some interior

eastern desert areas For the purposes of this paper the historic study area included

all of Orange County the coastal slope of San Diego County west of Mount

Palomar and the Cuyamaca and Laguna mountains Fig My study area in

cluded southern and western Orange County and northern San Diego County
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Bernardino County Museum SBCM and the Santa Barbara Museum of

Natural History SBMTNH Table These collections contained the majority of

Orange and San Diego county sets Kiflpers comm. Owing to the vagueness

of locality data on nesting records no attempt was made to recheck exact nest

locations However examined street maps and conducted 15 aerial surveys
hr in duration to determine the extent of urbanization and the likelihood of

ter territory being occupied have never found an active Long-eared Owl
within km of residential area in California Therefore if residential

now exists within km of historic Long-eared Ow nest site considered

abandoned

Many Long-eared Owl nesting territories were encountered while searching for

nests of other raptorial species Sped fic
surveys for nesting Long-eared Owls in

1991 and 1992 lasting 0.54 hr in duration were conducted between 15 January
and June each year and consisted of examining known and potential nestgroves

and listening for calling adults or begging young Bal-chatri traps and mist nets

were also used to ascertain the presence or absence of Long-eared Owls Smith
et al 1983 Bloom 1987 Additional recent nest records were provided by other

observers Table

Calculations of habitat loss figures in Orange County between 1972 and 1990

were derived from repons detailing land use changes County of Orange 1972

1993 For the purposes of this paper used only land-use classifications that

might support breeding Long-eared Owls These included only the designations

open space and vacant which in the 1974 edition were defined as parks

cemeteries beaches and unused urban land Unused urban land contained large

ranches and the Trabuco District of the Cleveland National Forest Prom the

1993 edition used the designations that most closely approximated the 1974

edition including open space/recreation vacant 31% slope and vacant

30% slope These include beaches local and regional parks national forests

golf courses cemeteries wildlife preserves recreational marinas and public and

private campgrounds County of Orange 1993 The latter categories contain

mostly ranehland.s While habitats such as cemeteries beaches golf courses and

marinas are not typically Long-eared Owl breeding habitat excluding their acre-

ages would make this part of my methodology difficult to repeat therefore my
breeding habitat acreage estimates as they relate to changes between 19721990
for Orange County are undoubtably inflated and the actuat acreage of suitabLe

owl habitat is substantially less

Food.s habits were ascertained from pellets found in and directly below all active

nests Skulls and mandibles were used in the identification of rodents nest was
considered successful if it fledged at least one young

lIQO4/O13

tred Owls in

Mission

fless Park

Canyon

to Camp

land and

elevation

seasonal

Western

MVZ1

Results

liLgioric record Seventy-nine egg sets collected between March 1889 and March
1961 from Orange and coastal San Diego counties 77 respectively were
found in museum collections Mean clutch size for these sets was 5.1 S.D 10
nn 27 Nests were located throughout the coastal region in 10 species of trees

.d shrubs Of 69 nest substrates recorded 21 were oak Quercus sp IS each

willow Salix sp and cottonwood Popu/usfremont in Eucalyptus sp
bSycmnre P/a tanus racernosa and each in orange alder Alma rho mbjfblia
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Table Historic nesting records of Long-eared Owls in

Orange arid San Diego counties
collections at the WFVZ MVZ SECMNIA and SBMNH

Museunt no Date
No

--
caltty 9tIcor

San Diego County
WFVZ 4463 7Feb 1931 9nsiWofpala

HarrisonWFVZ 48109 25 Feb 1926 McCoy Grove
GallupWFVZ 73755 17 Mar 1898 Lakeside
IngersollWFVZ 52699 14 Mar 1920 San Diego River
IngersollWFVZ 73763 19 Mar 1893 Lakeside
IngersollWFVZ 46973 II Mar 1923 Near San Marcos
GallupWFVZ 48256 II Mar 1923 Near San Maxtos
GallupWFVZ 73759 14 Mar 1925 Lakeside
BurnhamWFV2 4466 Mar 1933 mi EofEscondido RobcrWFVZ 96063 10 Mar 1901 Oriejito DionWFVZ 73784 10 Mar 1907 Crescent Valley

SharpWFVZ 72133 13 Mar 1936 Sweetwater Lake
HarveyWFVZ 4468 14 Mar 1936 Santa Margarita Ranch HarrisonWFVZ 52701 14 Mar 1923 Lakeside
BurihapjWFVZ 73782 Mar 1923 San Marcus
SharpWFVZ 52702 13 Mar 1921 Sweetwater River
BunibamWrVZ 73772 10 Mar 1921 Near l..akeside
EngeIIWFVZ 52698 14 Mar 1920 San Diego River
IngersollWFVZ 9986 IS Mar 1915 Janiacha
IngetsinWFVZ 72021 15 Mar 1916 Near LAkeside
HueyWflZ 9886 15 Mar 1913 Near LakesIde
HueyWFVZ 73768 22 Mar 1897 Near Lakeside
ingersollWFVZ 73769 22 Mar 1397 Lakeside
IngersollWFVZ 73.764 IS Mar 1894 Lakeside
IngersollWFVZ 4467 20 Mar 1934 mi of llonsall HarrisonWFVZ 73792 16 Mar 1933 nba Springs PorterWFVZ 73774 16 Mar 1933 Dihiss
IngersollWFVZ 4470 25 Mar 1941 10 mu of Eneinit HarrisotWFVZ 4469 26 Mar 1940 10 ml EofEneijias
HarrisonWFVZ 32412 28 Mar 1949 Bonsa1
DixonWFVZ 52099 27 Mat 1919 San Diego
Piltj6eldWFVZ 73735 30 Mar 1919 Escondido
SharpWFVZ 73700 27 Mar 1920 Lakeside
IngersollWFVZ 1.995 27 Mar 1927 Dihissa
HueyWFVZ 73783 30 Mar 1913 Crescent Valley SharpWFVZ 89900 25 Mar 1893 Lakeside
IngersollWFVZ 73765 25 Mar 1895 San Diego River
IngersollWFVZ 73761 30 Mar 1889 Lakeside
IngersollWFVZ 83462 lB Mar 1961 San Luis Key Mission
QuiglçyWFVZ 4.471 22 Mar 1942 Raneho Santa Fe HarrisonWFVZ 75642 20 Mar 1949 San Lois Key River HallWFVZ 73762 21 Mar 1892 Lakeside
IngersollWFVZI39573 17 Mar 1923 Old Maids Canyon HeatonWFVZ 4464 26 Feb 1933 nil offlonsajl
HaniaonWFV2 4465 27 Feb 1933 /s ml of Bnsafl
HarrisonWFVZ1479g6 12 Mar 1949 San Luis Key River HallWFVZI6I07$ Mar 1919 Bandy Can San Pasqual CarpenterWFVZ 48.108 21 Feb 1926

Bandy Canyon GalltpWPVZ127962 Apr 1917 Bonsall
CarptWFVZ 73.786 May 1919 Marikle Canyon Sharp

Mi

1Q

cc

re

Eq

ii

0Lf6cvZ9 tYd gcii FOOZ/OZ/L0era jean Mt Sill II MVII
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sumac Rhus sp walnut Jugians regia and grape Vizis gIrdiana Of 47 nests

for which the original nest builder was noted 38.3% were American Crows Corvus

brathyrhynchos 25.5% rat Neotoma sp 12.8% Coopers Hawks Accipiter

irooperll 12.8% Red-shouldered Hawks Buleo lineal us 6.4% Swairisons Hawks

swainsoni and 4.3% Red-tailed Hawks jamaicensLs

Since egg collectors frequently returned to nesting tenitoric each year de
lermined that the minimum number of localities included in the 79 historic nest

records represented at least 33 different localities Eighteen 54.5% of these 33

localities are now densely settled urban areas or agricultural areas and are no

longer capable of si3ppol-ting nesting Long-eared Owls Nine localities given on

data slips were too general to evaluate their current potential for nesting by Long-

eared Owls or could riOt be found on maps Only 18% Jamacha Sweetwater

Lake Bandy Canyon San Pasqual Valley Santa Ysabel Santa Margarita Ranch
tiJl showed any potential km from residential area of being used by Long-

eared Owls for nesting

Recent studies Fifty observations of Long-eared Owl nesting attempts were

PIOLOGY AND STATtJS OF LONG-EARED OWLS

Table Continued

No
tuseum no Date LocJiy cggs Collector

WFVZI2457

WFVZ 89899

WFVZ 77134

WFVZ 73781

WFVZI 26245

WPVZ 55120

WFVZ 89898

WFVZ 48009

WFVZ 73.760

WFVZ 48107

WFVZ 4476

WFVZ 15767

WFVZ 52.700

WFVZ 4477

WFVZIO7394

WFVZ 52.703

WVZ1 28897

WFVZ 73790

WFVZ 73771

WFVZ 73.773

MV 13305

MVZ 5.973

14VZ 5974

MYZ 5972

SBCM 8.788

SI3CM 9303

SIIMNH 368-3

May 1903

28 Mar 1917

6Apr 1934

13 Apr 1902

13 Apr 1902

Apr 190

3OApr 917

19 Apr 1905

Apr 1923

Apt 1923

Mar 920

Mar 1897

Mar 1920

Mar 192

15 Mar 1903

Mar 192

16 Mar 1904

Mar 1923

10 Mar 1901

12 Mar 1893

29 Mar 1925

17 Mar 1896

25 Mar 1900

27 Mar 1920

12 Mar 1932

It Feb 1928

20 Mar 1897

It

San Pasqual

Sait Diego Counly

Swcctwatr Lakc

Sari Patqual

San Fasqual

San PnquaI

Lakeside

San Pacqwd

Saiita Isabel

San Pasqual Valley

Near Lakeview

LakC5idC

San Diego River

Fanita Ranch Santcc

San Pasqual

Misioit Valley

San Paaquai

Fanita Ranch Santec

Likcaidc

Econdido

l3onsall

Lakeaide

Lakeside

Lakeside

Bonsall

Lakeview

Lakeside

Wood

Potter

11arcy

Sharp

Carpenter

Carpenter

DeGroot

Carpenter

BuMhan%

Gallup

Ingersoll

tngrsolI

Burnham

Meanley

Dixon

Buenham

Sharp

Bancrofl

Ingersoll

Ingersoll

Dixon

Ingersoll

Ingersoll

Brown

Hanna

Sohrist

Arnold

WFVZI 5182

WFVZ 14 7087

12 Apr 1891

12 Mar 1939

Orange County

Alatnitos

Near La Habra

County location not givcn on original data slipl prsumcd it waa San Diego County

Shidda

Hall

cr

Cr



Dale Location/observation

Orange County

Weir Can. km of confluence with Santiago Can Orange Co CA
young fledged

Arroyo Trabuco 0.5 km of ONeill Park Orange Co CA Active nest

Lirsdquist pert comm. May
Weir Can. km of confluence with Santiago Can Orange Co CA Fivc

small young IS April 1971 young

Fox Can 0.5 km of confluence with Bell Cast Starr Ranch Audubon
21 Apcfl

Sanctuary Orange Co CA fledged young present
10

Weir Can km of confluence with Santiago Can Orange Co CA Five

eggs 10 May 1974 failed

May
0.5 km of Blind Can Orange Co CA One recently predated fledged

young Bryan pen comm.

Rtll Can 035 km of coniluence with Crow Can Stan Ranch Audubon

Sanctuary Orange Co CA fledged young present ttoniragcr pers

comm.
.j

Bell Can 0.73 km of confluence with Crow Cat Stair Ranch Audubon

Sanctuary Orange Co. CA Six eggs young weeks old

Canada Gobernadora Wagon Wheel Park Orange Co CA One young is3 ic
Cheater pert comm.

22 April 1983
Gabino Can 2.6 km orconfluersce wtth La Paz Can Orange Co CA

Five young 27 May 1986 young predated
March 198

La Paz Can 05 km of confluence with Gabino Can Orange Co CA
fledged young predated by Coopers Hawk

20 APril 198
Bell Can kin of Starr Ranch Audubon Sanctuary Caspers Wilderness

Park Orange Co CA fledged young present
IS May I98

Canada Gobernadora Wagon Wheel Park Orange Co CA fledged young
predated by Coopers Hawk

May 1989
La Paz Can. 0.5 km of confluence with Clabiao Can Orange Co CA

Three fledged young predated by Coopers Hawk
May 1989

Canada Gobernadora Wagon Wheel Park Orange Co CA Three young

Cristianitos Can 0.1 km of confluence with Talcga Can Orange Co CA 27 Apeit l9
Four young one of which was predated by Red-shouldered Hawk

Cristianitos Can 0.1 kin of confluence with Talega Can Orange Co CA.
16 May 199

Two young

Cristianiioa Can. 0.1 km of confluence with Talega Can Orange Co CA 29 March
Three young one of which was predated by Red-shouldered Hawk

Gabino Can 23 km of confluence with La Paz Can Orange Co CA
Five young

Canada Gobernadora Wagon Wheel Park Orange Co CA Pour young 29 March

Cristianisos Can Talega Reserve Orange Co CA fledged young _________
Crahino Can 2.6 kin of confluence of La Paz Can Orange Co CA Three

fledged young

Santiago Can 0.25 km of Irvine Lake Orange Co CA fledged young

presanL

Canada Oobernndorn 0.25 kin Wagon Wheel Park Orange Co CA
fledged young presenL

Bell Can 0.1 km of Fox Can. Starr Ranch Audubon Sanctuary Orange

Co CA Two fledged young

0Lfl6CPZ9 XVII LCTT POOZ/OZ/LO
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Table RecenL Long-eared Owl nest records in Orange and San Diego Counties

April 1968

April 1973

April 191

April 973

April 1974

May 1982

22 May 1977

28 April 1984

24 April 1984

II May 1986

22 May 1988

April 1988

II May 1988

18 May 1989

19 April 1991

18 April 1991

29 March 1992

29 March 1992

12 April 1992

13 April 1992

Ii April 1992

15 May 1992

19 May 1992

22 May 1992

25 May 1992

CTt/lflfl Mt
lilt Vii
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Table Continued

Dale Locatton/obscrvatlon

April 1992 La Pa.z Can. 0.5 km of confluence with Gabino Can Orange Co CA
Two young

April 1992 L.a Paz Can. 0.6 km olcontluence with Gabino Cati Orange Co CA
Three fledged young

My 1992 La Paz Can. 1.2 km of ofluence with Gabino Can Orange Co CA
fledyed young

San Diego County

21 April 1974 Hrno Can. Camp PcndlutOO San Diego Co CA Three fledged young

April 1983 Lower San Onofre Can Camp Pendlcton San Diego Co CA Five young

16 April tailed due to mammal predation

May 982 Santa Mararil3 River km upstream frpm ocean Camp PendletoTI San Di

ego Co CA Fledged young

April 983 Talega Can at conuence with Cnstianitoa Can Camp Pendleton San Die

go Co CA Onc addled egg failed

Spring 1988 Sotrtti of FttUbrook Hwy 76 and Gird SLSun Diego Co CA Active ncatJ

1989 1990 Oakley pers comm.

Spring 1973 Near Vista al Calveva lAke San Diego Co CA Active nest Oakley pets

1974 1975 comm.
1983 1988

22 April 1982 Talega Can. 4.5 kin olcoefluence with Cristianilos Can Camp Padletn

San Diego Co CA Three fledged young

Mazeh 1984 Talega Can 4.5 km oIconflueocc with Cristianitos Can Camp Pendleton

Saii Diego Co CA One addled egg young

20 April 1984 Talega Can 4.6 km of con1ucncc with Crislianitos Can Camp Pendletort

San Diego Co CA fledged young present

18 May 1985 Talega Can 4.5 km of confluence with Cristianitos Can Camp Pendlelon

San Diego Co CA Failed with small young and eggs

My 1989 Talega Can Camp Peudleton San Diego Co CA Failed with small yousg

9ryan pert comm

May 1989 Three km NE olPoway San Diego Co CA Two fledged young Bryan

pert comm.

April 199 Talcga Can. 4.5 km of confluence with Cristiaflilos Can Camp Pnd1eto

San Diego Co CA fledged young present

16 May 1991 Talega Can. 2.6 km oconlluence with Cristianhtos Can Camp Pcndleton

San Diego Co CA Threc fledged young

29 March 1992 Talcga Can. 4.5 km of confluence with Cristianitos Can Camp Pcndletoit

San Diego Co CA Two Long-cared Owl eggs and Coopers Hawk eggs

in the same nest being incubated by Coopers 1Tawk- Long-eared owl

nesting attempt failed

29 March 1992 Tatega Can 4.6 km of confluence with Cristianitos Can Camp Pendleton

San Diego Co. CA Five yOuflg __________________

tngeCo CA Five

Acuve 1c5t

nge Co CA Five

tnch Auduboi

tsgeCo. CA Five

edated fledged

Ranch Audubon

rnUagcr pert

Ranch Audubon

aid

One young

rsngeCo CA

range Co CA

pers WjIdeme

Pledged young

rangcCo C.A

Three young

Orange Co CA
krcd Hawk

Orange Co. CA

Orange Co CA
klered Hawk

lmngc Co CA

Four young

young

age Co CA Three

Fledged young

age Co. CA

enctuary Orange



made in 30 different nesting territories in Orange and San Diego counties betwel

1968 and 1992 Table Specific surveys of known Long-eared Owl nest ten
tories were conducted in 19911992 0120 nest territories surveyed in 199

wcrc active and of these produced young Fourteen territories were inactive

18 nest territories surveyed in 1992 12 were active and 11 produced young
territories were inactive

0129 nests where the identity of the original nest builders was known 68.1

17.2 and 13.7 percent respectively were in abandoned nests of Coopers Hawk4
American Crows and Common Ravens Comis cot-ax Thirty nest trees wer4

coast live oaks agrfolia and was willow The most frequently used nestini

habitat was dosed canopy young coast live oak woodland where Coopers Ha
and American Crows nested simultaneously or in alternating years with thJ as

owls In instances in 1992 pairs of Long-eared Owls nested within 25100 PfOtj

of each other Owil

Clutch sizes ranged from 28 eggs mean clutch size was not determined Thirty- Coil

four 5% of 40 nests were suecessfiiL Nest failures front predation of individual
15.3

Long-eared Owl chicks by Coopers Hawks and Red-shouldered Hawks was fre-
of

qucnt especially if they nested in the same grove Table Competition for nests html

was occasionally intense On 29 March 1992 observed an old Coopers Hawk land

nest with an adult Coopers Hawk incubating Long-eared Owl eggs and of its
Aud

own The presence of an agitated adult Long-eared Owl in adjacent trees suggested IXOt

that the Coopers Hawk had recently usurped the Long-eared Owl nest and eggs

The nest fledged only Coopers Hawks Predation by Coopers Hawks on Long-

eared Ow chicks occurred during nesting attempts at territories and in at

least one instance all young were taken Bontrager pen comm also
abi

observed an instance of attempted predation by an adult Red-shouldered Hawk in

on Long-eared Owl fledgling in Orange County Table Red-shouldered Hawks Pent

preyed on at least young from each of four nesting attempts and on one adult RrW

One dead young Long-eared Owl was also found in the nest of Red-tailed Hawk tiesi

jainaicensis Elsewhere the Red-tailed Hawk has been recorded as predator
Md

of adult Long-eared Owls Collins 1960- trot

One hundred thirty-four pellets collected from 11 Long-eared Owl territories
of

between 19851992 contained 102 vertebrates including California vole fyi/crows
ares

caftfornicus 39 western harvest mouse Rekhrodonromys mega/oUs 30 Bonn Ow

pocket gopher Thomornys bottae 23 white-footed mouse Perornyscus Va

pocket mouse Ferognathus sp ornate shrew Sorex ornatus and oCr

unknown passerines OtZ

Discussion
st

Long-eared Owls were formerly common in San Diego and Orange counties eafl

but arc flow becoming increasingly rare in southern California New and early COD

investigators Cooper 1870 Sharp 1907 Dawson 1923 Willett 1933allreported
Spr

the species as common in oak woodland and willow thicket habitats of south- IX

western California Sharp 1907 regarded it as common resident and fUrther TI
stated that Up to few years ago almost every crows hawks or rats nest alon t3C

the river in San Pasqual had its pair of owls Grinnell and Mifler 9441J
described the status of Long-eared Owls in California as numbers are so las

as to warrant term commoneven abundant locally Reduction of late yearl

SOUTHERN CALIFORNIA ACADEMY OF SCIENC1
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JOLOGY AND STATUS OF LONG-EARED OWlS

ties between is apparent in the main probably mainly as result of clearing bottomlands for

tI nest tern- farming Marti and Marks 1989 noted that the species is declining in California

in 1991 and Garrett and Dunn 1981 stated that the Long-eared Owl has virtuaLly been

inactive Of eliminated there southern California as breeder Unitt 1984 provided

young Six further documentation of the scarcity of recent San Diego County breeding records

for this species and its substantial decline stating that the species now nests only

flown 689 itt the Anza Borrego Desert He placed the last known coastal San Diego County

ers Hawks breeding record at that time 1984 as 13 May 1973 near Oceanside

trees were
The known present breeding population and historic distribution as determined

used nesting
from rtcent surveys and egg collections from two southern California counties

pers Hawks suggest the Long-eared Owl has declined by at least 55% and possibly as much

is with the as 82% Based upon recent habitat use trends in Orange County the species will

lan 25100 probably continuc to decline Of 112195 ha 277234 ac of potential Long-eared

Owl breeding habitat available under the categories ofopen space and vacant

ned.Thirty- County of Orange 1974 in 1972 only 94982 ha 234701 ac representing

findivi dual 15.3% decline were still available in 1990 County of Orange The reduction

was fre- of active nesting territories is directly attributable to habitat change however

on for nests limited cuantity of unsurveyed potential nesting habitat exists within the Clevc

pers Hawk land National Forest which when coupled with county state park National

and of its Audubon Society and private conservancy acrcagcs may afford some continuing

suggested protection for owls within Orange and San Diego Counties Presently no Long
sI and eggs

eared Owl breeding activity is known in any Orange County ranch or parklands

on Long west of the I-S freeway However potential habitat remains thcre and much of

and in at it may be designated as wilderness park additions If so these areas may yet be

nut also able to support few breeding pairs ofLong-eared Owls The species wns extirpated

tered Hawk in most of western San Diego County west of 1-15 with the exception of Camp
red Hawks Pendleton and possibly portions of the San Luis Rey River Santa Margarita

tone adult River and Fallbrook vicinity Fig Most notable is the lack of any recent

ailed Hawk nesting records from the San Diego vicinity that was referred to by Grinnell and

predator Miller 1944 as one of thrce centers of abundance in California and an area
front which minimum of 36 historic nesting records are known within 25 km

of San Diego Table Fig The only hints of continued nesting activity in this

Microtus area is from Cedar Canyon east of San Diego where recently killed Long-eared

30 1ona Owl was fonndin stmimer and roosung owls were found in wintcrin the Proctor

Valley Olay Rand area Preston et at 1992 Ijnitt 1984 also referred to records

and ofroosling Long-eared Owls on the coastal slope with maximum of 12 at 1.ancho

Otayin 1979

op SCIENCn

counties

and early

ill reported

of south

md ftirther

nest along

11cr 194
rsol

late years

Based upon observations of adults at different spring locations 19721992
suspect that Camp Pendleton may still support scvcral breeding pairs of Long-

eared Owls along the Santa Margarita River between the coastal estuary and the

Confluence of Dc Luz Creek and in the Santa Margarita Mountains near Case

Springs However after 20 years of nesting rapier surveys which resulted in only

confirmed Long-eared Owl breeding tcrritones suspect the population is small

Table One of the above territories has been inactive since 1974 and have
been inactive since 1983

Long-eared Owls use variety of vacant raptor and corvid nests and do not

their own Hence as nurnbrs of other raptors decline so do opportunities

surplus nesi structures that the owls depend upon For example historic
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nest sites in San Diego County were built by Swainsons Hawks species Sha

1902 called formerly abundant near Escondido Swainsons Hawks are no

completely extirpated from coastal southern California Bloom 1980 Risebrou

et al 1990- As competition betwuen raptors for increasingly smaller areas

nesting habitat and nest sites grows so will the potential for wedation on Lon

eared Owls as exemplified by the observed interactions with adjacent nesti

Coopers Rat and Red-shouldered Hawks
Crow and raven breeding populations are large and probably increasing on

study area pers observ. Although hest site availability may be proportionate

greater now than historically due to increased numbers of nesting ravens

degree of predation exerted by ravens on breeding Long-eared Owls may be

additional important factor in tbe decline of the owl It is interesting that non

of 69 historic Long-eared Owl nests were built by ravens yet 13.7% of 29 rece

nests were built by this species

Compared with nest success studies in Idaho 3451% Marks 1986 and Or

egon 70% Bull et 1989 the 85% nest success reported in this study is hi

and may in part be attributable to the inclusion of nests discovered late in th

season which could have inflated nesting success It may also be due to nesS
habitat quality As suggested by Bull et al 1989 on their coniferous Oregoi

study area dense canopy cover probably reduces predation The majority ci

territories in ray study were composed of dense closed canopy oak woodland

which probably afforded greater protection from predation than shnibsteppe hab

hats in Idaho Marks 1986 Higher quality foraging habitat would also be expected

to increase nesting success

The high proportion of small rodents found in Long-eared Owl diets in thit

study was similar to that found elsewhere in the United States with voles an

gophers predominating Marti 1976 Craig and Trost 1979 Marks and Yenser

1980 Bull eta 1989 However as would be expected due to different habitats

they were distinct from Long-eared Owl diets in the Colorado Desert of Californii

where pocket mice and kangaroo rats Dipodomys sp were dominant Barrow
1989

Although did not perform rigorous analysis of Long-eared Owl nesting anc

foraging habitat all territories contained substantial quantities ofgrasslands withir

km of oak woodland and riparian nesting habitat where voics and gophers eouk

be caught suggesting that adjacent grasslands were important in the selection

Long-eared Owls of nest sires

The destruction of grassland foraging habitat in spite of the preservation

small riparian and oak woodland nesting habitats has probably contributed to tht

Long-eared Owls decline in southern California Preservation of substantial opet

space reserves that contain both nest groves and adequate foraging habitats ma
yet prevent the local extirpation of this wide ranging owl speeie
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tors Influencing the Effectiveness of Wildlife

IJnderpasses in Banif National Park Alberta Canada

I4THONi CLFVENGERc AND NIGEL WALTHO

Faculty ot Environmental Design University of Calgary Calgary Alberta T2N 1N4 Canada and Department of

-restrt Wildlife and v.hcnis The llnisrslt of lennt ssee Knoxville rinnessee 37901 1Ol USA

Facultv of Environmental Studies York University North York Ontario M3J lF3 Canada

Wildlife crossing structures we intended tv increase permeability
and habitat connzectitity across

Few studies houeicr haie assessed the effectiveness of these mitigation measures in inultispecies or

ainmunity level context %e used null model to test whether wildlife cro.csing structures serve large main

mal pei jes equullj oi ii hetlu sue structuri limit habitat connectwit3 across roads in species specific ways

also moth led spec in sponsi to ariables lated to underpass structure landscape features and hu

man activity Species performance rctiOs observed crossing frequen to expected crossing frequenLy were

ci aluatnd for four larg arnii oi and thre ungulate species in Ii underpass structures in Banff National

Park Alberta canada bseried cmssing frequencies were collected in 35 months of underpass monitoring

Expected frequencies were deielopedfrofli three independent models radio telemetry pellet counts and hab

itat-suitability indices The null model s/in wed that species responded to underpasses differently In the pres

enne of human actiritj carnivores were less likely to use underpasses than uere ungulates Apart from hu

man activity carnivore perforina net ratios were better correlated to landscape variables and ungulate

performance ratios were better correlated to structural variables We suggest that future underpasses de

signed around topograp/33 habitat quality and location wit be minimally successful if human activity is not

managed

Factores qiic Inlluencran 11 Eftclividad IC Pasadizos para vida Silvestre en ci Parque Nacional Banff Alberta

anida

Resumen Las estruc tarot diseæada.s para et cruce de iida silvestre tienen la intencióti de incrementar Ia

permeahilidad conectiiidad del hcihitnU iv largo de las carreteras Sin embargo pocos estudios ban evalu

do Ia tficacia de estus inndidas di mitigaciOn en no contexto multi-especie c/c coniunidad Utilizamos un

ideto nub para evaluar silas estructuras para ci eruce de vida siliestre sirven dt igual manera las espe

cits de mamiferos grandes si estas estructuras limitan la conectividad del habitat bo largo de carreteras

le iizanera especie-especIjtca Tambidn modelamos las respuesta.s de las especies 14 variables relsscionadas

coo Ia eslructura de los pasadizos las .aracterIsticas del paisaje Ia actividad humana Se evaluaron tasas

ds exitO por espeCie jreCueflda de cruces observados/frecueflCia de cruces esperados para cuatro

urn Ivoros randes tres especies de ungulados en ii estructuras de pasadizos en ci parque nacional Banff

4lherta Canada Las ohseriaciones defrecuencia-s
de cruce esperadas se obtuuierofl partir de tres modelos

independientes radio telemntrla conteo de heces Indices de habitat adeduado El modelo nub mostrO que

las especies respontien dt manera diferente bospasadizos En presencia de actividades humanasfue menos

probable que los earn Ivoros utilizaran los pasadizos en comparación con los ungulados Aparte de la activ

idani humana las tasas dc Øxito parc
los carnivoros estuvieron mejor correlacionadas con variables estruc

turales Sugerimos que los pasadi2os diseæados en elfuturo en base Ia topografia Ia calidad del hdbitaty

La ubicacion tendrdn un toinimo dxito si Ia actiiidad lyumana no es manejada

Ztti.Yit address Parks Canada Box 900 BanfJAlberta TOl 0C0 ANADA email tonyclevenger@pch.gC ca

Itf.r submitted Februart 1999 ni ised manuscript accepted July 10 1999
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Introduction

hr effect of heavily used roads on mammal populations

has been the focus of marty studies during recent years

4xlev et at 1974 Mierau Favara 1975 Mader 1984

Bennett 1991 Evink ct at 1996 Thcse studies show

that roads affect mammal populations in numerous

ways from habitat loss and habitat alienation i.e sen

sory disturbance to physical harriers and road mortality

Adams Gels 1983 Mansergh Scotis 1989 Van der

7cc et al 1992 Brandenburg 1996 Among these ci

frets habitat fragmentation and physical barriers pose

what many conservation ecologists consider the greatest

obstruction to maintaining species diversity and ecologi

at integrity Wilcox Murphy 198S Saunders Hobbs

1991 Dale et at 1994 Forman Alexander 1998

Attempts to increase habitat connectivity and barrier

permeability across road structures can be found in

some road construction and upgrade projects Wildlife

overpasses and underpasses for example lIrst con

.tructed in the 1970s are used as mitigation tools in

many parts of the world today Reed et al 1975 Hunt et

ml 198 Romin Bissonette 1996 Keller Pfistcr

199Th Nonetheless few studies have examined the efil

.mcv of these mitigation structures Roman Bissonette

996 Furthermore the few that have leen conducted

are limited in their extent to single-species analyses

Reed et at 1975 Ballon 1985 SchalI et at 1985 Singer

1oherty 1985 Woods 1990 Carsignol 1993 but see

foster Humphrey 1995 No study has considered the

usefulness of wildlife overpasses
and undcrpasses at

imultispecies scales that encompass the large mammals

Today highway planners and land managers can ill af

rd the iiaive luxury of single-species mitigation struc

tures Species do not lunction in isolation hut arc com

ponents of ecological systems that inherently fall into

thc category of organized complexity Allen Starr

182 ONeill et at 1986 In an organized complex sys

tern species are dynamically linked to other species on

multiple spatial and temporal scales Kolasa Pickett

1989 Pickett et 1989 1997 Waltho Kolasa 1996

Fiedler Kareiva 1998 Therefore any single-species

mitigation structure is likely to have cascading effects

some positive
and some negative on nontarget species

also if mitigation structure is to succeed multispe

ICS approach is needed to evaluate the efficacy of such

mitigation on nontarget species as well

We evaluated whether underpass structures in Banif

National Park Alberta Canada serve all species i.e large

mammals equally or whether such structures limit habi

tat connectivity across roads in species-specific ways Fur

thermore we aimed to determine which of 14 underpass

variables species responded to most with the anticipa

Ion that once these variables were identified the design

Of future mitigation measures could he improved

Methods

We collected data along the Trans-Canada highway

TCH in Banif National Park BNP Alberta Canada

Fig The Trans-Canada highway in BNP runs along

the floor of the Bow Valley 2-5 km wide sharing the

valley bottom with the Bow River the township of Banff

population 9000 several high-volume two-lane high

ways numerous secondary roads and the Canadian Pa

cific Railway The TCH is the major transportation corri

dor through the park park length 75 km carrying an

estimated million visitors to the park per year with an

additional million users en route between Calgary and

Vancouver Parks Canada Highway Services unpub

lished data The first 45 km of the TCFI from the eastern

park boundary phase and 3A is four lanes and bor

dered on both sides by wildlife exclusion fence 2.4

high phase completed in 1986 phase in 1988 and

phase 3A late 1997 The remaining 30 km to the west

ern park boundary Alberta-British Columbia border

phase 3B is two lanes and unfenced Plans exist to up

grade phase 3B to four lanes with fencing within the

next 5-10 years

The fenced portion constitutes an effective barrier to

the movement of large mammals- To mitigate this bar

rier effect highway engineers constructed 22 wildlife

uticlerpasses and two wildlife overpasses The effective

ness of such structures to facilitate large mammal move

ments however is unknown Because no two under-

passes are similar in all structural and ecological aspects

we propose
that species i.e large mammals select tin

derpasses that best correlate with their ecological needs

and behavior Attributes that best characterize high-use

underpasses can then be integrated into new designs for

an eventual phase 3B widening process We tested this

premise at three scales of ecological resolution species

species groups and large mammals These scales were

used because we anticipate that the explanatory

power of each attribute is dependent at least in part on

the ecological resolution used Rahel et al 1984 Rahel

1990 Collins Glenn 1991 and the information

needs of land managers and transportation planners

with respect to mitigation structures can best be met by

variable scale approach We chose only phase and

phase underpasses
for this study however because

the recent completion of phase 3A mitigation structures

does not permit sufficient time for wildlife habituation to

occur at such landscape scales A.P.C unpublished data

Wildlife Underpasses

We monitored 11 wildlife underpasses Fig cement

open-span underpasses and metal culverts We charac

terized each underpass with 14 variables encompassing

attributes of structural landscape and human activity

n.rrvatOfl Biology
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Wildl1fe Underpasses in Banff National park 49

Open Span Underpass

Metal Culvert Underpass

KOomr

hgure Location of study area and ii uil4lfe underpasses along the Trans-canada Highway rU-f in Banff Na
tional Park Alberta Shaded sections of the TCH refer to phases lightly shadea phases and darkly sbadea phase 3A

Table II Stnictural variables included underpass idth

height length including median openness width

height/length Reed Ward 1985 and noise level

mean of weighted decibel readings taken at the center

point within the underpass and from each end
Landscape variables included distance to nearest forest

COVer .anadian Pacific Railway townsite closest major

drainage and eastern-most park entrance hereafter re
ferred to as east gate Human activity variables included

types of human use in the underpasses characterized by
counts of people on foot bike and horseback and hu
man-use index calculated from the mean monthly counts

of the three former variables combined

Obseried Crossing Frequencies

We measw-ed wildlife use tr the underpasses using
tnet.hods described by Bider 1968 Specifically tracking

sections were set at both ends of each
underpass

to record evidence of underpass use iracking niaterial con
sisted of dry loamy mix of sand silt and clay 3i cm deep

At intervals of 3-4 days we visited each underpass and clas

sified the tracking medium as adequate or inadequate de
pending on our ability to read tracks clearly We recorded

species presence wolves lupusj cougars

concolorJ black bears arnericanus grizzly bears

arctosj deer
sp.J elk elaphus

and moose akes species abundance and human

act vitv at each tracking section during each underpass visit

Through-passages were recorded for individuals if tracks in

the same direction were present on both tracking sections

Tracking sections were then raked smooth in preparation
for the next visit Data were collected in this manner for

two continuous monitoring periods January 1995-31

March 1996 15 months and November 1996-30 June

1998 20 months Of 3311 underpass monitoring visits 59

.8% were classified as inadequate for data collection

Expected Crossing Frequencies

If the 11 underpasses occur in homogeneous-habitat

landscape that includes random distribution of species

Bnfl

154 Phase 12
______ Phase 3A

Trans-Canada Highway

Secondaty Roads

Park Boufldar

Rrvers

Conservation Biology

Volume 14 No February 2000
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tIeai of A-ueigl.ted decibel readings taken at the center point within the underpass and mfrom each end

ulatedfrorn the mean mont/il counts of people on foot bike and horseback

at undances then the following assumptions may apply

the ii unclerpasscs serve the same population of in

dividuals and each individual is aware of all 11 under-

passes and can choose between undcflasscs based on

underpass attributes alone The Banif Bow Valley is

highly heterogeneous landscape that is lakes mountain

harriers and narrow corridors for example restrict un

derpass accessibility on multiple spatiotemporal scales

II habitat fragmentation is perceived as extreme then

we may assume that each underpass serves its own

unique subpopulation Ii this were true then differ-

unces in observed crossings frequencies between under-

passes would reflect differences in subpopulation sizes

alone and not attributes of the underpasses themselves

.\lthough these two sets of assumptions represent end

points along ci nhinuuln of possible interactions the

relative extent that species interact with the habitat

landscape and distribution ol underpasses is unknown

it is therefore necessary to examine observed crossing

frequencies in the context of expected crossing frequen

ies i.e performance ratios

Expected crossing frequencies were obtained from

three independent data sets that included nidiotelemetry

location data relative-abundance pellet transects and

habitat-suitability indices Because it remains unclear

hat proportion of individuals front these data sets uses

he underpasses directly we defined our expect ccl cross

ing frequencies as equal to the abundance data found at

radii and km from the center of each underpass

specifically we used radioteltnietrv location data for

black bears 255 locations grizzly bears 221 lo

ations wolves in 2314 locations nd elk 1434

locations Parks Canada unpublished data 12 relative

abundance pellet transects tor deer itt 1579 pellet

sites elk 26614 pellet sites moose 43 pellet

sites and wolves 30 sites containing scat Parks

Canada unpublished data and habitat suitabihty indi

ces for black bears cougars wolves deer elk and moose

Holroyd Van Tighem 1983 Agriculture Canada 1989

Kansas Raines 1990

Analyses

We derived species-performance ratios for each of the

three independent data sets by dividing observed cross

ing frequencies by expected crossing frequencies Per

formanee ratios were designed such that the higher the

ratio the more effectively the underpass appeared to fa

cilitate species crossings

We examined the premise that wildlife crossing struc

tures serve species equally by testing the null hypothesis

that performance ratios do not differ between species

paired test with Bonferroni adjusted probability val

ties SYSTAT 1998 We tested the null hypothesis for

each of the three performance modelsradiotelemetry

habitat suitability indices and log-transformed pellet

countspartly because no one model includes the com

plete species composition

In the event that we rejected the null hypothesis we

proceeded with three steps to determine which of the

14 underpass attributes were most closely associated

with species performance ratios First we standardized

all performance ratios to mean of zero and standard

deviation of one to remove absolute differences be

tween the three models

Second we used family of simple curvilinear and

polynomial regression curves to optimize the fit be

tween species-performance ratios and each underpass

table Attributes of 11 wildlife underpasses used in analysis of factors influencing wildlife in Banif National Park A1berta

Underpass

idcrpass attribute
10 Ii

nict ura

width tnt 08 4.2 9.8 9.5 14.9 10.0 9.8 10.3 9.0 70

height 3.5 2.9 2.9 3.2 3.0 2.7 2.8 2.9 4.0

length in 63 83 96.1 40.0 39.7 38.0 27.1 27.2 25.6 40.1 56.0

openness
0.43 14 0.15 0.71 0.69 1.25 1.1 0.97 1.12 0.65 0.5

noise level 68 64.1 66.8 66.0 63.8 64.3 67.4 67.4 67.1 64.1

landscape distance to

e-a4 gate kin Itt 3.5 5.8 10.5 11.5 12.0 14.4 17.0 18.8 38.8

forest CoVer in 22 63 11.9 15.2 47.3 16.1 35.9 23.3 27.5 23.9 35.4

nearest drainage kin 0.1 0.4 0.6 0.0 0.6 1.2 0.4 0.2 03

Canadian Pacific Railway track knt 05 i5 0.8 0.02 0.02 0.02 0.25 1.2 0.4 0.75 0.75

nearest town kin 5.5 6.0 1.5 0.5 0.2 1.7 5.2 08

urnan activity

human-use index 14 1.8 0.6 5.3 5.3 15.2 3.2 11.4 0.6 05

hike
21 189 462 19 595

horseback
42 138 186 12 58 10 10

loot iS 14 20 34 77 129 80 241 10 29
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attribute Jandel ScientifIc 1994 We used the following

criteria to choose the optimal equation for each regres

sion analysis the regression mode had to he statisti

calb significant at 06 The beta coefficient

for the highest ordered term had to be statistically signif

icani Once an equation met the ahuvc criteria we

compared its statistic with the statistic for the next

equation that also met these criteria but had one less or

dered term We chose the model with the higher sta

tisti and iterated the above process for equations

with consecutively fewer terms 11 no curvilinear or

polynomial equation was acepted we chose the simple

linear regression mode equation 41 Appendix to de

scribe the relationship assuming that it had not already

been hosen through the iterative process If these

criteria failed to produce signifIcant regression model

for sptiirs per se and underpass attribute per se ve de

leted the underpass attribute as being significant factor

in.flueiie ing the species-performance ratio

Third for each species we ranked the regression mod
els thus obtained according to the absolute value of each

model coefficient of determination This three-step

prOCesS allowed for the identification and ordering of

undrpass attributes in order of importance associated

with each species performance ratio hut it failed to sep

ar-ate ecologically significant -attributes from those that

app.ared significant hut were statistical artifacts of the

uflk rpasses themselves

The three-step process was repeated for each of the

three scales of ecological resolution For species groups

however it as first necessary to identify group types

according to similarities in species performance ratios as

conipared to some arbitrary definition We used princi

pal ornponent analysis PCA to identify these species

groups Because none of the performance models con
tains full species list it was necessary to include all

species performance ratios from each ot the models into

the single PCA

Results

From .Jaiiuar 1996 to 30 June 1998 excluding April

to ctoher 1996 1-1.592 large-mammal underpass vis

its were recorded Ingulates were 78% of this total arnj

vores and human-related activities 1% Table Indi

vidual tinderpasses ranged from 373 visits to 2548 visits

Speclfft to wildlife elk were the most frequently ob

served species 8959 4% of all wildlife followed

by leer P1 2411 20% arid then wolves 311
ftc through-passage rate for wildlife species was

high mean 98o SD 1.9

Fo each underpass specics-pcrf irmancc ratios signif

icantls differed between species paired test with Ron

ferroni adjusted probability -. 0.001 We therefore

rejected the null hypothesis and focused instead on

Wildlife Underpasses in BanffNalional Park 51

identifying the underpass attributes that most likely in

fluenced speciess underpass use

For individual species the rank order of significant at

tributes was not significantly different between perfor

mance models paired test all within-species compari

Sons not significant at 0.05 We therefore provide

mean rank scores only Table The rank order of sig

nificant attributes however does differ between spe

cies paired test Bonferroni adjusted probability val

ues 0.05 For example we found that underpass

distance from the east gate positive correlation was

the most significant underpass attribute affecting black

bear performance ratios whereas underpass length

negative correlation was the most significant attribute

affecting elk performance ratios Table

At the second scale of ecological resolution species

groups we used PCA to identify two group types Fac
tor Fig The two groups were readily identifiable as

large predators/omnivores hereafter referred to as car

nivores and ungulates For carnivores the most signifi

cant underpass attribute influencing the groups perfor

mance was distance to townsite positively correlated

followed by human activities such as hiking negatively

correlated human use index negatively correlated

and horseback riding negatively correlated Landscape

and structural variables were the least significant at

tributes influencing the groups performance ratio i.e

distance to nearest drainage negatively correlated un

derpass openness negatively correlated Table

In contrast we found that the most significant under

pass attributes influencing ungulates were structural and

landsdmpe factors Specifically the rank order was un

derpass openness negatively correlated noise level

positively correlated underpass width negatively

correlated and distance to nearest drainage Human

activity attributes although significant were ranked

lower horseback riding negatively correlated and

hiking negatively correlated Table

At the third scale of ecological resolution large mam
mals ic all species together we found that the most

significant underpass attribute influencing the commu

nitys performance ratio was structural openness nega

tively correlated Table Distance to townsites was the

second most significant attribute positive correlation

followed by human activity human-use index horseback

riding hiking and biking all negatively correlated

Discussion

There were no significant differences in the rank order of

the 14 underpass attributes between the three performance

ratio models radiotelemetry pellet count and habitat suit

ability indices This suggests that although the subpopula

tion that each underpass serves is unluiown our confidence

in using performance ratios as means to standardize differ-
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Table Observed use of wildlife underpasses by carnivores and ungulates in Banif National Park Alberta 1995-4998

LTnderpaSses

10 ii

B1i hear 10 20 43

34 16

F1/Ll\ h.i

ougar
29 30

20 15

28
77 146 35

Icer 554 -2 294 253 215 21 61 338 288 291 54

Ilk 825 201 531 1199 1062 467 1576 1522 821 683 22

ii

ences in S1CC1CS
abufldaflce between UndCrpLsScS is high

Mi fC iniportaiitly
however these results permit u.s to test

lie null hypothesis independently of the actual grain in

hich species interact with the habitat template

.ur results suggest that underpass attributes dtfferen

ial1 influence species performance ratios Depending

on the ecological resolution ti species species

groups large mammals however different underpass

attributes were interpreted as dominant One common

thread at all resolutions was that human iniluence

hetlier it was distance to townsite or human activity

within an uldefpaSS_coflSistefltly
ranked high as sig

ni tic ant factor affecting SpedeSPerform cc ratios At

the species
level for example results from six of the

yen species
ranked at least otic human attribute as the

first or second most important
attribute influencing

the species-perforillance
ratio At the group level earn

sores showed positive correlation between underpass

performance ratios and distance from town and nega

tive correlation to human activity The inverse relation

Netween the two human-related attribtites ecurred be

.luse the towrisites served as sources of human popula

ions from which human activit originates The closer

in underpass was to the town of llanff or Canmore the

greater the human use activity observed Mattson et at

1987 Kasworm Manley 1990 McCutchen 1990

Jalkotzy Ross 1993 Gibeau ct al 1996 Paquet et al

1996 but see Rodriguez et al 1997

Ungulates however failed to respond to human activ

ity in the same manner Although significant negative

correlations in performance ratios were observed the

relative importance
of human activity ranked below that

of structural attributes Elk habituation to human pres

ence close to town may at least in part
have masked

the performance ratios of unhabituated elk farther from

town Woods et at 1996 At the community level the

most important
attribute influencing species perfor

mance ratios was structural openness The second most

important attribute however was distance to the town-

sites positive correlation

These results lend support to the Banff National Park

nianagenlelit plan which emphasizes stricter limits on

human development and more effective methods of

managing and limiting human use within the park Parks

Canada 1997 The BNP management plan also recom

mends improving
the effectiveness of phase and un

derpasses by retrofitting In this context we suggest

that in such niultispecies system the most efficient

ncenatfl Riulogs

thime No ietoiar\

table Species level rank ordering of mean coefficient ol determinations and their slope for models explaining underpass interactions in

bamsif National Park Alberta

nderpaSS attributes
Blac/ bear Grizzly bear Cougar Wolf Deer Elk MooSe

Width

Height

10

length

.pcnness

Noise level
12

Distance to

east gate

ifest cover
11

11

iiearct drainage

anadian Pcifk Railway

track

nearest town

12

human acttvit

human-use index

hike
tO

horseback

foot

9-
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-1

-1.0 -0.5 0.0 0.5 1.0

FACTOR

Figure Principal component analysis of models of

observed and expected underpass use for wild4fe in

Banff National Park Alberta Models were developed

from observation data fOBS radio telemetry location

data TEL relative-abundance pellet-transect data

PEI and habitat suitability index data HSI for

black bears BB grizzly bears GB cougars

wolves l7 deer elk and moose Two dis

crete groups were identified along factor large prea
ators/omnivores and herbivores Oj

and probably economic approach to retrofitting is to

manage human activity near each underpass Specifi

cally we recommend that foot trails he relocated and

human use of underpasses be restricted Continual mon

itoring of wildlife passage frequencies at these struc

tures will permit Parks Canada to evaluate how this man

agement strategy may translate into greater permeability

of the Trans-Canada Highway and habitat connectivity

for all wildlife populations in the Bow Valley

Landscape variables other than distance to town may

also be important attributes influencing species-perfor

mance ratios Carnivores had greater tendency to use

underpasses close to drainages systems for example

whereas ungulates tended to avoid them Drainage sys

tems are known travel routes for wildlife particularly in

narrow glacial valleys such as Banff Bow Valley The in

verse relationship between carnivores and ungulates

with respect to drainages may reflect processes such as

predator-prey interactions rather than any direct effect

of landscape attributes on underpass use Recent studies

have shown that predators can have important effects

on tlw community structure of prey species Lima Dill

1990 Oickman 1992 Jedi-zejewski et al 1993 For ex

ample deer are known to keep to the periphery of wolf

territories Hoskinson Mech 1976 Mech 1977 and re

Underpass Large

attributes Carnivores Ungulates mammals

Width

Height 10

Length 11
Openness

Noise level

Distance to

eastgate 10 13
forest cover 12

nearest drainage

Canadian Pacific

Railway track 12

nearest town 13

Human activity

human-use index

bike 11
horseback

foot

duce their feeding effort when exposed to odors of

wolves and other predator species Mulier-Schwarze

1972 Sullivan et al 1985 Furthermore there is some

evidence that the presence of badgers Metes metes can

disrupt their prey species hedgehogs euro

paeus use of tunnels under roads in England Don-

caster unpublished data
The results from our analyses also suggest that struc

tural attributes were significant in species-performance

ratios especially for ungulates Ungulates preferred un

derpass structures with low openness ratio narrow

width and long tunnel dimensions We doubt however
that such species prefer constricted underpasses over

larger and more open undei-passes Previous studies

have shown that ungulates were reluctant to use under-

passes wide or 2.4 high Reed et al 1975

Yanes et at 1995 Rosell et al 1997 Therefore in se

ries of post-hoc regression analyses we found that open
ness was significantly correlated to length noise and

distance to town linear regression 0.05 These

post-hoc tests suggested that the importance of these

structural attributes may be statistical artifacts

Although there is limited information on the suitability

of underpass design for large carnivores but see Rod

riguez et al 1997 it is understood underpasses that are

long and low in clearance inhibit use by carnivores

Hunt et al 1987 Beier Loe 1992 Foster Humphrey
1995 Results from our analyses agree in part with this

expectation because wolf performance ratios were posi

tively correlated with underpass height for other carni

vore species however attributes of underpass structure

contributed little

It is possible that the overall weakness of structural at

tributes in explaining species performance ratios may be

1.0

M_OBS

0.5

BBHSI

BB_TEL

D_PEL

GB_TEL

.1

-0.5

Table Rank ordering of mean coefficients of determination and

their slope for models explauiing underpass interactions at the level

of species groups and large mammals in Banif National Park

Alberta

E_OBS

E_HSI
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due to each specless individual lamiliarization with the

2- ear-old underpasses Individuals require time to

adapt to underpass structures Reed ci tl l95 Waters

988 Bunyan 1990 Land Loll 1990 PC unpub

ltshed data once adaptation has occurred the dynam

cs of human activity and attributes 01 landscape hetero

gcfleitv may play larger role iii determining species

perlormance ratios than the structural attributes them

selves Gibeau Flerrero 1998

The underpass attributes varied in importance
be

tween both species tIl1 ecological resolutions The mul

iscale approach we used demonstrates that the informa

tional needs of state transpottatiOfl planner responsible

br site-specific mittgatiofl rt deer Reed Ct 195

Ruinin Bissonctte 19-6 will likely be different from

those of land manager in BNP mandated to maintain

ocosvstelTi integrity of 650.000-ha national park Inde

pendent of the ecological resolution used however spe

cies-perbormanci
ratios were consistently negatively cor

related with some measure of human activity lherefore

The best designed and landscaped underpasses may be in

cffective if l1umu1 ii iviry IS 1101 controlled
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Appendix

Curvilinear regression equations used to optimize the fit between

species-performance ratios and each underpass attribute
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Summary

Drainage culverts are ubiquitous features in road corridors yet little is known about

the efficacy of culverts for increasing road permeability and habitat connectivity for

terrestrial wildlife Culvert use by small- and medium-sized mammals was investigated

along roads in Banif National Park Alberta Canada An array of culvert types was

sampled varying in dimensions habitat and road features during the winters of 1999

and 2000 Expected passage frequencies were obtained by sampling relative species

abundance along transects at the ends of each culvert

Weasels Mustela erminea and Mi frenata and deer mice Peromyscus maniczdatus used

the culverts for passage most frequently whereas red squirrels Tamiasciurus hudsonicus

and snowshoe hares Lepus ainericanus were the most common small mammals in the

study area according to transects sampled near each culvert

Species performance indices observed crossing vs expected crossing were calculated

for five species by comparing their tracks inside and adjacent to 36 culverts Culvert per

formance indices were significantly different between the five species culvert attributes

influenced species use but different attributes appeared to affect use by different species

At all scales of resolution species species group and community level traffic volume

noise levels and road width ranked high as significant factors affecting species use of the

culverts Passage by American martens Manes americana snowshoe hares and red

squirrels all increased with traffic volume the most important variable Coyote anis

latrans use of culverts was negatively correlated with traffic volume Increasing noise

and road width appeared to be negative iniluences on culvert passage by coyotes snowshoe

hares and red squirrels

Structural variables partially explained passage by weasels and martens Weasel

passage was positively correlated with culvert height but negatively correlated with culvert

openness Martens preferred culverts with low clearance and high openness ratios High

through-culvert visibility was important for snowshoe hares but not for weasels The

passage by weasels and snowshoe hares was positively correlated with the amount of

vegetative cover adjacent to culverts

For many small- and medium-sized mammals drainage culverts can mitigate the

potentially harmful effects of busy transport corridors by providing vital habitat linkage

To maximizeconnectivity across roads for mammals future road construction schemes

should include frequently spaced culverts of mixed size classes and should have abundant

vegetative cover present near culvert entrances Further work is required to assess the

effects of culverts on population demography and gene flow adjacent to large roads

Key-words Banif National Park barrier effect connectivity habitat fragmentation

mitigation measures passage efficacy road ecology

Journal of Applied Ecology 2001 38 1340 1349
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Ecological theory about road corridors highlights their

functional role as conduits barriers or filters hab

itats sources and sinks Bennett 1991 Forman 1995

These effects can be of major ecological significance

Forman Alexander 1998 Spellerberg Morrison

1998 Many roads are barriers or filters to horizontal

processes such as animal movement Further as roads

are upgraded to accommodate greater traffic densities

the rate of successful wildlife crossings might decrease

significantly Barnett How Humphreys 1978 Lovallo

Anderson 1996 Philcox Grogan Macdonald 1999

becoming in some cases the leading cause of animal

mortality Maehr Land Roelke 1991 Van der Zee

ci al 1992 Clarke White Hams 1998 and effectively

fragmenting otherwise connected habitats Trombulak

Frissell 2000

recent review of the ecological effect of roads

reported that barrier effects might emerge as the

greatest ecological impact of roads with vehicles

Forman Alexander 1998 In an increasing number

of landscapes the regular movements of animals

involve road crossings Efforts to increase road per

meability and mitigate potential barrier effects might

offset the risk of isolating or reducing populations

Opdam ci al 1993 Canters 1997 Specifically wild

life underpasses and overpasses have been designed

to facilitate the movements of wildlife Bekker

Hengel van dcr Sluijs 1995 Although not designed

for animal passage drainage culverts are ubiquitous

features in road and rail corridors However prac

tically nothing is known about their effectiveness for

increasing road permeability and habitat connectivity

for smaller mammals Proximity to cover and culvert

dimensions has been reported as important factors

affecting use by small- and medium-sized terrestrial

vertebrates Hunt Dickens Whelan 1987 Yanes

Velasco Suàrez 1995 Rodriguez Crema Delibes

1996

The Trans-Canada highway TCH is major trans

portation comdor through Banif National Park BNP
Alberta Canada The highway and other roads bisect

critical montane and subalpine habitats in Banifs

Bow River Valley on which many mammals depend

Over 70% of montane habitat in BNP is within the

transportation corridor At present the TCH consists

of 47 km of four-lane highway however there are

plans to upgrade the remaining 30 km to four lanes

within the next 5-10 years Clevenger Waitho

2000 This doubling in width and associated increases

in traffic volumes present greater difficulties for animal

crossings Culverts along the TCH may allow safe

crossings and thus increase permeability ol this busy

road corridor

We investigated the use of drainage culverts by smaU

and medium-sized mammals along roads in BNP

Although the TCH was of primary concern we sampled

an array of culvert types along roads varying in width

traffic volume and landscape Our specific objectives

were to determine what species used drainage culverts

to cross roads evaluate whether culverts served all

species equally or whether some culverts limited hab

itat connectivity across roads in species-specific ways

iii model species responses to structural landscape

and road-related attributes and identify which were

most important in explaining animal passage and culvert

effectiveness and iv provide recommendations for

incorporating small- and medium-size mammal require

ments into drainage culvert design and transportation

corridor planning

Study area

The work was carded out in the Bow River Valley along

the Trans-Canada transportation corridor in BNP

slol5 II 530 Situated approximately 120 km

west of Calgary Banif is the most heavily visited national

park in Canada with over million visitors per year

Most of these visitors arrive by private vehicle or motor

coach along the TCL-1 The highway is also major

commercial motorway between Calgary and Vancou

ver On average daily traffic volume at the park east

entrance is more than 14 000 vehicles per day year-round

peaking at more than 35 000 vehicles per day during

summer Use is currently increasing at rate of 3% per

year Parks Canada Highway Service Centre Calgary

Alberta

The transportation corridor also contains the

Canadian Pacific Railway mainline access roads to

Banff town site and several important two-lane roads

highways 93 40 and IA The study was carried out

along the TCH two-lane and four-lane sections with

and without central reservations and highway IA

two-lane with no central reservations

The Bow River Valley is situated within the front

and main ranges of the Canadian Rocky Mountains

Topography is regarded as mountainous with eleva

tions from 1300 to over 3400 and valley floor width

from to km The climate is continental and charac

terized by relatively long winters and short summers

Holland CQen 1983 Mean annual snowfall at the

town of Banif is 249 cm The transportation corridor

traverses the montane ecoregion Vegetation in the

park encompasses montane subalpine and alpine

ecoregions Montane habitats are found in low eleva

tion valley bottoms and characterized by Douglas fir

Pseudotsuga nenziesii Mirbel Franco white spruce

Picea glauca Moench Voss lodgepole pine Plans

contorta Dougi ex Loud aspen Populus tremuloides

Michx and natural grasslands Subalpine and alpine

ecoregions primarily consist of Engebnann spruce

Picea engelmanii Parry ex Engelni and subalpine fir

Abies lasiocarpa Hook Nutt forests interspersed

with riparian shrub communities subalpine grasslands

and avalanche terrain giving way to open shrubforb

meadows in the alpine ecoregion Achuff Corns

1983
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Table Names and definitions of 19 variables used in multivariate analysis
of factors influencing

mammal passage at 36

drainage culverts in Banif National Park Alberta Canada l9992000

Attribute group

Attribute Code Definition

Culvert width

I-IT Culvert height

Culvert length

OP Culvert openness width lengthlheightt

AP Mean percentage through-culvert visibility taken from each opening

and measured in 25% increments between 0% and l00%

RANG Xd angle created by and Y3 where horizontal distance

from road edge to culvert opening vertical distance below road

grade level to culvert opening

I-lAB forest-open mix closed forest

FOR Measured as percentage forest cover along two 100-rn transects

SHRUB Percentage shrub cover measured along two 100-rn transects

OPEN Percentage open habitat measured along two 100-rn transects

D_COV Distance to cover in metres trees or shrubs IS high

STR Distance to nearest mitigation passage in metres wildlife

crossing structure or full-length culvert

ELEV Elevation

TOPO flat uniform uneven terrain

DW Width between outer edges of road pavement

VERW Width from pavement edge to ecotone created by road

RD_CL Distance of road width verge width

NOISE Mean of 16 A-weighted decibel dbl readings taken from culvert

opening at IS-s intervals during mm Readings were taken on

single day between 1000 hand 1400

T_VOL Mean annual average daily traffic volume

Removed from multivanate analysis due to multicollinearity

tReed Ward 1985

tTransect on the culvert axis extended 100-ni from the opening Transect in front of the opening and 50-rn out ois both sides

20tH British
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DRAINAGE CULVERTS

We quantified small- and medium-sized mammal use

36 drainage culvcrts along the TCH distance

km and highway IA distance 24 km Drainage

culvert selection was stratified by habitat type and

culvert size Only full-length culverts were sampled i.e

those fully spanning the road width without openings

in the central reservation We characterized each culvert

with continuous 17 and categorical variables

encompassing structural landscape and road-related

attributes Table

OBSERVED PASSAGE FREQUENCIES

We monitored the passage of animals at each culvert

using sooted track-plates 75 30 cm Zielinski

Kucera 1995 Multiple plates were used to cover the

bottom of the culvert No baits were used We checked

track-plates weekly and recorded each species pres

ence estimated the number of species crossings and the

direction of travel We noted the presence of species

tracks in the snow within 20-rn radius of culvert open-

ing If tracks indicated the culvert was used but there

was no recording on the track-plates we counted this

as passage Mammal species for which tracks were

recorded in this study included coyote Canis latrans

Say American marten Ma-tesamericana Turton weasels

Mustela erminea and M.frenata Lichtenstein snow

shoe hare Lepus americanus Erxleben red squirrel

Tamiasciunc hudsonicus Erxleben bushy-tailed wood rat

Neotona dnerea Ord deer mice Peromyscus mankulalus

Wagner voles Arvicolinae and shrews Sorex sp

ANALYSES

If the 36 drainage culverts occurred in homogeneous

habitat landscape that included random distribution

of species then the following assumptions may apply

the 36 drainage culverts served the same population

of individuals and ii each individual was aware of aft

36 culverts and could choose between culverts based on

culvert attributes alone These assumptions however

were unrealistic as individual ranges within species

such as red squirrel and deer mice were at least an order

or two of magnitude less than the spatial scale of the

36 culverts It was most likely that drainage culverts

instead served their own unique subpopulations It

1342
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was therefore necessary to examine observed crossing

frequencies for each drainage culvert in the context of

local culvert-specific expected crossing frequencies i.e

performance indices

Expected passage frequencies were obtained from

measures of relative abundance of each species in the

vicinity of each culvert At the ends of each culvert

500-rn transect perpendicular to the road was established

Each transect was divided into 10 50-rn segments

Transects were surveyed for tracks of small- and medium-

sized mammals between 24 and 48 after snowfall On

cach segment we tallied the number of animal tracks

crossing it To reduce any potential biases incurred

Irons non-randomly distributed tracks we registered

only the presence track or absence of tracks in each

50-ni segment of any given transect Relative abund

ance For each species was quantified on the number of

transect segments that were consistent with the range

of their movements near the culverts For small mammals

shrews voles and deer mice we counted detections on

the first three segments 13 closest to the culverts for

medium-size mammals snowshoe hares red squirrels

and wood rats on segments and for larger mammals

weasels martens and coyotes on segments 110 We

then derived species performance indices using the

following formula

Ohs 0-5 Ohs
PRLog IX

Esp 0- Exp 05

55

Exp5

Ohs 0-5

where Pr is the species performance index for species

Obs is the observed crossing frequencies for species

and Exp is the expected crossing frequencies for spe

cies Performance indices were designed such that the

higher the performance index the more effectively the

culvert appeared to facilitate species crossings Spe

cifically the performance index gave higher value to

species crossings where the absolute difference

between observed and expected crossing frequencies

was greater but their relative difference was the same

and ii the absolute difference between observed and

expected crossing frequencies was the same but the

total number of observed crossings was greater

We examined the premise that drainage culverts

served species equally by testing the null hypothesis

that performance indices did not differ between spe

cies In the event that we rejected the null hypotheses

we proceeded with two steps to determine which of the

culvert attribtites were most closely associated with

species performance indices

Prior to carrying Out niultivariate analysis we

screened variable data for normality linearity multi

collinearity and outliers using bivariate scatterplots

correlation matrices and residual analysis plots Neter

Wasserman Kutner 1985 Tabachnick Fidell

l996 To reduce the effects of multicollinearity we

selectively removed one independent variable from

any pair of independent variables having correlation

coefficient higher than 075 Morrison Marcot

Mannan 1992 Outliers were removed from an ana

lysis if standard residuals fell outside two standard

deviations from the mean

We performed forward stepwise multiple regressions

on the performance indices of the culverts for small-

and medium-sized mammals Tabachnick Fidell

1996 For each species we ranked the regression mod

els thus obtained according to the absolute value of

each models coefficient of determination This process

allowed for the identification and ordering of culvert

attributes in order of importance associated with

each species performance index however it failed to

separate ecologically significant attributes from those

that appeared significant but were statistical artefacts

of the culvert themselves Principal components analysis

PCA was used to examine which sets of species

formed coherent subsets that were relatively independ

ent of one another Ramsey Schafer 1997 We then

used principal components regression to evaluate the

importance of the independent variables in facilitating

passage by each species group at the culverts For the

two categorical variables 14 performance indices

were compared using the MannWhitney U-test Zar

1999 We used the Statisica kernel release 55 statistical

package for all analyses StatSoft 2000

Results

Data on small- and medium-sized mammal movement

at 36 culverts were collected during winter January

April 1999 and 2000 During this period we checked

each culvert at least 12 times total of 618 crossings by

minimum of nine species was recorded Weasels and

deer mice used the culverts most 28% and 29% of

all detections respectively followed by busby-tailed

wood rats and American martens Fig Shrews were

detected at 22 of the culverts 1% weasels at 21 culverts

58% and martens and deer mice at 18 50% Coyotes

bushy-tailed wood rats and voles used the fewest number

of culverts culverts Species use of individual

culverts ranged from to The average number of

species detected at the culverts was 28 SD
Relative abundance transects were sampled six

times Tracks of eight of the nine species were recorded

total of 6990 times along 228 km of permanent

transects This included tracks for all species crossing

transects including more than one track per segment

For calculating relative abundance we noted species

presence track in the 50-rn segments total of

3155 times Red squirrels and snowshoe hares together

accounted for more than 50% of all species detections

whereas martens and weasels combined made up 39%

Fig The small mammal community wood rats deer

mice voles and shrews accounted for only 16% of
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crossings on transects Because of the inability to detect

small mammals on transects we excluded these four species

from the subsequent multivariate analysis The following

analyses focused on five medium-sized mammal species

coyote marten weasel snowshoe hare and red squirrel

The results showed that culvert performance indices

were significantly different between the five species

Wallis ANOVA 114 140 604 00011

Therefore we rejected the null hypothesis that species

use of culverts was uniform and focused on determin

ing which attribute of culverts was most likely to influ

ence use by individual species species groups and the

mammal community

Of the 17 continuous variables five were excluded

from the multiple regression analysis due to multi

collinearity road clearance verge width culvert length

amount of open habitat and culvert width iable In

the stepwise regression analysis five models were

developed for species responses to the culvert attnbutes

For all five species the multiple regression models

described significant proportion of the variation in

performance ratios 0003 Coefficients of deter

mination R2 for the models ranged from 047 in red

squirrels to 08l in snowshoe hares Of the five models

25 of 95 19 variables variables were statistically

significant Ten 40% of the 25 variables pertained to

road-related features nine 36% landscape features

and six 24% structural attributes Table However

significant culvert attributes and their rank order in the

models differed between species For example noise

level negative correlation was the most significant

culvert attribute for snowshoe hares whereas traffic

volume negative correlation was the most important

attribute affecting coyote performance indices Similarly

culvert height was the most significant attribute for

weasels hut was of little importance for the other species

except martens

Traffic volume was significant predictor of per-

formance index for four of the five species and ranked

as the most important of all attributes in determining

passage for three of the taxa Table It was the most

important attribute for coyotes martens and red squir

rels and ranked fourth for snowshoe hares For all spe

cies except coyotes the relationship was positive the

higher the traffic volume the greater the use of culverts

by martens snowshoe hares and red squirrels Noise

was significant factor explaining culvert use by four

of five taxa It had high explanatory power for snow

shoe hare and red squirrel passage at culverts however

it ranked low for carnivores weasels martens The

relationship between noise levels and passage in all

models was negative For two taxa road width was

found to be significant factor coyotes red squirrels

influencing culvert use The correlation between culvert

use and road width was negative for both species Coyotes

and red squirrels had tendency not to use culverts on

wide roads

Structural attributes such as culvert height and open

ness were significant attributes influencing perform

ance indices for two of five taxa Weasel passage was

positively correlated with culvert height but negatively

correlated with culvert openness Conversely martens

preferred culverts with low clearance and high openness

ratios The amount of culvert aperture significantly

influenced passage for the two species Weasels had

tendency to use culverts with low aperture whereas

high through-culvert visibility was important for snow

shoe hares Landscape attributes had low explanatory

value in determining the effectiveness of eulverts How

ever the distance to the nearest passage structure was

an important variable for martens The greater the

distance between passages the higher the likelihood

of martens using culvert for cross-highway travel

Habitat type did not influence passage for any of the

five species except coyotes U404S d.f

0003 which had tendency to use culverts located in

.4 7evenger

/1ruszc 25

20

IS

10

Fig Percentage occurrence of nine mainnial
species using drainage culverts solid bars 618 crossings and found on

adjacent snow transects white bars ii 3155 detections in Banif National Park Alberta Canada 19992000 Expected

detections were based on snow transect sampling see the Methods
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Attribute Beta SE P-value Rank

Coyote

TYOL 053 015 0-001

RDW 043 013 0-004

SHRIJB 022 0-I 0038

Marten

f_VOl 078 018 0001

OP 0-58 0-2 0-0

UT 0-51 0-23 0-038

NOISE 050 0-IS 0-003

P_SIR 042 0-Il 0-001

Weasel

ItT 88 0-30 0007

AP -064 0-24 0-015

OP 061 0-28 0-037

DCOV 057 0-19 0-006

FOR -036 0-IS 0-022

NOISE 034 0-15 0-035

Snowshoe hare

NOISE 06 0-12 0-001

EL 0-43 0-I 0-001

FOR 041 0-12 0-002

I_VOl 036 0-16 6037

AP 0-31 0-1 0-011

SIIRVB 0-21 0-1 0-049

Red squirrel

LVOI 06 0-24 0-01

NOISE -0-62 0-19 0-002

ROW 0-61 0-18 0-002

areas of closed forest Similarly topography only affected

snowshoe hare passage culverts in uneven terrain were

used more than culverts located in level terrain

422 di 0-001

We identified two distinct groups of species based on

perforetlance indices using PCA Fig Two factors

were extracted factor had high loadings 0-70 for

martens snowshoe hares and red squirrels factor

had high loadings 0-70 for coyotes and weasels We

performed multiple regression analysis on the two

species groups using two methods First we ran the

multiple regression analysis using factor scores from

the PCA Table The analysis produced significant

model for both species groups 0-002 Coefficients

of determination R2 wereO-56 for factor and 0-55 for

factor Road width had the highest explanatory

power negatively correlated for species grouped in

factor followed by noise levels negatively correlated

and culvert distance to cover positively correlated

For species grouped in factor we found road wtdth

negatively correlated was the only factor that influ

enced species passage at the culverts

Secondly we ran the multiple regression analysis

using combined performance indices calculated for the

species in each group Table The analysis produced

significant model for both species groups 0-001

Coefficients of determination R2 were 0-56 for species

group martens snowshoe hares and red squirrels

and 0-58 for species group coyotes and weasels Spe

cies group responded to four culvert attributes Traf

fic volume was the most important variable positively

correlated followed by road width noise levels and

elevation all negatively correlated Five variables affected

passage of species from group Distance to cover traffic

volume and the amount of forest cover were negatively

correlated with passage whereas road-culvert angle

was positively correlated The amount of shrub cover

negatively correlated partially explained passage of

species

Finally we performed multiple regression analysis

on performance indices for all five species together

Table The analysis produced significant model

Fig Factor loadings for five mammal species from principal components analysis Varimax normalized rotation of axes of

performance indices of 36 drainage culverts in Banif National Park Alberta Canada Twodistinct groups were identified for use

in multiple linear regression group marten red squirrel and snowshoe hare black triangles group coyote and weasel black

dots Road width noise levels and distance to cover were significant correlates associated with factor Road width was the only

significant
correlate for factor

1345
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Table Results of multivariate linear regressions on the

performance indices of 36 drainage culverts for five mammal

species in Banif National Park Alberta Canada Significant

coefficient of determinations and their slope are rank-ordered

to show their relative importance in explaining factors

facilitating passage For attribute definitions see Table

Coyote

86

02

0-2

-06

Weacl

0-1 02 63 0-4

Red sqwricl
Snowshoe hare

Species Gmtsp

SpcdcsGmup2

0-5 0-6 0-7 68 0-9

Factor
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Table Results from principal components analysis PCA
to identify species groups based on their interactions with 36

culverts in Banff National Park Alberta Canada Both
species

groups had significant regression
models that explained

culvert use 0402 Coefficients of determination R2 were

056 for factor and 055 for factor Significant coefficient of

determinations are rank-ordered from principal components

regression using factor scores from PCA and
regression

analysis performed on combined performance index data for

the species in each of the two groups

Attribute Beta SE P-value Rank

Factor marten snowshoe hare red squirrel

RDW 0-72 024 0-007

NOISE -068 019 0-002

COV 037 17 0-039

Factor coyote weasel

RD -083 014 0-001

Group It marten snowshoe hare red squirrel

TVOI 0-75 021 0001

RD 0-66 017 0-001

NOISE --0-66 0-16 0-001

ELEV -037 016 0-025

Group 25 coyote weasel

DCOV 0-79 0-14 0-001

TVOL --0-62 015 0-001

FOR 0-54 0-IS 0-002

ANG 0-48 0-it 0-004

SHRUB 037 0-13 0-01

Multiple regression analysis using factor scores from PCA
tMultiple regression analysis performed on combined

performance index data for the species in each of the two

groupa

Table Results of multivariate linear regressions on the

combined performance indices of 36 drainage eulverts for five

matnmal
species as group in Banif National Park Alberta

Canada Significant coefficient of determinations and their

slope are rank-ordered to show their relative importance in

explaining factors facilitating passage at the community level

For attribute definitions see Table

Attribute Beta SE P-value Rank

LVOE 72 02 0-001

NOISE 0-71 016 0-001

RDW 061 0-17 0-001

EEEV 0-36 015 0-026

0-00l The coefficient of determination R2 was

0-58 We found the most significant culvert attribute

influencing the mammal communitys performance index

was traffic volume positive correlation Noise levels

road width and elevation were all negatively correlated

Discussion

Our results suggested that culvert attributes influence

species use but different attributes appeared to afrect

usc by different species One common theme at all

scales of resolution individual species species group

and community level --was that traffic volume and to

lesser degie noise levels and road width ranked high as

significant factor affecting species use of the culverts

One would expect that as road width increased

medium-sized forest mammals would be increasingly

vulnerable The risk of predation while attempting to

cross exposed road corridors may be greater as well

Korpimaki Norrdahl 1989 Rodriguez Crema

Deibes 1996 Coyotes being the largest of the mammal

species studied tended to use culverts less in high traffic

density situations whereas three of the four smaller

mammals martens snowshoe hares and red squirrels

and not surprisingly the three-species group showed

greater use of the passages Forest-associated mammal

species generally avoid open areas without overstorey

or shrub cover Buskirk Powell 1994 Ruggiero eta

1994 and we would expect the same response to an

open road corridor Oxley Fenton Carmody 1974

Mader 1984 Swihart Slade 1984 Culvert use by these

species might be response to this fragmented and

unsafe habitat and result of learned behaviour passed

on by surviving individuals selecting culverts for cross-

highway travel

Noise consistently ranked highly as negative factor

influencing culvert passage at aD resolutions ranking

second most important at the community level Mar

ten weasel snowshoe hare and red squirrel passage at

the culverts was negatively correlated with noise levels

suggesting that traffic-related disturbances may cause

some species to reduce their activity near the highway

or avoid the area altogether Research near busy high

ways in Massachusetts USA and the Netherlands has

focused on areas of reduced bird abundance which were

believed to be consequence of traffic noise Reijnen

et 1995 Reijnen Foppen Meeuwsen 1996 Forman

Deblinger 2000 Studies of terrestrial wildlife also

concur that buffer areas around roads are generally

avoided thesizeof the bufferdependingon traffic volume

McLdllan Shackleton 1988 Thurber et 1994 Mace

eta 19% Oibeau 2000

The dimension of the tunnels is considered to be one of

the most important variables in the design of passage-

ways for vertebrates Reed Woodward Pojar 1975

BalIon 1985 Hunt Dickens Whelan 1987 Martens

weasels and to lesser extent snowshoe hares responded

most to the structural attributes of culverts Martens

had tendency to use culverts with low clearance and

high openness ratios whereas weasels used culverts with

high clearance low openness ratios and low through-

culvert visibility These results may largely be explained

by habitat preferences of the two mustelids Martens

prefer areas with dense canopy cover and complex

understoreys Buskirk Powell 1994 Ruggiero eta

1994 whereas weasels rely entirely on hunting strategy

that requires travelling through burrows and runway

systems of rodents and through all kinds of cover into

which these prey could escape King 1989 High through-

culvert visibility would be of little importance for weasels

becausea largepart of the time they hunt underground

Conversely low through-culvert visibility is believed to
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inhibit passage use by lagomorphs and carnivores

Beier Loe 1992 Rodriguez Crema Delibes 1996

Rosell eta 1997 In our study culvert passage by snow

shoe hares was partially explained by aperture and

those with high through-culvert visibility

Landscape variables may also be important attributes

influencing the use of culverts The presence or amount

of vegetative cover at passage entrances has been con

sidered an essential component for designing effective

tunnels Hunt Dickens Whelan 1987 Rodriguez

Creina Delibes 1996 It is believed that increased

cover provides greater protection and security for animals

approaching the passages Our results indicated that

dista nec to cover and the amount of it within the vicinity

of culverts was significant factor determining pass

age for weasels and snowshoe hares and to lesser

extent coyotes Elevation and topography adjacent to

the culvert were significant attributes influencing the

performance index of snowshoe hares The importance

of these attributes may be more an artefact of local hab

itat conditions than of direct significance on species

passage

The predominance of weasels and martens at the

culverts contrasted sharply with the scarcity of hare

and red squirrels despite the latter being some of the

most prevalent species detected on the transects

Fig The inverse relationship between predator and

prey species with respect to culvert use is noteworthy

There is some evidence from England that the presence

of badgers Metes me/es can disrupt the use of tunnels

under roads by hedgehogs Erinaceas europaeus

Doncaster 1999 Whether this may be occurring in our

study area remains to be investigated Scent-marking

faeces by martens and weasels was commonly observed

at culvert entrances throughout the sampling period

and may be the behavioural mechanism whereby prey

species could detect and avoid the predator Gorrnan

1984 Curio 1993 Jedrzejewski Rychlik Jedrzejewska

993 Kats Dill 1998

From this study we found that road-related factors

had the greatest influence on mammal passage at culverts

Structural and landscape attributes of culverts were

lesser predictors of culvert use These results concur

with those of Yanes Velasco SuÆrez 1995 and

Rodriguez Crema Delibes 1996 who found that

factors related to the road and the landscape best

explained animal use whereas culvert design and dimen

sions had little effect Of the five species only weasels

appeared to be unaffected by road-related attributes of

culverts Weasels and to lesser extent martens appeared

to be affected by the structural attributes of culverts

When considering the relative density of species in our

study area mammalian carnivores accounted for the

greatest amount of passage use Others have found

to the contrary that small mammals constituted the

majority of crossings Yanes Velasco SuÆrez 1995

Rodriguez Crema Delibes 1996

Our results suggest that for many small- and medium-

sized mammals drainage culverts can mitigate the

potentially harmful effects of busy transportation cor

ndors For forest-associated wildlife like most of the

species we studied culverts appear to provide means

of crossing open habitat created by road corridors in

some places up to 100 wide providing vital hab

itat linkage Open roadside habitat has been shown to

be important for the movement and dispersal of small

mammals Huey 1941 Getz Cole Gates 1978

Underhill Angold 2000 For weasels and their prey

the open roadside verges which cut up and fragment

the heavily forested Bow Valley may also be important

habitat Our findings suggest that for mammalian

carnivores the culverts appear to be critical in linking

habitats and maintaining habitat connectivity During

this work we Were unable to determine whether the low

use of culverts by prey species was because crossings

were not attempted or because they preferred crossing

above the road Further work is required to assess the

effects of culverts on population demography and gene

flow adjacent to roads with high traffic volumes

In our study area the mean distance between all mit

igation passages large wildlife crossing structure or

full-length culvert in the two road corridors we sampled

was465mSD4ll range I22658m n275
To ensure cross-highway connectivity and gene flow it

will be important to have at least one culvert or passage

within an individuals home range Gerlach Musolf

2000 Given the average home range size of the species

in our study Chapman Feldhamer 1982 and the

existing distribution of culverts along roads this con

dition can be met for only the two largest mammal species

coyote and marten Drainage culvert costs to high

way infrastructure projects are trivial To improve the

permeability of roads for small- and medium-sized

mammals we recommend that first culverts be placed

at more frequent intervals 150300 to provide

sufficient opportunities for animals of all body stzes to

avoid crossing busy roads Secondly if road does not

have large wildlife crossing structures in place we

recommend mixed size class of culverts to accommo

date the greatest variety of species possible The size of

the culverts will depend on the size of the fauna most

likely to be interacting with the road Large culverts

10--I-S diameter will facilitate passage for medium-

sized mammals e.g coyote while small culverts 0-5
1-0 diameter will best serve small mammals marten

and smaller Lastly we advise that vegetative cover be

present near culvert entrances to enhance passage by

carnivores and small mammals
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The Ecological Road-Effect Zone of Massachusetts

U.S.A Suburban Highway

RICHARD FORMAN AND ROBERT DEBLINGERt

I1arvard University Graduate School of Design Cambridge MA 02138 U.S.A

tCoinmonwealth of Massachusetts Division of Fisheries and Wildlife One Rabbit Hill Road

Westhorough MA 01581 U.S.A

Abstract Ecological flows and biological diversity trace broad patterns across the landscape whereas trans

portation planning for human mobility traditionally focuses on narrow strIp close to road or highway

To beip close this gap we examined tbe road-effect zone over which significant ecological effects extend out

ward from road Nine ecologicalfactorsifl vol ving wetlands streams road salt exotic plants moose deer

amphibians forest bird.s and grassland
birdswere measured or estimated near 25 km of busy four-lane

highway west of Boston Massachusetts The effects of all factors extended 100 from the roa4 and moose

orridors road avoidance by grassland birds and perhaps road salt in shallow reservoir extended out

wards km Most factors bad effects at 2-5 specific locations whereas traffic noise apparently exerted ef

jºcts along most of the road length Creating map of these effects indicates that the road-effect zone aver

ages approximately 600 in width and is asymmetric with convoluted boundaries and afew long fingers

We conclude that busy roads and nature reserves should be well separated and that future transportation

.-ystems across landscapes can provide for ecological flows and biological diversity in addition to safe and ef

ficient human mobility

Zona Ecológica de Efecto Carretero en una Autopista Suburbafla de Massachusetts U.S.A

Reswnen Los flujos ecoldgicos
Ia diversidad hioldgica trazan patrones amplios lo largo del paisaje

nientras que
Ia planeaciOn del transporte para mobilidad bumana se ertfoca tradicionalmente en una

franja angosta cercana las carreteras autopistas Para ayudar cerrar esta brecha exam inamos Ia zona

de efecto carretero sobre Ia cual Se extienden efectos ecológicos significativos que parten
de una carretera

\ueve factores ecolc5gicos involucrando humedales arroyos sal de Ia carretera plantas exóticas alces vena

dos anfibios ayes de bosque ayes de pastizaOfueron rnedidos estimado cerca de 25 km de una autopista

.nuy utilizada de cuatro carriles ubicada al Oeste de Boston Massachusetts Los efectos en todos estosfactores

cc extendiØron 100 de Ia autopista los efectos en corredores de alces de evasion de Ia carretera por ayes

de pastizales Ia sal proven
fente de Ia carretera en an reservorio somero se extendiØron km La mayorIa

de los factores tuvieron efectos en 2-5 localidades especIficas mientras que el ruido del trdfico tuvo efectos

to largo de casi Ia totalida4 de la extensiOn de Ia autopista La creaciOn de un mapa de estos efectos indica

que Ia zona de efecto carretero promedia 600 en amplitud es asimØtrica con Ilmites intrincados algunos

relieves geogrdficos
intrincados largos Condulmos que

las carreteraS muy transitada-s las reservas de Ia

naturaleza deben estar muy bien separadas que losfuturos sistemas de transportacionpuedenprOveerflu

los ecolOgicos diversidad biolOgica to largo del patsaje
ademd-t de una mobilidad bumana segura efi

cwnte

introduction
tern of water superimposed on patches of different veg

etation and land use which in turn differentiate into

lhe 9.4 million km2 of the United States resemble large distinctive physiographic zones Over the last four

brightly colored mosaic or mural with fine-scale pat-
centuries 6.2 million-km network of public roads

now used by 200 million vehicles has been superim

Paper subm Itted Februan 1999 revised manuscript accepted July
posed on this Land to provide safe and efficient human

16 1999
mobility National Research Council 1997 The effect of

36
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engineering marvel on the foundation of the United

esthe ecological infrastructuremust be consider

Recent evaluations indicate that one-fifth of the

ed States land area and nearly the same proportion

The Netherlands is directly affected ecologically by

road system Reijnen et al 1995 Reijnen et al

1996 Forman Deblinger 1998 Forman 1999

Determining the ecological road-effect zone for roads

central part of such evaluations Forman et al 1997

man Alexander 1998 Forman Deblinger 1998

man 1999 This zone is the area over which signill

it ecological effects extend outward from road It is

any times wider than the road surface plus roadsides

verges Bennett 1991 Reck Kaule 1993 Reijnen

Forman 1995 The road-effect zone is highly

mmetric due to natures directional flows and the

ttial patterns on opposite sides of road and has con

uted boundaries Fig

Moose
corrldör\

\\

\\

\. \\
\-\

We used transportation planning as the context for

presenting and illustrating the road-effect zone Whereas

ecological flows and biological diversity manifest broad

patterns across the landscape Turner 1989 Forman

1995 Harris et al 1996 and road networks affect the

fragmentation and human use of entire landscapes Dale
et al 1994 Reed et al 1996 transportation planning

has traditionally focused meticulously on the narrow

area of the road bed and its irnniediate surrounding strip

Stoeckeler 1965 Directorate-General for Public Works

and Water Management 1995 National Research Coun

cil 1997 It is time to close the gap between natures

broad landscape processes and the detailed focus of

road construction and upgrading projects

landscape ecology approach is promising for setting

mitigation priorities for the ecological effects of the ex

isting road network which was built largely before the

recent rapid growth in ecological knowledge Success-

Boundary of Koad Effect

gure Hypothetical diagram illustrating curvilinear nature of road effects for various ecological features such

high-density deer areas road mortality grassland bird nesting areas noise disturbance moose corridors

ad mortality and arious wetland and waterway alterations including exotic plant invasion salt intrusion

.d cbanpel izat ion

Clrassland subject

to traffic noise

Invasive plant spread

Wetland drainage

heavy deer use area

Stream channelized

Intermittent channel

affected by salt

Stream affected by salt

Bhd nesting area

Conservation Biology

Volume 14 No February 2000
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ftil mitigation and compensation projects
scattered across

the United States such as salamander tunnels in Massa

chusetts and underpasses for ground water and wildlife

iii Florida serve as useful pilot projects Evink ci al

1996 Jackson 1996 Furman et al 1997 Sevcral Euro

pean nations and Australia have begun to implement

widespread environmental mitigation
for roads Langton

1989 Saunders Hobbs 1991 Pfister Keller 1995

arners 1997 The Netherlands where transportation pol

icy explicitly meshes human mobility and natural processes

in the landscape has completed an array of mitigation and

ompensation projects both in new road construction and

for existing roads Directorate-General for Public Works

and Water Management 1.995 Road and Hydraulic Engi

neering Division 1995 Foiman Hersperger 1996 Canters

1997 Friedman 997a 997b Forman Alexander 1998

In the contextof protecting species habitats and nat

itrid processes our broad objective was to examine the

road-effect zone concept based on particular example

Our specific goals were to compare the distances

and spatial patterns of ecological factors that extend out

ward considerable distances from highway and to

unibine these results to map the shape of the road

effect zone for highway

Highway Landscape and Ecological Factors

1997 we selected and studied an area in the middle

suburbs Lincoln Concord Acton and outer suburbs

Boxborough Littleton west of Boston Massachusetts

.S Route was chosen as reasonably typical case

of major four-lane artery radiating outward from U.S

city through an area experiencing rapid growth in houses

.uid vehicular traffic This 24.5-km stretch of highway

egins 10 km west of the urban area Cambridge city

limit and follows relatively straight west-northwest di

rection It connects two major ring roads of the urban

region the inner-loop Interstate highway 95 1-95 also

Route 128 and the outer-loop Interstate 495 1-495

This portion of Route was constructed in 1935 and

much of the length was upgraded between 1987 and

1993 Interstate highway 95 Route 128 was completed

about 1950 and 1-495 about 1970

The section of highway we studied had four traffic

lanes with central divider Fifty percent of the highway

section was divided by steel fence barrier on posts

guardrail 25% was divided by continuous concrete

harriers 5% was divided by median strip of mowed

grass and 20% of the highway section had no divider

Grassy roadsides along most of the highway generally

extended few meters beyond the paved road surface

and 40% of the section length had steel fence barrier

along the roadside Thirty-three roads connected with

Route over its 24.5-km length Overall the eastern por

tion kilometers 0-6 and central portion kilometers 18

had small road connections the central area had cross

roads with stoplights and the western portion kilome

ters 18-25 was controlled-access highway with only

entrance-and-exit interchanges

Traffic volume for the eastern 17 km of Route was ap

proximately 50000 vehicles per day Monday through

Friday March data from kilometer 12.5 Concord Town

Records Traffic volume was 34000 at kilometer 18

Acton Town Records and 42000 at kilometer 24 Little-

ton Town Records The traffic speed limit was generally

45 mph 73 km/hour in the eastern and central portions

and 55 mph 89 km/hour in the western portion The in

ner-loop highway 1-95 had 150000 vehicles/day the

outer loop 1-495 had 50000 vehicles/day

The surrounding land was covered with glacial deposits

and mainly sandy soils Schofield Baron 1993 Swamps

ponds and streams were abundant and Route crossed

reservoir and two rivers Deciduous forest with evergreens

predominately Acer Quercus Betula Fraxinus Pinu-s

generally appeared as the background matrix some of

which was wetland Along 15% of the roadside the highway

crossed or was adjacent to seven open-field areas ranging in

size from 10-40 ha Residential neighbothoods covered

about one-third of this suburban landscape

Two river crossings and three railroad crossings had

underpasses through which wildlife moved to cross

Route The Sudbury River with its elongated National

Wildlife Refuge flows northward as major vegetation

corridor crossing Route at kilometer 10 The road

crossed over 13 streams first- to third-order One me
dium-sized airport Hanscom Air Force Base km north

of Route at kilometer 4.5 contained large open area

partially managed for grassland birds New Hampshire

50 km to the north was the source of moose ices

crs that periodically dispersed to the Route area

Road or highway refers to the area of paved road sur

face plus any median area maintained roadsides and ad

jacent up- or downslope roadbanks In effect the road is

the area extending outward that receives road mainte

nance or the area where the adjoining topographic con

tour is altered by the existence of the road whichever

is further Additional information on Route the sur

roundings and mapping are presented by Forman and

Deblinger 1998
More than 20 ecological effects of roads have been de

scribed Walker Walker 1991 Reck Kaule 1993

Forman 1995 Forman et al 1997 National Research

Council 1997 These extend outward for widely varying

distances The road-effect zone however is determined

only by those factors that extend outward the farthest

distances Therefore factors such as the effects of dust or

road salt on vegetation the presence of heavy metals

microclimatic changes and small mammal crossings

whose effects in most areas extend outward only tens of

meters were omitted from the list of key factors We

flSfl3111fl Boiog
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also dinuinated road access for It mg-distance hunting

arid other human activities or disturbances Dale et

1994 Forman 1995 because numerous smaller connect

ing roads permit such access to ncarbs forested land

Short-term ecological effects of the road construction

process Ashley Robinson 1996 were also omitted

The following therefore remained as potential key fac

tot-s that may extend outward from the highway 100 in

in some cases perhaps for kilometers \Vater- and

plant-related factors included altered streams and

wetland drainage road salt reaching surface-water

bodies and habitat invasion by exotic species planted

On roalSileS Key animal hahitit and mwenient patterns

affected by roads included large mammals such as

moose and deer Octocoiteus iirtinianus forest

and grassland birds and amphibians

measured some factors directly whereas others

were estimated based on evidence in other studies Data

sets ranged from reasonably thorough to embryonic so

some details should be interpreted with caution We in

eluded best estimates of all factors that could he esti

mated because for the road-effect ione it is important to

see the entire picture

Road Effecls on Water and Plants

Altered Streams and Wetland trainage

To determine the number location and distance from

the highway of all channelird or rerouted stream and

wetlands at least partially drained due to the construc

tion of Route we examined all streams crossing under

the road and recorded thc length of any channelization

straightening of the natural stream curviness upslope

and di wnslope Almost all streams flowed through wet

lands and stream curviness was easy to observe in No
veniher 199 with light snow coer on the ground In

terniittent channels were nieasured in addition to year-

round streams

Thirteen streams and lit-ce intermittent channels crossed

under the road which is generally routed across higher

terrain Ten of the streams were first-order two second-

order and one third-order based on Geological Sur

ve\ topographic quadrangle map One stream and

uric intermittent channel showed evidence of alteration

predating the 1935 construction of Route and were cx-

eluded from our analysis

Almost all streams and intermittent channels crossing

-l

the ioad were channelized for some distance either up

slope downslope or both Two-thirds of the streams

wer channchzed upslope and one-third downslopc

Both intermittent channels upslope and no channels

dowrislope were straightened The length of channel

ized st reams varied from 30 to 400 upslope and

ft-ott-i in to 500 in downslope of the road Only two

streams were channelized 100 or more away from the

road Fig Apparently no stream was rerouted 30 in

for construction of the road

Almost all wetlands adjacent to the road were swamps
dominated mainly by red maple Acer rubrum few

were marshes with cattail Typha 1atfo1ia and purple

loosestrife Lytbrum salicaria The presence of chan

nelized stream either upslope or dowrislope was used as

an indicator of at least partial wetland drainage Stoeck

cler 1965
Nine wetlands were crossed by or adjacent to the 25

km of Route All of these showed evidence of wetland

drainage indicating that the wetlands are smaller now

than before road construction Wetland drainage effects

exteflled outward from the road for distances varying

from 50 in to 500 Five wetlands were affected 100

from the road Fig

Thus two streams were channelized and five wet

lands partially drained to distance of 100 from

Route These measures of stream arid intermittent

channel straightening plus wetland drainage are con

servative estimates of road effects on the aquatic and

wetland ecosystems Measuring attributes such as change

in sediment load fish populations and streamfiow re

gime would likely show road effects extending consider

ably farther than those we recorded Similarly water ta

ble and wetland soil measurements would probably show

wetland effects extending farther from the road

Road Salt and Surface-Water Bodies

To estimate where salt spread on the highway in winter

may affect natural ecosystems especially the many sur

face-water bodies near Route we consulted local natu

ral-resource specialists and searched for evidence from

the literature Visible damage to natural woody vegeta

tion by salt appeared to be localized within 10 or so of

the road even on downslope sides and in open areas

Road salt is also known to move in groundwater and poi

lute wells in the sandy gravelly glacial till of Massachu

setts and elsewhere in New England National Research

Council 1991 but local natural-resource people knew

of no reports or evidence of this effect along the Route

study segment Thus the primary potential widely spread

ing ecological effects of road salt are believed to be on

shallow ponds lakes and reservoirs streams parallel

arid adjacent to the road and vernal pools near the road

National Research Council 1991

The only evidence we found of road salt pollution along

Route was from the Cambridge Reservoir at kilometer

0.5 Fig Within approximately km of Route the

reservoir was only about 1.0-1.5 in deep Elevated salt lev

els in this supply of city drinking water have been reported

for many years The primary source is considered to be 1-95

along its eastern border and the secondary source Route

where 1.0w Road Salt signs are often displayed in winter

Ecological Road -FJect Zone 39
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TWESTERN PORTION OF

IOUr first-order streams flowed parallel and adjacent to

the road within 30 in for distance of at least 100 in

distances arbitrary hut consistent with the terrain

stream directions not realigned by road construCtiOn

rllre such intermittent channels were also present

Road salt can be expected to reach these parallel streams

and channels in quantities sufficient to affect down

stream aquatic ecosystems Isabelle et al 198 Fennes

sey 1989 National Research Council 1191 In addition

the four first-order streams we included two stream

segments that were close to salt storage area at kilome

ter Fig parallel adjacent
fourth-order stream and

he three intermittent channels were not mapped be

cause it as less clear what significant ecological effects

would he expected

three erna1 pools with official state certification were

located within 211 in of Route and IS such pools oc

curred within km of the highway Fig Salt which

moves in groundwater through porous glacial till and

reaches shallow pool or pond can be expected to cause

elevated pool salinity and affect sensitive species espe

cially in spring At least two of the vernal pools are down-

slope of Route and are most likely to suffer salt effects

Thus one reservoir is known to have widely extend

ing road salt effects and we can hypothesize ecological

effects on at least four streams and two vernal pools

The distance that effects from Route extend is un

known but they may be in the range of 200-1500 in

Habitat Invasion by Planted Roadside Exotics

To determine where and how far non-native exotic

species planted along the roadside spread into the ad

joining natural forest Saunders Hobbs 1991 Tyser
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figure Location-c of major uater- and plant-related effects of divided highway Route in suburbs west of Bos

tm Massachusetts Top map is eastern half and bottom map is izestern half of study area Wetland drainage and

stream and intermittent-channel straightening that extend at least 100 mfromn the highway are marked Streams

amid channels estimated to he affected by road salt run parallel and adjacent to the road for at least 100 in All lo

tat ions of woody pion-natite species apparently inzading from roadsides into natural woods are marked Adapted

trom Forman and Deblinger 1998
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1/orle\ 1992 we drove slowly along the entire route

i1 recorded locations of all eXOtIC woody plantings vis

ible in the roadbed planted by highway personnel

community groups or idj icent 1-indow ners Based

auinlv on location within roadside we excluded

.plants
that apparently colonized naturally For each

roadside planting encountered we recorded the adjoin

ing land use natural woods open or built Of the ap

proximatelY
100 roadside locations with planted exot

ics we examined on foot SO of the most likely spots

for species inasions fht remailling locations were sur

rounthd built are rnd thus were excluded \Vher

ever natural woods upland or wetland were next to

planted woods exotic 22 locations we cxamined the

nearest ha of woods on toot to determine the presence

or absence and the distance of seedlings or saplings ap

parentlv originating from the planted exotic Each

woods survey lasted S2 minutes during 112 Octo

ber 1997 when peak autumn colors facilitated plant

identifications

Forty-four woody exotic species were planted -at the

approximately 100 locations along the 25-km suburban

highway Fornian Dchlinger 1998 Exotics included

few species native to the United States hut not growing

naturally near Route The most frequently planted spe

cies were yew Taxus sp. Norway spruce Picea abies

blue SflJCC Picea pungens and arbor vitae Thuja oc

ciden talis

Both the average and variance in number of planted

roadside species decreased with distance from city

boundary Forman Deblingcr 1998 hut both in

creased with local building density near the highway

within 200 in of the road surface in 1-km road seg

ment measured from aerial photographs Few exotic

species were planted in roadsides where nearby build

ing density was 60 huildings/kni2 No correlation was

found between the species richness of roadside plant

ings and local road density also measured within 200

iii nt-ar the highway

Evidence of invasion into natural ecosystems by these

planted roadside exotics was present in 11 woods Fig

This represented 50% of the cases in which woods

adjoined planted woody exotic Six invading species

were recorded Norway maple Acer platanoides little-

leaf linden Ti/ia cordata red pine Pinus resinosa

red spruce Picea ruben-s. euon mOtis Euonvinous al

ata and privet Ligustrum The percent of

woods invaded did not correlate with distance from ur

bati center measured front Cambridge boundar Also

there was no correlation with nearby building density or

nearby road density The distance species invaded into

woutls from the border of the road surface ranged from

10 in to 120 in although more intensive sampling might

have detected invasions to greater distances

lltus II woods arc apparently being invaded from

roadside plantings of non-native woody species along

the 25 kin of suburban Route The distance
presently

affected is up to about 120 from the highway

Road Effects on Wildlife and Species Pattern

The overall effects of road on animal populations appear

to be barrier effect that blocks movement routes and

subdivides species into smaller subpopulations ani

mal avoidance of nearby habitat due to traffic noise and

roadkills Forman Alexander 1998 For Route we

provide estimates for the location distance and impor

tance of the blocking of wildlife corridor routes of

moose and salamander roadkills of deer and avoid

ance of nearby habitat by forest and grassland birds

Species such as white-tailed deer may adapt behavior

ally to roads by avoiding nearby habitats where traffic

noise inhibits predator detection and by selecting partic

ularly advantageous routes and times to cross roads On

the other hand some species such as the spotted sala

mander Ambystorna maculatum are genetically and

physiologically programmed to migrate at certain

time from uplands to wet areas for breeding en route

they head directly across road L.angton 1989 Fahrig et

al 1995- Therefore transportation planning should pro
vide for both species with considerable ability and those

with little ability to avoid roads

Distant areas including large patches of natural vege

tation commonly containing large populations are often

key sources of and targets for animals approaching or

crossing highways e.g deer and fisher pen

nanti Harris et al 1996 Findlay Houlahan 1997

Distinct major wildlife routes e.g of moose and sala

mander may cross highways Bennett 1991 Harris et al

1996 and habitat near roads sometimes contains con

centrated resident populations e.g of deer

Large Mammals

Moose populations in northern New England have in

creased exponentially in the past 15 years Although

small resident population is beginning to emerge in cen

tral and western Massachusetts moose in eastern Massa

chusetts are usually young males dispersing southward

from New Hampshire in search of females during the

breeding season in September-October or young fe

males dispersing to new home ranges in May-June

Vecellio et al 1993 Perhaps due to their large size and

relatively low metabolic rate moose may move through

the landscape with little regard to human activity

Fourteen individual.moose have been sighted in our

study area since 1992 Forman Deblinger 1998 They

all crossed major highways including 1-495 and appar

ently tended to cross in railroad and river underpasses
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Fig lhcse records illustrate that importailt riloOst

nitcs in suburban landscape ith fragmented habitat

ire railroad river and powerliiic
corridors 1-ig dja

cent wetlands arid lakes proha1 enhance the corridor

.jualit\
The eastcrnnlost moose sighted at kilometer

is yearling female that traveled along .t powerlinc

right-of way and railroad tracks into downtown Boston

White-tailed deer density is general1 highest in the

tew remaining large tracts of protected forest -a pattern

partly associated with recentl reduced hunting in this

suhurlan landscape Dehliilgcr ct al 1993 1wo such

areas of deer contentration exist next to Route where

relatively natural forest land is also adjacent to rivers and

utlands Fig Both forest areas are bisected by rail

road beds that deer use to cross Route as they move

011 suburban development areas I.oc atiOilS of deer hit

h\ vehicles along Route tend he concentrated near

these adjacent protected areas of high deer density

19951996 records of Concord Police Iepartment

Forest and Grassland Birds

Forest-interior birds such as Ovenbirds Selurus auro

capillus cuckoos Coccyzus spp and Pileated Wood

peckers DiyocopUS pileatus have specific habitat re

quirements
that may be affected by highway noise

Detailed forest-bird data near Route have not been

compiled Therefore tO estimate the effect of this high

way on forest birds we extrapolated from the most corn

pkte data set available from another temperate area

Dutch studies have determined road effect-distances

distance from road for which significant change such

as reduction in bird density is recordedfleXt to main

roads with the same traffic volume as that of Route

OF STUDY AREA

figure
The road-effect zone of Route plus locations of moose deer concentrations grassland birds traffic

ooigC effects and other hig1uai effects in the suounding landscape The road-effect zone is indicated by short

dashes plus dotted areas Iottcd areas arc major wildlife corridors and locations of widely extending water and

plant effects Fig bird data are aiailable for the Western and peripheral portions of the map Adapted from

Forman and Deblinger 1998
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Foppcri Reijnen 1994 Reinen 1995 Reijnen et

1995 ft Rcijnen et al 1995 Evidence indicates that traf

fic noise rather than visual disturbance air pollutants or

prediuors along roads is the primar cause for avian corn

munitv changes major effect of traffic noise is hypothe

sized to he its interference with bird communication dur

thg incubation and fledgling phases of reproduction

For birds as whole and for the most sensitive

species effect-distances in woodland extend hundreds

of meters from busy road Fig The population den
sity of the most sensitive forest-interior species is re

duced in woods to approximately 651 from main

road lii this zone the population is one-third lower than

that ii greater distances We used this 650 for the

most sensitive species rather than the distance for all

species combined in estimating the road-effect zone for

Route most sensitive species tend to he of pri

mary conservation interest

Grassland birds are those species found only or pre

dominantly in large open areas such as meadow hay

field cultivation tillage pasture or some combination

thereof Three of the five key grassland species in the

Route area are state-listed threatened species Upland

Sandpiper Bartrainia longicauäa Grasshopper Spar

row Arnrnodramus savannarum and Henslows Spar

row hcnslowii The other two species Meadowlark

Sternella magna and Bobolink Dolichonyx oryzi

vorus are often found in somewhat smaller open areas

than those of the preceding species Hanscom Air Force

Base 2-3 km north of Route in Lincoln Concord and

Bedford medium-sized airport with approximately

146 ha of grassland serves as the major local area for

grassland bird populations The Upland Sandpiper is re

ported only from Hanscom and one site Lincoln km
south of Route the Grasshopper Sparrow from Hanscom

and one location Concord 1.5 km south of Route

and Henslows sparrow from one site Lincoln km
north and one site Lincoln km south of Route

Grassland birds are intensively observed in the area of

kilometers 0-15 Lincoln Concord eastern Acton
Breeding-season 15 May to August records of several

experienced ornithologists naturalists and officials for

approximately 1993-1998 were accumulated and mapped
for Meadowlarks and Bobolinks Open areas observed

Figure COntinued
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were grouped into three categories regular breeding cvi-

deuce of breeding in or more years occasional sight

ing present in or years and no sighting Size of open

area does not correlate with distance from Route two

ol the largest open areas are adjacent to the highway

Within km of Route Meadowlarks and Bobolinks

ire only occasionally sighted and apparently do not or

on.lv rarely breed Fig No open area within this 1-km

distance is regular breeding site for either species In

contrast regular breeding occurs at two sites in the 13

km zone and at four sites in the 3S km zone Caution in

interpreting this grassland bird pattern is warranted due

to the scattered bird records the scarcity of open areas

hs the highway and the diverse management regimes of

open areas Nevertheless the data are consistent with

the hypothesis that grassland birds are reduced in den

sit and species number for hundreds of meters or per

haps 1-2 kin from Route

We turn again to the more complete European data

set which shows decrease in density Fig and diver

sits of grassland birds by main roads Van dci Zande et

1950 Rcijnen
1995 Reijnen et al 1995 Reijnen et

ii 1996 The most sensitive grassland species is reduced

in density to distance of 930 in from main road figure

used to calculate the road-effect zone

Amphibians

Salamanders migrate to arid breed synchronouslY in ten

porary ponds in early spring Such mass migrations be

ween home range and breeding location when bisected

roadways can resuli in signullcant mortality Fahrig et al

l-95 Ashley Robinson 1996 In Amherst Massachusetts

110 km to the west for example road closure during the

migratory period reduced mortality and after two amphib

ian tunnels with associated drift fences were placed under

the road mortality decreased further langton 1989 Jack

son l99
Three state-certified vernal pools arc within 200 of

Route Fig Although amphibian movement has not

been studied here the highway is considered likely

harrier to movement in the vicinity of these locations

Road-Effect Zone

Ihe preceding results for nine diverse ecological vari

ables are synthesized to delineate the road-effect zone

tot Route

Some factors such as invading roadside plants pro

luced effects at several distinct locations but appar

entlv for Route the effects extended outward only

ihout 100 Salamander migration routes may be

blocked by highway one hundred to few hundred

meters from vernal pooi Road salt effects on aquatic

systems may extend outward some 200-1500 iii
also at

distinct locations In contrast traffic noise apparently af

fected bird communities in forest and open areas for

hundreds of meters on both sides and along large pro

portion
of the highway For mammals such as deer

fisher and black bear Ursus americanus the highway

eliminated suitable habitat and interrupted major travel

corridors between large core patches of suitable vege

tated habitat These core-habitat areas were located up

to several kilometers from the highway for instance the

only recent bear record in the vicinity of kilometers

0-18 along Route was in 400-ha forest centered km

north of kilometer

The road-effect zone for Route Fig Forman Deb

linger 1998 Forman 1999 had highly convoluted boun

daries as result of the sequence of affected ecological

factors along the road and their differing effect-distances

Forman et 1997 Forman Alexander 1998- The

road-effect zone at most points was asymmetric partially

because of directional water and wind flows across the

zone Topographic patterns and cut roadbanks also

caused asymmetry in ecological effect distances Never

theless the different arrangement of suitable habitats

and land uses generally present on opposite
sides of the

highway especially of major natural-vegetation patches

and corridors was major cause of the asymmetric pat

terns of ecological effects

The maximum distance that direct ecological effects

extended outward from Route edge of road surface

averaged just over 300 Fig Therefore the average

width of the road-effect zone for this suburban highway

exceeded 600 with the area affected being approxi

mately 0.6 kin2 per kilometer of road length Of course

variability from side to side and from location to location

along the route was high and of considerable ecological in

terest Variability appeared higher in the middle suburbs

kilometers 0-18 than in the outer suburbs We hypothe

sized that this was the result mainly of more land-use het

erogeneity i.e more even mix of woods built areas

and open areas in the middle suburbs compared with

more extensive forest cover in the outer suburbs

Two important ecological factors could not be esti

mated for this study but in time they should be added

First highways that eliminate suitable habitat and inter

rupt major travel corridors between large patches of

suitable vegetated
habitat for large mammals may pro

duce effects extending for kilometers from the highway

Dale et at 1994 Forman 1995 Harris et al 1996 Find-

lay Houlahan 1997 The effects of interrupted wildlife

corridors would typically appear as fingers extending

outward from the road-effect zone boundary similar to

fingers representing
the effect of road sediments on

downstream fish Second the road subdivides previ

ously large connected populations into smaller subpopu

lations Langton 1989 Reed et al 1996 Forman Alex

ander 1998 that tend to be isolated on habitat patches

rI-.fV4Li fl Biology
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such roads may be impoverished in species sensitive to

road and traffic disturbance Road ecology is one of the

great frontiers awaiting science and society range of

solutions to the problem of roads exists and research

should develop others to effectively address the most

extensive ecological factors underlying the road-effect

zone Research pilot projects monitoring and public

education are needed to attain this vision of future

transportation system
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Abstract We analyzed 34 existing parks and reserves in

Orange County and adjacent portions of Riverside San

Bernagljno and San Diego counties for their adequacy of

protecting the natural biodiversity in the region Most of

these parks and reserves are linear or nearly so in shape
isolated from one another and can be classified as provid

ing only partial protection for native biotic elements

Based on gap analysis using geographic information

system we found that widely varying proportions of the

ranges of seven diminished vegetational communities

e.g coastal sage scrub and four rare species e.g
California gnatcatcher occur within existing protected

areas Although the 23 new parks and reserves proposed
for the region would add little to the proportion of element

ranges under protection they would be important for

expanding and linking together some of the existing parks

and reserves The transportation corridors tollroads

proposed within Orange County appear to be incompat
ible with maintaining biodiversity in southern California

because they would disrupt reduce and isolate the popu
lations of many biotic elements Creating regional

landscape to maintain natural diversity and intact ecosys
tems in the county and environs will require the expand

ing and joining of protected areas in several key localities

Keywords Biodiversity biotic elements gap analysis gm
graphic information system habitat corridors intact ecosys

tems landscape linkages Orange County parks and reserves

protected areas regional landscape southern California

tolhoads transportation comdors

Introduction and Objectives

Loss and fragmentation of habitat are major causes of

the extirpation of native species and the disruption of

intact communities Wilcox and Murphy 1985 Wilcove

etaf 1986 Saundersetal 1991 lii southern California

for example fragmentation of chaparral habitat has led to

reduced bird diversity in this vegetation type Sould et al

1988 Bolger et al 1991 Langen et al 1991 These

impacts are intensified where rapid development con
fronts remaining wildlife and natural areas Given the

rapid population growth and habitat alteration that has

occurred in southern California in the last few decades
Orange County and adjacent areas represent am icrocosm

of the conflicts between conservation and development

observed throughout the state Despite the rapid changes
in this region sizable portion of it is wider some type of

protection especially in the southern and southeastern

sectors of the county and adjoining lands Thus the

possibility still exists to create landscape-scale network

of parks and reserves that would help protect the remain

ing species and ecosystems in the region as whole

We had three objectives in carrying out this study
to describe the level of protection shape and degree

of connection to one another of 34 protected areas in

Orange County and environs to analyze these areas
in terms of their protection of 11 sensitive vegetational

communities and individual species in the region to

offer recommendations for sustaining biodiversity in the

region based on the distributions of these biotic elements

on the conservation effectiveness of the existing and

proposed protected areas and on the anticipated future

developments in the regionespeciafly the transportation

corndors tollroads planned for Orange County

Materials and Methods

Definitions

Three terms are important to define as used in our

analysis

Protected area Any designated area dominated

by natural habitat e.g park reserve open space
in the region studied regardless of its main man
agement goals
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Biosic element rare animal species or dimin

ished vegetational community considered at the

outsetof the study to be representativeofdedlining

biodiversity in the region

Regional landscape An interconnected set of

habitat areas large enough to allow natural move

ments of species to maintain viable populations

and intact communities and to be able to absorb

and recover from natural disturbances such as fire

This definition is generally consistent with the

bioreserve concept of Jenkins 1991 and the re

gional-scale perspective of Noss 1991

Region studied

The region studied includes all of Orange County as

well as the portion of Chino Hills State Park that lies in

San Bernardino County the portion of Cleveland Na
tional Forest that extends into Riverside and San Diego

counties the Santa Rosa Plateau Preserve in Riverside

County and Camp Pendleton immediately to the south

in San Diego County Fig which includes the Santa

Margarita River an important riparian system in south

ern California

Protected areas

We analyzed 34 protected areas assigned to 12

categories based on the private or public agency that

owns or manages them Table We classified these

areas as fully protected if they are managed primarily for

biodiversity and wilderness values and as partially pro

tected if managed for multiple uses including

biodiversity and wilderness values Shapes of the pro

tected areas were assigned qualitatively by visual in

spection of maps The degree of connection of each

protected area was determined by calculating the pro

portion of the perimeter of the protected area contiguous

with another protected area We used the ARC/INFO

geographic information system GIS software

Bioric elements

The 11 biotic elements we chose for distributional

analysis include greatly reduced vegetational communi

ties and rare or officially listed endangered species in the

region Table Each element is briefly described as

follows

Coastal marsh In our analysis this community

comprises coastal salt marsh and coastal kack

ish marsh as described by Holland 1986 An

estimated 75-90% of coastal salt marsh in

southern California has been destroyed and

the remaining associated estuarine habitats

have also been severely degraded Ferren

1990

Beldings savannah sparrow This subspecies

requires coastal salt marsh habitat Massey
1979 and has been listed as endangered by the

state of California since 1974 It is distur

bance-sensitive species whose populations

decline as marsh habitat is destroyed but in

crease when the habitat is restored Zembal et

al 1988

Riparian woodland In our analysis this com
munity comprises southern coast live oak ri

parian forest southern sycamore alder npar
ian woodland southern cottonwood willow

riparian forest and southern willow scrub as

described by Holland1986 Mature riparian

habitats ate often characterized as having the

greatest biological diversity and highest pro

ductivity among natural habitats in California

Sorenson1989 Estimates of riparian habitat

loss in southern California floodplain areas

run as high as 95-97% Faber et al 1989

Least Bells vireo This subspecies requires

riparian habitat for nesting and also uses adja

cent upland habitats particularly chaparral

and coastal sage scrub for foraging Gray and

Greaves 1984 Kits and Miner 1989 It is

neotropical migrant and is listed as endan

gered by both the federal government and the

state of California

Coastal
sage scrub This community consists

of several subassociations in southern Califor

nia DeSimone and Burk 1992 and has been

reduced by as much as 85% in this part of the

state Westman 1981 as cited in OLeary
1990 It supports suite of declining animal

species including the orange-throated whiptail

San Diego homed lizard coastal cactus wren

and California gnatcatcher OLeary 1990

California gnatcacher This species requires

coastal sage scrub habitat Atwood 1991 and

is candidate for listing as endangered by the

federal government This sedentary special

ized species is especially vulnerable to local

extinction in the region studied because it

occurs as small isolated populations in shrink

ing islands of its required habitat Atwood
1990
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Table Characteristics of 34 protected areas in 12 categories of ownership and management in Orange County and environs

Numbers for protected areas and letters for separate segments correspond to those in Figure

Engelmann oak woodland This community

occurs in small scauered stands and the named

species has the smallest disinbution of any oak

in California Scott 1991 The last naturally

reproducing stands in the region studied occur

in the Santa Rosa Plateau Preserve

Dangermond Associates Inc 1991

Valley needle grass grassland This community

is characterized by the presence of the peren

nial tussock- form ing purple needlegrassSripa

pulchra Holland 1986 Only an estimated

0.1% of the perennial grasslands that once

covered almost one-fifth of the state of Cali

fornia remain today Barry 1972 as cited in

Keeley 1990

Tecate cypress forest This rare community

exists in several locations in Baja California

and in only four stands in southern California

three in San Diego County and one in Orange

County Dunn 1985 The latter the only one

in the region studied contains both the oldest

and probably the largest Tecate cypress trees

in the world Spenger 1985

Category/Protected area Area Level of Shape Degree of connection

ha protea1on contiguous perimeter

Federal marsh restoration

Corps of Engineers 44 Full More linear than round

II Federal military reserve

Canip Pendleton 53047 Partial Round 11

National lorest

Cleveland 61484 Partial More rwnd than linear 16

National wildlife refuge

Seal Beach 377 Partial Round
VStae ecological reserve

5.BolsaQsica 102 Full Linear

Upper Newport Bay 235 Full Linear 31

VI State park

Chino Hills 4577 Partial More linear than round

Crystal Cove 1043 Partial More round than linear

VIL State wildlife ceanmissicin reserve

Tecate Cypress 388 Full Round
Vu University of California natural reserve

10 San Joaquin Marsh 220 Full More linear than round

IX County regional park

11 Aliso-Wood Canyons 1811 Partial More round than linear

170 Partial Linear

12 Carbon Canyon 78 Partial More linear than round 21

13 Fairview 34 Partial linear 14

14 Featherly 190 Partial Linear

15 Irvine 149 Paitial More round than linear

16 Laguna Niguel 71 Partial linear

17 Mason 153 Partial Linear

IS Modjeska Canyon Nature Reserve 30 Partial More linear than round 1X
19 ONeill 730 Partial linear

20 Salt Creek 129 Partial Linear

21 SantiagoOaks 303 Partial Linear

57 Partial linear

22.Talbert 64 Partial linear

23 Upper Newport Bay 53 Partial Linear 28

10 Partial Linear 46

24 Yorba 45 Partial linear

County wilderness part

25.Caspcrs 3106 Full Round 47

26 Wagon Wheel Canyon 226 Full More linear than round

27 Whiting Ranch 435 Full Round
172 Full Linear

Open apace within cities

28 Big Bend Greenbelt 95 Partial Round 28

29 Bnssh Canyon 126 Partial More linear than round

30 Sycamore Hills Park 126 Partial More round than linear

IL Private reserves

31.AudubonStarrRanchSanctuary 1411 Full Moremundihanlinear 39

32 Huntington Beach Wetlands Conservancy

16 Full linear

48 Full Linear

33 Santa Rosa Plateau Preserve 3220 Full More round than linear

34 Talega Valley Reserve 497 Full Round
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10 Vernal pools In our analysis these unique

seasonal bodies of standing water are included

as communities and comprise southern inte

rior basalt flow vernal pools at the Santa Rosa

Plateau Preserve and San Diego mesa hardpan

vernal pools at Camp Pendleton as described

by Holland 1986 Vernal pools support

diverse and highly specialized biota Jones

Stokes Associates 1987 However onlyafew

vernal pools remain in southern California for

example perhaps less than 7% of all vernal

pools that ever occurred in San Diego County

now remain Bauder 1986 as cited in Jones

Stokes Associates 1987

11 Mountain lion This species is the top predator

in non-desert southern California ecosystems

and is protected mammal in the state The

population in the region studied consists of 20-

25 adult females and three males in the Santa

Ana Mountains and or2femalesintheChino

Hills Paul Beier personal communication

1990

Infonnation sources and GIS analysis

Locations of existing and proposed protected areas

and proposed transportation corridors for Orange County

were obtained from the Regional Recreation and Open

Space Lands map prepared by the Environmental Man

agement Agency of Orange County Locations of pro

tected areas in Riverside San Bernardino and San

Diego counties were obtained from road maps and

Bureau of Land Management maps of the Santa Ana and

Oceanside quadrangles

We obtained most of the information on the distri

butions of the biotic elements from the Natural Diversity

Data Base NDDB computerized inventory of the

locations of populations of rare and threatened plants

animals and natural communities in California using

software called Rarefind The NDDB is administered by

the California Department of Fish and Game with sup

port from The Nature Conservancy Information on

certain elements was acquired from other sources as

follows

Coastal sage scrub from disthbution map of

this vegetation type for Orange County prepared

by Fred Roberts and report on the Santa Rosa

Plateau by Dangermond Associates Inc

1991 Distributional information on coastal

sage scrub on Camp Pendleton and the Cleve

land National Forest was not obtained

California gnatcatcher from the latest 1992
edition of the NDDB and report on the gnat-

catcher in OrangeCounty parks by Almanza and

Associates 1991

Engelmann oak woodland from the report by

Dangermond Associates Inc 1991

Valley needle grass grassland from the latest

1992 edition of the NDDB and review of

California valley grasslands by Keeley 1990

Tecate cypress forest from lands acquisition

proposal for the Tecate cypress in Orange County

prepared by Sponger 1990

Mountain lion from Paul Beier personal com
munication 1990 project leader for the Orange

County cooperative mountain lion study

We used ARC/INFO and Atlas GIS software to

store as layers maps of the existing and proposed

protected areas of the distributions of the biotic ele

ments and of the existing major freeways and proposed

transportation corridors in the region We then overlaid

the different map layers for visual inspection and per

formed gapanalysis see Scottetal 1991 to determine

quantitatively the proportion of the ranges of 10 of the

biotic elements located inside of existing and proposed

protected areas The mountain lion was not included in

this analysis because of its wide-ranging movements

Results and Discussion

Size shape level ofprotection and degree ofconnection

of protected areas

The protected areas in the region studied vaty greatly

in their size shape and degree of connection Table

Table Conservation status of the 11 biotic elements whose

distributions in the region studied were analyzed

Element Status

Coastalrnarsh

Beldings savannah sparrow

Ripanan woodland

Least Be1i viseo

Coastal sage scrub

California gnatcatcher

Engehnann oak woodland

Valley neediegrass grassland

Tecate cypress forest

10 Vernal pools

11 Mountain lion

Greatly reduced

State endangered

Greatly reduced

State and federal

endangered

Greatly reduced

Candidate for
listing

Last viable stands

Greatly reduced

Vulnerable relict

Rare unique habitats

State protected
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Fig Three orders of magnitude in size distinguish the

several parks and reserves all smaller than 100 ha from

Camp Pendleton and Cleveland National Forest each

containing more than 50000 ha About 77% 30 of 39

segments of these protected areas are less than 500 ha in

size Almost two-thirds 64% of theseparksandrcserves

arelinearn 18ormorelinearthanround 7inshape

and the same pnportion of them is not contiguous with any

otherprotected area Slightly more than one-third 14
are fully protected and these comprise 7.5% of the total

area under protection

The protected areas in the region are potentially

subject to the effects of fragmentation Despite the

existence of few large protected areas most are rela

lively small linear or nearly so and isolated from other

such areas and offer only partial protection for natural

biodiversity Fragmentation can be expected to result in

smaller local populations of given species which are at

increased risk of extirpation genetic drift and inbreed

ing dysfunctional age and sex ratios see Simberloff

1988 An increasing number of species will predictably

fall below their minimum viable population sizes

Fragmentation also means that protected areas are

surrounded by matru of agricultural industrial or

other types of developed land Thus the main physical

characteristics e.g wind moisture nutrient and pollut

ant levels of the habitat fragments may be largely

determined by conditions arising in the surrounding

landscapeSaundersetal 1991 Importantly theamount

of edge habitat increases as protected areas become

smaller and narrower Kelly and Rotenbeny 1993
These conditions increase the likelihood that native

animals will wander into alien habitats and exotic spe
cies will invade protected areas Intuitively fragmenta

tion can be expected to reduce the probability that intact

ecosystems will perssL

Occurrence of biotic elements inside and outside of

protected areas

Our gap analysis shows that the biotic elements

studied occur to varying degrees within existing pro

tected areas Table Figs and All identified vernal

pools and viable stands of Engelmann oak in the region

are located within existing protected areas In contrast

only one-fourth of the coastal sage scrub vegetation is

under current protection

We emphasize that the distributions of all the biotic

elements represent only fractions of their former ranges

and abundance in the region see Table For ex

ample most of the major vegetation types have largely

been lost Therefore any additional protection is argu

ably important for their continued existence in southern

California For this reason we calculated the proper-

Peseent within protected area

Elanent

Existing Proposed Total

lions of the element distributions that would he included

within the 23 additional protected areas proposed for the

region Table and these proposed protected areas are

listed in Table Even though the proposed protected

areas would add substantially to the protection of marsh

and coastal sage scrub taken together the existing and

proposed parks and reserves would include more than

80% of the remaining distributions of five of the 10 biotic

elements Fig

Conservation value of

proposed protected areas

The 23 parks and reserves proposed for the region

studied would increase the total area under some type of

protection by about 8% Of this added amount 31%
would be fully protected 77% of the 26 individual

segments would be linear or nearly linear in shape and

27% of them completely isolated from other protected

areas Table Fig These characteristics coupled

with those described in the previous section on the

proportion of element ranges that would be contained

within the new protected areas indicate that these new

parks and reserves would be of limited value to conser

vation of biodiversity in the region

Despite these features of seemingly low conserva

tion value the proposed parks and reserves would en
hance the maintenance of biodiversity by providing

either full or partial protection to habitats and communi
ties in some previously unprotected locations and con
necting with and thereby enlarging several existing

protected areas The creation of new fully protected

areas such as the Bolsa Chica Wetlands Restoration

Area Table Fig Irvine Coast Wilderness Park

20 Weir Canyon Wilderness Park 22 and

the Whiting Ranch Wilderness Park Addition 23

Table Proportions of 10 biotic element distributions wiUth

existing and proposed protected areas in the region studied

These values represent protected portions of already rare or

greatly reduced biotic elements see Table

Coasialmarab

Baldings savannah

Sparrow

Riparian woodland

Least Bells vixen

Coastal sage scnib

California gnatcatcber

Engelmasn oak

woodland

Valley needlegrass

grassland

Tecate cypress forest

10 Vernal pools

59 25 84

89 89

64 69

71 71

25 16 41

36 43

100 tOO

81 81

60 60

100 100
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Table Characteristics of 23 proposed protected areas in three categories of ownership and management in the region studied

Numbers for proposed protected areas and letters for separate segments correspond to those in Figure

Categocy/Protected area Area Level of

ha protection

Shape Degree of connection

contiguous perimeter

Black Star Canyon
Balsa Chica Linear

5.E1 Toro MCAS
LagunWLaurd
Limestone Canyon
Los Alarnito Naval Air Station

Maxine Corps LTAS
11 Otinda

11 ONeill addition

12 Peters Canyon
13 Poirero Los Pinos

14 Prima Deshecha

15 Sand Canyon Reservoir

16 Sat Juan Canyon
17 Seal Beads Naval Weapons Station

18 Villa Park Basin

liLCounty wilderness park

19 Hoc Springs Canyon
20 Irvine Coast

21 Upper Trabuco Canyon

22 Weir Canyon
23 Whiting Ranch addition

505 Full More linear than round

124 Partial More linear than round

203 Partial More svund than linear

711 Partial More linear than round

91 Partial Linear

162 Partial More round than linear

735 Partial More linear than round

2239 Partial Round
592 Partial More linear than round

174 Partial Round
232 Partial More linear than round

184 Pattial linear

169 Partial Linear

342 Partial More linear than round

520 Partial More linear that round

211 Partial More linear than round

207 Partial Linear

250 Partial Round
132 Partial More linear than round

120 Full Linear

156 Full More linear than round

265 Full More linear thai round

868 Full More round than linear

481 Full Linear

674 Full More linear than round

161 Full Linear

57

50

100

64

21

19

29

32

100

23

18
36

44

100

63

100

36

29

appears to be particularly important in terms of added

protection for habitats and cormnunities Also most

73% of the proposed parks and reserves are contiguous

to some degree with anotherprotected area see Table

Moreover they increase the degree of connection for

several exisling protected areas Table For these

reasons the proposed protected areas would aid in the

maintenance of biodiversity and thus it is vital they be

established

Predicted impacts of proposed

transportation corridors

The toliroads proposed for Orange County will

have negative effects on the maintenance of biodiversity

in the region Roads have been shown to isolate pro

tected areas disrupt ecosystems fragment populations

and communities and create barriers to movement of

individual animals e.g Harris and Atkins 1991 Pace

1991 All of these impacts can be expected to occur if

major new roads are built in the region studied

The existing major freeways shown in Fig pass

through the sections of greatest urbanization in the

region whereas the proposed transportation corridors

would pass through either sections of the least disturbed

natural areas or sections where development has only

recently penetrated The tollroads would bisect the

largest remaining natural landscape in the region studied

outside of Camp Pendleton and Cleveland National

Forest Figure shows that the tollroads would cut

through ONeill Regional Park one segment of Whiting

Ranch Wilderness Park one segment of Aliso-Wood

Canyons Regional Park and the proposed Laguna/Lau

rel Regional Park

These transportation corridors would help to com
plete the already partial isolation of entire protected

areas or groups of protected areas in effect cutting them

off from any of the larger parks and reserves Examples

are Irvine Regional Park Santiago Oaks Regional Park

San Joaquin Marsh Natural Reserve and Talega Valley

Reserve Proposed protected areas similarly affected

would be Weir Canyon Wilderness Park Peters Canyon

Regional Park Sand Canyon Reservoir Regional Park

and Prima Deshecha Regional Park

The proposed transportation corridors would Cut

through many remaining stands of vegetation resulting

in further negative impacts The GIS overlay in Figure

illustrates the marked extent to which paths of the

planned tollroads coincide with biotic element distribu

tions especially coastal sage scrub and to consider

able extent that of the California gnatcatcher Building

these transportation corridors will cause major habitat

fragmentation disruption of natural communities isola

tion of species populations from one another and out-

LStaic restoration area

Balsa Utica Wetlands

lLCounty reional pask

Alsan-Wood Canyons additions

33
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right population reductions and local extirpations

Because of these inevitable negative effects we

consider the transportation corridors proposed for Or

ange County as incompatible with any biologically

driven plan to preserve maximal biodiversity in the

region studied We offer general recommendations for

such plan below

Recommended expansions and

linkages of protected area.s

Camp Pendleton and Cleveland National Forest are

by far the largest protected areas in the region studied

and they provide the backbone for any landscape-scale

plan to sustain maximalbiodiversity in the region How
ever these large multiple-use areas are isolated to

varying degrees from most of the other smaller parks

and reserves under consideration Habitat fragmentation

with its recognized negative impacts on biodiversity

continues apace as development penetrates the last re

maining natural areas Protected areas therefore need to

be upgraded and interconnected as Pryde 1988 has

recommended in somewhat similar analysis of parks

and reserves in San Diego County

Two approaches for reducing the effects of habitat

fragmentation are to increase the size of neighboring

protected areas until they conjoin and to preserve or

restore habitat corridors between the areas Harris and

Atkins 1991 Theproposed parksand reserves if estab

lished would contribute to the first approach see Table

Fig as would further land acquisitions However
the second approach is probably the more likely alterna

tive in highly developed areas

Habitat corridors are increasingly recognized as

part of the solution to landscape fragmentation e.g
Mackintosh 1989 Hudson 1991 Saunders and Hobbs

1991 These natural or restored linear landscape fea

tures are used to connect two or more larger tracts of

essentially similar habitat they serve as movement

mutes for animals and avenues for genetic transfer or

other natural ecological processes across the landscape

Harris and Atkins 1991 Ideally these corridors collec

tively encompass the full range of native habitats and

link nature reserves into regional networks Noss 1991
Even though corridors may allow the spread of disease

or exotic species Simberloff and Cox 1987 the advan

tage of offsetting negative impacts of habitat fragmenta
tion

appears to outweigh by far their disadvantages

Moreover habitat corridors can serve an important con
nective function even in relatively urbanized settings

Greenways which might be thought of as recreational

and wildlife corridors within city limits have already

been shown to provide passageways for variety of free-

ranging vertebrates in cities such as Anchorage Alaska

Portland Oregon and Tucson Arizona Hay 1991
In the context of the above discussion we recom

mend regional landscape approach to maintain the

biodiversity of Orange County and environs We iden

tify nine linkage zones Fig where emphasis should

be placed on expanding protected areas and establishing

habitat corridors so as to form network of protected

areas in the region as whole Although the details of the

strategies to be undertaken in each zone are beyond the

scope of this
paper we offer below some specific corn

ments to support our recommendations

Linkage zones and emphasize the need to

enlarge the few remaining coastal marsh habitats in the

region and to allow natural predators such as the coyote

to have access to these systems These predators main
tain balance in the ecosystem by controlling the num
bers of smaller often exotic predators For example
where coyotes have access to coastal marshes they limit

the numbers of non-native red fox which otherwise can

have severe impact on the reproductive success of

marsh-nesting binis such as the endangered light-footed

clapper rail Zembal 1993

Linkage zone represents the need to increase the

connections between protected areas in the southwest

ern sector of the region studied The proposed three-

segment Irvine Coast Wilderness Park Fig seems

particularly important to establish in this regard As

shown in Figure this sector contains relatively dense

concentrations of coastal sage scrub and California

gnatcatcher

Linkage zone stresses the need to provide an

adequate corridor between Chino Hills State Park and

Cleveland National Forest so that the subpopulation of

Table 5.lncreases in degree of cxnnection of existing protected

areas if all additional protected eas proposed for the region

studied were to be established Nwnbers for existing protected

areas and letters for separate segments correspond to those in

Table

Existing Increase in degree

protected area of connect on

contiguous perimeter

Bolts lies State

Ecological Reserve

Urino Hith State Park

Cvystal Cove State Park

II Auto-Wood Canyons

Regional Park segment
15 bvine Regional Park

17 Mason Regional Park

Santiago Oaks Regional

Park segment
Z7 Whithg Randi Wilderness

Park segment
30 Sycamore Hills Park

to 48

to

to 42

to 25

to 24

to 15

to 20

to 15

Oto

The protected aitas not listed would remain undsangeri
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mountain lions in the Chino Hills will not be isolated

from the larger lion population in the Santa Ana Moun

tains Creation of an effective corridor in this case

requires not only the maintenance of existing freeway

underpasses but access to these passageways through

protection of the nearby canyon lands used for travel by

mountain lions

Linkage zones and express the need to intercon

fleet the smaller relatively isolated parks and reserves in

these foothill localities and to link them with Cleveland

National Foresi As shown in Figure these localities

contain some of the best unprotected riparian forest and

coastal sage scrub habitats in Orange County Linkage

zone focuses attention on the need to establish connec

tions between the protected areas in the southwestern

sector of the region studied with Camp Pendleton to the

south and with Caspers Wilderness Park and Cleveland

National Forest to the southeast This zone also contains

important concentrations of still unprotected riparian

woodland coastal sage scrub and associated species

Fig

Linkage zones and direct attention to the impor

tance of expanding the Santa Rosa Plateau Preserve and

connecting it with Cleveland National Forest and with

Camp Pendleton and the Santa Margarita River As

shown in Figure the Santa Rosa Plateau Preserve

harbors diverse mosaic of many rare biotic elements

and serves as an important habitat corridor for mountain

lions It is surrounded by high quality natural habitat that

is rapidly being lost and degraded

If the transportation corridors proposed for Orange

County are built it is vital that underpasses be part of the

design so as to allow safe crossing by free-ranging

animals These underpasses however will not prevent

the further habitat destruction and fragmentation dis

ruptionofvegetationalcommunitiesand isolation of the

more sedentary animal species that will result from

construction of these tollroads Even mobile animals

will be subject to funneling and thereby an isolating

effect as they are forced to traverse narrow passageways

beneath the tollroads

In conclusion we reiterate Soules 1991 adxnoni

tion that establishing corridors before fragmentation is

complete is much less expensive than retrofitting the

landscape with corridors after degradation has elimi

nated the natural habitat between remnants and reserves
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and Disturbance Patches in Stream Networks
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Abstract We outline iieu of how road networks interact with stream networks at the landscape sc1e and

based on examples fron recent and current research illustrate how these interactions might affect biological

tuicl ecological processes in stream and riparian systems .4t the landscape scale certain definable geometric

interactions into/ring peak flows floods and debris f/ons rapid movements of soil sediment and large

0001 down steeft
stream channeLs are influenced by the arrangement of the road network relative to the

stream network Although disturbance patches are created by peak-flou and debris-f/ow disturbances in

mountain ianr.tscapec uithou roads roads eat alter the landscape distributions of the starting and stopping

points flows and thej can alter the balance bet u.een the intensity offlood peaks and the stream net

oork resistance to ciange We examined this conceptual model of interactions between road networks and

ctrearfl nctuorks based on observations from number of studies in the ndrews Experimental Forest

regon USA Road netuorks appear to affect floods and debris flows and thus modify disturbance patch

dynamics fl stream and tipariafl networks in mountain landscapes
We specukite that these changes may in

fluence the rates and patterns of survival and recovery of disturbed patches in stream networks affecting cc

nystem resilience and we outline an approach for detecting such effects based on patch dynamics perspec

toe .4 field sampling scheme for detecting the magnitude of various road effects on stream and riparian

cology could into/ic landsaipe stratificatii of inherent stream network susceptibility to floods or de

bris flows oitrlav of road and stream netuorks and creation of areas u.ith various densities of road-

stream crossings cnp/asizing midsiope roacLsteam sosSiflgs
and designations of expected high- and

lou-impact stream segments based on nutnber.c of upstream road-stream crossings where sampling of se

lected biological zriable.s would be conducted

Efectos de Carreteras cit Ia Ilidrologia Geonioriologia Parches tie PerturbaciOfl en Redes tie ArroyOS

Resunlen DesglozanOs una perspectica sobre la interacciófl entre redes carreteras redes de arroyos es

cala de pai.saje ilustratnos como estas interacciones pueden afectarproCeSOs biológicos ecológicos en siste

mas de arrojOS npa rios en base ejemplos que parten de in vestigaciofleS recientes en proceso escala

de paisaje cicrtat interacciories geornØtritaS dcftnibles que
involucran flujos-pico inundaCiOfleS flujos

de detritus rnoiimientos rtipidos tie suelo sedymentos plezas grandes de nadera en canales con pendiente

pronunciada son injluenciadas por los arreglos de Ia red de carreteras en relaciOn con Ia red de arroyos

pesar de que los parches de perturhaciOn son creados por perturbaciones en los flujos-/Eco en los flujos dc

detritus en paisajes nontaiiosos sin carreteras Las carretercis pueden alterar las distribuciones de puntos

tie inicio yfinal tie jiujos de detritus en ci paistije pueden alterar el balance entre La intensidad de los p1-

tos de inundacitin Ia resisiencia del arroyo al cambio ExaminamoS este modelo conceptual
de interac

tones entre la red dc arroyos Ia red c/c carreteras en base ohseaCiOnes de una cantidad de estudios del

Bosque Experimental -1 ndreu en rep in Las redes de carreteras aparentemeflte afecta las inundaciones

los flujos dc detntus csto niodifica Ia dinanica de los parches de periurbaciOn en redes de arroyosy zonas ri

paflas de paisajes niofltaflosoS Esfeculimos que estos cambios pueden influenciar
las tasaa patrofles

de
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-npe-vivenzo recuperacion dv porches perturbudos en redes de arrOyOS afectando Ia resistencia dcl eco

sjstma detallamos Una aproxirnaciOn para detectar estos eJŁctos en base una perspectiva de dindmica

de porches esquema dv muestre dv campo para ilelectar la magnhtu4 de iartoS efectos de las carreteras

en cologla dv arro OS ronas rrparia.s podria inzolucrar Ia estratificaciOn de La su.sceptibzlidad tuber

ente dv Ia red tie arroyas inundacloizes ojiujo in detritus en elpaisaje Ia sobreposición de redes de ar

arrvtvras Ia creacion de cruces nitad dv pendientes Ia designadón de segmentos espera

inn i/v hajo alto hnpacto donde Sc realicen nuestreos de variables biolOgica.s selectas en base nilmeros de

crWc ntre arroyos_y cai7vleras quc se incui.ntrefl IrTOyO arriba

Road iRt\%Orks have great variety of effects on water

she its Most existing studies of road effects on ecosys

tcrn are fine in scale and focus on terrestrial ecosystems

Furman Alexander 1998 Landscape-scale studies of

roads have emphasized zones of influence of roads cx

tciiding laterally into terrestrial ecosystems te g. For-

rn-an 2000 We offer complementary ap

proach that considers the effects of road networks on

strcirn and riparian networks This perspective is based

on experience in steep mountain watersheds with high

prl ipitation forest cover and road networks con

stnl ted for rirestrv land usc but the principles may ap
other ecosystems

Early work in geomorphology Horton 19-5 Leopold et

lo4 laid the groundwork for studies of network struc

ture and associated hydrologic and geomorphic processes

and recent studies e.g Montgornen Dietnich 1988

1992 explain aspects of complex natural stream channel

netw orks from elementary physical principles Geomor

pliohg studies in mountain stream networks especially

along the Pacific coast of the United States emphasize

spatially and temporally explicit iew of geomorphic pro

cescs exploiting the availability of digital elevation data

and -apahilities of geographic information systems to ex

amine landiornis streams and geomorphic processes

Stream networks collect episodic inputs of sediment

and wood provided by landslides and other processes

and transport this material episodically through channel

netwOrk Jacobson 1995 Benda Dunne 199a 1997b

Os cr time especially during floods the physical features

of the streamchannels bars and floodplainsare cre

ated and modified by interactions among sediment water

and wood E.yons l3eschta 1983 trant 1986 \ondzell

Swanson 1999 Thus the patch dynamics of stream net

rks and riparian forests reflect the history of hydrologic

and geomorphic processes Swanson et al 99 Benda et

198
two ke processesIloocls peak f1os and debris

has major influences on nipari-an vegetation

lat Ii dynamics in mountain landscapes hut they pro

du somewhat different spatial patterns
of disturbance

in Stream and nparian networks peak streamflow

cut is triggered by pulse of water input from precipi

tation and/or snowmelt routed through hillslopes and

channels to produce flood wave Because flood waves

are temporally continuous phenomena peak flow

events must be defined arbitrarily from the hydrograph

but the magnitude of each peak its maximum height

can be determined precisely by field observations or

stream gaging Also peak flows propagate downstream

great distances and have longitudinally extensive zones

of impact Typically flood wave creates visibly dis

turbed patches in the stream network only where its

damaging force exceeds local resistance to change this

balance between flood wave force and local resistance is

influenced by several factors Narrow bedrock zones or

areas where the stream has been hardened e.g by

roadfill are less susceptible to disturbance whereas

stream segments below bends or in widened reaches

have deposits of relatively fine sediment and colonizing

vegetation that are less resistant to modification by the

streams energy Grant Swanson 1995
Debris flows are rapid movements of soil sediment

and organic matter large wood down steep stream

channels Debris flows most commonly originate from

debris slides which are rapid movements velocities of

approximately 10 per second of soil sediment and

associated vegetation down hillslopes In contrast to

peak flows debris flows produce discrete tracks of

channel and riparian disturbance whose number and

density per unit area can be precisely estimated but the

volumes of sediment moved may be difficult to measure

because among other difficulties they may be removed

by streamflow Debris flow tracks can be mapped be

cause they have distinct starting points relatively

clearly defined zone of primary impact and an identifi

able stopping point Individual tracks may reach tens of

meters in width and several kilometers in length Swan
son et al 1998 Snyder 2000 Nakamura et al 2000 The

location and proximal cause of individual debris flows

also can be interpreted in the field so they lend them

selves to analyses of numbers locations and the types

of patches created in stream network

Flood peaks and debris flows are hydrologic and geo

morphic processes
with landscape-scale expressions in

the stream network that create aquatic and riparian

patch dynamics critical to stream ecosystems Pringle et

at 1988 The creation destruction and modification of

Road
Effects on Streams 77
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trcam geomorphic features such as channels bars and

floodplains are tightly coupled with biotic features in

iudiug riparian vegetation
and lotic and benthiC coin

inunitieS Pringle et al 1988 Swanson et al 1988 Gre

gory et at 1991 Stream organisms
such as salmonids

may he tied to the historical disturbance pattern
over

evolutionary time Reeves et at 1995 over multiple

generationS
of spawning at given site Geist Dauble

1998 or even at the scale of an individual spawning

cilmon Montgomery et al 1996 Infrequent
intense

flooding is believed to produce larger more severely dis

turbed stream and ripariafl patches
than frequent

less

intense flooding Gregory et al 1991 Michener Ilaeu

her 1998 Swanson et al 1998 reduction in severe

infrequent
floods e.g. by reservoir operations reduces

off-stream habitat for endangered fishes whereas exper

imental floods increase it Schmidt et at 1998 Pitlick

Van Steeter 1998 Van Steeter Pitlick 1998 In other

words native stream organisms appear
to be linked inte

grally to the natural disturbance regime sensu Reeves et

.ml 1995 Swanson ci al 1997 and the natural stream-

flow regime sensu Puff et at 1997

Road networks constructed for forest harvest in the

Pacific Northwest appear
to have increased the magni

tude and frequency
of peak flows debris slides and de

bris flows relative tO those in areas that are fully
forested

and fire-disturbed Road construction is associated with

increased frequency
of landslides and other forms of

erosion in steep forest landscapes Swanson DyrnesS

I95 Nolan ci al 1995 variety of mass movement

and fluvial processeS
have been noted along road net

works after intense flooding in this landscape Wemple

1998 Increases in peak discharges have been signifi

cantly associated with forest harvest and road construc

tion in both small experimental
basins km2 and in

large basins 60-600 km2 over the past
4-6 decades

Jones Grant 1996 Thomas Megahafl 1998 The

causes of increased peak discharges are controversial

hut one of several possible
mechanisms is that roads

have changed the routing of water from h.illslOpes to

streams Montgomery 1994 Wemple et al 1996

We hypothesize
that road network effects on flood

peaks
and debris flows modify patch dynamics in stream

and riparian networks Herein we outline how road net

works interact with stream networks at the landscape

scale and based ott examples from recent and current

research illustrate how these interactions might af

fect biological
anti ecological processes

in stream and

nparian systems Our approach produced distinctly

different picture
of the spatial distribution of ecological

responses
to road networks than that of the road zone-

of-influence approach used for assessing
effects on ter

restrial ecosystems
We sought to present conceptual

iramework that is relevant for ecologists and conserva

tion biologists in the process
of assessing current ecosys

tern conditions and planning
landscape-scale restoration

Jes et

activities We hope that this framework will encourage

scientists from many disciplines tO work toward spa

tially explicit studies of road effects on whole stream

networks

Conceptual Model of InteractionS between Road

and Stream Networks

Our conceptual model is series of premises Land

scapes
contain patchwork and network structures de

fined by vegetation soil and other properties reflecting

landform evolution natural disturbances and land man

agement Swanson ct al 1997 Patches consist of vege

tation of various types or histories of disturbance by nat

ural or management processes
We focused on two

types
of networks natural physical networks including

streams riparian zones and ridges and artificial net

works or roads Fig

Flows of matter water mass movements sediment

organisms and energy follow gravitational flowpathS

down hillslopeS to channels and along channels in the

stream network Although other materials and transport

processes e.g movement of suspended load bedload

and coarse woody debris might be considered we fo

cused on flood peaks and debris flows because they are

best known and they illustrate many of the principles of

interactions between road and stream networks in

landscape

The stream drainage network is ordered flows from

smaller segments coalesce in successively larger seg

ments The road network consists of segments and june-

Road Effects on ctream

Figure
Three types of interactions may occur in

landscape among patches gray polygons road net

work dashed line and stream network solid line

patch to road road to patch and road to

stream In steep forested
mountain landscapes

patches may be stands ofyounger vegetation
created

by natural disturbance such as wildfire or

windthrOW or by human disturbance such as fares

harvest

itoIgv
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ons and may be ordered in the sense that spur or dead

.J roads sprout from trunk roads usage intensity is

hest anti most constant along trunks and lowest and

tore episodic along spurs Fig Some processes are

ectrd by traffic levels g. production of fine sedi

ent Reid Dunne 1984 whereas others may not be

ected by traffic e.g mass movements
Stream and road networks are similar in five respects

tey occupy small portion of the landscape corn
IoilJ% only small percentage of total area they are

ridely distributed and they are designed to transport

laterial and energy across landscape Stream and road

etworks also have high edge length per unit area

ence opportunity for interaction with neighboring

atchcs Also streams and roads commonly occurs at

jrnilar densities in mesic or wet-climate mountain land

apes where logging has occurred Wemple et al 1996
oad and stream networks differ in that streams flow

lownslope whereas roads cross steep slopes Fig

and roads themselves are not channels although they of

ten include ditch that may function as channel

Road location in the landscape specifically hiislope

position strongly influences the type and frequency of

interactions between roads and streams Fig Roads

near ridges have little direct interaction with streams

Montgomery 1994 but roads often cross small tribu

tary streams at perpendicular angles in midslopes and

lower slopes and they commonly are parallel to main

stream segments along valley floors Fig Conse

quently road-stream crossings may be concentrated in

middle and lower hillslope positions

This arrangement of roads relative to stream networks

and gravitational flowpaths sets up certain defmable

geometric interactions involving flows of water and sed

iment Energy organisms and material may move be

tween patches and network segments or between road

segments and stream segments Fig Many types of

interactions can occur Fig given road segment

may act as barrier net source net sink or corri

dor relative to flows of water and/or sediment

Complex combinations of interactions can occur be
tween road segments and flows of water Fig or sedi

ment Fig Roads may act as corridors for flows of

water on road surfaces and Fig or in roadside

ditches Fig and as sources of water to stream net

works through culverts Fig or gullies Fig

Wemple et 1996 Roads also may act as sinks for

sediment intercepting slides Fig as sources of

slides Fig or as corridors transmitting debris

flows in stream channels Fig Wemple 1998 En

counters with roads may modify the magnitude and di

rection of flows of water and debris flows and water

flows may transform into debris flows or vice-versa

The number or density of road-stream crossings pro
vide useful point of departure for evaluating interac

tions between road and stream networks at landscape

scale Because stream and road drainage densities define

the number of road-stream crossings Fig they de
fine framework to examine how road design and topo

graphic relief affect road influences on debris flows

barrier

sink

Figure Four basic types offlow interactions with

road segment shaded

Figure Lffects of hilislope position and road design

features on road-stream interactions Roads double

lines often cross steep tributary streams dark solid

lines or ephemeral streams dashed lines at perpen

dicular angles in middle and louer hilislope positions

thus directly affecting peak Jlous and de

brisJ7us Valle3floor roads often run parallel to

snainstern streams thus affecting lateral move
men o/ the stream channel and its connectivity to the

riarian ZOne

corridor Jr

source

Conservation Biology
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Jones et at

Fit typeS ol iiteractiofls itioliitig outer

wee inidsiope road parallel to OfllOUI and

c/ream heat so/ui line suhsurjacejlou inter

eptiun surface lion 111 roads JJluu routfflJ

along ditcl.ies to streams Jlott along road sutface

streams and Jiou in ullies to streams

peak flows and other measureS 01 the slreaili networks

respOnSe to niids

Roads alter the balance between the intensity of peak

flows and the stream and riparian
networks resistance

change whereas they alter the landscape distrihu

ions of the starting and stopping points
of debris flows

Hence the two processes may produce somewhat dis

tinct patterns
ot affected stream network lengths Sys

temic high-severity
hsdrologi proceSseS

such as ex

treme hood peaks produce set of disturbance patches

ontrolled by site-specific patterns
if resistance to change

ithin the stream network Road network interactionS fl

t-nsifv and redistribute tloocl energy herebs producing

ddjtionaI disturbance patches
lhis pattern

of patches

Figure its oJ interacluns nioliing debris JlouS

midsiope road pai-allel to contour and

s/ream heat solid line .4 eucloPe slides fill

cl pe slides debris fl0t4 that pass roads and

i/Lclo/e slidec that become debris Jion

Stream drainage density

Figure Effects of increasing drainage densities of

the road network da.shed line and the stream net

work solld line on the number of road-stream cross

ings black dot.s in landscape

represents
the stream segments downstream of high den

sities of road-stream crossings where flood energy may

disturb the riparian zone Fig the actual pattern of

flood disturbance patches also will be controlled by fac

tors such as valley floor width the age and type of vegeta

tion and the amount of wood and sediment

On the other hand localized high-severity geomorphic

processes such as debris flows produce set of distur

bance patches of discrete length extending from initiation

sites that may he unaffected by roads Road network inter

actions produce additional patches downstream from

road-stream crossings where debris flows commonly are

initiated e.g Swanson et al 1998 Fig This pattern
of

scattered linear patches represents the stream segments

where natural debris flows and those associated with

roads expend large amounts of energy scouring the

stream bed and removing riparian vegetation
sediment

and wood Many debris flow tracks end in piles of large

wood and boulders deposited by the debris flow in some

cases roads can stop
debris flows shortening their

tracks

Evidence from Andrews Forest Oregon

We examined our conceptual
model of interactions be

tween road and stream networks based on number of

studies in the Andrews Experimental
Forest Ore

gon The Andrews Forest located on the western slope
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Stream drainage density

ure Spatial pattern of peak-/low disturbance

atches greater effect in darker shaded tones created

stream netuork belou crossings of the road net

.work dashed lines and stream network solid orgray

Tinesi Higher road and stream drainage densities in

rease the stream netuork length with high potential

road-related disturbances The diagram illustrates

ituation in which all road-stream crossings have equal
L.

-t additive influences on peak flows and all stream

egments respond equally In real landscape the ac
ual spatial pattern of stream network susceptibility to

ad effects on peak flows would he more patcby

the Cascade Range in Oregon has 50-year history of

Tesearch on biophysical processes McKee 1998 The

Andrc-ws Forest comprises one drainage basin with

steep slopes on highly weathered volcanic substrates

Vegetation cover is mostly old-growth Douglas-fir Pseuclo

tsuga snenziesii forest Twenty-five percent of the

landscape has been harvested and converted to Douglas-
fir plantations since 1950 The basin has relatively high

density of forest roads approximately km/km2 most

which were constructed in the 1950s and 1960s

Wemple et 1996 We examined studies on peak
flows and debris flows evaluating the major forms of ev
idence of interactions between road and stream net

works the nature of the mechanisms involving roads
and the direction magnitude timing and locations of ef

fects on stream channels

Peak Flows

Three lorms of evidence
support the assertion that the

road network is significantly hydrologically connected

Stream drainage density

Figure Spatial pattern of debris flow disturbance

patches heavy solid lines created in stream net
work below

crossings of the road network dashed
lines and stream network thin solid lines Higher
road and stream drainage densities produce larger

affected perce ntages of the stream network The zones

of primary disturbance by debris flows are empha
sized but areas downstream of these patches also may
be disturbed The effect of road-stream crossings in

real landscapes is overstated because not every road-

stream crossing generates debris flows Debris flows
also occur in the absence of road.s creating additional

patches not shown here

to the stream network in the A.ndrews Forest First in

small experimental basins partial logging 25% of ba
sins with roads appears to have increased large flood

peaks those that occur annually or less often to the

same or greater extent and for longer periods than 100%

forest harvest Jones Grant 1996 Thomas Megahan

1998 Jones unpublished data This implies that roads

can affect the manner in which incoming precipitation

is routed through basin to produce flood Jones
Grant 1996 Second surveys of road drainage systems
indicate that significant portions of the road network

have the potential to act as extensions of the stream

drainage network Wemple et al 1996 Third Wemple
1998 quantifIed the amounts of water carried by road

segments and showed that this water could be delivered

to the stream network to coincide with the flood peak
Two mechanisms involving peak flows produce inter

actions between road and stream networks The cut-

banks of roads collect water flowwg slowly down hill-

slope below the soil surface Some segments of the

High

Low

High

Low

c/D

ci

Iow High Low High
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drainage ditches alongside the roads cam water rapidly

and directly streams or to culverts that conccntrate

water flow and carve gullies down liillslopes to streams

\Ventple ci al 996 Wemple 1998 Interactions be

tween road and stream networks involving water flow

scent to htVt the potent cii fit synchronize water flow

through the basiii during storm event thus increasing

the height of the flood peak Jones rant 1996

The magnitude of increase in flood peaks attributable

to interactions lct\VCen road and stream networks is dif

tìeult to separate from the coincident effects of forest

harvest lit small harvested basins in western Oregon

where road densities are --3 kni/kni roads may in

crease the height of the peak by at most few tens of

percentage points for floods occurring annually or less

freqiientl ones Grant 1996 Thomas Megahan

1998 ones unpublished data in large basins

where forest harvest also is confounded with road con

structioil the combined effects of forest harvest 25/o
of basin areas and road construction appear to have in

creased floods that occur annually or less frequently by

at most l0t over the past SO \cars Jones Grant

1996 Thomas \legahan 1998 This increase is small

relative to the inicrannual fluctuations iii flood size hut

it may represent shift in the distribution of all floods to

higher levels than before road construct iQfl and harvest

occurred

Debris Flows

The primary evidence of road and stream network ef

fects on debris flows lit the Andrews Forest area is the

spatial pattern of debris how tracks front inventory of 50

years of debris Ilows and debris slides Swanson Dr
ness 19 Snyder 2000 Nakamura et 2000 Field oh

crs atiotis indicate that debris flows frequently are initi

ated or augmcttt ccl by debris slides associated with

roads one out of three first- through thud-order stream

channels crossed by road at the ntidslope position

were associated with debris-flow initiation Snyder

2000

Iwo mechanisms involving debris flows produce in

teractions between road and stream networks Many for

est roads in the Andrews were constructed by excavat

ing part of the hillslope and using this material to

support the downhill side of the road cut-and-fill

roads During heavy rain events many small landslides

originate from the downslope side of such road seg

nients the fillslope When these slides occur close to

streams they often reach the streams and become de

bris flows Swanson Dyrness 195 \X cmple 1998 Na

kamura Ct al 2000 During heavy rains debris flows

also may he triggered by small landslides from forested

hillslopes second form of road-streant interaction oc

curs when of these debris flows moves clown

Cl

stream channel encounters road and either came

the road fill material further dowit the stream or
Stop

on the road Wemple 1998 Swanson Ct al unpubhishe

data

The major effect of roads on streams prod ueed by

bris flows is severe disturbance of the stream channel

including removal or rearrangement of all material ir

some stream segments and deposits of sediment an
wood in others Debris flow tracks were 14 times mor

frequent per unit area of road than of undisturbed fores

in the Andrews Forest and neighboring Blue River basins

Snyder 2000 Debris flow disturbances to streams

cur mainly during extreme floods The most severe cf

fects occur in small steep stream segments but some

sediment also may be transported to stream scgment

downstream of these highly disturbed areas creating ad-

ditional though less severe disturbances Snyder 200O

Johnson et at 2000 Nakarnura et al 2000

Biological Implications for Stream Networks

Stream networks in both unroaded and roaded land-

scapes experience both patchy and pervasive distur-

hances key biological implication of floods and dehris

flows is that they affect only few percentage of the to

tal area Miles Swanson 1986 but tens of percentage

of the stream network Snyder 2000 in mountainous

landscapes Although roads can increase the frequency

and extent of these types of disturlances several factors

make it difficult to isolate the extent of road
influence

on stream and nparian patch dynamics listurhance
as-a

sociated with major floods is extremely varied in sever-

ity and intensity in complex stream and riparman sys-

tems even when the overall flood disturbance scems

pervasive Swanson et al 1998 Johnson et al 2000 Na-

kamura et at 2000 Many studies of hydrologic gco-

morphic and ecological processes in stream networkS

have been conducted in roaded basins and few studics

have been conducted in large areas without roads- No

studies we know of have related riparian or benthic hab

itat patch dynamics and ecology directly to road
netJ

work distributions We outline an approach to such

studies emphasizing areas that need research

key ecological implication of hydrologic
and geo-

morphic disturbance patterns is that undisturbed areaSj

may function as refuges from disturbance and sourceS Of

colonists in the post-disturbance recovery period Seddll

et al 1990 The patchy character of flood flow and de

bris flow disturbances Johnson et al 2000 Nakarnu

et al 2000 leaves numerous refuges in headwater charm

nels undisturbed by debris flows and in undisturbed

tions of mainstem channels lhus the network structU

of stream and riparian systems contributes to their reS

iencc to flood disturbance and dispersal from undiS

s2 Road oii Ireama
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turbed sites can help speed recovery in disturbed zones

If roads increase the frequency and intensit of flood

peaks and debris flows this may increase the extent of

dehri floWs in small streams and possilty the extent of

ripariam/One disturbance along main channels and it

may reduce the extent of refuges knee road-network

effects oti the spatial pattern of disturbance may inhlu

ence tOt rates of survival and recovers of disturbed

patches in stream networks which affects ecosystem re

siliene

bsersed debris-flow tracks typically disturb stream

and riparian areas in only few tributaries in the tipper

parts stream networks Nakamura Ct tl 2000 Figs

Bet ause many tributaries within basins affected

debris iw do not expericm such sc\ crc disturbance

they serve as refuges luring floods For example Hunter

1998 observed low densities of amphibians in debris

flow tra ks created in the previous winters flood but

aniphiliian populations in channels that had not experi

enced debris flows changcd little after the flood

Extrt me flood peaks also typically disturb only some

portions of the stream network Flowing water alone is

unlikely to damage riparian vegetation but when flood

carries tloatmg woody debris especialis batches of

congeted wood Braudrick et al 2000 vegetation is

likely to he toppled or remoed Johnson et al 2000

i.ong nat-row patches of disturbed vegetation and undis

turbed habitat are common it-i unconstrained stream seg

inents e.g in wide valley floors These undisturbed

patches provide refuges front flood disturbance arrayed

both laterally away from the main channel and longitudi

tiallv along he channel Swanson Ct al 1998 Fig

Altin ugh we have separated peak flows front debris

flows in this discussion they arc tonfotincled Flood

peaks may initiate debris fio\\ and they may magnify

redistribute or mute the disturbances producl by de

bris floss Iehris flows from tributary channels may en

ter main channels and interact with flood flows Pr0Vd-

ing hat hcs of woody debris that serve as tools to

produce patches of riparian disturbance ondzell

watts ut 1999 lohitson et al 2000 Nakarnura ct al

200

Biological responses to disturbance event may he al

fected by the hillslope position of road-stream interac

tions In the Andrews Forest and vicinitS roads in mid
dle hillslope positions were net sources of sediment to

the stream network whereas valley floor roads were net

sinks and the frequency of erosion and deposition fea

tures associated with roads ss as an order of magnitude

higher in valley floors than near ridges Wemplc 1998
stream segments below midslope roads were more

likely he disturbed debris floss than similar

ntents ss ithout roads Snyder 2000 less disturbance

mas oei Lii in stream segments downstream of alle

floor ads than those doss nstreani from midslope roads

enhili 1998 Roads constructed on valley floors

however may limit organisms access to floodplain and

secondary channel areas that might otherwise serve as

refuges and may limit dispersal of organisms to recolo

nize flood-disturbed areas

Assess ing Effects of Roads on Stream Net-works

Our observations hypotheses and perspectives on iii

teractions of road and stream networks based on field

studies conducted in the Pacific Northwest have several

implications for evaluating roads in the context of re

search management and conservation studies Basins

such as Fookout Creek in the Andrews Forest are hetero

geneous they contain areas of naturally high and low

rates of peak flow and debris flow production that may

affect distributions of habitat and organisms in time and

space Against this backdrop of natural processes and

patterns we propose that the effects of roads on peak

flows and debris flows will be greatest downstream of indi

vidual road-stream crossings and downstream of areas of

high densities of such crossings Therefore field sam

pling scheme for detecting the magnitude of various

road effects on stream and riparian ecology could in

volve landscape stratification of inherent stream net

work susceptibility to floods or debris flows overlay

of road and stream networks and creation of areas with

various densities of road-stream crossings emphasizing

mnidslope road-stream crossings and designations of

expected high- and low-impact stream segments based

on numbers of upstream road-stream crossings where

sampling of selected biological variables would be con
ducted It is critical that such locations be selected and

interpreted based on their positions in the whole stream

network in order to accountfor the effects of the spatial

arrangement of disturbance patches and refugia

Further Work

We have not attempted to prove that road-stream inter

actions involving peak flows and debris flows modify

the ecology of stream networks but rather to set out

framework for understanding how such interactions

might occur Field studies may help test how stream dis

turbances created by extreme floods are related to road

network effects on peak flows and debris flows

Although we focused on two processes peak flows

and debris flows other hydrologic and geomorphic pro

cesses arc influenced by road-stream interactions Sedi

ment and wood transport is inherently tied to flood- and

debris-flow processes and is modified by roads Reid
1981 Reid Dunne 1984 Megahan 1987 Bilby et af

1989 Wemple 1998 Braudrick Grant 2000 Braudrick

et al 2000 Johnson et al 2000 Also interconnected

road and stream networks have other functions notably

in ability to facilitate flows along nongravitational path-

Conservation Biology
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1bstract

Roads especially large highways can have significant impacts on wildlife movement and survival This is especially true for wide

anging species such as mammalian carnivores Some of these impacts may be mitigated if wildlife can fl.nd and utilize passageways

mder highways To determine if undŒrpasses and drainage culverts beneath highways are used by wildlife as movement corridors

monitored 15 such passages near Los Angeles California using remotely triggered cameras and gypsum track stations We

ound that passages were used by variety of species including carnivores mule deer small mammals and reptiles Many types of

.indercrossings were utilized indicating that passages beneath highways even when not originally designed for wildlife can provide

important safe avenues for animals to cross roads For mammals of conservation concern including native carnivores and deer

passage dimensions surrounding habitat and the extent of human activity were assessed to determine if these factors influenced

passage use by these species Our results show that while many native mammals used passages beneath highways the presence of

suitable habitat on either side of the passage was particularly important factor predicting use For deer and coyotes passage

dimensions were also important and should be considered with the presence of suitable habitat when wildlife passages are planned

or evaluated To increase the likelihood of utilization and to help prevent animals from crossing road surfaces we suggest that

simple improvements such as habitat restoration near crossing points and antmal-proof fencing that serves to funnel wildlife to

passages can facilitate animal movement between fragmented habitats that are bisected by roads

2003 ELsevier Ltd All rights reserved

keiivvrds Wildlife corridor Mammals Carnivores Habitat fragmentation Culverts

Introduction

As roads and human development have extended into

once pristine natural areas habitat fragmentation has

become an ever-increasing threat to the survival of

many species Wilcox and Murphy 1985 Harris and

Gallagher 1989 Saunders et 1991 Perhaps most

threatened are large mammals such as carnivores and

ungulates that regularly move over great distances It

has been suggested that the adverse effects of habitat

fragmentation by roads might be mitigated by con

structing wildlife or conservation corridors SoulØ

991 connecting otherwise isolated patches of habitat

Corresponding author Tel 1-805-370-2339

E-mail adŁes ray sauvajotnps.gov It .M Sauvajot

on opposite sides of roadways Saunders and Hobbs

1991 Beier and Loe 1992 It is thought that drainage

culverts tunnels and freeway underpasses though cre

ated for other purposes may already serve this function

Noss 1987a Harris and Gallagher 1989 Edelman

1991 SoulØ and Gilpin 1991 Rodriguez et al 1996

Rosenburg et al 1997 However few quantitative data

are available on the extent to which such passages are

used by wikilife Simberloff et al 1992 Likewise the

characteristics that promote and discourage the use of

potential crossing points by wildlifee.g passage

dimensions surrounding habitat type presence of fen

ces and the extent of nearby human activityare

poorly understood Foster and Humphrey 1995 Yanes

el a. 1995 Clevenger and Waltho 2000
In California especially in the southern coastal areas

where urban sprawl has created patchwork of devel

oped and natural areas determining the extent to which

iOOt-32071031$ see front matter 2003 Elsevier Ltd All rights reserved
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passages are used by wildlife has become top con

servation priority In the vicinity of the Santa Monica

Mountains National Recreation Area SMMNRA in

western Los Angeles and eastern Ventura Counties

several relatively unspoiled natural regions including

three mountain ranges Santa Monica Santa Susana

San Gabriel parts of two National Forests Los

Padres Angeles and the SMMNRA still support rich

diversity of vertebrate species However numerous

multilane highways pass through the area creating

potential barriers between habitat patches For this

eason it is widely acknowledged that habitat linkages are

necessary to allow animals to cross major roadways

between remaining patches of natural habitat Lieherstein

tt ul 1987 SoulØ 1989 Santa Monica Mountains

nservancy 1990 Edelman 1991 In addition infor

ination on wildlife movement relative to freeways in this

area would be relevant for many other fragmented

urban landscapes

The purpose of this study was to obtain quantitative

data on the extent to which passages beneath highways

in this fragmented landscape are used by wildlife Our

specific objectives were to evaluate animal use of

selected underpasses tunnels and drainage culverts that

TOSS beneath three major highways and to assess

haractenstics of the passages most frequented by spe

eies of conservation concern including native carni

ores and mule deer and domestic cats and dogs As

habitat fragmentation continues in areas occupied by

lative carnivores and deer these species become

ocreasingly threatened because they move over great

distances to find food and mates and to disperse Car

nivores are especially threatened because of their low

population densities and large home range require

ments Domestic carnivores such as cats and dogs on

the other hand can have adverse effects on wildlife

through direct predation Churcher and Lawton 1987

SoulØ et al 1988 harassment and the spread of dis

ease Thus knowledge of passage attributes that can

facilitate desired movement by deer and carnivores as

well as possible use by non-native carnivores is top

conservation concern and has important management

value In addition the limited data now available on

whether or not species of conservation concern even

utilize existing passages to cross roadways is of great

interest among conservationists and land and transpor

tation planners

Study area and methods

2.1 Study area

The study was conducted along three major highways

located on the eastern edge of Ventura County Cali

fornia just west of the San Fernando Valley and adja

cent to the Los Angeles metropolitan area Fig The

three highwaysUS Highway 101 State Route 23 and

US Highway ISborder the Simi Hills on the south

west and north respectively US 101 and 118 act as

potential barriers to animal movements to and from

surrounding wilder regions the Santa Susana Mountains

Map showing natural habitat and urban development highways and the 15 passages studies Adjacent passages are indicated by single point
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to the north and the Santa Monica Mountains to the

south SoulØ 1989 Santa Monica Mountains Con

servancy 1990 Edelman 1991

The region through which these highways pass
is

omplex of low hills and flat-bottomed valleys The Simi

Hills and the Santa Monica Mountains are mixture of

highly urbanized and relatively natural lands In con

trast the Santa Susana Mountains consist of mostiy

intact natural landscapes with urbanization encroach

mg along its fringes and they link to the north and east

two extensive wild regions the Los Padres National

Forest in the western Transverse Mountain Range and the

Angeles National Forest in the San Gabriel Mountains

The natural areas support diversity of biological

ommurnties including chaparral vegetation Adenos

oma fasciculatum Ceanothus spp Rhamnus i1kfo1ia

oastal sage scrub Artemisia caltfornica Salvia leuco

phylla Malosma laurina coast live oak Quercus agri

lia woodland and riparian woodlands Salix

visiolepis Platwius racemosa

.4nimal use

Along the three highways 15 potential wildlife pas

sages in the form of underpasses surface roads or wide

treams crossing under the highway drainage culverts

square or pipe culverts and livestock tunnels were

monitored Fig Some of the potential crossing

points had been previously identified as potential

wildlife corridors Santa Monica Mountains Con

ervancy 1990 Edelman 1991 but none was made

specifically to facilitate wildlife movement Other pas

sages were identified from flood control maps provided

by the Public Works agencies of Ventura and Los

Angeles Counties Passage size varied considerably

Table On average square culverts were 97 long

4.2 wide and 3.7 high pipe culverts were 176

long 2.6 wide and 2.9 high and underpasses were

44 long 42 wide and 5.2 high

Each passage was monitored for four consecutive

days each month from July 1999 through 30 June

2000 with the exception of passage 15 Passage 15 was

filled with water during January and February at the

height of the rainy season and could not be monitored

during that period The order in which passages were

sampled each month was determined randomly

Two techniques were used to monitor animal use

remotely triggered cameras Rappole et al 1986

Carthew and Slater 1991 York et al 2001 and gyp
sum powder track stations methods modified from

Crooks and SoulØ 1999 Haas 2000 Passive infrared

trail monitoring units TrailMaster TM5SO Goodson

and Associates Inc 10614 Widmer Lenexa KS 66215

were used at four passages 12 14 15 where the

probability of vandalism was judged to be minimal and

where heavy water flow in the rainy season precluded

monitoring animal tracks Each unit consisted of an

automatic flash camera triggered by the body heat or

motion of an animal passing within 20 and within

horizontal arc of 20 and vertical arc of of the

infrared sensor Sensors operated continuously but

were set to take only one photograph per minute At

each of the four passages with camera systems at least

three camera units were used to ensure adequate mon

itoring in the middle of the passage and at each

entrance

Where the probability of vandalism was judged high

passages 17 911 13 cameras were not used

.\ tiributea of the 15 passages monitored in this study Habitat type is the percentage of habitat within 250-rn semi-circle around both ends of each

passage

Aunbutes Tunnels culverts and unilerpasses

raising type fl

Table

10 11 12 13 14 15

flD r\u
tmeasion.c

1.onglh in 58 144.9 45.1 196.1 48.9 735 249.6 133.4 45.0 84.4 54.3 189.2 443 98.9 218.1

Width in 4.6 3.9 47.6 2.1 41.8 3.2 4.3 2.2 2.5 30.0 5.5 1.6 46.7 4.8 3.0

Height in 4.7 3.8 5.0 2.2 4.9 4.6 3.2 2.6 2.6 6.0 2.9 1.6 4.9 4.0 4.3

rosS-seCt area in2 21.5 11.6 2380 3.6 204.8 14.7 13.8 4.5 6.5 180.0 16.0 2.0 228.8 19.2 10.5

Habitat tpe

Natural tOO 54 IS 50 100 38 38 100 69 46 46 50 60

Landscaped 20 23 12 12 15

Developed .18 32 27 50 50 31 77 100 34 54 50 40

Haman activity

No of
crossings

120 46 331 38 49 482 17 491

Human aetivily includes all human crossings whether on foot on horseback or by vehicle Passage type square culvert/ tunnel 4- drainage

cohen spanning bndge underpass
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Instead passage use was monitored by placing three

.trips of agricultural gypsum powder across the floor of

each passage to capture animal tracks The strips of

gypsum each about mm thick and wide were laid

across the entire width of each passage by sifting the

powder through mesh colander We placed one strip

in the middle of each passage and one at each entrance

in order to detect both visits and crossings As with the

cameras tracks in the gypsum were monitored for four

days per month Each day all tracks were identified

Murie 1974 recorded and erased with feather duster

to prevent recount We also recorded the direction of

travel and to further assist with species identification

the prints length and width and for canid and feud

tracks stride the distance between two consecutive

tracks and straddle the distance separating the outer

most sides of the left and right track To verify track

identifications one passage was monitored simulta

neously with both cameras and gypsum All track iden

tifications at this passage were in agreement with

accompanying photographs

From each set of tracks or photographs we categor

t7ed the animals use as verified crossing

probable crossing or an assessment of the entrance

only When tracks or photographs of an animal were

present at both ends of the passage and in the middle

the animals use of the passage to traverse the width of

the roadway was considered verified When tracks or

photographs were recorded at both end stations but

not in the middle or at the middle station and at one of

the ends completion of the traverse was judged prob

able In most such instances all tracks were in single

direction suggesting that the animal had not turned

hack and that the missing tracks had been lost due to

wind or human disturbance When tracks or photo

graphs were obtained at one end of passage only an

animal was considered to have assessed the passage but

not to have passed through it Because our intent was to

detect utilization and not to evaluate absolute levels of

use by any particular species we did not attempt to

distinguish between individual animals Hence it is likely

that some individuals were counted more than once

entrance For this purpose habitat was placed into

three categories natural which consisted of intact

vegetation both native and naturalized developed

or urban areas or landscaped which consisted of

hum an-altered areas without buildings e.g golf courses

and landfills For passages along US 101 and State

Route 23 habitat type was determined from Digital

Orthophoto Quarter Quadrangles DOQQ from which

aerial percent coverage of each habitat category was

determined Because DOQQ coverage did not extend to

US 118 Satellite Pour lObservation de la Terre SPOT
images were used to obtain the percent cover for pas

sages along this freeway Because some landscapes were

being altered during the study period at each site per

centages were verified in the field by estimating the pre
dominant habitat type i.e natural developed or

landscaped at 15 intervals within 250-rn semicircle

surrounding each passage entrance An overall percen

tage of each habitat category at the passage was then

calculated by dividing the total number of observed

dominant habitat types by 24 the total number of

bearings Where percentages of the DOQQ and SPOT

images diftered from those obtained from field verifica

tions the percentages obtained in the field were used to

determine habitat cover at the passage

Before analyzing animal use data we first searched for

confounding associations among the various passage

attributes using correlation analysis Passage use by

each species was approximated to normal distribution

via an arcsine square-root transformation Spearmans
rank correlation was used to quantify the relationship

between the use of passages by wildlife and predictor

variables Low number of observations precluded sta

tistical analyses for mountain lions Where logical ana

lyses were conducted on records of several species

grouped into classes e.g large carnivores coyotes

bobcats and mountain lions and mid-sized mam
mals raccoons opossuins and striped and spotted

skunks Because sample sizes were small and non-

parametric tests were used we adopted 0.l0 as

measure of statistical significance

Passage characterizics as predictors Results

For each passage three dimensions length width

height the nature of the surrounding habitat and the

amount of human activity were recorded as predictor

variables for animal use Table From width and

height cross-sectional area of each passage was calcu

lated At each passage photographs and tracks of

humans horses bicycles and other vehicles were also

counted Collectively these served as measure of

human activity

Habitat surrounding each passage was quantified by

sampling within 250-rn semicircle around each

3.1 Animal use

During the year of study 2723 detections were recor

ded as tracks and photos Table Of these records

531 19.5% were of native large and mid-sized mam
mals 164060.2% were of humans 155 5.7% were of

domestic animals and 397 14.6% were of small mam
mals Wild mammals known to have passed through

one or more passages at least once included deer mice

Peromyscus spp woodrats Neozoma spp ground

squirreLs Spermophilus beecheyi cottontail rabbits
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accoon

Oposaum

Striped skunk

Spotted skunk

otlontai1 rabbit

Total mid-sized mammals

10

18

80

112

34 25

65 IS

12

III 44

207 58

24

23 11

10 33

269 109

59 57.6

83 78.3

13 92.3

155 71.6

265 78.1

29 82.8

34 67.6

71.4

43 23.3

378 71.1

Total rodents

Table

133 106 239 158 397 60.2

Frequency of passage use species uscluding verified and probable crossings

Species Passages

Deer

oyote 13 20

Bobcat 16

Mountain lion

Raccoon 12 17

Opossum

Spoiled skunk

Striped skunk

House cat Ii

Domestic do4 16

Total

Passages

10 11 12 13 14 15 Used

15

87 22 19 15 II 14

12

Syviiagus auduboni opossurns Dideiphis virgininnus commonly detected using passages and used all sites

striped skunks Mephitis mephitis spotted skunks Spi- except one Coyotes bobcats and domestic dogs and

logale putorius raccoons Proc yon lotor coyotes cats each used about half of the 15 sites studied Deer

Canis Iatrans bobcats Lynx rufus mountain lions and mountain lions were only detected at few sites

iPuma concolor and mule deer Odocoileus hemionus

For large and mid-sized mammals excluding domestic 3.2 Passage attributes as predictors of wildftfe use

species we recorded 391 73.6% verified or probable

crossings and 140 26.4% assessments of the entrance There were four significant correlations between the

For species of conservation interest passage use varied various passage attributes Length was negatively cor

between sites and species Table Raccoons were most related with cross-sectional area r5O.639 PO.O1

Table

Nature and frequency of use of culverts tunnels and undespasses all passages combined

Species Crossings Investigations
Total Verified and

records probablecrossings

Verified Probable Total as 54 of total reeords

36

12

48

urnan

Bike

Vehicle

Horseback

Total human activity

House cat

Dog

ow
Total domestic animat

Mountain lion

Bobcat

Coyote

Deer

Total Large mammals

1364 59

168

36

1576 64

1427

73

36

1640

95.9

97.1

100.0

100.0

96.1

1332

156

36

528

24

91

49

26

107

157

100.0

36 17 53 67.9

it 59 12 71 8.1

26 28 92.9

is 122 31 153 79.7



O4 Ng et of Biological Conservaijon 115 2004 499507

Deer 0.525 0.551

Rodents 0.07 0291

Domestic dog 0.571 0.619

House cat -0.5l4 0.635

Statistically significant relationships are indicated with asterisks P.zO.l0

Human activity was negatively correlated with length

r_- 0.531 P.c 0.05 and positively correlated with

cross-sectional area 0.806 P0.0l Not surpris

ingly human activity was largely restricted to shorter

passages with large cross-sectional areas underpasses

and tunnels and was rarely associated with culverts

Because culverts are typically long and underpasses

much shorter the strong negative correlation between

length and cross-sectional area was expected

Three larger carnivore speciesmountain lions bob

cats and coyotestraversed the passages Coyote use

showed significant positive correlation with human

activity Table However for both bobcats and

coyotes we observed negative relationships

ft05P0.l0 between passage use and percentage of

developed habitat suggesting tendency by these ani

mals to avoid passages surrounded largely by developed

habitat Table Moreover for bobcats the relation

ship between passage use and percentage of natural

habitat was positive and statistically significant The

single record of mountain lion precluded statistical

test For all three native carnivore species combined the

relationship between passage use and extent of natural

habitat was again positive 0.05 0.10
Raccoon use of the passages was negatively cot-re

lated with extent of natural habitat and positively

correlated with both extent of developed habitat and

with passage length Table No statistically sig

nificant relationships were found between passage attri

butes and activity of opossuxns or either of the two

skunk species presumably the result of small sample

sizes For all mid-sized mammals raccoons opossums
and skunks passage length and passage use were posi

tively correlated 0.05 P0.lO
Mule deer only used three Large passages and never

used small passages such as culverts even though some

0.414 0.454 0.553

0.476 0.462 0.005

0.451 0.442 0.372

0.559 0.676 0.094

0.288 0.123 0.055

0.094 0.281 0.287

0.166 0.117 0.122

0.665 0.674 0.073

0.367 0.235 0.490

0.528 0.463 0.1 14

0.172 0.299 0.659

0.318 0.154 0.765

P0.05P-z 0.01

small passages were large enough for their use Mule

deer use of passages was negatively correlated with

passage length and positively correlated with cross-sec

tional area Table No statistically significant rela

tionship was found between mule deer use of
passages

and habitat type However of the three sites used by

deer all were characterized by significant amounts of

nearby natural habitat Table

For both domestic dogs and cats the use of passages

was negatively correlated with passage length and posi

tively correlated with both cross-sectional area and the

amount of human activity Table Corridor use by

dogs and cats was not significantly related to habitat

Discussion

Our data clearly demonstrate regular use of underpasses

and drainage culverts beneath highways by wildlife

including species of conservation concern We suggest

that maintaining or modifying passages can be important

for protecting native species in areas bisected by high-

speed roadways Although culverts are typically installed

to accommodate water flow installation of such passages

solely for wildlife use may also be justified particularly

where no other passages exist and habitat is suitable If

this is done consideration must be given to passage

dimensions especially if the passage is intended for use by

deer However protecting suitable habitat in the vicinity

of crossing points is especially important particularly for

larger carnivores and deer In general culvert or under

pass regardless of its dimensions is of little value as

wildlife corridor if it does not connect suitable habitat

In this study we demonstrated use of corridors by

wildlife and not benefits associated with that use Cor
ridor use alone does not necessarily impart conservation

Table

Spearman rank correlation coefficient matrix for predictor variables and frequency of crossings through passages probable and verified crossings

ombined

Species length x.s.Area Natural Developed Human

activity

oyote 0.405 0.442

Bobcat 0.124 0.107

All Large carnivores 4373 0.404

Raccoon 0.523 0.211

Opossum 0.030 -.0.176

Spotted skunk 0247 0.433

Striped skirni 0.065 0.143

All rnid-sised mathmals 0.447 0.242
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value and some have suggested that corridors can even

be detrimental to wildlife conservation efforts Sim
herloff and Cox 1987 Sirnberloff et al 1992 How
ever because the species we monitored are susceptible

to fragmentation impacts and because roadways

within their habitats are significant sources of mor

tality Ng 2000 Riley et al 2003 we believe that the

ecological benefits of highway undercrossings will out

weigh possible impacts in our study area

significant aspect of the corridor debate focuses on

whether or not animals will actually use corridors if

they are provided Simberloff and Cox 1987 Noss

198Th Simberloff et al 1992 Hess 1994 Beler and

Nos 1998 Much recent empirical work has adopted

an experimental approach and focused on small-bodied

species e.g Dunning et al 1995 Andreassen et al.

1996 Haddad 1999 Haddad and Baum 1999 Daniel

son and Hubbard 2000 Our work examining road

undercrossing use by large-bodied species in natural

landscapes complements this literature by demonstrating

that large and medium-sized carnivores deer and other

species will regularly use passages beneath highways

Larger carnivores specifically bobcats and coyotes tra

versed passages of wide variety of sizes from the largest

spanning bridge underpasses to the smaller pipe culverts

Table Assuming that corridors do impart conserva

tion value these lindings are important for conservation

by clearly demonstrating wildlife use of unilerpasses

Coyote use of passages was significantly and negatively

correlated with development At the same time though

we also found coyotes most likely to use passages asso

ciated with high degrees of human activity Indeed we

commonly recorded coyotes using passages that had trails

or roads within them and that were regularly frequented

by people However encounters between humans and

coyotes are probably limited since coyotes are most likely

to frequent the passages at times when humans are least

likely to be there In fragmented landscapes coyotes are

often seen in urban areas that are immediately adjacent to

natural habitat Atkinson and Shackleton 1991 Ros

mos 1998 Sauvajot et al 2000 Riley et al. 2003

Consequently our findings probably reflect coyote pre
valence on urban fringes and willingness to use areas

of human activity rather than an attraction to them

We had one record of mountain lion using passage

Although single record does not allow us to make

conclusions about habitat or dimensions it documents

the potential use of passages for facilitating movements

of these animals The numbers and movement patterns

of mountain lions in the Los Angeles area are not well

understood but see Beier 1993 and more information

about the status and distribution of mountain lions in

this region is critical to understand the effects of roads

and habitat connectivity on this species

Raccoons opossums and skunks are opportunistic

species that live in wide variety of habitats including

in suburbs and cities Rosatte et al 1990 Riley et al

1998 These species may benefit from human activities

both because of the addition of anthropogenic food

sources and the increased availability of water In our

study raccoons were detected at the passages more fre

quently than any other wild mammal species and were

more common in passages surrounded by human

development than in those adjoining wild land The

prevalence of raccoons was in part because they actually

used the passages as foraging habitat and not necessa

rily as movement corridors Many raccoons were

encountered in culverts that contained water and some
times entire families were photographed foraging in the

water

Consistent with other studies Reed 1981 Foster and

Humphrey 1995 Crooks and Jones 1998 Haas 2000
we found that passage dimensions significantly influ

enced passage use by deer All mule deer crossings

occurred at spanning bridge underpªsses with large

cross-sectional areas Although we found no statistically

significant correlation between deer use and habitat

deer were only encountered at passages surrounded lar

gely by natural habitat Crooks and Jones 1998 also

found deer using underpasses with more natural habitat

and less residential development

We found house cats using underpasses and culverts

in or near urbamaation Thus while underpasses may

be used by native carnivores they can also provide

access for house cats which in turn may have deleterious

impacts on other native species For example in areas

of high human density domestic animals particularly

house cats have been associated with the decline and

extinction of bird and small mammal populations in

fragmented habitats SoulØ et al 1988 Bolger et al.

1997 Cropks and SoulØ 1999

Overall our results indicate that underpasses cul

verts and other cross-highway structures facilitate

wildlife attempting to cross major roads We believe

that such structures even if not originally designed for

wildlife can be important parts of regional conserva

tion strategies We also observed numerous instances

of animals being killed while attempting to cross road

surfaces Ng 2000 Riley et al 2003 To increase the

likelihood of passage use by wildlife and to keep ani

mals off roadways we recommend installing animal-

proof fencing to funnel animals away from road sur

faces and into crossing structures Although our results

demonstrate that existing passages will be used more

effective crossing structures could certainly be developed

if wildlife movement was the primary design otective
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Abstract RooIs uidesprtul and increasing feature landscapes
We reviewed the sclentc liter

iture the ecologual effects roads and found support for the general conclusion that they are associated

pith negative effects on biotu integrity in both terrestrial and aquatic ecosystems
Roads of all kinds have

en general effects nortalitt from road constfltctton tnortali from collision with vehicles modification

otimai IO/aliI oltcniltoU the physical environ nient alteration of the chemical environment spread

tf exotics and increased use of aras by humans Road constflactlofl kills sessile and slow-moving organisms

injures orjaii sob adjacent to it road usi alters physical conditions beneath road Vehicle collisions affect

tb demogaJ9 if maui spet icr both vertebrates and iniertebrates mitigation
measures to reduce roadkill

bale been on/i irtly success/hi Roads alter animal behavior by causing changes in home ranges move

mciii rsprodiutiie su cess tccapt response
and physiological state Roads change soil density temperature

soil toter content light /eve diist.onface waters paerns of uoJf and sedimentation as well as adding

heavi metals esfecialli teat/i salts organic moles isles ozone arid nutrients to roadside environments

Rials pro note the dispersal exotic species by alteflg
habitats stressing native species and providing

mmsment crihoiS Roads also promote
increased bunting fishing passive harassment of animals and

hint/scam ni tlficattonsVot oil species itid ecosystems are equally affected by roads but overall the pres

tnt of roads /5 /iiçhli coeltited itith changes in species composition population sizes and hydrologic
and

toiiorpIiic pioe ns that shape aquatic awl ripariali systems More expemental research is needed to corn

filellient post-/no rb/alit studies iir review uriderscOrs the importance
to conservation of avoiding con

StP ucttofl of ien roads in roadless or .cpase/t roadcd areas and of remoial or restoration of existing toads to

benefit lioth tericstitiI atiti a1jitatii
fijota

Re isihn dr los Lies ios de .arrtteras en .onninidades Tcrrcstres AcuaticaS

Resurnen las cintteras con otto caracleistica predoininanttY en incremento de Ia mayoa de los pssajes

Revisamo Ia litcatura cisntifica siMre los efectos ecolOgicos ste las caneteras encontratnoS stssteflto para Ia

conclusion general de quc las arretgraS e.ctdn asociadas con efectos negativos en Ia integridad
biótica tanto

he ecosicttlflaS terrestres come acuatico.c as caetCras sic cualquier tipo ocasionan siete efectos generaleS

itiertalidad icasiotiada por Ia construct jun tie la caetera inortalidad debida Ia coiisiOn con vehIculos

tnoslificacioues en Ia wuducta aiiinial atteraCiOfl dcl ainbientefisico alteraciófl del anibiente quIniico dis

fersiOn he espes let CXtitLS iiCrtPicnit en el uso de dreas por humanos La construcciOn sic caetCraS

etiinina cirganic sesiles organismss de lento inoiirniento lesiona orgaflismos adyacenteS ía car-

etera altera las condicioncs fisicas dehajo ella misma is colisiones con vehIculos afectan Ia dernografta

tie nuithuis espeties tanto de rzrtehrados como inverlebrados las medidas de mitigaciOnpara reducirlapbr

i/lila tie iioialc por
ohS/ones con ieinculos ban sido exitosas solo de inanera parcial

Las caeteras al

teen hi coin/in 1.1 animal at casionar comb/os en ci rango de hogar nnovjtfljenloS dxito reproductiVo re

sfiiie.sta
tie Slit/S

ctitloJZSl0lOg las 1aizeteras canhian ía densidad del suelo temperatura
contenido

Ii ag/itt en il .sueto iiiides tic lit polio aguas superficiales patrones
de escurrimiento sedimcntacihfl

itliflia le iyrcyar
utak.s pcsados usfiecialiflente plomo sales motdcitlas orgdniCas

oz000 mutrienteS

att01i atrarliSali las carrctettls promueten Ia dispersiOn
de especies exOticaS alterar los hhbi

151 loi 1/itt btt .5 ret nO fllO ii un ript accepted .f
1999
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iiong the most widespread forms of modification of the

itural landscape during the past century has been the con

truction and maintenance roads Iiarnondhack 990

fenjieti 1991 Noss Cooperrider 1994 As Conservation

logists seek to understand the forces that influence the

ibilitv of populations and the overall health of ecosys

ip it is important that we understand the scope of the

ological effects of roads of all types especially important

conservation biologists ire asked to participate in the de

velopment and iinplenientatioti of strategies to protect or

restore elements of biological diversity and integrity

Roads of all kinds affect terrestrial and aquatic ecosys
tems in seven general ways increased mortality front

road construction increased mortality from collision

with hides niodifk ation of animal behavior al

teratioti the physical envircinnlent alteration of the

chemical environment spread of exotic species and
increased alteration and use of habitats by humans

These general effects overlap somewhat In sonic cases

animals modify their behavior and avoid roads because of

concentrated human activity along roads Roads may fa

cilitate the spread of invasive species by disrupting native

communities and changing physical habitats Roads may
fragment populations through roadkill and road avoid
atict lesptie the diftIcult\ of eatcgonzitig discretely the
causal basis in everexample these seven categories

provide useful framework for assessing what is known
and unkn wn ah mt the ecological effects of roads

Selective road removal relocation or reniediation may
provide ecological benefits in certain situations Yet

though roads arc commonly identified as important cor
relates indicators of loss of ecological health

NosS .ooperi-ider 1991 the specific mechanisms by
which hiota are affected are often complicated or uncer
tain lhei-efore mitigation or treatment of specific ef

fects whether dunng road design or in post-constnu-tion
rcmediai iii can he costly and fraught with uncertainR

Mortal it from Road Construction

Road list nlctitiii kills ativ sessile or Slow-moving or
gInisrn in thc path of the road Ihte extent to which road

construction contributes to direct mortality has not been
estiniated as has direct mortality front other forms of

habitat destruction e.g Petranica Ct al 1993 The fact

that road construction kills individual organisms is obvi

otis however The magnitude of such construction is

not trivial the 13107.812 km of road lanes of all types
in the contermjrious United States with an average
width of 3.65 per lane have destroyed at least

4784351 ha of land and water bodies that formerly sup
ported plants animals and other organisms U.S De
partment of Transportation 1996 The actual number is

likely much higher because this estimate does not in

clude shoulder pavement and land peripheral to the

roadbed that is cleared during construction

Construction may physically injure organisms adjacent
to the path of construction Roads built for extraction of

white fir result in damage to trees that is visible tip to

30 from the road Trafela 1987 Such damage con
tributes to decline of up to 30% in forest productivity

per rotation due in part to decline in growth of dam
aged trees Construction also alters the physical condi

tions of the soil underneath and adjacent to the road Ri

ley 1984 showed that road coitstruetion increases soil

compaction up to 200 times relative to undisturbed

sites These changes likely decrease the survival of soil

hiota that are not killed directly Direct transfer of sedi

ment and other material to streams and other water bod
ies at road crossings is an inevitable consequence of

road constriction Richardson et al 1975 Seyedbagheri

1996 High concentratiojis of suspended sediment may
directly kill aquatic organisms and impair aquatic pro
ductivity Newcornbe Jensen 1996

Mortality from Collision with Vehicles

Mortality of animals from collision with vehicles is well

documented Many reviews of the taxonomic breadth of

the victims of vehicle collision have been published

e.g Groot Bruinderink Hazebroek 1996 Few if any
terrestrial species of animal are immune Large mammals
ranging in size from moose Ices alces to armadillos

Dasypus noverncinctus are the best-documented road-

kills probably due to interest in their demography and

to their size Bellis Graves 1971 Puglisi et al 1974

eStresar las espe1ie uatiias proveer Corrtcjiies para movilniento IA1S Carretem-as tumbiØn pro
el jncrenento 1e Ia caza Ia pecca el bostiganento pasivo de arzimales modificaciones del

cNo todas las especles iii todos los ecosistemas con afectadospor las carreteras de igualforina pero en
K/a presencia de carretera.c esta allainente corre/acionada con canthios en la composiciOn de espedies

iaæospoblacionale.c Ii proclsos hidrologicos geomorfolOgicos que afectan Ia estructura de siste

cuÆticOsj repareosSe iecesita mac ifriiesligJcj experimental para complementar estudios correlati

sl-hoe Noe.ctra erISlflfl Iace eiifaszs 111 en trabafos de conservacjOn is importante evitar Ia con
don de nuet as carrtrai areas carefltes dc ellas pfl Oreas con pocas carreteras adernÆs de remover
aurar carreteras extctentdc 00 Ia finalidad de heneficiar tanto Ia biota acudtica como Ia terrestre

oduction
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Reilly Green 19-i Iloiroyd 199 Wilkins Schmidly

980 Bashore et al 985 Iavies ci il 98 Bangs Ct al

1989 Palomares 1clibes 1992

Roadkill among many other species inlLtdes American

Kestrels Falco sparrerius Varland et at 1993 Barn

wls Tyto aTha Newton et at 1991 Northern Saw-

whet Owls and Eastern Screech Owls .4cgolius acadi

cus tirid Otis asia Loos Kcrlinger 1993 tropical for

est birds Novelli et al 1988 garter snakes Dahymple
Reichenhach 1984 granivorous birds 1hindsa et at

1988 American crocodile crotadylus acntus Kushlan

988 green iguanas Iguana iguana Rodda 1990

desert snakes Rosen lowe 199i toads van Gelder

193 plus wide range of invertebrates especially in

seCts Seibert Conover 1991

This form of mortality can have substantial effects on

populations demography \ehicle collision is the pri

mary cause of death for moose iii the Kenal National

Wildlife Refuge in Alaska Bangs ct at 1989 and for

Barn Owls in the United Kingdom Newton et al 1991
the second highest form of mortality for Iberian lynx

fe/is pardina in southwestern Spain after hunting

Ferreras ci al 1992 and ic third highest form for

white-tailed deer Odocoileus iirginianus in New York

sarhello Jackson 1985 and wolves anis lupus

in Minnesota Fuller 1989 Roadkill is limiting factor

in the recovery of the endangered American crocodile in

southern Florida Kushlan 1988 and is t.outributing to

the endangerment of the prairie garter snake Thamno

pins radix radix 1alrymple Reichcnhach 1984
Roadkill is often nonspecific with respect to age sex

and tnclition .f the individual animal e.g Bangs et at

1989

Aniphibians mas be especially vulnerabie to roadkill

because their life histories ofien involve Ittigration be

tween wetland and upland habitats arid individuals are

1nconspieuou and sometimes slow-moving Roads can

be demographic barriers that cause habitat and popula

tion fragmentation Joly Morand 1997. In the Nether

lands for example roads with high traffic volume nega

tivel\ affect occupancy of ponds by moor frogs Rana
anus Vos Cliardon 1998 Iii Ontario the local

abundance if toads and frogs is inversely related to traf

fic density on adjacent roads bitt the incidence of road-

kill relative to abundance is higher on highly trafficked

roads Fahrig et al 1995 Thus even though popula

tions in high-traffic areas have apparently already been

depressed front cumulatie road mortality they con

tinue to suffer higher proportionati- rates of roadkill

Mitigation measures have bet-n employed in different

locations with varying degrees of success Vanes et

f95 For example underpasses on Interstate 75

have been only partially successful in reducing roadkill

Florida panthers Fe/is conwlur coryi Foster Hunt

phrv 1991 Iespite mitigation efforts roads arc likely

he .i persistent source of mortality for many species

In general mortality increases with traffic volume e.g
Rosen Lowe 1994 Fahrig et al 1995 Some species

are less likely to be killed on high-speed roads than on

medium-speed roads because the former usually have

vegetation cleared back further from the roads shoul

der creating less attractive habitat and greater visibility

for both animals and drivers Other species however
are attracted to the modified habitat alongside and in the

meridians of high-speed roads Cowardin et at 1985

making them population sinks

Modification of Animal Behavior

The presence of road may modify an animals behavior

either positively or negatively This can occur through

five mechanisms home range shifts altered movement

patterns altered reproductive success altered escape re

sponse and altered physiological state

Black bears Ursus anlericanus in North Carolina

shift their home ranges away from areas with high road

densities Brody Pelton 1989 as do grizzly bears in the

Rocky Mountains Ursus horribilis McLellari Shackle-

ton 1988 Elk Cervus elaphus in Montana prefer

spring feeding sites away from visible roads Grover

Thompson 1986 and both elk and mule deer Odocoileus

hemionu.s in Colorado in winter prefer areas 200
from roads Rost Bailey 1979 Wolves will not estab

lish themselves in areas with road densities greater than

region-specific critical threshold Jensen et at 1986

Thurber et al 1994 probably as result of relation

ship between road density and hunting pressure Moun
tain lion Felts concolor home ranges are situated in ar

eas with lower densities of improved dirt roads and

hard-surface roads Van Dyke et al 1986 suggesting

that either mountain lions avoid these areas or road con
struction tends to avoid their prime habitat Elephants

Loxodonta africana in northeastern Gabon preferen

tially locate in forests away from both roads and villages

Barnes et al 1991 Both Black Vultures coragyps

atratus and Turkey Vultures Cathartes aura on the

other hand preferentially establish home ranges in areas

with greater road densities Coleman Fraser 1989

probably because of the increase in carrion

Roads may also alter patterns of animal movement
Caribou Rangfer tarandus in Alaska preferentially

travel along cleared winter roads that lead in the direc

tion of their migration Banfield 1974 Although the

road may enhance caribou movement it results in in

creased mortality from vehicle collisions and predation

by wolves After calving female caribou with calves

avoid roads Klein 1991 The land snail .4rianta arbus

torunz avoids crossing roads even those that are un

paved and as narrow as Baur Baur 1990 and ex

tend their movements along road verges Reluctance to

cross roads is also seen in white-footed mice PerornyscuS

ns .ion i3 Iog
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ic/u oP/IS Merr am et il 1989 and rniny thr rodent

species xlev et al 194 even when the road is nar

row 11 covered onI with gravel OttOn rats

ignlo/l bispithus and prairie voles Jiicrotus oJiro

avoid roads as narrow as Swihart Slade

98-i Black hear almost never cross interstate luglivavs

in North .arolina Brody Pelton 989 but vil cross

roads with less traffic volume Roads act as harriers to

gene flow in the common frog Rana temporaria in

ernyl leading to significant genetic differentiation

among populations Reh Seitz 1990 Other animals

that sh reluctance to cross roads include pronghorn

antekpc Ltntiiocapra americana Bruns 97T and rnoun

tam lion Van Dyke Ct al 1986

Sitnie aniniak seem unaffected the presence if

oids at least at sonic spatial scales Based on study of

20 ilverines Hornocker and Hash 1981 concluded

that tv sizes and shapes of home ranges of wolverines

when hey at-c still found in northwestern Montana are

independent of the presence of highways Similarly the

presence of highways explained none of the aliclic dif

ferenliation among populations of brown hares

europaeu in kustria Lartl ct al 198

Road- may affect an animals reproductive success

Product ivit of Bald Eagles Haliacetims lemuoccphalus

in regon Anthony lsaacs 1989 and Illinois Panik

198 declines with proximity to roads and they prefer

entialis nest away from roads Golden Eagles .-lquila

cbrjsamtos also prefer to nest away from human distur

hance including roads Fernandez 1993i The reduced

nesting success of eagles iii proxImity to roads may be

more function of the presence of humans than of the

road itself nesting failure bs lden Eagles in Scotland

correlates with how easy it is for people to approach hut

not ii ft proximity to roads themselves Watson and

Dennis 1992 Relative to habitat ivajlahijitvSandhill

.ranc rus canadensis avoid nesting near paved and

gravel public roads Norling et al 1992 they do not

avoid private roads with low-traffic volume Norling et

al 992 and cai habituate to roads ncr time Dwycr
Tanner 1992 Mallards Anas fl.atlrbtYiIchOs in North

Dakota on the other hand prefer road rights-of-wai for

nesting owardin Ct al 1985 perhaps because of

lower level of predation there

Road can also alter escape responses Pink-footed

lnser bracbyr/ijnchus in Denmark are more

easily disturbed when feeding near roads flying away
when humans approach within 500 rn greater dis

tancer han when feeding in areas without roads

Madsen 985 Both the t.apwing l-anellus mime//us

and Black-tailed Godwii liunasa limnosa are more eas

ily disturbed near roads and have disturbance distances

of fr4 2101 depending on traffic volume Van der

7ande ci il 1980 Less well known is the effect of roads

and vehicles on an animals physiological state Mac
Anhut Cl 9T9 showed that heart rate and therefore

metabolic rate and energy expenditure of female big-

horn sheep Oiis canadensis increase near road inde

pendent of any use of the road Roads contribute to frag
mentation of populations through both increased

mortality and modification of behavior that makes ani

mals less likely to cross roads Fragmentation may be ac
celerated by roads when spatially critical habitat patches

e.g stepping stones become unoccupied as result

of increased local mortality or reduced recolonization

Disruption of the Physical Environment

road transforms the physical conditions on and adja

cent to it creating edge effects with consequences that

extend beyond the time of the roads construction At

least eight physical characteristics of the environment

are altered by roads soil density temperature soil water

content light dust surface-water flow pattern of run

off and sedimentation

Long-term usc of roads leads to soil compaction that

persists even after use is discontinued Soil density on

closed forest roads continues to increase particularly

luring winter months lielvey Kochenderfer 1990
Increased soil density can persist for decades logging

skid trails in northeastern California over 10
years old

have soil that is 20% more compacted than soil in nearby

areas that have not been used as trails Vora 1988
The reduction of water vapor transport on road with

hard surface increases the surface temperature of

road compared to bare soil an effect that increases with

thickness of the road surface Asaeda Ca 1993 The

heat stored on the road surface is released into the atmo

sphere at night creating heat islands around roads Ani

mals respond to these heat islands small birds Whitford

1985 and snakes for example preferentially aggregate

on or near warm roads increasing their risk of being hit

by ears and at their northern range limits reducing en
ergetic demands for breeding

During the dry season the moisture content of soils

under roads declines even if the roads are not in use

Helvey Kochenderfer 1990 probably in response to

changes in soil porosity Roads through forests also in

crease the amount of light incident on the forest floor

The amount of increase depends on how much of the

original canopy and lower strata remain which depends

in turn on the width of the road and roadside verge Ihe

increase in light increases the density of species that pref

erentially grow where tight levels are high such as early-

successional disturbance-adapted species such as the

North American orchid fsotrja n2edeolo ides Mehrhoff

1989

Road traffic mobilizes and spreads dust which when
settled on plants can block photosynthesis respiration

and transpiration and can cause physical injuries to

plants Farmer 1993 ihese effects are sufficient to alter

Conservation Biology
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Iint mmunht si ruc turt t-1eciall\ fl cttflruuniICS

tniinatcd by 1k liens md itioss Aucrba It et a1 99
tIthinigh most sediiiicflt eiit \Vitcr lodies through

is rland flow or rnas Ittlure dust In highly trffickcd

ifl Serve as source of hue sediments nutrientS

tnt tiitamuiants tO tJ tiati cc ste nis jesswg et al

Roads and bridges can altur lie dc elopnicnt of shore

tines stream lianiicls fbi dplains and wetlands Be

ause of the cnerg associated ss ith nios ing watcr phys

ii effects often propagate long distiiiccs from the site

direct road incursion Rh htrdson ci ii 19S Alter-

liii in hydrodynamics and sediment deposit ton an ic

suIt ui changes in hannel or shorelines many kilonic

cr5 away 1RtIi town- iiid ti gradient the road

ri ssiilg
The nature of such ri spouses to channel and

shoreline alteration is not abs ass predictable it rna IC

stud the seq uenc of fit ud si di mciii at ion events

after the alteration is made Roads on flia idplains can re

direct water sedinient -and nutrients betsseen streams

md wetlands and their ripariati ecosvstefli5 to tlit detri

iitelit of water quality and cos\ stein liejlth Roads are

among the nutty
human endeas ors that uiipair natural

habitat development and is oods debris namics in for

ested floodplain risers Pmegav l.andon

Road crossings comnionl ac as harriers to the move

iient tf fishes and other aquatic
animals Fumiss et al

NI Although man headss iter populations of salmo

id fishes are uitui ally niigrat try hes ott en persist to

dt as fragmented licadwater isolates largely because of

migration harrerc reated by road rossings and other

Ii unman devctopilleilts
that tail to pr vmde for fish passage

Kersltner Ct il 99 Rieniami et ml Salrnonmds

and ther rivcrine fishes aetis els ilios into seasonal

Ii odplain wetlands and small allt\ -fbi tributaries tO

scape the st resses ot main channel flood flows opp

989 hut valley-bottom roads can tiestros or block ac

ess to these seasonall% important
habitats Brown

Hart nun 988 Persistent barriers maY encourage local

selection for behas iors that do not indude natural nugra

tion patterns potentially reducing both the distribution

and productis ity poptilat it in

Roads directly change thc hydrology sf slopes
and

stream channels resultitig in alteration if surface-water

habitats that are often detnnieutal to native hiota Roads

intercept shallow groundwater flow paths diverting time

water along the roadwa and routitig it efficiently to stir

lace-water systenis at str ant rossings Niegahan 1972

\Vetiple et il 99 lb is in ctU5 or coiitrihute to

changes in the timing and routing of runolf King len

n\ son 1981 Jones flraitt 996 7iemer lisle 1998

the effects of fuels may hi tuort evident in smaller

-.treams than in larger ri ers hones rant 996 Fly

drologic effects are likcis to persist for as long as the

tad remains pl nstcal teatnre altering flow routing

ftea long after abandonment antI revegetation
of the

road surface- By altering surface or subsurface flow

roads can destroy and create wetland habitats

Changes in the routing of shallow grouridss ater and

surface flow may cause unusually high concentrations of

runoff on hilislopes that can trigger erosion through

channel downcuttiflg new gully or channel head irtitia

tion or slumping and debris flows Megahan l92 Rich

ardson et al 1975 Wemple et al 1996 Seyedbaghcri

1996 Once such processes occur they can adversely

affect fishes and other biota far downstream for long pe

riods of time Hagans et al 1986 Hicks et al 1991

Roads have been responsible for the majority of hill

slope failures and gully erosion in most steep forested

landscapes subject to logging activity Furniss Ct al

1991 llagans et at 1986 Because most of these morc

catastrophic responses are triggered by the response of

roads during infrequent intense storm events lag times

of many years or decades pass before the full effects of

road construction arc realized

Chronic effects also occur however Time surfaces of

unpaved roads can route fine sediments to streams

lakes and wetlands increasing the turbidity of the wa

ters Reid lunne 1984 reducing productivity and

survival or growth of fishes Newconmbe Jensen 1996

arid otherwise impairing fishing Buck 1956 Existing

problem roads can be remediated to reduce future ero

siorl potential e.g Weaver et al 1987 Harr Nichols

1993 The consequences of past sediment delivery are

long-lasting and cumulative however and cannot be ef

fectively mitigated l-lagans et at 1986

Alteration of the Chemical Environment

More has been written about the effects of roads on the

chemical environment than on all other effects com

bined Maintenance and use of roads contribute at least

fIve different general classes of chemicals to the environ

ment heavy metals salt organic
molecules oZOFft and

nutrients

variety of heavy metals derived from gasoline addi

tives and road deicing salts are put into the roadside en

ironmuent The most widely documented is lead but

others include aluminum iron cadmium copper inanga

nese titanium nickel zinc and boron Garcia-Miragaya

et at 1981 Clift et al 1983 Gjessing Ct al 1984 Oberts

1986 Araratyan Zakharyan 1988

Heavy metal contamination exhibits five patterns First

the amount of contamination is related to vehicular traf

fic Goldsmith et 1976 Date Freedman 1982 Fe

harne et at 1992 Second contamination of soils plants

and animals decreases exponentially away from the road

Quarlcs et al 1974 Dale Freedman 1982 Most stud

ies indicate that contamination declines within 20 in but

that elevated levels of heavy metals often occur 200 mu or

more from the road The pattern
of decline is influenced

ii sjtI II
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prevailing
wind pat term Ilaqus llarnecd 8ô

ice metals reach aquatic environments tlaflsport rates

distances increase substantially CiessiiIg Ut

84
id heavy metals ian lx localized in the soil either

to the surface it downward transport has not oc
mdii .hotidhri or deep below the sur

if polltitmn levels ii the past exceeded those in the

id al 1983 ransportation and localiza

uon is large itfectc the phi sic.al properties of the

il \assolou it 9S Metils uid other persistent

chenticals lLxcd to soils inas become reniohilizeel once

they air inundated or transported to freshwater environ

ments by wind water or gravity

Fourth heavy metals ad umulate in the tissues of

plants latta diosh OBS Bcslaneev Kuchmazokora

1991 and animals Collins 984 Birdsall et al 986
Grue el al 1986 As with soil contamination of plant tis

sue oc urs up at least 200 nt from road and is great

est for individuals along roads with high traffic volunie

Fift Ii heavy metal concentrations in soil deeline over

time wtìcre use if leaded gasoline has been stopped and

surface ss ater 1kw carries the metal ions away Byrd et

at l98 long 1990 Alter they lease the terrestrial en
vironment hoss ever the mobilized metals may cause

additional harm to aquatic bii ta AIX some of the pro
cesses of metal demobilization may be reversed rapidly

if envioiiniental conditions such as acidity of the soils

sediments or ater change Nelson et al 1991

Peicing salts particularly Nal but also .aCl KCI
and Mg contribute ions to the soil altering p1J and

the soils chemical
composition Bogernans ci al 1989

3s with lead discontinuation of the use if deicing salts

allows plants damaged by salt stress to recover l.eh

19901 The effects on aquatic biota of temporary surges

of salt that often aconipan runoff front roads to stir-

face and groundwaters have received little study lcic

ing salts itt roadways elevate chloride and sodium con
centrations in streams Molles Gosz 1980 Hoffman et

al l981 Peters Turk 1981 Mattson Godfrey 1994
and in Oogs where road salts can alter patterns of suc

cession in aquatic vegetation Wilcox 1986 Accumula

non of salts froni cheniicals used for road deicing or dust

control can disrupt natural stratification patterns and

thus potentially upset the ecological dynamics of nicro

mietic lakes Hoffman et al 9f Kjensmo 1997

Organu pollutants such as dioxins and polychlori

nated hiphenvls are present in higher concentrations

along ri ads Renfenati ci al 1992 lydrocarbons may
accumulate in aquatic ecosystems near roads Gjessing
et al 1181 In one stream along British highway nu
ineruus nitaminants were present at elevated levels in

the attr column and sediments including copper

zinc and various hvdrocarboiis but polyeyclic aromatic

hydri_ arlssns assi ciated with stream stdijnentsaceoiinuij

fur most of the observed toxicity to aquatic amphipoils

Matthv et al 1995 little research has fo

cusecl on the questions of the fate and effects of the or

ganic chemicals associated with roads

Vehicles produce ozone which increases the concen

tration of this harmful molecule in the air especially in

areas where vehicle exhaust accumulates Flueckiger et

al 1984 Roads are also especially important vectors of

nutrients and other materials to aquatic edosystems be
cause the buffering role normally played by riparian veg
etation Correll et al 1992 is circumvented through di

rect runoff of materials in water and sediment where

roads abut or cross water bodies Water moving on and

alongside roadways can he charged with high levels of

dissolved nitrogen in various forms and sediment brings

phosphorus subsidy when it reaches surliee waters
Road deicing salts are an additional source of phospho
rus Oberts 1986 The degree to which roads directly

contribute to eutrophication problems iii aquatic eco
systems has been little investigated Because roads de
liver nutrients that originate in the contributing slope

area the nutrient burden is probably largely controlled

by surrounding vegetation and land use An increased

density of road crossings of water bodies can be ex
pected to increase delivery of nutrients

The alteration of the chemical environment by roads

results in number of consequences for living organ
isms First in the terrestrial environment the chemical

composition of some woody plants changes in response
to pollution These changes include increased concen
trations of chemicals produced by plants such as terpe

noids which help them resist the toxic effects of pollu

tion Aioniov et al 1989 and salts Bogemans et at

1989 and decreased production of other chemicals

such as soluble protein and chlorophyll which are

necessary for Ilant function Bancrjee et at 1983
ieeond organisms may be killed or otherwise dis

placed as result of chemical exposure Virtually alt

measures of soil hiotic diversity and function decline in

contaminated soil including abundance number of spe
cies species composition index of species diversity in
dex of equability and bulk soil respiration Muskett

jones 1981 Guntner Wilke 1983 Krzysztollak 1991
Third the growth Petersen et 1982 and overall

physical health Flueckiger et at 1984 Moritz Breiten

stein 1985 of many plants is depressed even to the

point of death Fleck et al 1988 The sensitivity of

plants to pollutants may change during development
for example seedlings are niore sensitive to salt than are

adults Item et al 1984 which influences juvenile re

cruitment Pollutants may affect plant health by damag
ing fine roots mycorrhizae Majdi Persson 1989 and
leaves Siniini Leone 1986 and by changing salt con
centrations in plant tissues Northover 1987 Secondary
effects on plant health include decreased resistance to

pathogens Northover 1987 causing further declines

In aquatic environments plant and anintal assemblages
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may change due to direct and indirect responses to liii

trient increases and due to growth suppresSion or mor

tjliis caused by other chemicals introduced by roads

loiirth plants Graham Kalman 1974 Nasralla AR

1985 Dickinson ci at 98 uttormsen 993 and ant

mats Rohel ci at 1981 ollins 1984 Harrisoti Dyer

19$u KrzvsitofIak 1991 Marmo Ct at 1992 including

thus cultivated or raised for agriculture may accumu

late toxins at levels that pose
health hazards induding

tb st for humans that consume exposed organisms Jarosz

199

iti ii increased concentrations near roadsides of some

pollutants particularly salt attract large niainnials put

ting diem more at risk of being killed vehicles Fraser

homas 1982 Spills of edible products from trucks

and trains also attract wildlife to roadsides Finally eVO

lutionary prccssc may be affected through altered se

ct ti iii pressures that result in local differentiation of

populations
of 10th plants Kmang 1982 and animals

Minoranskii Kuzina 1984

Spread of Exotic Species

Roads pros-ide dispersal of exotic species via three mccli

.tflisnis providing habitat by altenng OIiditiOtIS making

invasion inure likely by stressiig or removing native spe

cies and allowing easier movement by wild or human

lors It is often difficult to distinguish among these

factors Soils modified during road onstruction can fa

ilitate the spread of exotic plants along roadsides

rienherg Ct at l99 Some exOtic plants establish

tI citistives preferentially along roadsides and in other

disturbed habitats Wester .luvik 1983 Henderson

\X clis l98b Tvscr Worley 1992 Weimi Ct al 1992

lit spread ol exotic diseases Dawson Wcsie 1985

ad ci at 1986 and insects Pantaleoni 1989 Schedl

is fa ilitatcd by increased density of roads and traf

ii solume Road construction that alters the canopy

slriu.ttire of forests protiiOtes
invasion exotic under

sWrS plants
which affects animal communities Gaddy

Kohlsaat 198 Sonic roadside verges have been in

vaded maritime plants bectuse of their ability to tol

-r.iii- aljnc soil Scott Davison 1982 Feral fruit trees

art- found preferentially along roadsides and some pop

ulations are maintained solely seeds in fruit waste

tuown from vehicles Smith 986

\OtiC species are imetiincs introduced along road

odt for the purpose
of erosion control Niordson

81b Native species are nos more idcl preferred

this purpose hut Dunlap 98 argues that in some

tscs the need for rapid establishment of plant cover re

1ilires
the use of exotic species

In another form of deliberate introduction roads pro-

ide uas% access to streams and lakes for fishery manag

.iStFVAttOfl iftoiog

rn rruir 20

crs to stock nonnative hatchery fish Lee CI al 1997

which adversely affect native 1iota and disrupt aquatic

ecosystems
in many ways Allan Flecker 1993 Un

sanctioned illegal and unintentional introductions of

fishes mollusks plants and other aquatic organisms

also occur frequently Allan Flecker 1993 and they

are facilitated by public road access to water bodies

The dispersal of biological agent such as pathogen

along roadway can affect both terrestrial and aquatic

ecosystems far front the road In northern California and

southwest Oregon for example vehicle traffic and road

way drainage along logging and mining roads during the

wet season disperse spores of an exotic root disease

Phythoptera lateralis that infects the endemic Port

Orford cedar chamaecypariS lawsoniana Zobel et al

1985 Transfer of the water-borne spores
from forest

roads into headwater stream crossings can result in the

infection and nearly complete mortality of Port Orford

cedars along much larger network of downstream

channel margins
and floodplains even deep inside oth

erwise roadless areas The progressive loss of this impor

tant conifer species from riparian ecosystems may engen

der substantial long-term consequences for the integrin

of stream biota including endangered salmon species

for which the Port Orford cedar provides shade large

and long-lasting coarse woody debris and stabilization

of channels and floodplains

Changes in Human Use of Land and Water

Roads facilitate increased use of an area by humans who

themselves often cause diverse and persistent ecological

effects New roads increase ease of access by humans

into formerly remote areas Perhaps more important

roads often increase the efficiency with which natural

resources can be exported At least three different kinds

of human use of the landscape made increasingly possi

ble by roads can have major ecological effects hunting

and fishing recreation and changes in use of land and

water

Roads open up areas to increased poaching and legal

hunting Hunting reduces population sizes of many

game species including brown bear Ursu-s arctos Ca

marra Parde 1990 Iberian lynx Ferreras et at 1992

wolves Fuller 1989 black bear Manville 1983 and

Egyptian mongooses Herpestes icbneu mon Palomares

Delibes 1992 Roads also increase both legal and ille

gal fishing in streams and lakes Native fish populations

in previously inaccessible areas are often vulnerable to

even small increases in fishing effort Increased fishing

then often gives rise to public demand for fish stocking

as art attempt to artificially compensate for the effects of

unsustainable harvest at the further expense of native

fishes and other species e.g Gresswell Varley 1988
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Visitors increase when roads make areas more accessi

leading to increased passive harassment of ani

-5sIRh as elk on Mount St Helens in Washington

it elI 1991 and th Oregon oast Range

Wttmer Ddalesta 198S hrosn hear in Europe likI

Canipo ci al 1990 and mountain goats Oreamnos

arnericc.lnus in Montana PedevillanO Wright 1987--

and damage to plant communities Matlack 1993

Roads are often built into areas to promote logging

agriculture mining and development of homes or in

dustrial or coflJrnCrCial projects Such changes in land

cover and land and water use result in major and pet-sis

tent adverse effects on the native flora and fauna of ter

restrial Van Dyke et at 1986 Karnefelt Mattsson

1989 Seihert 1993 and freshwater ecosystems

Schlosser 1991 Allan Flecker 1993 Roth et al 19961

Numerous studies have demonstrated declines in stream

health associated with roads Because the nature and ex

tent of land use within region tend to be highly con-e

lated with road networks ho ever it is often difficult

or impossible to separate the direct ecological effects of

roads froiii those of the accompanying land-use activi

ties For example Eaglin and Hubert 1993 reported

that trout hioniass and streamhed habitat quality in Wyo

ming streams declined in relation to the number of road

crossings and to the proportion of area logged in the

contributing catchment l-indlav and Houlalian 1997
found that herptile species diversity in wetlands declined

in relation to the density of roads within km of the pe
rimeter Amoflg streams in the Pacific Northwest the

status oi abundance of bull trout populations has been

inversel .orrelated to road dctisirv Rieman ci aL 1997

Baxter tI 19991 these studies used roads as the best

available general proxy of cuniulative effects associated

ith land use and human access On the other hand

some studies Roth ci al 1996 have demonstrated

correlations of stream bittic integrity with land-usc pal-

Orect hatetht impact roads ard cottmng ursts

Zone of indirect off-ste Impact

Unaltered habitat

terns across large catchments but did not investigate the

specific roles that roads might play in mediating the

causes and effects

It appears that roads can serve as useful indicators of

the magnitude of land-use changes but it remains un
clear to what degree the associated ecological responses

result directly from roads themselves If roads are largely

responsible effects could be ameliorated through al

tered road design placement remediation or road re

moval Strong interactions between roads and land use

are likely however Forest roads in Idaho for example
are less prone to erosion when the surrounding landscape

remains in natural forest cover Seyedbagheri 1996

Discussion and Conclusions

Roads have diverse and systemic effects on many as

pects of terrestrial and aquatic ecosystems The ecologi

cal effects of roads can resonate substantial distances

from the road in terrestrial ecosystems creating habi

tat fragmentation and facilitating ensuing fragmentation

through support of human exploitative activities Fig la
Habitat deterioration is not widely appreciated as an as

pect of ecological fragmentation in aquatic ecosystems
At the scale of an extensive landscape or stream net

work however roads produce pattern of aquatic habi

tat loss that differs from the terrestrial pattern yet never

theless results in the ecological fragmentation of aquatic

ecosystems Fig ib We coin the term hyperfragmen

tation to describe the multidimensional view of ecologi

cal fragmentation and habitat loss that emerges when
the consequences of roads or any habitat alteration for

terrestrial and aquatic ecosystems are considered simul

taneously Fig ic llyperfragmentation is the result of

spatial footprint of ecological effect that propagates

across the landscape differently in freshwater and

Figure Spatialpattern of direct

and indirect habitat alteration

caused by human disturbance in

forested watershed classical

forest edge effects contributing to

terrestrial habitat fragmentation

downstream-propagating hy

drologic and biotic effects leading

to large-scale fragmentation of

freshwater habitats and popula

tions combined terrestrial-

aquatic view of landscape alter

ation that we term hyperfragmen

tation because it considers multzple

ecosystem dimensions on the same

landscape Arrows indicate pre
dominant spatial vector of effects

al Upland habitat alteration Aquatic and riparian
habitat Cumutative extent ot

alteration and fragmentation habitat alteration andand fragmentation

hyperfragmentation
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.iquati
ct.O5YStCnhi thdil iri tcrrtStrlal systems Even

where only small percentage
of the lands surface is di

rectl occupied by roads few corners of the landscape

i-i main untouched their off-itc ecological effects

ho hreadtli of these effects cannot be apprc i.itrd un

less one takes broadly transdisciplinary
view of ecosys

tems and biological conimUrtitie

Road design managenletit and restOraUOll need to he

more carefully tailored to address the fiU range of eco

gical processes
and terrestrial and aquatic species that

inas be affected Deliberate monitoring iS nec cssary 10

rsure that projects have rbiot ecological benefits and

lilinitTlal adverse effects and that they ate cost-efficient

rilatis to their .R tu.il benefits ie.g eaver et al

Of course such assessnientS require time and

nionev that are risIiall unavailable Most funds used to

tntiliatt 1rOhlefll
roads arc earmarked for actual field

0pcrations
and are not .tvailalle to support

such assess

nit-nt and monitoring 1-ew of the experts building roads

restoring
them arc trained to reeogittle and address

the full spectrUtil
oh ological issues that we have tden

tied Moreover their nat ure roads hav systenhic

tc dogical effects that even if iccognlfed annot be

crc orne

It broad iev of the ecologt_al effects ot roads re

cals nuttitiplicit of effects it also suggests that it ts tin

ikeh that the eotiseluen CS If roads will cvei be com

pletely mitigated or rtinediatecl Thus it ts ritical to

ctain remaining roachiess or near-roadless portions
of the

landscape in their natural state Because of the increasing

carit of roadless areas espud
jaIls roadkss watersheds

tnservatioil efforts cannot rely entirely on protection
of

existing natural areas But neither can conservation ef

forts depend entirek on tenuous and unexamined as

siimption5
about the .tp.ibilitv

of site and species spe

cific mitigation and reniedi.ttioii measures to reduce the

is oh gic al conSequefl
if existing and proposed roads
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Recovery Research for the Endangered

Pacific Pocket Mouse An Overview of

Collaborative Studies1

Wayne Spencer2

Abstract

The critically endangered Pacific pocket mouse Perognathus longimembris pacficus feared

extinct for over 20 years was rediscovered in 1993 and is now documented at four sites in

Orange and San Diego Counties California Only one of these sites is considered large

enough to be potentially self-sustaining without active intervention In 1998 gathered team

of biologists to initiate several research tasks in support of recovery planning for the species

The PPM Studies Team quickly determined that species recovery would require active

translocations or reintroductions to establish new populations but that we knew too little

about the biology of pacificus and the availability of translocation receiver sites to design

such program Recovery research from 1998 to 2000 therefore focused on systematic

search for potential translocation receiver sites laboratory and field studies on non-listed

surrogate subspecies lorsgimembris and bongsi to gain biological insights and

perfect study methods studies on the historic and extant genetic diversity of

pacific-u.r and experimental habitat manipulations to increase pacj/Icus populations

Using existing geographic information system GIS data we identified sites throughout the

historic range that might have appropriate soils and vegetation to support translocated

pacificus Reconnaissance surveys of habitat value were completed in all large areas of

potential habitat identified by the model Those sites having the highest habitat potential are

being studied with more detailed and quantitative field analyses The surrogate studies helped

us design individual marking and monitoring methods and will be used to test translocation

methods before applying them to pacificus Genetic results suggest that pacficus

populations were naturally fairly
isolated from one another prior to modern development that

genetic diversity will continue to erode in the small populations that remain and that

individuals from extant populations could probably be mixed if maximizing genetic diversity

in any newly established populations is an impostant recovery goal Local populations should

be increased in situ before they can supply donor animals for translocations Experimental

habitat management shrub thinning at one occupied sitv yielded short-term positive

behavioral response of mice to thinned habitat plots However the overall population seems

to be in decline and long-term population responses to habitat manipulations are not yet

evident The approach of the PPM Study Team has been to proceed cautiously and

scientifically to obtain critical information and to design translocation program but we are

prepared to recommend swift action to prevent extinction despite insufficient data At this

point political and economic obstacles to species recovery seem larger than obstacles

presented by scientific uncertainty

An abbreviated version of this paper was presented at the Planning for Biodiversity

Symposium DATE AND PLACE
Senior Conservation Biologist Conservation Biology Institute 815 Madison Avenue San

Diego CA 92116 e-mail wdspencer@consbio.org
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Introduction

Recovery planning for endangered species requires pragmatic use of science

that recognizes we cannot always expect significant sample sizes or fully informed

decisions In recovery research the goal of sustaining and increasing populations

must sometimes overrule clean experimental design and decisions must often be

made based on untested hypotheses lest we observe extinction while we await more

data The overall guiding principal should be proceed cautiously with good science

but be prepared to act swiftly and decisively to avoid extinction using whatever

imperfect information you have

Recovery planning for the Pacific little pocket mouse Perognathus

IongimembrLc pacficus commonly referred to as PPM offers useful example of

this approach This paper briefly summarizes background information on the species

its history of decline and initial studies in support of species recovery then review

methods and preliminary results of some recent research tasks coordinated under the

informal umbrella of the PPM Studies Program Finally review current status of

these studies and summarize future directions for the program

Background

Perognathus longimembris pac/Icus is the smallest subspecies of he little

pocket mouse erognathus Iongimembris nocturnal burrow-dwelling mostly

granivorous heteromyid rodent species restricted to arid southwestern North

America 1-tall 1981 Williams 1986 Williams and others 1993 It is unusual as the

only subspecies or species of Perognathus found on the Pacific coast rather than in

arid inland deserts and grasslands Historically this subspecies occurred on fine

sandy soils within about to km of the Pacific coast of southern California from

near the Ntxican border to El Segundo in I.os Angeles County Grinnell 1933

Meserve 1976 Patten and others 1998 von Blocker 1931 Since the 1930s most

historic habitat has been removed and fragmented by uthan development and

agriculture with the last known population being extirpated by development in

Newport Beach during the early 970s Patten and others 1998 After approximately

20 years during which time the species was not detected small population

tentatively estimated at 25-36 individuals was rediscovered on the Dana Point

Headlands in 1993 Brylski 1993

The subspecies was emergency listed as endangered by the U.S Fish and

Wildlife Service USFWS in 1994 due to immediate threats to this tiny remnant

population USFWS 1998 Subsequently three additional population sites have been

discovered on Marine Corps Base Camp Pendleton San Diego County Ogden 1995

1997 MBA 1997 Despite extensive survey efforts throughout the range these four

sites igure represent the full extent of the current known subspecies range

USFWS 1998 Spencer and others 2000a 2000b

Criteria for species recovery include permanent protection of ten independently

viable populations USFWS 1998 Currently three of the four occupied sites Dana
Point San Mateo North and San Mateo South are less than 12 ha each in size and

their populations are thought to number under SO individuals each Spencer and

others 2000a 2000b Such small sizes predispose these populations to extirpation by

stochastic events catastrophes inbreeding depression or other factors Noss and

Csuti 1997 At present these three sites cannot confidently be called viable The

USDA Forest Service Gen Tech Rep PSW-GTR-xxx 2000
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fourth and largest site Oscar OnefEdson Range approaches 900 ha in total area

mosaic of occupied suitable patches and generally unoccupied unsuitable matrix

and supports hundreds of individuals Pavelka personal communication Dodd and

Montgomery 1998 Spencer and others 2000a Although the Oscar One/Edson

Range site is also vulnerable to extirpation it is considered sufficiently large to be

sustainable over at least the near term barring catastrophe
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Figure 1Historic open circles and extant closed circles locations occupied by

paciflcus For historic locations parentheses indicate the number of specimens in

museum collections and the years of their coflection For extant populations the

numbers of individuals captured in recent years are shown No capture-recapture

estimates of population size are yet available

Initial Studies and Founding of the PPM Studies Program

Since the listing of the species various studies were initiated to monitor

pacificus populations improve field study methods evaluate potential prqject

impacts and improve understanding of the species biology The USFWS has been

studying the pac4ficus population monitoring methods and microhabitat

selection at the Oscar One/Edson Range site since 1997 and Dodd and

USDA Forest Sesvke Gen Tech Rep PSW-GTR-xxx 2OOO
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Montgomery have performed yearly population monitoring at Dana Point since 1997

Dodd and Montgomery 1998 also investigated effects of trap spacing and trapping

duration on monitoring effectiveness at the Oscar One site

In 1997 the Foothill/Eastern Transportation Corridor Agencies entered into

Memorandum of Agreement MOA with the USFWS and California Department of

Fish and Game to fund several research tasks specifically called for by the species

Recovery Plan USFWS 1998 In response assembled team of biologists

including Schaefer Montgomery and Dodd which in July 1998 initiated

four specific research tasks called for by the MOA evaluate the feasibility of

translocating pacificur to establish new populations determine dispersal

characteristics of pac/Icus evaluate effects of Argentine ants on

pacficus and develop pacficus translocation protocol We also assembled

scientific peer
review committee to review progress reports and study designs

throughout the process Participants on the committee have included Drs James

Patton William Longland Jay Diffendorfer Howard Shelihammer Nicholas Holler

Michael Wooten and Richard Reading

During 1998 the study team reviewed existing literature pertaining to the four

initial research tasks interviewed scientific experts and performed very limited pilot

studies Based on this information we concluded Spencer and others 2000a that

translocation or reintroduction program is probably necessary to achieve species

recovery in the long term but we knew too little to attempt such program in the

short term knowledge of pac/1cus dispersal characteristics would be useful

but study specifically designed to answer dispersal questions would be prohibitively

expensive technologically impractkal and might do more harm than good to extant

populations Argentine ants are unlikely to be major limiting factor on

pacjficus due to differing habitat affinities Argentine ants require moist ground

conditions and arc generally associated with irrigated landscapes in southern

California and others 1998 Case personal communication whereas P.1

pacficus require well-drained and open vegetation communities and finally we

felt we could not design translocation program until critical information gaps were

filleti

Table summarizes information on pacificur available in 1998 relative to the

information needed to design translocation program according to Nielsen 1988
and USFWS 1998 The information gaps evident in Table were used to define

several research tasks deemed of highest immediate priority to further
recovery

systematic review of potential translocation receiver sites based on habitat suitability

and land uses controlled laboratory study using non-listed subspecies of

Ion gimembris to derive preferred Individual marking technique an intensive

multiyear study of non-listed subspecies to test field techniques before using them

on pac/Icus to gain basic biological information on the species and to test

potential translocation methods and population genetics study to establish

baseline measures of genetic diversity within and between extant and historic

pacificus populations Once results of these studies xmke it possible to perform more

intensive field studies on pacflcus that would do more good than harm we

recommended an Intensive multiyear study of pacfIcus to obtain essential

demographic and other natural history data Finally we also recommended

experimental habitat management particularly controlled burning or shrub thinning

to improve habitat quality and pacflcus population sizes at one or more

occupied sites

USDA Forest ServIce Gen Tech Rep PSW-GTR-xxx 2000
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Table lTranslocation feasibility considerations for pacificus as of 1998 based on

USFWS 1998 and Nielson 1988 yes under sufficient information indicates

sufficient information exists to assess whether translocotions are necessary or feasible but

does not imply that information is sufficient to design translocatlon program

Sufficknt

Consideration information Notes and comments

Reason for Yes Recovery criteria probably cannot be met without

translocation translocation/reintroduction program

Status of wild Yes Severely in danger of extinction Most potential habitat

populations has been surveyed four known occupied locations

representing three or four isolated populations All

remaining populations small

Biology No Insufficient information on habitat requirements

demographics space-use dispersal patterns etc Sparse

information available on related subspecies

Size and density of No Rough estimates individuals captured within single

wild populations season available for four sites Oscar OnefEdson Range

l3l San Mateo South 20 San Mateo North 37

Dana Point 21 to 36 No capture/recapture population

estimates

Movements and No/Yes Little available information on movements of

distribution pacificus or related subspecies Geographic distribution

fairly well established

Malefcmalc ratio Yes Dana Point 1.11 to 1.41 San Mateo North 0.81

Annual No No information on pacficur limited information on

recruitment related subspecies

Mortality rate arid No No information on rates some causes known or

causes suspected from limited observations

Health and No Little information besides external observation of wild-

condition of caught specimens in hand Most individuals appear

populations healthy and free of external parasites

Genetic variability No No information To be determined by this study

and integrity

Status of No Although it is known that few potential habitat areas

remaining habitat remain systematic review needed to identify potential

translocation receiver sites this study

Jepredation rates No Limited information on presence or abundance of

in target areas predators in potential receiver sites

Translocation No To be determined by this study

strategy

Capture technique Yes Capture methods in donor sites are relatively simple to

and technology define

Number and No Systematic review of potential receiver sites is needed to

location of release determine adequacy this study Recovery criteria will

sites be used to define number and relative distribution of

desirable sites

Post-release No To be determined by this study

support of

translocated

animals

Includes unique caIures on Oscar One IJSFWS 1998 pIus 20 unique individuals on Edson

Range Montgomery and Dodd 1998 unpublished data Additional captures represent an unknown

number of additional individuals because they were not marked to identify recaptures
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The remainder of this paper focuses on methods and preliminary results of those

primary research tasks conducted to date focusing on the translocation receiver site

study laboratory marking study field marking study population genetics study and

shrub thinning study

Methods

Translocation Receiver Site Study

The search for sites to receive translocated populations uses coarse-filter/fine-

filter approach We first developed simple habitat evaluation model based on

existing geographic information system GIS data layers to identify at coarse

scale large areas near the coast having appropriate combinations of soil and

vegetation to possibly support translocated pacijIcus Montgomery and

Dodd then surveyed these areas in the field to better rank habitat conditions using

quick evaluation method developed for this purpose coarse fitter Those sites

having the highest rankings based on the field reconnaissance will be subject to more

intensive quantitative studies fine filter These efforts are restricted to coastal

Orange and San Diego Counties because soils maps are not available for Los

Angeles County and remaining native coastal areas there seem generally unsuitable

for establishing new pac/1cus populations due to inappropriate soils habitat

degradation abundant exotic species and other factors Spencer personal

observations Behrends Montgomery and Pavelka personal

communications Ogden and Dames and Moore 1999

The GIS habitat model was used to screen out areas of Orange and San Diego

Counties that are clearly unsuitable for pacificus reintroduction and to identify

areas deserving field evaluation The model was therefore designed to be

conservative tending to overestimate potential habitat value for pacficus to

minimize chances of missing suitable site This conservative approach recognizes

that available digital information for soils and vegetation is coarse in scale relative to

pacijIcus habitat selection and may have inaccuracies

The model ranks P. paqflcus habitat potential based on three criteria distance

from the Pacific coast soil type and vegetation type Nearly all historic observations

of pacificus are within4 kmofthe Pacificcoast witha few as faras 6km so

inland limits of the study area were conservatively set at km of the coast measured

from the main shoreline or the eastern shore of larger bays

Spencer and Pavelkain collaboration with Dr Robert Graham

Professor of Soil Mineralogy and Pedology at U.C Riversideranked all soil types

mapped within this study area USDA 1973 1978 as having very high high low or

no potential to support paq/Icus based on surface horizon texture soil depth

and other factors e.g presence of hardpan high gravel or cobble content Care

was taken to consider all physical factors likely to affect burrowing or foraging

abilities of little pocket mice as well as the potential for higher quality soils to exist

as inclusions within lower-ranked soil polygons The highest-ranking soils were

classified based on results of detailed soils analyses performed by the USFWS at

occupied versus unoccupied microhabitats at the Oscar One paqficus site

Pavelka Winchell and Graham unpublished data Those results suggest that

pac/lcus are very discriminating of soil characteristics at finer scale measured on

20 20-rn grids than that of existing ni1s maps and that they strongly select for
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deep 30 cm fine-grained loamy sands not sandy barns having less than about

percent by volume of clay and less than percent by weight of gravel and rock

Vegetation types were ranked as having high bw or no potential to support

pac1cus using regional GIS vegetation maps SANDAG and Ogden 1997 for San

Diego County Orange County Planning and Development Services Department 1993

for Orange County pacflcus have historically been associsted with open

coastal scrub and grassland habitats having diversity of annual herbs so these

vegetation communities were ranked high pacficus probably cannot persist in

denser shrub communities wetlands or woodlands However the regional vegetation

maps are coarse in scale and some upland areas mapped as generally unsuitable

natural vegetation may contain small areas of open scrub or grassland Therefore all

natural vegetation types were considered to have at least low potential to support

pacflcus Areas mapped as agriculture developed disturbed rock or open water

were ranked as having no potential

The soil and vegetation rankings were combined to create overall habitat

rankings within km of the coast table based on the following logic Evidence to

date suggests that soils are the primary determinant of habitat quality at least within

areas of natural vegetation near the coast As long as the soils are highly suitable to

support pacficus low suitability vegetation e.g chaparral may reduce

pa/1cus habitat potential somewhat but vegetation management e.g burning or

thinning might be used to increase habitat quality Therefore the presence of low

quality vegetation on high quality soils only slightly reduces the overall habitat

potential to support pac/lcus However if the soils are low quality for

pacficus the vegetation community type or vegetation management will probably

have little effect on pacflcus habitat potential consequently the overall rating

reflects the soil potential low If either soils or vegetation are inappropriate e.g
clay soils or agricultural fields the site has no pacficus potential

Table 2-Habitat potential to support pacificus based on soils and vegetation See text

for how soils were ranked complete list of soil rankings is available from Spencer upon

request For vegetation suitability all coastal scrub grassland and dune vegetation

communities were ranked high all other natural vegetation communities were ranked low all

developed disturbed agricultural rock and open water areas were ranked none

Soil suitability

Vegetation

suitability Very high High Low None

High very high high low none

Low high moderate low none

None none none none none

Once maps of the overall habitat potential rankings were created relatively large

20 ha blocks of moderate to very high habitat value were outlined as field

evaluation sites Montgomery and Dodd then evaluated these sites in the field

during 1999-2000 using rapid evaluation data sheet to record vegetation soil and

other site characteristics The 5.10 sites receiving the highest scores during these

coarse-level field evaluations are currently subject to more intensive quantitative
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fine-filter study to determine their potential to support translocated pacficus

populations

Laboratory Marking Study

We tested four permanent individual marking methods on captive population

of non- listed subspecies longimembris subcutaneous passive integrated

transponder PIT tags toe clipping tiny custom-designed ear tags and

color-coded surgical sutures longimernbris was chosen as logical surrogate for

pacificus due to close phylogenetic and body size relationships and its non-

sensitive status Dodd captured 36 longimembris in Sherman live traps near

Yucca Valley San Bemanlino County California28 during June 1999 and more

during May 2000 The animals were housed individually in 19 21 32-cm plastic

cages supplied with natural desert soils in room having skylight for natural

day/night cycles and an air filter

Captive animals were assigned to one of the four marking techniques or to

control group by random draw Marking was done with the assistance and oversight

of veterinarian Dr Anthony Michael Six animals were marked in one ear with

custom-designed aluminum ear tags bearing 3-digit numbers etched into their

surface Six animals were marked with 2-digit toe clip code one digit on front

paw and one on rear paw using the standard manimalogical method Baumgartner

1940 Melchior and Iwen 1965 Toes were clipped distal to the ultimate toe joint

only far enough back to remove the nail and the cells producing nail growth using

either baby nail clipper or surgical scissors Six animals were marked with two

color-coded monofilarnent sutures size 4-0 monofllament nylon surgical sutures one

black one blue stitched through the loose skin on the nape of the neck tied with

triple surgeons knot and cut to leave 1.0 to 1.5 cm of loose thread projecting from

the knot Seven animals were tagged subcutaneously between the scapulae with PIT

tags which measure 11.5 mm Six tags were injected using 12-gauge

hypodermic syringe and one tag was inserted by hand via surgical incision across

the nape after shaving patch of hair Nine animals served as unmarked controls

They were removed from cages weighed and examined according to the same

schedule as the marked animals

After marking the test and control groups were regularly weighed and examined

for adverse health effects or behaviors The examinatiop schedule was every other

day for the first two weeks then weekly for ten more weeks and at least monthly

thereafter

Field Marking Study

The study team initiated field surrogate study during 1999-2000 to investigate

long-term mark retention and health effrcts in the wild collect basic natural history

and demographic data and to st various translocation techniques e.g use of

enclosure fences artificial burrow design We established two permanent study grids

near the village of Snow Creek in the Coachella Valley Riverside County California

San Bernardino Base and Meridian USGS 75 White Water Quadrangle Section 21

of Township South Range East Habitat on the site is relatively homogeneous

creosote- Larrea tridentata dominated desert scrub on north-sloping bajada
which is densely occupied by the non-listed subspecies bangsi
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The two trapping grids Grids and were established approximately 80

apart uth inter-trap spacing initially set at for Grid and for Grid based

in part on the trap-spacing study for pacflcus performed by Dodd and

Montgomery 1998 Grid consisted of 14 14 trap stations 196 total stations and

Grid of 10 10 trap stations 100 total stations The area Irapped by each grid is

thus 0.49 ha 70 70 assuming 4trap.space perimeter strip around each grid

Each station was set with two traps to reduce trap saturation by non-target species

especially kangaroo rats which often enter traps early in the evening Thus Grid

contained 392 traps at 196 stations and Grid contained 200 traps at 100 stations for

total of 592 traps per night

The grids were trapped for eight consecutive nights from 27 July to August

1999 to mark residents and search for an asymptote in capture of new individuals

We also trapped the grids for two nights on and September 1999 to observe

health and mark retention on previously marked individuals and to see if the mice

were still active above ground so late in summer seasonal timing and influences for

entering and leaving aestivation/hibemalion are poorly understood in

longimembris All captured individuals were marked by unique 2.digit toe-clip

combination subset of the mice were also marked by attaching uniquely

numbered ear tag to the left ear or PIT tag inserted subcutaneously using the

hypodermic reedle technique Toe clipping provided redundant mark for animals

also marked with ear or PIT tags in case these tags were lost

We recorded the following data for all captures sex weight reproductive

condition age young of the year or adult by pelage appearance location recapture

status and notes on animal condition and condition of any previously applied marks

Reproductive condition was based on the position of the testes for males and

condition of the vagina and size of mammae for females

Trapping was continued during 2000for five nights in April and four nights in

Julywith both grids trapped at the 5-rn 14 14 trap spacing We began marking

individuals with either toe clipping or PIT tag but discontinued ear tagging due to

high loss rates for ear tags

Population Genetics

James Patton and Andrea Swei at UC Berkeley analyzed geographic genetic

structure within and among the five subspecies of little pocket mice in southern

California bangsi brevinasus internationalis Ion gnembrzs and paq/lcus by

examining baplotype variation in their mitochondrial cytochrome gene Swei and

others in press The Ill total longimembris samples they analyzed included 48

pacficus specimens collected in 1995-2000 by puffing hairs or clipping toe tips

from live-caught individuals and 12 pacflcus museum skins collected in the

1930s from 2-mm skin snips Full 810-base pair bp sequences were obtained

from the live-caught specimens and 430-bp fragments were amplified from the

museum specimens To date the following live-caught pacificus samples have

been analyzed Dana Point 27 San Mateo South 10 San Mateo North

and Oscar One The historic museum specimens were collected from

El Segundo Oceanside and Tijuana Estuary Swel and others

in press applied variety of analytic and statistical measures to describe

phylogenetic and population genetic Structure within and among the five subspecies

and to infer population genetic processes affecting pacf1cus populations
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historically and today see Swei and others in press and citations therein for

complete laboratory and analytical methods

Shrub Thinning Experiment

variety of theoretical and empirical evidence suggests that vegetation has

become too dense at some of the occupied pacxficus sites for optimal habitat

condition and that thinning the vegetation by fire or other means might increase

habitat value and P. pacyIcus population sizes Experimental habitat thinning was

therefore initiated within the Dana Point pacficus reserve during 1999 It was

not possible to obtain permission for controlled burn at the site so shrub cover was

thinned by hand on experimental plots

Eleven trapping grids 40 traps arranged in 10 arrays with 3-rn spacing were

established and trapped during the spring and summer of 1999 pre-thinning and

2000 Jost-thinning three control grids and eight experimental grids The three

control grids were established in known occupied pacWcus habitat having

relatively low shrub cover the eight experimental grids were established in areas of

dense shrub cover not known to harbor pacflcus but having appropriate soils

The experimental grids overlapped four roughly rectangular shrub-thinning plots of

about 30 60 in each such that 1/2 of each of the experimental grids was in an area

to be thinned and 1/2 in an area not to be thinned hereafter thinned and unthinned

subgrids

Before thinning shrub canopies on the experimental plots covered mean of

about 83 percent range 75-87 percent measured at 21-60 cm above ground using

point- intercept transects During January 2000 shrub cover was thinned on the four

plots to mean of 32 percent range 26-36 percent lhinning was done by removing

individual shrubs at ground level using chainsaws and pruning tools to avoid soil

disturbance Concentrations of woody duff and litter were also lightly raked to

uncover mineral soils

Traplines were run for seven consecutive nights once during spring late April-

early May and once during summer mid August Captured pacWcus were

individually marked by clipping hair and using indelible colored markers during

1999 or by toe clipping during 2000 Use by pacjflcus of the control thinned

and unthinned grids was compared between the pre-thinning 1999 and post-

thinning 2000 periods using Chisquare Spring and summer trapping sessions were

pooled within each year and the sample frequencies were calculated as the

cumulative sum of all unique individuals captured on gncL Thus recapture of an

individual on the same grid was not counted as an independent observation but

recapture on another grid was because individuals could choose to move from one

grid e.g control grid to another e.g thinned grid during the study

Results

Translocatlon Receiver Site Study

Figures and illustrate output of the GIS habitat suitability model for the

northern and southern halves of the study area respectively The maps also indicate

general areas investigated in the field for their potential to support translocated

pacficus These maps surely overestimate the actual extent of high and very high
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quality habitat due to the conservative model assumptions and the gross nature of the

digital map information relative to the scale at which pacflcus select habitats

Although the model correctly identified all extant paczficzrs population sites as

having very high habitat quality it missed some areas of apparently high suitability

due to inaccuracies in the soils data Nevertheless the maps proved useful in focusing

field efforts in areas with the highest likelihood of having suitable soils and

vegetation to support translocated pac4ficus Reconnaissance surveys indicate

that six or seven sites may have sufficient acreage of fine sandy soils and appropriate

vegetation to support translocated P. pacflcus populations

Figure 2Areas in Orange County and Northern San Diego County having potential

to support translocated pacificus populations based on the GIS habitat suitability

model Boxes indicate general areas assessed in the field Note that these maps

greatly overestimate actual habitat sutabirity in many areas due to conservative
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model assumptions and coarse data input scales They may also miss areas of

potential due to inaccuracies in model input data

Figure 3Areas in San Diego County south of Camp Pendleton having potential to

support translocated pacificus populations based on the GIS habitat suitability

model Boxes indicate general areas assessed in the field Note that these maps
greatly overestimate actual habitat suitability in many areas due to conservative

model assumptions and coarse data input scales They may also miss areas of

potential due to inaccuracies in model input data

Laboratory Marking Study

Of the various marking techniques tested toe clipping seemed clearly the least

harmful and possibly the most reliable for miquely identifying animals over their
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life span The suture technique and ear tags experienced high rates of tag loss 100
percent and 50 percent respectively and other complications and are not

recommended for further testing PIT tags seem promising and are recommended for

further testing on surrogates However the puncture wound for tag insertion is large

for such small animals and once inserted PiT tags sometimes migrated under the

skin or caused rumpling of the skin and hair PIT tags would offer substantial benefits

over toe clipping if they could be made smaller to reduce potential adverse health

effects but they are not recommended for use on pacificus in their currently

available dimensions

Field Marking Study

Table summarizes captures of male and female bangsi on the two grids in

1999 and 2000 Sex ratios recorded on grids using 5-rn trap spacing Grid during

both years and Grid during 2000 did not differ significantly from each other nor

from 11 x2 to 0.5 df 0.25 for all comparisons However during 1999

when Grid used 7-rn inter-trap spacing few females were captured and the

recorded sex ratio strongly fhvored males 24 males9 females 2.671 This ratio

almost differed significantly from that recorded on the same grid using the 5m

spacing in 2000 3.79 df- 0.051 and it did differ significantly from an

even ratio 12 6.82 df 0.01 These results support hypothesis that the 7-

spacing may have under-sampled females on Grid during 1999 compare the low

number of females captured in this treatment relative to all others in table

Although we recognize that this conclusion is weak due to lack of grid replication

reduced female captures at greater trap spacing would be expected if females move
less extensively than males which is true in most pocket mice review in Jones

1993

lable 3P bangsi captures at the Snow Creek study grids during /999 and 2000

Sex

Trap Session Male Female Total

Grid

Summer 1999 22 22 44

Spnng 2000 20 35

Summer 2000 53 40 97

not sexed
Grid

Summer 1999 24 33

Spring2000 15 32

Summer 2000 37 32 71

not sexed
Traps on srid used 7-rn

Inter-ttap spacing in summer l999 otherwise all
traps

had 5-ni
inter-trap

spacing

Captures on both grids more than doubled between summer 1999 and summer
2000 This reflects large reproductive output in 2000 with 126 of 162 aged

individuals 78 percent identified as young of the ear during summer 2000 In

contrast we identified all individuals captured during April 2000 and all but one

individual captured during July-August 1999 as over-wintered adults The
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reproductive season seemed near peak during April 2000 with most individuals

showing signs of sexual activity including descended testes in males or perforate

vagina in females By July-August of both years very few individuals showed signs

of sexual activity and we were able to distinguish three age classes adult subadult

and juvenile

Pooling both years total of 248 individuals were toe clipped 34 were PIT

tagged and 50 were ear tagged All ear tags were applied in 1999 because very

high rate of tag loss caused us to discontinue this method in 2000 By the end of the

first 1999 trap session at least third of the ear-tagged individuals exhibited various

levels of ear inflammation and redness ripping around the tag insertion hole or

drooping ears One individual had lost its ear tag when it was recaptured clays after

marking At least seven more ear tags were lost by the second trapping session 4-5
weeks after tagging

Toe clipping was the fastest and easiest marking technique under field

conditions and seemed to have little or no adverse effects on animal health Clipped

toes exhibited no or very little bleeding one or few drops which ceased within

minutes and recaptured animals rarely showed inflammation or redness of the

wound Nevertheless toe clipping is not without problems as evidenced by about 25

problem incidences out of 248 toe clipped individuals due to natural causes or

human error ten cases of naturally missing deformed or injured toes which

would make toe clipping potentially confusing six or seven cases where field

workers apparently read the wrong code on previously toe -clipped animal three

or four cases where the toe tip grew back apparently due to not clipping far enough

back and four cases where two individuals were mistakenly given the same toe

clip code In addition the number of unique toe-clip codes is finite depending upon
the number of digits clipped which poses problems for population monitoring in

fairly long-lived species up to at least years with about 30 percent over-winter

survival Bailey 1939 Chew and Butterworth 1964 Behrends personal

communication

The hypodermic insertion PIT-tagging procedure worked well in the field with

practice Most mice seemed to experience minor inflammation scabbing and

sensitivity to touch at the insertion wound Tags appeared to migrate under the skin

which exhibited bulging on some individuals Unfortunately recapture rates were too

low no over-winter
recaptures of PIT-tagged individuals to ascertain health effects

of PIT tagging in the field

Population Genetics

Swei and others in press found that all pacflcus haplotypes analyzed to

date are unique to that subspecies and all are closely linked genealogically

paqficus has apparently been diverging from its geographically closest relatives P.
brevinasus bangsi internationalis and longimembris for some time although none

of these subspecies is reciprocally monophyletic i.e no subspecies has common
ancestor not shared with any other subspecies

Pooling all extant populations of pacflcus the subspecies exhibits similar

levels of nucleotidc and haplotype diversity as other southern California subspecies
of Iongimembris although the sample from Dana Point has markedly low

haplotype diversity in compariscn to all other subspecies or populations Of the total
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genetic variation among samples of pacificus about 39.1 percent is variance

among individuals within populations 54.4 percent is between populations within

time period and 6.5 percent which is not significantly different from zero is

between modem and historic samples Thus the pattern of haplotype differentiation

suggests that historical populations in the 930s were already largely isolated from

one another and that current patterns of genetic diversity are due largely to natural

isolation of these populations prior to the modem urbanization of coastal California

hudeed the genetic signatures measured by Swei and others in press suggest that

although populations of P. pacficur were somewhat isolated in recent evolutionary

time they do not yet reflect loss of genetic diversity due to habitat losses in modem

times Swei and others in press concluded that 40 to 70 years of habitat reduction at

locations like Dana Point are insufficient to override the populalions deeper genetic

history but that we can confidently predict future losses of genetic diversity unless

current population declines are reversed

Measures of gene flow between populations ofF pacflcus are quite low both

in historical and current times This stands in sharp contrast to higher levels of gene

flow measured across greater geographic distances in the Mojave Desert for

longimembris Measures of gene flow between the Dana Point population and all

other longimeinbris populations are especially and uniformly low The Dana Point

population also has the lowest haplotype diversity of any sample of longimembris

only unique haplotypes recovered from 27 individuals Together these results

suggest that the Dana Point population has been relatively small as well as isolated

for some time Slightly higher gene flow measures and haplotype diversity were

recorded among the three sites on Camp Pendleton San Mateo North and South and

Oscar One

Swei and others in press concluded that given current levels of fragmentation

arid low population sizes genetic diversity will continue to erode within

pacificus populations This suggests that mixing of individuals from different sites

may be necessary to meet the recovery goal USFWS 1998 of maintaining the full

remaining genetic variability of the subspecies Although the haplotypes of extant

pac/1cus populations are largely apportioned among populations they are all

genealogically closes related and genetic variability seems to be governed by

neutral rather than selective genetic processes It is possible that there are selective

differences among these populations which are more likely to be expressed in

nuclear than mitochondrial genes but this seems unlikely given the small geographic

range of the subspecies and similarities in ecological conditions at occupied sites

Thus it appears that mixing individuals from different pocficus populations

during translocations should net have any deleterious genetic effects e.g
outbreeding depression
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Shrub Thinning Experiment

paq/icus seemed to respond quickly and positively to the shrub thinning by

redistributing themselves into the newly thinned habitat areas During 1999 pre
thinning 11 individual pacjflcus were captured yielding 12 independent grid

observations i.e one individual was captured on two different gridsnrne
observations nine individuals were on the known occupied control grids two were

on subgrids to be thinned including one individual that also used control grid and

one on subgrid not to be thinned In contrast during the
year 2000 post-thinning

ten individual mice were captured for total of 18 unique observationsfour on

control grids 11 on thinned subgrids and three on unthinned subgrids This shift in

the distribution of captures is statistically significant 0.026 largely due to the

great increase in captures on the thinned subgrids During the year 2000 six of 10

individuals were captured only on thinned subgrids five were captured on only one

subgrid but one male was captured using three different thinned subgrids Three of

the four individuals captured on control grids were also captured on thinned subgrids

No individuals were captured only on unthinned subgridsall three individuals

captured on unthinned subgrids were also captured using the adjacent thinned

subgrid In fact all captures on unthinned subgrids were less than in two trap

distances from the thinned area that these individuals also used Moreover all

capture locations on unthinned subgrids were connected to the thinned plots via

natural inter-shrub openings

Thus the pattern of captures before and after the thinning suggesis strong shift

in distribution to the newly thinned habitat areas or their edges This reinforces

observations that pacflcus like other species of Perognathur are most abundant

in fairly open habitats although they may prefer to forage in microhabitats in or near

shrubs Brown and Lieberman 1973 Harris 1984 Meserve 1976 Price 1978

Reichman and Price 1993 Although pacflcus may forage under shrubs near

openings they do not seem to frequent interior portions of closed-canopy shrub

cover especially when other options are available

Unfortunately intensive trapping of the Dana Point site during May-June 2001

captured only four pacflcus female male IJSFWS unpublished data This

sample is too small to reveal any patterns relative to the shnb-thinning experiment

Moreover these results reinforce general pattern of population decline at Dana

Point since the populations discovery in 1993 Whether or not shrub thinning may
positively influence population size at this or any other site is therefore not yet

determined

Discussion

The informal collaborative process followed by the PPM Studies Teamwith
frequent re-evaluation of priorities methods and resultshas thus far proved
effective in addressing the most urgent questions bearing on species recovery We
benefited greatly fmm an active peer input and review process which helped to keep
the program focused and scientifically valid while allowing for flexible pragmatic

responses to new information We have proceeded with realization that statistical

certainty while desirable isnt always possible or necessary when prudent actions

must be taken to recover rare species
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During 1998 the study team concluded that pacyIcus translocations were

necessary to achieve species recovery but that existing information was insufficient

to design translocation program We therefore refocused our research to answer

those questions considered most critical to designing pacflcus translocation

program We now feel we have gained suffEient information to begin designing the

program as one essential recovery tool Please note that our goal is translocations to

establish new pacflcus populations and thereby to help recover the species from

the brink of extinction No one should uterpret our intent as translocation to mitigate

proposed take of pacrjIcus or their habitat by development projects

In the future we hope to comprehensively update our evaluation of translocation

feasibility design framework translocation program based on the updated

information and design experiments to test translocation methods e.g.use of release

enclosures and artificial buimws prior to implementing the program At this point in

the process am confidant that continued research and common sense could

sufficiently answer the most pressing biological questions bearing on species

recovery Less certain however are methods of oveecoming political and economic

obstacles For example subsequent to the drafting of this document the U.S Marine

Corps denied requests from the PPM Studies Team to continue pac/lcus studies

on Camp Pendletori due apparently to concerns that the results might constrain

military training and readiness This has postponed indefinitely our ability to answer

remaining questions and further species recovery Such non-scientific obstacles must

now take center stage if we are truly to recover populations of this charismatic little

mouse
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ABSTRACT

The Pacific pocket mouse PPM Perognathus longimembrispacijicus recovery research team has

completed Phase of two research tasks Task evaluate the feasibility of translocating PPM and

Task determine dispersal characteristics of the species Two other tasks have not yet begun

Task evaluate effects of Argentine ants and Task develop translocation protocol Phase

primarily entailed reviewing existing information in support of studies to be initiated during Phase

Very limited pilot studies were also initiated during Phase Ito test some specific marking and

tracking methods on laboratory and house mice Mus musculus

For Task the team concluded that translocationreintroduction program is probably necessary

to achieve species recovery in the long term but we know too little to attempt such program

in the short term Specific information gaps and potential impediments to successful translocation

include lack ofbasic biological in formation necessary to design and monitor PPM translocation

program potential lack of translocation receiver sites and unknown effects of translocations

on the demographic and genetic needs of extant PPM populations that may serve as translocation

donors

Relative to Task little is known about dispersal characteristics of PPM or related species

However performing an intensive focused study of dispersal is not advisable at this time due to

limitations on technology and possible adverse effects on the species Techniques for individually

marking and tracking such tiny manimals as the PPM are limited and the risk of harm to individuals

or populations may outweigh the potential benefits resulting from the limited dispersal data that

would likely be acquired The following techniques for tracking PPM or otherwise obtaining

dispersal data on marked individuals were investigated and are not currently recommended radio

telemetry harmonic radar radio isotopes passive integrated transponder PIT tag recording arrays

massive trapping grids and drifi fences Pilot studies using fluorescent powders applied to burrows

of mice indicate that this technique may be useful in delineating home ranges social spacing

systems and other pertinent information The team tentatively endorses the use of PIT tags as the

best available means of uniquely marking individuals for capture-recapture studies but some

concerns remain regarding the size of PIT
tags

relative to PPM body size Use of color-coded

surgical sutures may have benefits over other physical marking techniques e.g ear tags tattooing

dying hair clipping toe clipping or leg bands but it is untested PIT tags and surgical sutures

should be tested on surrogate species most suitably nonlisted subspecies of longimembris

Given that one or both of these marking techniques is found suitable for use on PPM some dispersal

FCA PPM Phase
Page iii

/0 461PPA1 So1 x1 1/3/00



data may be obtained incidental to other field studies and population monitoring efforts especially

it trap gnds are strategicaliy located

Based on these results the team recommends the following future studies systematic review

ci fpotential translocation receiver sites based on habitat suitability land ownership and planned land

uses an intensive multiyear study of nonlisted subspecies of longimembris to test field

techniques before using them on PPM to gain basic biological information on the species and to

test potential translocation methods an intensive multiyear study of PPM informed by results

of the foregoing surrogate study and designed to obtain essential population demographic natural

history and other data on PPM population genetics study to establish baseline measures of

genetic diversity within and between extant and historic PPM populations and continued

monitoring of the extant PPM populations The team also recommends modifications to PPM

monitoring methods including adding assessment lines to study grids increasing seasonal sampling

to obtain life history data and adding strategically located trap grids to compare demography

between core and marginal habitat areas and perhaps to obtain some incidental dispersal data

Although the study team realizes that this aggressive study program is unlikely to be fully funded

in the immediate future we believe these studies are essential to PPM recovery and must be carried

out before designing PPM translocation program

Page iv TCA PPM Phase
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INTRODUCTION

in July 1998 team of biologists organized by KEA Environmental Figure initiated studies

recommended by the Draft Recovery Plan U.S Fish and Wildlife Service 1998 for the endangered

Pacific little pocket mouse Perognathu 1ongimembrispacficus hereafter PPM The studies are

funded by the Foothi 11/Eastern Transportation Corridor Agency TCA and directed by the U.S Fish

and Wildlife Service USFWS who has regulatory authority over actions potentially affecting listed

species The California Department of Fish and Game CDFG also serves as an advisory agency

and regulates actions that may harm the PPM California Species of Special Concern USFWS and

CDFG must mutually permit actions that may affect PPM including field research within PPM
habitat or handling of individuals Scientific Peer Review Panel Figure has also been

assembled to advise and review studies The U.S Marine Corps Base Camp MCB Pendleton is

cooperating federal agency because they control land areas and data critical to PPM recovery and

research

This report summarizes the first six months of research Phase which consisted primarily of

literature review interviews with experts and related information-gathering efforts The results of

these efforts are being used to recommend field and laboratory studies Phase II designed to answer

specific questions raised in the recovery plan USFWS 1998

Specifically the PPM recovery research team was asked to address the following tasks

Task Evaluate the feasibility of translocating PPM as tool to facilitate recovery of this

severely endangered species

Task Evaluate invasions by exotic Argentine ants Linepithema humile into potential and

occupied PPM habitats and the direct and indirect effects ofArgentine ant invasions on

PPM populations

Task Determine dispersal characteristics of PPM to better understand demographic and

genetic interchange between populations and to support development of translocation

program

Task Develop translocation protocol in the event that translocations orreintroductions from

captive populations are determined to be feasible and desirable

TCA PPM Phase Page
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This report summarizes Phase lefforts on Tasks and Phase lof Task Argentine ant invasions

will be completed by July 1999 and initiation of Task translocation protocol is contingent on

results of Task translocation feasibility and other studies

For Tasks and this report reviews pertinent information in support of recommendations for

Phase studies The task reviews are followed by draft study approach for recommended Phase

studies including pilot studies on surrogate species to test methods and obtain other pertinent

information This Phase report and constituent study designs will be revised based on input from

the Scientific Peer Committee USFWS TCA CDFG and MCB Camp Pendleton

Background

The PPM is the smallest subspecies of the little pocket mouse nocturnal burrow-dwelling mostly

granivorous heteromyid rodent species restricted to the arid Southwest Historically this subspecies

occurred on fine sandy soils within about kilometers of the Pacific coast of southern California from

near the Mexican border to Manna del Rey and El Segundo in Los Angeles County Since the 1930s

the majority of the PPMs historic habitat has been greatly reduced in area and fragmented by urban

development and agriculture After an approximate 20-year period during which the species was not

detected small population was rediscovered on the Dana Point Headlands in 1993 Bryiski 1993 The

subspecies was emergency listed as endangered by the USFWS in 1994 due to immediate threats to this

remnant population of 25 to 36 animals USFWS 1998 Subsequently three additional PPM occupied

sites have been discovered two of which may represent one population on MCB Camp Pendleton San

Diego County California Ogden 1995 Ogden 1997 MBA 1997 Despite extensive survey efforts

throughout the histonc range these four sites on less than 1000 total hectares probably represent the full

extent of the species current range USFWS 1998 The historic range and all four recently discovered

occupied sites are shown on Figure

PPM occur almost exclusively on fine-grain sandy soils in the immediate vicinity of the Pacific

Ocean Meams 1898 von Bloeker 1931 Bailey 1939 Ogden 1997 USFWS 1998 The species has

been trapped in variety of vegetation communities and soils seem more critical to determining

habitat suitability than vegetation composition However suitable vegetation is generally

characterized as open coastal sage scrub coastal bluff scrub or grassland high proportion of bare

ground sands seems preferable Evidence suggests that PPM avoid areas of dense grass cover

Pavelka 1998-99 presumably due to difficulties locomoting or finding seeds In scrub

communities PPM are generally restricted to openings between the shrubs arid population densities

TCA PPM Phase Page
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seen higher in more open scrub habitats than those with denser perennial cover Bryiski 1993 Dodd

et al 1998a 1998b The USFWS is currently conducting soil suitability analysis to determine

how soil charactenstics compaction bulk density organic carbon content and particle size may

correlate with the currently observed distribution of PPM within the Oscar One training area on

Camp Pendleton This fine-scale study PPM habitat selection within mosaic of occupied and

unoccupied microhabitats will hopefully reveal useful correlations regarding PPM habitat suitability

and allow extrapolation to other areas to refine definitions of suitable habitat

This report does not summarize all existing information on PPM which can be found in USFWS

1998 and literature cited therein but addresses only information directly pertinent to the specified

research tasks Additional data are held by MCB Camp Pendleton and are expected to be released

in the near future Appendix briefly reviews basic biology of little pocket mice Ion gimembris

Status of Extant PPM Populations

Although population sizes have not been estimated using mark-recapture sampling techniques at any of

the four occupied PPM sites it is likely that three of the four sites support less than 50 individual PPM

each during most years This tentative estimate is based on the numbers of individual animals captured

during intensive trapping efforts at each site 20 to 37 individuals at each site in years with the most

captures and habitat extent at each site to 13 hectares each Dodd 1998a 1998b MBA 1997 Ogden

1997 The largest site Oscar One/Edson Range currently supports hundreds or possibly more than

1000 individuals over total area estimated as roughly 850 to 900 hectares but including mosaic of

suitable and unsuitable habitat Pavclka 1998-99 Montgomery 1998

At least one of the smaller populations Dana Point is totally isolated by development with no

chance for natural dispersal to other habitat areas The two other small sites San Mateo North and

San Mateo South have limited opportunity to serve as sources of natural recolonization due to

dispersal barriers and distance to other potentially suitable habitats The largest site Oscar

One/Edson Range is mostly surrounded by natural habitats with some potential for PPM to disperse

to small suitable habitat areas

Although no attempt has yet been made to quantify effective population sizes Ne or minimum

viable population MVP size for this species conservative assessment would suggest that the three

smaller PPM sites may not represent viable population areas at least in the long term Such small

population sizes and geographic areas are subject to increased inbreeding depression losses in

genetic diversity and adaptability increased likelihood of stochastic demographic extinction or

TCA PPM Phase Page
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extirpation by environmental catastrophe e.g fire storm or exotic invasion The conservation

genetic 50/500 rule Ne 50 resists genetic losses in the short term and Ne 500 in the long term

Franklin 1980 is controversial oversimplification Lande and Barrowclough 1987 Nevertheless

it helps highlight the fact that the PPM is in dire straits and that active management to increase

population sizes and maintain genetic diversity may be necessary to keep it out of the extinction

vortex Gilpin and Soulc 1986

The status of PPM at each of the occupied sites is described in more detail here

Dana Point Headlands

The Dana Point Headlands PPM population was rediscovered in 1993 Brylski 1993 more than 20

years after the last verified capture of the species in its range and during which time many biologists

believed the subspecies to be extinct it is restricted largely to an approximately 8.9-hectare fenced

area of the Dana Point Headlands now designated as temporary pocket mouse preserve Bryiski

1993 live-trapped in 1993 to determine PPM distribution on the site The USFWS did some

Limited trapping in 1996 Pavelka 1998-99 and Dodd and others 1998a 1998b trapped the site

more intensively in 1997 and 1998 Live-trapping procedures in 1997 and 1998 involved trapping

grid of 14 parallel lines with 3-meter spacing and additional meandering traplines The grid was

established in areas described by Brylski 1993 as containing the highest quality habitat and PPM

density The meandering traplines were designed to cover the rest of the preserve Table

summarizes live-trapping data collected in 1993 1997 and 1998

Table Summary of Live-trapping Data Collected on the Dana Point PPM Population

Data on Captures 1993 Survey 1997 Survey 1998 Survey

Survey Dates 19 Jul 05 Aug 93 19 Aug 28 Aug97 24 Jul 04 Aug

Number of Unique PPM 25 to 36 21 19

Trap Effort 817 trap nights 2782 trap nights 3325 trap nights

Age Structure 61% young of the year 57% young of the year 47% young of the year

39% adult 43% adult 53% adult

MalesFemales 1.0 1.21.0 1.4 .0

Area of Occupied Habitat 1.4 hectares 2.8 hectares 3.0 hectares

Minimum Density 17.8 to 25.7 PPM/hectare 7.4 PPMlhectare 6.3 PPMlhectare

Results of 1996 surveys by USFWS excluded due to lower trapping intensity

This was the range of possible unique PPMs captured in 1993 because initial individuals captured were not marked

Page TCA PPM Phase
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Live-trapping results on the preserve suggest that 1998 population numbers have slightly declined

from 1993 numbers However several more years of trapping are necessary to determine if this is

real decline or superficial result of differing trap methodologies and normal interyear variation

in the population Although the number of animals captured was similar between 1993 and 1998

surveys the abundance and distribution of capture locations has varied Different areas on the

preserve have had high capture rates in some years and low in others One interpretation of the

results is that the 1993 population occupied the highest-quality habitat on the site and has since

recolonized both disjunct patches of high quality habitat and intermittently lower quality habitat

Under this scenario periodic extirpation of PPM from these disjunct habitat patches is followed by

recolonization from the core population The PPM movement distances observed during the course

of this survey are sufficient for the recolonization of disjunct habitat patches on the Headlands

Additionally some limited habitat restoration would probably be helpflul to increase population

numbers small patch of dense scrub where PPM had not been captured that was burned and left

open shrubless in 1997 was being used by PPM in 1998

An unexpected finding was that the number of desert wood rats Neotoma lepida captured on the

preserve increased dramatically from 1997 to 1998 to 33 unique captures respectively

California ground squirrels Spermoph i/us beecheyi were also detected on more occasions in 1998

than in 1997 Although not potential predators of PPM these species may compete with PPM for

resources

San Mateo North and San Mateo South

Two occupied habitat areas were discovered or rediscovered in 1995 at the north end of MCB

Camp Pendleton Ogden 1997 MBA 1997 The two locations are about 2.1 kilometers apart on

either side of the San Mateo Creek valley They both occupy sandy ridge tops supporting open

coastal sage scrub habitat and are separated by agricultural fields in the valley below Historically

prior to agricultural conversion early in this century the alluvial habitats in the valley were probably

extensively occupied by PPM The two occupied ridge tops may actually represent marginal habitat

conditions for this species which historically occupied sand dune and alluvial habitats near the coast

In 1995 37 individual PPM were captured at the San Mateo North site on about 6.5 hectares of

occupied habitat MBA 1997 and 20 individuals were captured at the San Mateo South site on

about 13 hectares of occupied habitat Ogden 1995 1997 No mark-recapture studies have been

performed to determine population numbers but it seems unlikely that either site supports more than

50 individuals in most years It is uncertain whether any demographic or genetic interchange

TCA PPM Phase Page
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currently occurs between the two sites but occasional interchange may occur in the long term

despite several barriers to movement agricultural fields road and the creek

Oscar One and Edson Range

lii 1995 the largest extant PPM population was discovered in an area designated by Camp Pendleton

as the Oscar One training area In 1995 USFWS captured 54 individual PPM on the Oscar One

area More extensive surveys in 1996 included systematic trapping of four permanent study grids

00 traps each with 0-meter spacing plus presence-absence trapping over larger area using

movable trap lines Fhe latter presence-absence trapping was designed to better characterize the total

occupied area so traplines were moved once occupancy was confirmed in local area On the study

grids the USFWS captured Ill individuals 271 total captures 58 male 50 female unknown

sex The more extensive presence-absence surveys resulted in an additional 221 captures 82 male

130 female unknown Individuals were not marked during this distribution trapping so the

number of unique individuals captured is unknown however because traplines were regularly

moved once occupancy was locally confirmed recaptures were probably infrequent minimum

convex polygon fitted to the outermost capture points indicated total occupied area of about 380

hectares on Oscar One although this includes mosaic of occupied and unoccupied habitat areas

Pavelka 1998-99 Additional data have been collected on Oscar One in 1997 and 1998 but have

not yet been summarized by USFWS or released by the Base

In June and August 1998 Montgomery and Dodd 1998 trapped in the Edson Range training area

immediately north of Oscar One to determine presence or absence of PPM The Edson Range is

predominated by nonsandy soils with fewer and smaller patches of fine sandy soils than occur on

Oscar One As result trap lines were set in small areas that appeared suitable for PPM as well as

many areas that appeared unsuitable based on soils and vegetation total of 20 individual PPM

were captured with one additional animal observed but not captured Of the 20 captured four were

adults and 16 were young of the year 11 were males and were females Capture locations were

scattered from the southern edge of the Edson Range adjacent to Oscar One to Aliso Canyon

nearly 2.5 kilometers north of Oscar One confirming low-density PPM population over much of

the range Other training ranges surrounding Edson and Oscar One have previously been surveyed

without discovering populations of PPM and generally also support mosaic of marginal apparently

suitable and apparently unsuitable habitat

minimum convex polygon fitted to known capture locations on both the Oscar One and Edson

ranges Pavelka 1998-99 Montgomery and Dodd 1998 suggests total occupied area approaching
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900 hectares However this polygon contains mosaic ofsuitable and unsuitable habitat conditions

and on finer microhabitat scale the total occupied habitat would be considerably less than 900

hectares Continuing studies ofPPM distribution and abundance in the Oscar One/Edson Range area

should help refine estimates of population numbers and the acreage of occupied habitat Pavelka

1998-99 and may better elucidate the value of unoccupied matrix habitat in such mosaic situation

The results on Edson Range suggest the following possible conditions PPM are persistent but

low-density residents on the Edson Range PPM are occasional residents of Edson e.g during

years of abundant food PPM are generally not residents of Edson but disperse into the area

seasonally or periodically from core habitats on Oscar One or some combination of the above

Additional field studies arc necessary to test these hypotheses

Relationship of This Study to PPM Recovery Criteria

Before summarizing each research task it is important to review the recovery criteria that the

research is intended to further Keeping these goals in mind will help focus the following

discussions and hopeftilly will clarify our recommendations The recovery criteria are abbreviated

slightly here from USFWS 1998

The IJSFWS may consider reclassifying the PPM from endangered to threatened status if and when

Ten populations are independently viable and stable or increasing and their habitats are secure

and fully and permanently protected population shall be considered viable ifthe appropriate

analysis of measured population parameters indicates that it has 95-percent or greater chance

of surviving for 100 years

Occupied habitat consists of at lcast 2000 hectares 4940 acres that are secure and fully and

permanently protected

All 10 populations are managed to maintain genetic diversity

All 10 populations and essential habitat are managed to eliminate or minimize current and

potential threats of extirpation

TCA PPM Phase Page
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SFWS may consider delisting the PPM if and when

All actions listed above have been implemented

Any necessary protection restoration and enhancement activities on all sites determined

essential to species recovery are successfully completed

Populations of PPM represent the full existing genetic variability and historical range of the

subspecies and occur over the full range of historically occupied habitat parameters

The four research tasks discussed herein are certainly relevant to these studies However we suggest

some redirection of this study in the immediate future to more directly address information gaps

relative to achieving these goals These recommendations are contained in the final section of this

report Recommended Phase II Studies
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TAsK

EVALUATE THE FEASIBILITY

OF TRANSLOCATING PACIFIC POCKET MICE

The recovery strategy for the PPM consists of two components USFWS 1998 stabilize the

existing or newly found populations by protecting occupied habitat and establish additional

populations either through natural colonization events or by translocation andlor the release of

captive-bred individuals Existing information suggests that the possibilities for finding new

populations or for existing populations to naturally recolonize unoccupied habitats are low

Consequently and in light of the extreme rarity of the PPM the feasibility of using translocations

or reintroductions to facilitate recovery must be immediately evaluated

METHODS

The available literature on translocations and reintroductions of animals was reviewed for insights

pertinent to PPM In addition available information on the PPM was reviewed relative to 16

considerations for translocation program that are listed in the recovery plan IJSFWS 1998 based

on Nielsen 1988

the reason for translocation

status of the wild populations to be translocated

ecology biology and ethology of the subspecies

current size and density of the wild population

movements and distribution of the subspecies

malefemale ratio

annual recruitment

mortality rates and causes

health and condition of the populations

10 genetic variability and integrity

11 status of remaining habitat

12 depredation rates in target areas

13 translocation strategy e.g timing numbers and demographics of released animals

14 capture transportation and release techniques

15 number and location of release sites and

16 post-release support of translocated animals
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Fr each of these considerations the consultant team attempted 1to determine whether existing

nformation was sufficient to support translocation recommendation to define more precisely

.hat studies are both necessary and sufficient to fill critical data gaps and to prioritize and create

chedu1es for the necessary and sufficient studies

RESULTS AND DISCUSSION

Review of the available information on PPM relative to the recovery criteria for the species indicates

that translocationireintroduction program would probably be necessary to achieve recovery in the

tong term but may not be feasible or even desirable at least in the short term This apparent

contradiction translocation is necessary but not desirable arises because additional populations

must be established to achieve recovery criteria but we know too little to conclude that

translocation program will notj eopardize the remaining populations or successfully established new

UCS In short translocat ion program may do more harm than good especially ifrushed

following sections summarize the pertinent literature on animal translocations as conservation

strategy and how they relate to PPM translocation These reviews reveal the following general

information gaps and impediments to achieving PPM recovery criteria via translocations

lack of basic biological information on the PPM necessary to desi and monitor

translocation program

potential lack of translocation receiver sites due to severe habitat losses and potential

institutional or landowner resistance and

unknown effects of translocation on the demographic and genetic needs of the donor

populations

Translocations and Reintroductions as Conservation Strategy

Reintroductions and translocations are increasingly used as tools for the conservation and recovery

of rare threatened and endangered species Reading and Price 1999 Reading and Clark 1996

alden 1993 Short et al 1992 Stanley-Price 1989 Booth 1988 However these tools are generally

expensive and have high failure rate Reading and Price 1999 Kleiman 1989 Griffithet al 1989

Reading et al 1996 Consequently the IUCNISSC Reintroduction Specialist Group and other

conservationists have developed guidelines and recommendations intended to increase success rates

Reading and Price 1999 Reading and Clark 1996 Kleiman et al 1993 Here we briefly review
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relevant findings and recommendations from the translocation and reintroduction literature as they

may pertain to PPM

Definitions and Overview

Translocation involves moving animals from donor source population to receiver site that may

or may not currently support the species Reintroduction involves translocation to receiver site

from which species has previously been extirpated as opposed to translocations intended to bolster

or expand existing populations or to establish populations outside of the species original range

Captive breeding of animals for reintroduction to the wild is an option to translocating animals

directly from existing wild populations It may be useful in limited cases where there are no other

alternatives to saving species from extinction Miller et al 1999 and perhaps where the

reproductive and behavioral biology of the species allows for more rapid and cost-effective

attainment of demographic and genetic goals than is possible with wild populations alone

The vast majority of mammalian translocations and reintroductions have been of larger mammals

and especially game mammals Boyer and Brown 1988 Few translocations have been attempted

for endangered rodents with the notable exception of several subspecies of beach mice in the coastal

southeastern U.S e.g Peroinyscus polionotus trissyllepsis Holler and Mason 1988 Holler et al

1989 aI1ophs USFWS 1987 ammobates reintroduction USFWS 1987

Translocations of 1-Teteromyid Rodents

We found no published studies designed to translocate or reintroduce populations of pocket mice

However number of translocations have been attempted on endangered kangaroo rat species

Many of these involve short-distance translocations to remove individuals from harms way prior

to development Such salvage operations often are poorly planned with insufficient followup

monitonrig to detennine success For example Germano 1999 described several efforts to relocate

populations of endangered Tipton kangaroo rats Dipodomys nitratoides nitratoides from areas to

he developed None of these translocation efforts were considered successful due to poor

consideration of habitat suitability in receiver sites lack of sufficient followup management and

monitoring poor weather conditions high predator numbers and lack of consensus among resource

agency personnel regarding translocation areas and protocols
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OFarrell 1999 reported on recent salvage translocation of the endangered San Bernardino

kangaroo rat inerriarni parvus from alluvial scrub habitats to be mined for sand and gravel to

reclaimed alluvial scrub habitat in previously mined location After three months he found that

SIX of 15 individuals were still present on the receiver site and concluded that continued monitoring

is necessary to truly verify success OFarrell 1999 and Montgomery1996 have also performed

experimental salvage translocations for the endangered Stephens kangaroo rat stephensi with

generally low persistence of translocated individuals

One apparently successful reintroduction has been performed for kangaroo rat species Williams

et al 1993 translocated endangered giant kangaroo rats ingens to two unoccupied areas on the

arrizo Plain San Luis Obispo County California One of the translocated colonies on fallow

grain field failed within one year apparently due to heavy predation However the other colony

on historical habitat from which the species had been extirpated at least ten years earlier grew

rapidly in size and distribution over three years This population reproduced at higher rate than

nontranslocated colonies elsewhere on the Carrizo Plain Williams et al 1993 concluded that

reproductive performance may have been enhanced by genetic diversity in the translocated colony

whose founders were gathered from 16 different sites More food seeds also may have been

available to the translocated colony because the area had few small mammals present before the

reintroduction

Success Criteria for Translocations and Reintroductions

For translocation or reintroduction attempt to succeed it is necessary to establish stable

population with natural social spacing patterns and genetic and demographic characteristics In

theory small founder population may flourish and establish stable self-sustaining population

lowever in practice successful translocation generally requires translocating large numbers of

animals often over an extended period of time Many more animals may need to be translocated

than are ultimately established in the new population because mortality rates and out-migration are

likely to be high and reproductive rates low Furthermore new population established from an

initially small founder population is likely to have very low genetic variability and associated

problems the founder effect or genetic bottleneck effect Carson 1983 These problems arc

especially worrisome if the founder population comes from captive stock Overall reintroduction

is appropriate when there will be positive effect on demography and genetics when there is

suitable habitat and when the limiting factors to the wild population have been adequately

controlled Causes for the initial extirpation
from the receiver site need to be eliminated ifpossible

to prevent recurrence following reintroduction Reading 1998
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Miller et al 1999 reviewed the literature and summarized variables that influence the success of

carnivore translocations most of which are equally germane to other mammals including PPM The

following summary is based largely on Miller et 1999 and Reading and Price 1999
supplemented by other sources Following each generalization we have provided an initial

interpretation relative to PPM translocations

Genetic Considerations Genetic diversity among release animals should be maximizedwithout

jeopardizing genetic integrity of source populations to reduce chances for founder effects and

inbreeding depression arid increase chances for adaptability to the new environment Reintroduced

animals should come from similar genetic stock to avoid outbreeding or genetic swamping Reading

1998

Little information is currently available on genetic variation within PPM populations and none is

available between extant or historic PPM populations Bryiski and Patton 1997 unpubi

manuscript examined phylogeographic structure among five subspecies of longimembris from

southern California based on sequence variation of an 810 bp fragment of mitochondrial DNA All

individuals of pacficus examined were from the Dana Point population Among the

five subspecies examined Bryiski and Patton found strong isolation by distance relationship

suggesting an interplay of genetic drift and low gene flow in generating overall geographic structure

Three of the subspecies including pacfIcus contained unique sets of haplotypes not shared with

the others Within the limited context of their sampling effort pacjIcus appeared to exhibit

considerable reduction in overall haplotype diversity compared with the other samples This pattern

held both between subspecies and between populations of subspecies indicating that the other

subspecies examined typically represented reasonably large effective population sizes In contrast

the low haplotype diversity in pacfIcus may suggest local bottlenecks in diversity due to habitat

loss metapopulation structure or simple historical accident Bryiski and Patton 1997 The

researchers cautioned however that pacf icus by virtue of its narrow natural distribution along the

coastal strand may never have existed at large population sizes or with the degree of genetic

exchange between local populations

The authors concluded It would be valuable to obtain haplotype diversity estimates for this taxon

from predevelopment samples now residing in museum collections We would add with the recent

discovery of additional extant populations these should also be analyzed Such information would

seem essential before pursuing translocation program for PPM
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It should be noted that the extant PPM populations are all near the core of the species range

Depending on predevelopment dispersal rates of the species these extant populations might be

hypothesized to be fairly genetically similar to one another Losses of all populations at the northern

and southern extremes of the species range are therefore troubling Inbreeding depression maybe

more likely problem in the remainder or translocated populations than outbreeding depression

or genetic swamping

Source ofDonor Animals Wild-born animals are preferable to captive-born for translocations due

to lower cost and because the captive environment erodes genetic and learned bases for important

morphological physiological and behavioral traits If wild populations are used either to start

captive breeding program or for direct translocation to the wild it is essential that the donor

individuals represent surplus animals that are not essential to the demographic or genetic viability

of the donor population situation where the source habitat is saturated such that dispersing

animals are unable to find suitable unoccupied habitat to settle in is preferable In this case some

individuals particularly dispersal age animals likely to suffer high mortality or reduced reproduction

in the source habitat can be removed without increasing extinction probability in the source

population

are needed on reproductive output for the existing PPM populations to determine whether

removal of surplus animals can be tolerated Preliminary indirect evidence would suggest that

the Oscar One population may be sufficiently large and may be producing surplus individuals which

disperse into nearby marginal habitat areas For example in 1995 several PPM were captured in

herptile pit trap arrays by Holland unpubi data on clay soils several hundred meters from

suitable PPM habitat on Oscar One Also 16 of 20 PPM captured in marginal habitat areas soils

with lower sand content on the nearby Edson Range were young of the year Montgomery and Dodd

1998 suggesting that these areas may be receiving dispersers from the core population on Oscar

One Consequently capture of dispersal age individuals in late summer on the periphery of the

Oscar One population could be considered as translocation source but only after additional study

Age-Sex Categories ofRelease Jndividuals It is generally advisable to release animals in sex ratios

similarto those exhibited in wild populations to ensure reproductive encounters In many mammals

this entails releasing more females than males Stable populations are generally established most

quickly when juveniles of dispersal age are translocated because they move the shortest distance

from the release site and quickly establish home ranges they may also represent surplus animals

as discussed above Young animals may also display greater behavioral plasticity than adults and
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are less important to maintaining the source population Dispersal-age females generally move less

and have higher survival rate than male mammals

Sex ratios for PPM appear to be about 11 or slightly male biased Dodd et al 998a 998b

I.JSFWS 1998 Dispersal age animals of both sexes may serve best to establish translocation or

captive-breeding population of PPM

Iemography Populations of reintroduced animals must beºome large enough quickly enough to

withstand fluctuations in thc environment and the population size Knowledge of species

demographic parameters is essential to determining when reintroduced population has become an

established and viable population

Little is known about demography of PPM in wild populations More study is necessary to construct

life tables Such study should include multiseasonal and multiyear trapping ofa marked population

to establish population history and provide essential life table parameters

Number ofindividuals and Timing ofReleases Numbers of animals released and the sequence and

timing of releases are important to success of translocations In general translocation success

increases with the number of individuals translocated but with diminishing returns With many

species there is an Alice effect drop in reproductive output below threshold population size and

hence below which extinction is likely Depending on the habitat and the number of animals

available it is worthwhile to consider splitting the animals between multiple receiver sites both to

increase probability of success and to protect against catastrophic loss of all individuals It follows

that the greatest potential for success is when the candidate species is expanding and numbers are

high allowing for the greatest flexibility in release strategy Griffith et 1989 Whether animals

are translocated all at once or over long period of time needs consideration as does the optimal

season for release These obviously depend on the biology of the species in question

insufficient data are available to determine the number of PPM that could be safely removed from

existing populations or the optimal schedule for releases Intuition suggests that late summer/early

fall dispersal season may be the best time to translocate PPM but weather patterns abundance of

seeds and the availability of burrows in the receiver environment would seem to be critical to

success The mice would need to prepare adequately for winter hibernation in novel environment

Consideration should also he given to translocation during periods of hibernation These issues

would be explored more in Task Translocation Protocol
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I-lard versus Soft Releases 1-lard releases involve releasing translocated animals directly from the

donor site or captive population into an unconstrained receiver site sink or swim approach

Soft release involves period of training acclimation or assistance to animals in the new

environment For example translocated animals may be kept in large external enclosure for an

acclimation period or they can be provided with artificial shelters and food sources in the new

environmenL Soft releases may facilitate attachment to the site and formation of social bonds and

may reduce the tendency of individuals to home attempt return to their former habitat In

carnivores there is correlation between distance moved after release and mortality so soft

release is recommended Miller et 1999 In contrast review of all endangered species

ranslocationlrelocation attempts from 1973 to 1986 found no direct association between success and

the length of acclimation time at the receiver site Griffith et al 1989 In the successful

translocation of the Perdido Key beach mouse enclosures were believed successful in retaining mice

in the immediate vicinity of the release site despite that some mice escaped the enclosure Holler

and Mason 1988

Itranslocation proves feasible we believe soft releases using enclosures designed to exclude predators

would be beneficial The enclosures would at least provide researchers greater control over the animals

locations for observation and demographic monitoring particularly in light of difficulties in designing

tracking method for PPM see Task

Behavior Behavioral traits must be performed efficiently in variety of situations and some

authors have suggested using behavior as measure of reintroduction success Miller et al 1996

1993 Kleiman 1989 Developing site fidelity and spatial learning in the new environment are

critical to survival of translocated animals Soft releases may facilitate these tendencies and reduce

problems due to homing or premature dispersal out of the receiver site

Several investigators e.g Bailey 1939 Hayden et al 1966 have studied behavior of captive PPM

In general heteromyid rodents develop most basic behaviors and survival skills e.g foraging

caching grooming sand bathing social communication burrowing nest building and mating

innately during the first few weeks of life and Perognathus longimembris exhibits relatively rapid

ontogeny without much parental involvement or teaching Eisenberg 1993 However learning of

valuable site-specific information or spatial patterns such as the distribution of food sources

burrows or other habitat features occurs throughout life in mammals Spencer 1992 This suggests

that soft-release technique e.g using large enclosures in the receiver habitat may increase

survivorship in translocated mice The enclosure would prevent premature homing and associated

high mortality rates while the mice gain familiarity with the new area and build useful cognitive
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maps Spencer 1992 Jacobs and Spencer 1994 However PPM are solitary and aggressive to

conspecifics except for briefmale-female tolerance during estrous Bailey 1939 Enclosures would

therefore need to be
sufficiently large to accommodate natural social spacing systems in the

translocated population

Ffeaith and Disease The health and physical condition of translocated animals are considered

crucial to ensunng the highest possible survivorship and reproduction in the new environment Care

must be taken not to introduce disease in subsequent releases once population has been founded

Little orno information is available on the PPM to evaluate the relevance ofdiseases to translocation

feasibility

1-Jabitat -- Translocation into the core of species geographic range is generallyrnore successful than

on the periphery Griffith et al 1989 presumably due to more suitable conditions Obviously the

receiver site must contain sufficient area of habitat to support viable population and the habitat

must provide all life requisites for the species such as appropriate forage shelter sites and soil

conditions Translocation of animals between isolated patches of habitat is not recommended as an

alternative to restoring the historical connections between patches More difficult to assess is the

resilience and long- and short-term effects of disturbances such as fire drought and catastrophic

storms If animals are reintroduced to areas from which the species was extirpated the reasons for

the original extirpation should be first determined and controlled if possible

The extant PPM populations are in the core of the species historic range translocation program

would need to evaluate whether priority receiver sites should likewise be in the core or distributed

to other portions of the historic range Few suitable habitat areas open scrub habitats on fine sandy

soils within kilometers of the Pacific coast remain in protected status to serve as receiver sites

It is unicnown why some historically occupied areas that appear to have suitable habitat e.g Tijuana

River Valley are not currently occupied or if the reasons for extirpation remain

Technical Considerations Teclmical considerations as listed by Miller et al 1999 include the

legal framework research framework fiscal resources organizational structure and logistical

challenges to translocation Translocations must be carefully monitored legally defensible

embedded in an adequate research program arid adequately funded for the long tern cooperative

organizational structure with entities sharing common goals is critical
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These considerations are beyond the scope of this task However it should be noted that sites that

may meet biological criteria as potential translocation receivers may occur on private or public

properties where there may be institutional or legal resistance to translocation

Captive Breeding for Reintroductions

Captive breeding is an option in translocationlreintroduction attempts when wild populations are too

rare to supply donors or when captive populations can be used to speed up the establishment ofnew

wild populations and increase genetic diversity For some species the controlled conditions of

captive breeding may result in higher reproductive output and greater genetic variability then would

he achieved from wild populations e.g taking advantage of double-clutching and captive rearing

has assisted in the successful reintroduction of number of endangered raptors In other species

captive breeding may produce lower reproductive output than wild populations and captive

populations may therefore serve as population sinks e.g Sumatran rhino Rabinowitz 1995

pandas Joimson et al 1996

aptive-reared animals are generally less likely to survive and reproduce following relocation than

wild caught animals Griffith et al 1989 The effects of selection in an artificial enviromnent may

dilute important survival skills that are environmentally cued or culturally transferred For example

in carnivores captive raised animals exhibited differentbehaviors and lower survival rates following

releases than their wild-born counterparts Miller et al 1999 Captive-reared endangered Mono

Hay kangaroo rats Dipodornys heermanni morroensis did not recognize identifying cues ofnatural

predators and had not learned predator avoidance behaviors Roberts and Rail 1993 Released

individuals will also be unfamiliar with the habitat may behave inappropriately during intra-specific

encounters and be disadvantaged relative to wild animals on established territories Kleiman 1989

To counter such deficiencies of captive breeding programs active management and development of

post-release education programs may increase success For mice these are likely to involve the use

frelease site enclosures to control social encounters and perhaps exclude predators until the animals

are adjusted to the new environment soft release

For the above reasons successful reintroductions from captive stock may need to release large

numbers of individuals over an extended period before establishing successful population For

example Beck et al 1993 reviewed 145 reintroduction projects using captive stock Sixteen of

these were considered successful including five for mammals seven for birds and four for reptiles

and amphibians For these vertebrate classes the successful reintroductions released an average of
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726 individuals over 11.8 years which was significantly niore than the average for other projects

336 individuals over 4.7 years

Feasibility of PPM Translocation and Reintroduction

The Recovery Plan USFWS 1998 states that translocation should only be considered once

surveys indicate that the potential for undiscovered populations is very low and other conservation

and management measures prove insufficient research reveals that animals may be safely

translocated into target habitats and the donor populations can withstand the loss of

individuals Here we address these three points in order

Nearly all suitable habitat and historically occupied habitat areas have been surveyed for

PPM USFWS 1998 Ogden 1997 Montgomery and Dodd 1998 Pavelka pers comm.

Although it is still possible that very few additional populations may be discovered in the

future it is certain that sufficient populations do not exist to meet the recovery criteria 10

independently viable populations without intervention On the other hand other

conservation and management measures have not yet been fully tested

This
report

is only the first step in determining whether PPM can be safely translocated into

target habitats Additional research is certainly required to ascertain baseline biological and

genetic data on the extant populations identify potential target habitats for translocations

and test translocation procedures

The small size of the extant populations makes it difficult tojustify removal ofdonor animals

unless it can be demonstrated that one or more of these populations are losing surplus

individuals during dispersal These surplus animals e.g dispersing young which would

otherwise be lost to predation or unable to find suitable unoccupied habitat to establish

home range could possibly be used to establish additional populations whether in another

habitat area or in captivity

The above three points largely overlap with and include many of the 16 considerations for

translocation listed intheRecoveryPlan USFWS 1998Nielsen 1988 asnecessaryto answerbefore

advocating and designing PPM translocation program For most of these considerations available

information is insufficient to determine translocation feasibility at this time Table Ofparticular

importance is the lack of specific information on PPM natural history e.g demographic parameters
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Table Translocation Feasibility Considerations for PPM

Sufficient

Consideration1 lnformationm Notes and Comments

Reason for translocation Yes Recovery criteria probably cannot be met without translocation/

reintroduction program to achieve demographic and genetic goals

Status of wild populations Yes Severely in danger of extinction Most potential habitat has been surveyed

known occupied locations representing or isolated populations All

remaining populations small

Biology of PPM No Insufficient information on habitat requirements demographics space-use

and dispersal patterns mating behaviors etc Sparse information available

on related subspecies

Size and dcnsi of wild No Rough estimates individuals captured available for sites Oscar 1/Edsori

populations Range 1310 San Mateo South 20 San Mateo North 37 Dana Point

.________________________
21 to 36 No capture/recapture population estimates

Movements arid No/Yes Little available information on movements of PPM or related subspecies

distrbution Geographic distribution fairly well established Dispersal characteristics

unknown

Malefcmale atto Yes Dana Point 1.11 to 1.41 San MateoNorth 0.81

annual recruitment No No information specific to subspecies limited information on related

subspecies

Mortality rate and causes No No information on mortality rates Some causes known or suspected based

on conjecture and limited observation but not quantified

Health and condition of No Little information besides external observation of wild-caught specimens in

populations hand Most individuals appear healthy and free of external parasites

10 Genetic variability and No No information

integrity

Status of remaining No Although it is known that few potential habitat areas remain no systematic

habitat review has been done to identiFy potential translocation receiver sites

12 Depredation rates in No Limited information on presence or abundance of predators in potential

target areas receiver sites No quantitative studies This study will evaluate introduced

ant effects in some habitat areas

Translocatiun strategy No To be determined by this study

14 Capture technique arid Yes Capture methods in donor sites are relatively simple to define

technology

15 Number and location of No See number 11 Systematic review of potential receiver sites is needed to

release sites determine adequacy Recovery criteria will be used to define number and

relative distribution of desirable sites

16 Post-release support of No To be determined by this study

translocated animals

Items needing consideration to design species translocation program USFWS 1998 Nielsen 1988

Is existing information sufficient to determine whether translocation is feasible yes answer does not mean that more

information is not needed to further
recovery planning or improve translocation program

Includes Ill unique captures on Oscar One USFWS 1996 plus 20 unique individuals on Edson Range Montgomery and Dodd

1998 unpubl data Additional captures represent an unknown number of additional individuals because they were not marked

to identify recaptures
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space-use requirements depredation rates and on genetic variability and integrity Also lacking is

systematic review of potential translocation receiver sites including both their biological and their

institutional suitability for this purpose

Undertaking translocationIreintroduction program would occur if and only if the recovery criteria

for the PPM cannot be achieved without such program The first recovery criterion 10

independenjiable populations clearly camiot be met without translocation or reintroduction

ogram because at least the demographic criteria cannot be met without it It seems highly unlikely

that stabilizing or expanding existing PPM populations without establishing additional populations

would be sufficient to overcome the extinction vortex Gilpin and Soule 1986 for the species

CONCLUSIONS AND RECOMMENDATIONS

In the immediate future translocations are not recommended as feasible or desirable althougli in the

long-term it is probably impossible to achieve species recovery without translocations We

recommend that the research and policy agenda be immediately focused on the following tasks

Systematically identify and review the availability of potential translocation receiver sites based

on current information on PPM habitat needs existing Geographic Information System GIS

databases and GIS gap analysis Incorporate any identified potential receiver sites into

conservation planning efforts ongoing throughout the range of the PPM In particular

conservation plans forming under Californias Natural Community Conservation Planning

Act in coastal Los Angeles Orange and San Diego Counties and the habitat

management plan for Marine Corps Base Camp Pendleton should include comprehensive

analyses of PPM habitat potential within their planning areas Existing or future habitat

preserves should be analyzed for their potential to support translocated PPM populations If such

potential exists these plans should incorporate policies accepting PPM translocations in preserve

areas

Perform basic natural history studies on PPM afler first perfecting methods on other nonlisted

subspecies of longimembris e.g bangsi internationalis orP longimenbris

Although the habitats of these subspecies differ from those of PPM desert scrub on sandy soils

versus coastal scrubs on sandy soils the biology should be similar enough to add valuable

insights on PPM
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Continue monitoring extant populations of PPM with permanent trapping grids and using

individual marking methods tested on surrogate subspecies Particular emphasis should be on

trapping the Oscar One and Edson Range areas to get further insights on the use of dispersing

animals there as source population for translocations

Characterize genetic variability within and between populations of PPM and within and between

other subspecies ofP longimembris For PPM genetic characterization should include samples

from all extant populations as well as all historic populations using museum specimens

Study approaches and schedules based on these recommendations are summarized in the final

section of this report
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TASK

DETERMINE DISPERSAL CHARACTERISTICS OF PPM

Understanding dispersal characteristics of PPM would help determine the degree of demographic

and perhaps genetic isolation of existing PPM populations one from another the feasibility of

translocating PPM to new currently unoccupied habitat areas and alternative translocation

protocols to maximize the success of translocations if they prove feasible

This section reviews existing information on movements especially dispersal movements in PPM

and related species It also reviews the available marking and tracking techniques that could

potentially be applied to field study of PPM dispersal characteristics It then makes

recommendations regarding which methods or combinations of methods should be tested using

surrogate subspecies of Zongimembris prior to using them on PPM

However the general conclusion of Phase for this task is that focusing on intensive studies of PPM

dispersal is not warranted at this time because the potential harm to existing populations outweighs

the potential benefits of the limited data that are expected to result Nevertheless testing of marking

and tracking methods on nonlisted subspecies is recommended so that future studies on PPM may

benefit Furthermore continued capture-recapture trapping at and near known population sites may

provide some insights on dispersal incidental to other valuable data that would be collected

METHODS

The study team reviewed available information on dispersal characteristics of PPM and related

species methods of individually marking PPM and methods for recording movements or

locations of marked or unmarked animals as part of dispersal study The team also tested few

promising techniques on laboratory mice and free-roaming house mice Mus musculus to screen

their usefulness before proposing more systematic tests on native surrogate species

Several general approaches can be used to sample dispersal events in small mammals

Mark and recapture methods over large study grids or grid arrays
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Monitoring select spatially restricted locations over time to record visits by individuals

coming from another spatially restricted location e.g using drift fences coupled with traps

PIT receivers tracking media or other recording devices

Monitoring select individuals over time without spatial restrictions e.g by radio telemetry

harmonic radar direct observation or observation of tracks on substrate such as snow or

soil

Each of these general approaches has advantages and limitations as does each specific technique to

mark recapture or record the locations or movements Some techniques to uniquely mark

individuals such as PIT tags may be applied to more than one of these general study approaches

e.g capture-recapture studies or passive monitoring of selected sites or individuals Other

individual marking techniques e.g ear tagging would only be beneficial for capture-recapture

studies The literature interviews with experts review of available technology and limited testing

on laboratory and house mice were used to summarize the advantages risks and general usefulness

of each technique Sources consulted include the following

Published and unpublished literature on PPM other heteromyid rodents and other mice with

emphasis on space use and dispersal patterns

Members olthe scientific peer review committee not listed individually here Figure

Other researchers with experience marking and tracking mammals personal communications

with Lampert Shenk Karesh Brown Pavelka Jacobs Miller

Diffendorfer Miner Hays Bchrends Forys Bourrassa among others

Representatives of companies that produce radio telemetry equipment Holohil Advanced

Telemetry Systems AVM

Representatives of companies that produce PIT tags and associated equipment BioMark

Trovan

Representatives of companies that produce suture materials potentially suitable for use in

marking PPM Johnson and Johnson Davis and Geck
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Veterinarians including zoo vets experienced with marking of animals and with surgical

techniques and risks associated with various marking and tracking techniques Friedman 1998

Young 1998 Hibi 1998 and

Internet web sites pertinent to radio telemetry animal tracking animal marking and related

subjects

Pilot Studies on Individual Marking Methods

Four adult male laboratory mice were acquired to test potential methods of marking and tracking

mice before attempting them on PPM or wild surrogate species The mice are approximately 2.5

to times the size of PPM 15 to 28 grams versus to grams They are housed in 12 24-inch

aquarium with wire mesh top water bottle exercise wheel shredded paper and cow skull for

cover Mice were initially identified by color white and brown and markings made with red

Sharpie markers on the fur

Ogden biologists Iavid King and Mike Fugagli performed some initial tests to determine the

potential utility of leg bands bird bands to identify individual mice Lab mice at UC Davis

research lab are routinely marked with metal leg bands Baczkowski 1999 This technique was

therefore considered as possible alternative to ear tags and other material marking techniques that

had been found unsatisfactory on PPM Pavelka 1998-99 Dodd 1998

As preliminary assessment of this method one small colored plastic bird band was attached to the

left hind leg of each of the four lab mice The size-O bands were trimmed to variety of sizes to

determine proper fit placed around the legjust above the tarsus and sealed using acetone Only two

mice were successfully banded the other two bands quickly slipped off due to inappropriate sizing

Banded mice initially reacted to the bands by investigating and gnawing at the bands Eventually

both successfully banded mice resumed normal behaviors After 48 hours one of the banded mice

was observed with slight redness and swelling of the banded leg and the bands were removed from

both mice and inspected Both bands appeared to have been gnawed considerably and would likely

have been removed by the mice in coming days

rhis short-term banding exercise demonstrated that leg banding if pursued should be done with

proper fitting metal bands However we have concerns regarding the long-term effects of leg

banding on the behavior and fitness of wild mice Furthermore the bands were somewhat difficult

to read requiring that the hair be pushed away from covering the band with the animal in hand
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We did not believe the method held promise for use on PPM so we terminated further testing

Pilot Studies on Potential Tracking Methods

Ogden biologists David King and Mike Fugagli performed initial tests on the potential effectiveness

and risks of using fluorescent powder as tracking medium to determine movement and space-use

patterns The powder is plastic pigment manufactured by Day-Gb Inc It is finely divided

to micron insoluble ground resin powder containing dye It is considered nontoxic and relatively

inert the only listed caution being that the fine powder may cause respiratory irritation if inhaled in

large quantities It is not an eye irntant Two colors were used signal green and Saturn yellow

both of which fluoresce brightly under ultraviolet light They have bright day-gb look under

daylight but do not glow in the dark unless illuminated with ultraviolet wavelengths

Powder was first applied to the four laboratory mice to determine powder adhesion transfer to

substrates under controlled conditions and any behavioral effects Several ounces of fluorescent

powder were applied to the inside of cow skull that served as their nest The mice were initially

observed for behavioral changes or ill effects of the powder and then released in dark carpeted

room to test powder deposition The room was empty except for the powdered nest and several

boxes and bags containing brush as exploration objects The mice explored the room for eight hours

after which the room was examined for powder traces using an ultraviolet lamp

Mice were then observed for several weeks under laboratory conditions to detect how long powders

adhered to them and whether there were any obvious health effects One of the mice died of

unknown causes approximately 20 days after first exposure to the powder This individual was

dissected and its lungs and other internal organs observed microscopically under ultraviolet

illumination

Powder was next applied to the burrows of wild house mice in -hectare vacant lot vegetated with

mustard Brassica sp normative grasses and sweet clover Melilotus sp to determine

effectiveness of the powders to delineate movements in the wild The lot is in an industrial park and

is surrounded by development and landscaped vegetation with no possibility of supporting listed

threatened or endangered species About one ounce ofpowder was injected to 10 centimeters into

the burrow by squeezing it from flexible plastic 100-millimeter separatory funnel total of eight

burrows were marked alternating between green and yellow powders Burrows were redusted at

about one-week intervals fbr four weeks Fluorescing trails were observed at night using portable
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ultraviolet lamp Some mice were then Ii e-trapped to observe powder deposition and health for one

day and then released

RESULTS AND DISCUSSION

Dispersal is difficult phenomenon to observe and measure in any animal but especially so in tiny

nocturnal and cryptic species such as the PPM No one technique currently appears suitable to

justify an intensive field study of PPM dispersal especially in light of the animals endangered status

which rules out methods that risk harm to individuals or their habitat

Dispersal Characteristics of Mice

Very little is known about PPM space use patterns
in general or dispersal in particular The limited

information available on PPM and related species is summarized below

longimembris is solitary and exhibits strong intraspecific aggression As with most heteromyids

all adults live alone in separate burrows and nest chambers except mothers with juveniles hi

captivity studies have shown aggressive behavior in male/female male/male and female female

encounters outside of estrous Hayden et al 1966 However female/female spatial overlap in

home range has been demonstrated to occur more frequently suggesting greater level of male

aggressiveness OFarrell 1980 However home range overlap does not necessarily connote

intraspecific tolerance

Most data on home range size in heteromyids are based on recaptures on trapping transects or grids

which generally underestimate actual home range sizes In Joshua Tree National Monument

California home ranges of longimembris were estimated at 0.12 hectare to 0.56 hectare Chew
and Butterworth 1964 In Nevada home ranges of males ranged from 0.3 to 1.9 hectares and home

ranges of females ranged from 0.5 to 3.1 hectares Maza et al 1973 In Texas the average size of

home range of tnerriami males was 0.59 hectare and for females 1.56 hectares York 1949
Studies of Panamint pocket mice pcinamintinus in western Nevada showed males had smaller

territories 0.72 hectare than females 0.92 hectare Burge and Jorgensen 1973 OFarrell 1978
determined that home range for both sexes varied from 0.28 hectare in early spring to 0.80 hectare

in late fall Generally there is an inverse relationship between size of home range and population

density and there are shifts in home ranges and common excursions outside the home range more

frequently in males
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Hurt and Grossenheider 1976 reported that little pocket mice range up to 305 meters 1000 feet

hum their burrows in 24-hour period but the basis for this conclusion is unknown In the Owens

Valley California Kenagy1973 measured movements of less than 50 meters 165 feet

limited capture-recapture data on PPM are available to begin assessing movements based on

maximum distances between capture locations for individual mice These data do not however

represent distances moved by dispersing PPM Rather they represent minimum measures of home

range lengths or possibly lengths of extra-home range excursions

he most extensive data available on PPM movements is from the Dana Point Headlands monitoring

study Dodd 1998 unpubl data Table summarizes the maximum distances and total distances

moved between capture locations for each PPM The 19 PPMs were captured an average of 3.0

times each median range ito captures For the 16 individuals captured more than once the

niaxirnum distance moved between the farthest two capture locations averaged 19.7 meters range

to 87.0 meters Grouped by age the mean maximum distance moved was 26.4 meters for adults

and 18.9 meters for young of the year suhadults and juveniles Ogden 1997 reported recapture

distance at the San Mateo south site ofabout 22 meters for one subadult female Most other captures

were at the first capture location Spencer 1997

instances of long-distance dispersal by individual PPM have yet been observed The preliminary

trapping results of Montgomery 1998 and Dodd 1998 on the Edson Range although not

providing direct data on individual movements are consistent with hypothesis that young of the

year may be dispersing relatively long distances hundreds of meters between habitat patches in an

unconstrained system however further testing is required to verify this hypothesis

Individual Marking Methods for PPM

This section reviews the pros and cons of each masking technique we examined and discusses their

applicability to design of dispersal study In general it appears that PIT tags would be the best

method of individually marking PPM although there remains some concern regarding the size of

commercially available PIT tags 11.5 millimeters Another novel technique color-coded

nionofilament sutures is tentatively considered candidate for use in capture-recapture studies
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TabLe Individual PPM Maximum Distance Total Distance Moved
and Number of Times Captured at Dana Point

Animal Max Distance Moved m1 Total Distance Moved mU Number of Times Captured

12 24

87 181

12 25

23 23

46 156

27 27

18 32

32 34

10 30 82

11 25 30

13

14

15 30 30

16 21 21

18

19

Means 19.7 35.6 3.0

By age 26.4 adults 41.8 adults

18.9 young of
year 43.0 youngofyear

Maximum distance moved as measured by the furthest two capture locations

Total distance moved as measured by all moves between successive capture locations

These two methods are discussed in more detail below Other tecimiques investigated but found

likely unacceptable are as follows

Ear Tags Commerciallyavailable ear tags too large millimeters for PPM and have high loss

rate Pavelka 1998-99 USFWS and Shana Dodd have experimented with tiny surgical staple

as ear tag on PPM Michel tag but found unacceptable rate of loss over one year as well as

some difficulty applying and reading tag in the field Pavelka 1998-99 Dodd 1998

Freeze Branding Considered too risky due to the need to shave hair and the inability of the

PPMs small body mass to dissipate the freezing effects
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Tattooing Similar problems as with freeze branding body mass too small to dissipate heat of

tattoo iron Problems with ink spread and tissue scarring reported on lab mice and deer mice

Pavelka 1998-99

Hair Dyes Including indelible Inks Acids or Bleaches satisfactory method for short term

capture-recapture studies but not for multiyear marking due to molt

Toe Clipping or Similar Mutilation Techniques Considered unacceptable by the USFWS for

this endangered species

Hair Clipping satisfactory method for short term capture-recapture studies but not for

multiyear marking due to molt Difficult to ensure unambiguous unique individual

identification

Leg Banding May cause skin irritation or restrictions to movements Mice will likely chew off

most band materials or waste energy in the attempt Limited testing on laboratory mice not

promising

PIT Tags In general it appears that PIT tags may be the best available method of individually

marking PPM The benefits of the PIT tags include small size and weight of the units high

reliability and low loss rate There are two drawbacks to the units there is some concern

regarding the size of commercially available PIT tags 11.5 millimeters relative to body length

of the PPM approximately 30 to 36 millimeters excluding head and there have been some

cases of tumorous growths occurring due to the implants but this has only occurred in few species

Young 1998 We therefore recommend testing the method on surrogate species of

longimembris before using it on PPM

PIT tag
consists of glass tube containing magnetically activated transponder chip The tags

work through series of magnetic field interactions which allow scanner to read unique

identification code from the tag Tags can be read over distance of about or centimeters PIT

tags have the possibility
of being used to passively record an animals visit to specific locations as

well as for use in capture-recapture studies Jacobs 1998

PIT tags
have been used successfully to mark other small species of pocket mouse e.g P.Jlavus

Brown 1998 An eight-year study on the kangaroo rats Dipodomyus heermanni ingens and

nitratoides tested many marking techniques and found PIT tags to be the preferred method Williams
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et al 1997 Tattooing was found unacceptable due to misreading 3.9 percent and mortality during

handling 0.5 percent Cheek pouch tags caused infection and injury Ear tags had the highest rate

of loss 58 percent for year some reading errors 0.5 percent and occasional infection PIT

Tags required the least amount of time to identify animals They had low rate losses ito percent

and the misreading error was negligible 0.005 percent No infections or other pathology were

noted Mortality due to handling for applying and reading PIT tags was 0.04 percent and occurred

only with the smallest species of kangaroo rat nitratoides

PIT tags have become the standard marking technique for small mammals in zoos San Diego Zoo

veterinarian Lee Young 1998 said that all their small animals are marked with PIT tags including

the 5-gram feathertail glider Acrobatespygrnaeus This tiny marsupial shows no adverse effects

to the implants and the procedure has been performed on over 75 gliders The tags are implanted

in the scruff of the neck and the wounds are sealed with surgical super glue Dr Young believes

that the loose skin should be enough to allow the same procedure for PPM

PIT tags were also recommended by Dr 1-libi of Amazon Pet Hospital 1998 who felt that there

would be no loss in mobility due to tag insertion If smaller less obtrusive tag were required the

cost to create new die and new tags would cost over $1 million dollars Trovan 1998 due to initial

set up costs

Sutures The study team also investigated use of novel method color-coded surgical sutures or

monofilament stitched through the skin and left slightly longer than PPM guard hairs The sutures

could be located on the rump above the tail between the scapulae or perhaps in the ears General

consensus of mammalogists and veterinarians we discussed this with e.g Hibi 1998 was that the

loose skin between the scapulae was probably preferred

rhe technique would be quick and relatively risk-free but practice under the supervision of

veterinary surgeon would be required Commercial nonabsorbable suture material generally comes

in five colors green blue green-white braid black and steel limiting possible coding combinations

Monofilament can also be used which increases the available color options but decreases the sterile

condition Field sterilization would be required with this or any suture material that didnt come

prepackaged and sterile Hibi 1998 The study team also investigated suture materials that could be

dyed to create additional colors but the companies contacted to date did not offer suitable materials

Cooleen 1998 Lamb 1998 Further research on dyable suture materials is required ifthis technique

is pursued
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Potential Tracking Methods for PPM

Ihe following techniques were investigated and found not to meet study requirements for PPM

dispersal based on current technology andlor risks of harm to individuals or habitat

Telemetry units are still too large and unrealiable duration and range to risk trying to record

rare dispersal events in this species at this time

Use of drifi fences is all but ruled out by the recovery plan due to concerns of increased mortality

e.g predation risks that may result and the problem that fences change the movements they

are meant to record

Harmonic radar is infeasible for use on terrestrial burrowing mammal and due to prohibitive

costs

Arrays of PIT recording stations are infeasible and uneconomical based on current technology

due to limited receiving range expense of recorders and impacts on the habitat such as

compaction or vegetation removal

Use of radioisotopes to mark and detect individuals or populations dispersing from source

population Stenseth and Lidicker 1992 may pose health risks to marked individuals and most

isotopes can only be detected at very short distances within about meter or less

Use of direct observation techniques e.g night vision scopes or light emitting diodes

on animals also seems infeasible due to low likelihood of observing dispersal and possible

changes in PPM behavior

Massive capture/recapture grids designed to measure dispersal may be too disruptive to

populations or habitat relative to the chances of recording meaningful dispersal data and trap

grids generally under-represent space use requirements in small mammals However some use

of more modest trapping grids is recommended once an individual marking technique is

perfected to study basic biology of PPM

Use of fluorescent powders or similartracking techniques may increase predation risks and our

pilot studies with house mice indicate low likelihood of recording dispersal However this

technique has merit for further testing on surrogates to study space use in PPM
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Although none of these techniques shows promise for focused intensive study of PPM dispersal

few are discussed in more detail below because they may nevertheless benefit study of other

aspects of PPM biology Some may also prove useful for dispersal studies in the future with further

developments in technology and especially afler tests on surrogate species

Fluorescent Powders Results of Pilot Studies

The results of the pilot studies using lab mice and wild house mice indicate that this technique may

be useful in helping delineate home ranges and may supplement other techniques for studying social

spacing patterns movements use of burrows and other aspects of PPM natural history

Powder Adherence and Effects of Powder on Mice

The lab mice were initially heavily coated with powders due to heavy application to their nest

White mice became green and the brown mouse had slight green hue The amount of powder

available was then greatly reduced resulting in lesser adherence to the mice Powders adhered most

to the base of sparse hairs on feet ears and nose to skin and fur of the body and to waxy areas

between scales on the tail

The only behavioral change observed was an initial increase in grooming which tapered off over

time Because of the heavy coating of powder and grooming with the tongue and mouth scats

became green and fluoresced under ultraviolet light The urine was not green Behavior and health

were not obviously affected over the next two to three weeks All mice increased in weight during

this time One mouse died of unknown causes about three weeks after initial exposure while still

lightly coated with powder although it appeared healthy and active until death The mouse was

dissected and examined for green powder internally and externally with dissection scope under

ultraviolet light The external deposits were as noted above heaviest on the tail feet and nose area

linternally the intestinal walls fluoresced green from the powder and the scat was mostly all green

Adipose tissue in the pericardial sac around the kidneys and on the peritoneum fluoresced faintly

but the fatty tissues may naturally fluoresce Examination of thick-sectioned lung tissue revealed

some fluorescent particles but whether the particles were inside or outside of tissues or caused the

death could not be determined
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Powder Adherence to Substrate in Controlled Environment

Observation with ultraviolet light after eight hours of exploration by the mice showed numerous

mouse tracks within about meter of the nest as well as accumulations of powder in corners along

the baseboards and other features of the test room Tail marks were common along the walls

Powder was also evident throughout the brush where mice had climbed around Enough fluorescent

powder was dispersed in the room to justify outdoor trials using wild mice

Results Using Powders in Wild Setting

Observations 24 hours after applying powder to house mouse burrows revealed trails of fluorescent

powder leading to meters out from burrows Over several nights the trails became more clear

and longer to about meters It appears that the house mice mostly ran along the same trails one

to three per burrow within 4- or 5-meter radius of the primary burrow and mostly to other nearby

burrows Forays off main trails into nearby vegetation clumps were also observed Trails continued

to develop over time with no mixing of colors observed between burrow clusters indicating that

mice did not visit neighbors burrows Once the network of detectable trails was established from

the initially marked burrows other burrows showing evidence of use powder deposition inside

were supplemented with powder This increased the deposition on the existing trails and expanded

the detectable trail network slightly

i3oth green and yellow powders were very detectable under ultraviolet light even as single glowing

particles The powder seemed minimally affected by light rainstorms and wind Smaller trails left

by insects or snails were also identifiable

iwo male and one female house mice were captured after several weeks of testing The female was

pregnant and one male scrotal All three mice appeared in good heath and very active One male

was very lightly dusted with powder detectable only on the feet and tail with ultraviolet light

Powders were barely discernible under sunlight The other male and female had moderate

accumulation of powder barely detectable on the body fur and somewhat brighter on the feet

bottoms and tail The most heavily dusted male used the most heavily powdered and recently

recharged burrow complex This was the only individual observed to have green-tinted scats The

other scats did not fluoresce even under ultraviolet light
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Conclusions Regarding Use of Fluorescent Powders

The captive test mice did not show obvious ill health effects or major behavioral changes while

heavily coated with powder Whether the powder contributed to the death of one lab mouse could

not be determined The remaining mice appear healthy and unaffected The much lower levels of

exposure experienced by the wild mice are not expected to have ill effects

The powder deposited nicely along established trails in the field The network of trails at each

burrow cluster reached almost to neighboring trail networks indicating that most of the home range

was being detected The powder stood up well under varied weather conditions and was readily

detectable at night The wild mice did not appear significantly affected by the powder and the

powder was not noticeable on them under normal lighting conditions The amount of powder

required to produce detectable trails was small Addition ofpowderto outlying burrows of the same

mouse made the trails more detectable and expanded the detectable extent of the trail network

slightly

We believe application of small amounts of powder into burrow entrances deserves further testing

in the field on nonlisted subspecies of longimembris Tests should determine whether the

technique perhaps in concert with other tracking techniques can help delineate home ranges and

social spacing characteristics of the species Further research is also needed to determine whether

the fluorescence can be detected by potential predators e.g hawks owls cats foxes and hence

increase predation risks

Radio Telemetry

Radio telemetry is generally the preferred method for studying natural unconstrained movements

of wild mammals However the PPM is so small that this technique is currently infeasible Only

in veiy recent years have advances in telemetry and battery technologies made it feasible to radio-

track such tiny animals to grams at dispersal age and there are limitations on radio-signal

strength and battery duration Because the PPM is burrowing mammal transmitters would likely

need to he implanted subcutaneously or intraperitoneally rather than worn externally which further

attenuates the limited transmission strength and may alter behavior or affect health in unknown

ways Based on the size oftransmitterpackage subcutaneous implantation burrowing behavior and

other factors we expect receiving ranges of well under 100 meters and battery lives under weeks

duration Riecken and Raths 1996 Thus we do not recommend telemetry on PPM at this time
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olohil systems manufactures the smallest transmitter units currently available The transmitters

intasure millimeters weigh 0.47 to 0.52 gram depending on the battery have life

expectancy of 10 days and maximum useable range of 500 meters However Riecken and Raths

1996 using larger 0.6- to 0.7-gram Holohil telemetry units on beetle Carabus coriaceus

tound an operable range of only 100 meters The smaller transmitter that would be proposed for use

on PPM would have an even weaker signal There are also discrepancies between laboratory and

teld tests on battery life Riecken and Raths 1996 found that their transmitters allowed 14 to 18

days of tracking although the maximum battery life is 28 days Again the smaller batteries used

for PPM would have less duration

can be attached internally or externally External attachment is easier and less

Iraumatic and generally uses surgical glue on shaved patch between the shoulder blades In some

eases the glue has been known to cause skin damage due to prolonged attachment Schultz et al

1998 Schultz 1998 Another option is to connect the unit to the animal using suture run through

minute polyvinyl chloride PVC tube attached to the transmitter Subcutaneous insertion is more

complicated and is generally used on larger animals Schultz et al 1998 experimentally implanted

approximately 200 doves with radio transmitters half subcutaneously and half in the abdominal

cavity Whip antennae were left protruding from the incisions and were found to pose little threat

of infection to the doves but the intra-abdominal group had much higher indications of infection

The abdominal transmitter was found to compact the organs in the abdominal cavity and may have

dffected fecundity Similar results were found in study comparing implants to controls in immature

iurkey poults Hubbard et al 1998

The president ofHolohil Systems Anderka pers comm raised concerns that the size of transmitter

unit may alter the behavior of PPM The transmitter could interfere with the ability of the animal

enter its hole the weight might impose handicap on the functions of the mouse and it may cause

unknown effects on behavior Some rodents carrying external units over long periods have

attempted grooming them off

Mark and Recapture Techniques

Mark and recapture techniqucs are not recommended specifically to study dispersal in PPM because

an effort would be extremely labor intensive relative to the amount of dispersal data obtained

Furthermore niassi ye capture/recapture grids may be too disruptive to populations or habitat relative

ft the chances of recording meaningful dispersal data and trap grids are notorious for not accurately

representing space use in small mammals Individuals generally are captured at few trap locations
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which under-represent their actual movements For dispersal studies recaptures measure only

minimum possible dispersal distances rather than actual or potential distances

Nevertheless some systematic trapping of known PPM populations will be necessary to achieve the

recovery criteria and some dispersal data may be obtained incidental to these studies especially if

study grids are strategically placed Long-term systematic trapping studies should be initiated to

mark individuals and track populations over time once reliable individual marking method is

developed using surrogate species

CONCLUSIONS AND RECOMMENDATIONS

We know very little about dispersal in PPM or related subspecies Furthermore based on current

tecimology we fear that the risks of performing an intensive focused dispersal study on PPM

outweigh the potential benefits of doing so and we do not recommend such focused dispersal study

at this time However we do recommend field study ofa nonlisted subspecies ofP longimembris

to test promising techniques for studying dispersal and other aspects of longimembris biology that

are pertinent to recovery planning for PPM proposed study approach for such field study using

surrogates is discussed in the final section of this document

Iespite the above conclusion we may continue to gain some insights regarding PPM dispersal both

directly and indirectly from analysis of ongoing trapping efforts at PPM population sites The

demographic and distribution results of presence/absence trapping at the Dana Point and Oscar

One/Edson Range sites are already providing some indirect insights on PPM dispersal and should

he continued The results should be far more useful once PPM can be permanently and uniquely

marked with PIT tags or another suitable technique

The extant PPM population sites offer opportunities to study dispersal under several different sets

of conditions which may lead to different insights

Dispersal from or between small discrete occupied areas of habitat in fragmented landscapes

at the Dana Point Headlands and the San Mateo North and San Mateo South sites

Dispersal among suitable sandy habitat patches in matrix of unsuitable non-sandy habitat

at the Oscar One site which is free of obvious dispersal barriers and
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Dispersal between the relatively large areas of suitable habitat at Oscar One potential source

area for PPM and the apparently more marginal habitats on the adjacent Edson Range

potential sink area

Given that trapping continues or is reinitiated at these sites we recommend procedures to maximize

the potential to observe PPM dispersal For example expanding the Oscar One study grids to

include portions of the Edson Range may record dispersal from possible source area Oscar One

to possible sink area Edson This may support finding that dispersers from Oscar One can serve

as source for future translocation or reintroduction efforts
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RECOMMENDED PHASE II STIJDIES

RELATIONSHIP OF RESEARCH TO RECOVERY GOALS

The four tasks that the recovery research team have initiated are certainly relevant to the PPM

recovery goals However we suggest some redirection of research efforts in the immediate future

to more directly address the information gaps most pertinent to species recovery Specific

relationships between each of the four tasks and the species recovery criteria are summarized here

along with some suggested changes in approach for each task The next section builds on these

suggestions by proposing specific studies

Task translocation feasibility was designed to determine whether translocations or

reintroductions of PPM are feasible However we do not know whether there are sufficient

habitat areas remaining to receive translocated population systematic review using GIS

data layers discussions with land-use authorities and field measures ofhabitat suitability are

recommended

Task Argentine ant invasions is directly relevant to measuring threats to the species and

should be continued We also suggest that it be expanded to measure additional threats such

as effects of predation by house cats and other vertebrates on PPM

Task dispersal characteristics is also relevant but should be imbedded in more

comprehensive field study ofthc species natural history and only after marking and tracking

techniques are first perfected on surrogate species to ensure that they will do no harm to

remaining PPM populations

Task translocation protocol should be developed only if and as data become available to

support such procedure This depends on the results of the other tasks above as well as

studies of genetic diversity and integrity of the remaining populations

Considering the above discussion the study team suggests redirecting research efforts for the

immediate future In light of the extreme rarity of the PPM the study team has used the guiding

philosophy First do no harm In other words attempt to answer the critical questions for recovery

planning without risking harm to the remaining PPM populations Based on this approach we

recommend the following studies
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systematic review of available habitats within the historic range of the PPM to identify

sites that might support additional viable populations perhaps via future translocations or

reintroductions

An intensive multiyear field study of permanently marked population of nonlisted

subspecies of longimembris This study of surrogate species should be designed with

at least the following goals test techniques before applying them to the PPM obtain

basic life history demographic and genetics information to design population viability

analysis and translocation protocols and test specific translocation methods and protocols

that may be applied to PPM in the future Some captive longimembris should also be used

to test marking procedures

Following closely after the surrogate studies perform an intensive multiyear field study of

one or more permanently marked PPM populations The study should be designed with at

least the following goals measure demographic parameters and build life tables

necessary for population viability analysis on PPM obtain additional natural history and

habitat data on PPM quantify current and potential threats to the populations e.g

introduced predators and design remedial measures and obtain DNA samples for

genetic studies see below

population genetics study on PPM to establish baseline measures of genetic diversity

within and between extant populations using live-captured specimens and historic

populations using museum specimens and to determine genetic goals for PPM recovery

Continued monitoring at all extant sites of existing population size and demography using

permanent study grids integrated with and guided by the above studies

Below we present draft study approaches for the review of translocation receiver sites the intensive

study on surrogate subspecies and the population genetics study We also suggest modifications

to ongoing PPM monitoring efforts administered by the USFWS
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REVIEW OF POTENTIAL TRANSLOCATION RECEIVER SITES

Objectives

This study would use existing digital information GIS data layers and field reconnaissance to

systematically rate and prioritize potential translocation receiver sites throughout the historic range

of the PPM This information is critical to deciding whether translocations are feasible and what

biological technical or institutional issues must be addressed prior to attempting translocation

Methods

The study would proceed in two phases coarse-filter phase to identif potential translocation

receiver sites using GIS and existing data and fine-filter phase involving field work to better

characterize habitat suitability and to rank the potential sites identified during Phase

in Phase soils and vegetation types would be rated by the PPM research team for potential to

support PPM based on current knowledge and ongoing studies by the USFWS and others This

rating system would be conservative to avoid prematurely eliminating sites due to inadequate data

or inappropriate mapping scales For example existing digital U.S Department of Agriculture

USDA soil maps are relatively coarse in scale and may omit small pockets of suitable soils within

matrix of other less suitable soils such as occurs on the Edson Range soil scientist would be

involved in this effort to help the team identify those soil types that may support PPM or that may

have unmapped inclusions of suitable soils The GIS would then overlay the rated data layers to

create coarse-scale habitat suitability maps for PPM Such efforts have already been performed

piecemeal for portions of the PPMs range such as on Camp Pendleton Ogden 1997 within the

Multiple Habitat Conservation Planning MHCP area Ogden and San Diego Association of

Governments 1997 and within southern Orange County Pavelka 1998-99 This

exercise would involve collating these independent assessments into comprehensive data set and

analysis and subjecting the results to scientific peer review

preliminary gap analysis would also be performed during Phase by overlaying land uses and land

ownerships onto the coarse-scale habitat suitability map Of particular interest would be land areas

currently in open space or identified as probable wildlife preserve areas by ongoing regional

conservation planning efforts Candidate areas for translocation receiver sites would be identified

as those that are sufficiently large with suitable PPM habitat characteristics and having compatible

land use and land management plans

FCA PPM Phase Page 43

16PPM Slv pd /3/00



Phase would involve field recormaissance by experienced PPM biologists to verify and further rank

the apparently suitable habitat areas The soil testing methods currently being developed and used

by the USFWS Pavelka 1998-99 may be applied if they prove useful in predicting PPM habitat

suitability Improved finer scale soils maps maybe prepared on candidate sites if appropriate The

field surveys would also characterize vegetation communities and degree of disturbance and threats

PPM e.g presence of house cats or Argentine ants at each location These field

characterizations would serve to refine the coarse habitat suitability analysis to prioritize the most

suitable habitat areas for translocations

Any sites appearrng highly suitable that have not already been adequately trapped for PPM would

then be trapped with sufficient effort to verify presence or absence of the species We suggest

minimum effort of consecutive trapping nights with at least 200 traps per site This trapping

should also characterize the overall rodent community to determine if high levels of non-native or

competing species may pose problems for PPM reintroductions

Schedule

It is important that Phase commence immediately before the regional habitat conservation plans

and associated habitat management plans are completed These plans which identify which areas

of remaining habitat in southern California will be permanently protected as biological open space

and which will be subject to development are fast becoming final PPM translocation possibilities

must be adequately addressed before these habitat conservation plans are implemented

1he habitat suitability modeling and gap analysis could be performed by spring 1999 Field

reconnaissance should be completed in spring/summer 1999 and any necessary trapping surveys in

summer 1999 Phase Identification and prioritization of candidate translocation receiver sites

should occur by fall 1999

FIELD STUDIES OF SURROGATE SUBSPECIES

Objectives

Ihis study would use another nonlisted subspecies of longimembris as surrogate to the PPM

in order to test methods and obtain critical information without risk of harm to the endangered PPM

Specifically the study would he designed with the following objectives
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Test the various marking and tracking techniques still under consideration for use on PPM

For example PIT tags and color-coded surgical sutures could be tested on captive and free-

roaming individuals to verify their utility and assess possible adverse effects Possibly

telemetry units could be tested as well in concert with trapping and fluorescent powders for

studying space use and dispersal patterns

Collect blood samples hair samples and scat samples for use in genetics analyses and to

select the technique that is most suitable and least invasive to the animals These samples

could be used by geneticists to refine methods on longimembris and develop additional

genetic markers using the surrogate as an outgroup taxon for comparison

Collect basic natural history and demographic information which is likely to be similar

between other subspecies and pacJIcus Intensive study of marked population would be

used to refine parameter estimates for input into the population viability analyses called for

in the recovery plan By carefully extrapolating to PPM we may be able to determine

whether any of the existing PPM population sites especially Oscar One could serve as

translocation source population

Experiment with specific recommended translocation methods such as design and use

of enclosure fences at receiver sites design and use of artificial burrows and feeding

stations at receiver sites determination of optimal timing for translocations and

determination of optimal age/sex classes of translocated animals

If properly designed an intensive population study of surrogate population could integrate many

of the above research goals simultaneously The most promising methods could then be tried on

PPM once we are confident that they would do more good than harm

Potential Study Sites and Subspecies

The study team has identified number of potential study sites for several subspecies of

longimembris The sites were identified based on known moderate to high populations of

longimembris relative ease of access and other considerations However the land ownership and

management status are not currently clear for all locations The first task would be to perform quick

field reconnaissance and discussion with land use authorities to determine which site offers the

optimum setting for intensive study
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ban gsi

Fhe following sites were surveyed for ban gsi by Dodd 1996 for the Coachella Valley Multiple

Species Conservation Plan CVMSCP They are all around the western and northern portions of

the Coachella Valley California and most or all are candidate sites for habitat preservation The

land controlling agencies might welcome additional data on the species in these areas since

hangsi is planning species for the CVMSCP

viowcreekJ Windy Point This site is in an undeveloped area in the vicinity of San Gorgonio Pass

near the village of Snow Creek Dodd found high density ofP bangsi in creosote scrub on loose

sandy soils The animals were restricted pnmarily to gentle slopes Steeper slopes forming the

southern portion of the study area are unsuitable for the species This may offer advantages for

dispersal study since dispersal should be directionally biased away from the slopes increasing the

probability of recording dispersal movements

West of Highway 62 This site is near the northern end of the Coachella Valley bangsi was

sound at moderate densities in desert scrub Again steep rocky slopes along one side of the study

area might restrict dispersal directions to the potential benefit of dispersal study

Edorn Hill/Willow Hole This site is also in north Coachella Valley and had moderate abundance

of hangsi The site was relatively homogeneous with no steep slopes and the species is

xpectcd to occur over the majority of the site

internationalis

San Felipe Wash south of the town of Ranchita in the Anza Borrego desert has moderate to high

density of internationaiss Dodd 1998 It should be relatively accessible for study

/1 iongirnenibris

Ion girnembris are thought to be abundant in creosote scrub near the town ofJoshua Tree outside

of Joshua Tree National Monument Longimeinbris should also be abundant within the monument

hut there may be concerns regarding permanent study plots within monument boundaries

Monument staff should be approached regarding possibilities of studies within the Monument
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Methods

the precise methods to be used on the surrogate study are to be defined during further discussions

with the USFWS and the TCA with input and review from the scientific review panel This section

presents brief overview of some approaches to be considered

Once one or more surrogate study sites are selected permanent study grids would be established

based on the current optimal grid layout for PPM as determined by Dodd and Montgomerys grid

spacing study at Oscar One tentatively 14-by-14 trap grid at 5-meter spacing Assessment lines

radiating out beyond the study grid would also be established based on the design of OFarrell et al

1977 for correcting density estimates on grids

An attempt would be made to capture and permanently mark all resident animals on the study grid

with trapping at least three times during the active season spring prereproduction summer post-

emergence ofjuveniles and late summer/fall dispersal This would allow tracking of age cohorts

over the seasons and construction of basic life table for the species The study team would first

capture and mark the reproductive adult population during spring Aprillearly May prior to the

emergence of juvenile animals This would ensure that there is no confusion between the age of

animals born the current year and those born in previous years This is important to help

determine if adults animals born in previous years disperse to determine whether habitats

occupied by the resident predispersal adults differ from habitats settled by dispersing young and

to be able to correctly age mice throughout the year

Once sufficient animals are marked field trials should begin to test various tracking techniques on

the grid Fluorescent powders would he applied to burrows to test whether this technique works on

little pocket mice to study home range movements and social interactions Telemetry units may

also be tested although this is not highly recommended at this time

Possibly large enclosures would also be established as experimental arenas to test various tracking

methods and to test use of enclosures as soft release measure for translocations The enclosures

would also be used to test effectiveness and design of artificial burrows and feeding stations at

receiver sites determine optimal timing for translocations and determine optimal age/sex classes

of translocated animals
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Schedule

During winter/spring 1999 reconnaissance visits and discussions with land use authorities should

be initiated to select study sites If possible study grids should be established during

sprmg/suinmer 1999 and trapping should commence to begin marking animals and testing marking

and tracking techniques

Concurrent with the study site reconnaissance the study team would work to refine the study

questions methods and schedules with input from USFWS TCA and the peer review committee

POPULATION GENETICS STUDY

Objectives

study of genetic variability in PPM is necessary to determine the genetic integrity and variability

both within and between the extant populations of PPM and within and between all historic

populations of PPM This is critical to designing atranslocation program including1 determining

whether captive breeding is necessary to increase or maintain genetic integrity and selecting

tanslocation donor and receiver sites

Methods

Tissue samples should be collected from museum specimens representing each of the historic

populations of PPM and from each of the extant PPM populations Hair follicles or other suitable

tissues from museum specimens may be suitable for use with polymerase chain reaction PCR
techniques Fresh blood hair or scat samples from living animals are preferable for use on extant

populations and can be collected when animals are captured and marked For example drop of

blood can be collected on paper filter strip when inserting PIT tags and dried Hair can be plucked

from the rump complete with follicles and dropped into alcohol or frozen in zip-lock bags This

technique has worked successfully on recent genetics studies of Stephens kangaroo rats Metcalf

1998 Extraction of DNA from tissues in scats may also be possible

Protocols for extracting DNA from the tissue samples and sequencing arid amplification would

presumably follow those developed by Patton and others but are beyond the scope of this report

Likewise analytical methods and statistics for determining patterns in haplotype variation
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apportionment gene how and other pertinent measures are beyond the scope of this report and

should be developed by population geneticists in the next phase of research

Schedule

Samples from museum specimens should be collected as soon as possible Tissue samples from

living specimens should be collected concurrent with trapping and marking studies on the surrogates

and on PPM Schedules and methods for genetics analyses should be developed as part of the next

phase of research

MODIFICATIONS TO PPM MONITORING PROTOCOLS

Continued monitoring of the known PPM population sites should consider the following

modifications

Mark animals using whatever marking method is determined optimal based on the surrogate

studies e.g PIT
tags or color-coded surgical sutures Prior to approval ofa permanent marking

technique use combination of hair clipping and indelible ink to uniquely mark individuals in

the short term for capture-recapture studies

Add assessment lines OFarrell et al 1977 to the sample grids to allow better estimates of

population densities Estimate population sizes using appropriate capture-recapture population

estimators e.g using program CAPTURE or program MARK

Perform monitor trapping at least three times during the active season prereproduction post

reproductionljuvenile emergence and late summer/dispersal seasons Such schedule is critical

to tracking reproduction and mortality rates in cohorts and to build life tables for the subspecies

Consider adding additional study grids in marginal habitat areas especially in the vicinity of

the Oscar One core population e.g on Edson Range Differences in demography between

animals caught in these marginal habitats and those caught in the core population should yield

valuable insights on dispersal and perhaps source/sink dynamics on these areas These results

are crucial to determining feasibility of translocations and selection of donor animals

Furthermore there is small but finite chance of capturing individually marked PPM that

disperse from one grid to another
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APPENDIX

BioLoGY OF LITTLE POCKETMICE

The following summary of the biology of little pocket mice Perognathus longimembris was

prepared by Shana Dodd

FOOD HABITS

Meserve 1976 studied population of pacificus and found they had strong preference for

forb seeds and grasses and had low to no preference for shrubs Bailey 1939 recorded seeds of the

following plant species from the cheek pouches of collected specimens Lotus prostratus two

species of salt bush heliotrope mustard Monoanthochloe Fransena rush... Von Bloeker in

Bailey 1939 recorded the seeds of Heterotheca grandflora chiysothamnus Centaurea melitensis

Crown ca4fornicus Plucheas sericea and Hordeurn murinum pacificus was observed to drink

water regularly in captivity Bailey 1939 longimembris in southern Nevada were found to have

82 percent seeds 17 percent greens and percent insects percent volume for 38 stomachs

examined Bradley and Mauer 1973 This study also recorded the following specific food items in

cheek pouches seeds of grasses Oriysopsis hyinenoides Hi/aria rigida and Bromus rubens

annual forbs Plantago insularis P/iacelia spp Oenothera spp and Erodiuin circutarium

perennial shrubs Ephedrafunera Sphaeralcea ambigua and Daleafremontii and vegetative plant

parts Phacelia spp and Oenothera spp. Beatley 1969 suggested that dietary water and

vitamins available iii winter annual vegetation prior to or at the onset of the breeding season is

requirement in the reproductive physiology of heteromyid species note panirnintinus was

included in this study

BURROWS

Pocket mice are nocturnal and spend the day in burrows they construct in loose dirt and sandy areas

Kenagy 1973 found some individuals occupied as many as two or three separate home burrows in

the summer and early fall Burrow entrances are plugged during the day and comprise system of

tunnels and resting areas Kenagy 1973 found that tunnels of longimembris were generally

centimeters in diameter and often nearer to the surface than those of larger species Two nesting

cavities were excavated and found to be 52 and 65 centimeters in depth containing loose bed of

dry roots and leaves Kenagy 1973
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lENSITYII-IOME RANGE

longimembris is solitary and exhibits strong intraspecific i.e between individuals of the same

species aggression As with other hcteromyids all adults live alone in separate burrows and nest

chambers except juveniles In captivity studies have shown aggressive behavior between

male/female male/male and female/female when adults are put in close proximity out of the

breeding season more specifically outside of estrous cycles Hayden et al 1966 However

female-female spatial overlap in home range has been demonstrated to occur more frequently

suggesting greater level of male aggressiveness OFarrell 1980 but home range overlap does not

necessarily mean they tolerate each other longimembris is also considered habitat generalist

and occurs interspecifically with other species commonly with kangaroo rats Dipodomys spp.

Most data on home range size in heteromyids are based on recaptures on trapping transects or grids

which generally underestimate actual home range sizes In Joshua Tree National Monument

California home ranges of longimembris were estimated at 0.12 to 0.56 hectare Chew and

lutterworth 1964 In Nevada home ranges of males ranged from 0.3 to 1.9 hectares and home

ranges of females ranged from 0.5 to 3.1 hectares Maza et al 1973 In Texas the average size of

home range of merriami males was 0.59 hectare and females 1.56 hectares York 1949 Studies

of Panamint pocket mice panamintinus in western Nevada showed males had smaller

territories 0.72 hectare than females 0.92 hectareBurge and Jorgensen 1973 OFarrell 1978
determined that home range for both sexes varied from 0.28 hectare in early spring to 0.80 hectare

in late fall Generally there is an inverse relationship between size of home range and population

density and there are shifts in home ranges and common excursions outside the home range more

frequently in males Home range size is not necessarily related to body size as Maza et al 1973
showed that longimembris have larger home ranges than chaetodipusformosus larger animal

longiniembris has been observed to be the most abundant rodent in some areas yet occurs in low

iiumbers or is scarcely found in other areas HaIl 1946 estimated population in Nevada to be as

lugh as 400 individuals per acre Chew and Butterworth 1964 recorded densities ranging from 0.85

to .74 individuals per hectares In Texas merriami population densities have been recorded from

68 to 0.20 individuals per hectares through the year Chapman and Packard 1974

LONGEVITY

Several researchers have shown longimembris to survive well under captive conditions Bailey

939 studied two pacij2cus in captivity that lived about four and six years The longest
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lifespan of longirnembris in captivity was reported to be longer than eight years Edmonds 1972

In nature however lifespans are markedly shorter In population of longimembris studied in

Indian Cove the northern edge of Joshua Tree National Monument 30 percent of marked

individuals survived from one spring to the next Chew and Butterworth 1964 Beatley 1969

recaptured pcznarnintinus up to four
years apart in the wild

REPRODUCTION

longimembris generally breeds from January to August with peak of activity from March to

May Hayden et 1966 studied breeding in the laboratory in population of little pocket mice

collected in Whitewater Canyon probably bangsi Hayden et al 1966 found gestation to be

about 22 to 23 days with extremes of 21 and 31 days They also reported that young are capable of

ieaching sexual maturity and breed the same year they are born as early as 41 days for females

Several studies suggest reproduction in heteromyids to be dependent on the availability of annual

vegetation

ACTIVITY

Daily Pattern Little pocket mice stay in burrows during the day and surface only at night to forage

longirnembris are most active in the first two quarters of the night two to five hours after sunset

except for small secondary increase just prior to sunrise and are usually inactive during the early

morning hours Farrel 11974 Chew and Butterworth 1964 Jorgensen and Hayward 1965 Kenagy

1973 longiniernbris has been found to be active in all quarters of the moon although evidence

from field and laboratory studies indicate that bright moonlight reduces overall activity of nocturnal

desert rodents Price et al 1984 Price et al 1984 describe observations of differential use ofareas

under shrubs and open spaces during periods of differing moonlight suggesting microhabitat

preferences by desert rodents Thus quadrupedal pocket mice such as longimembris are

associated with shnibs and trees because they have sensory structures and morphology that place

them more at risk in open spaces Brown and Lieberman 1973 describe longimembristypically

loraging in and adjacent to clumps of vegetation OFarrell 1974 also found the moon to have

negative effect but that smaller more cryptic species such as Perognathus and Chaetodipus

showed less pronounced an effect as larger more conspicuous species

Annual Pattern Little pocket mice are the smallest mammals excluding bats known to hibernate

Bartholomew and Cade 1957 They hibernate in winter and are active above ground in spring

summer and fall and have circanriual rhythm of approximately ten months French 1977 Their
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annual pattern depends largely on an ability to regulate body temperature The range of deep body

temperatures of active individuals is 32.6 to 39.3C Fluctuations in body temperature correspond

to activity of the individual Higher body temperatures are related to periods of eating or digging

while lower temperatures with inactivity or sleep Bartholomew and Cade 1957 showed that

hibernation winter torpor/aestivation summer torpor are the same physiological phenomena and

could be induced within 24 to 36 hours by removal of food and exposure to lower environmental

temperatures 9C While the animal is becoming torpid the temperature of its body declines

rapidly to within degree or less of the ambient temperature thereby conserving energy by greatly

reducing its metabolic rate by decreased heartbeat and breathing Although not requisite for

becoming dormant the little pocket mouse normally stores food during all seasons In contrast to

other hibernators that accumulate fat reserves for hibernation little pocket mice feed on seed caches

Periods of dormancy have neither daily or strictly seasonal pattern In captivity this species

exhibited dormant activity each day within their burrows The ability to become dormant/torpid for

only few nights or for the winter seems to be an important survival technique to meet short-term

as well as seasonal periods of environmental stress The period of inactivity varies between

populations Kcnagy 1973 Kenagy 1973 found that the activity of longimembris differed in

three consecutive winters ranging from to months of inactivity In 1969-70 the year of greatest

survival 82 percent and the largest population 27 they were active all winter The precipitation

in the season prior to winter was three times normal and plants produced prolific crop of seeds

Dunng the following two years the survival of animals in the spring decreased following year of

POOr seed production This suggests that less fit individuals and young of the year may be forced

into winter activity due to low food availability

Emergence from hibernation is not entirely understood but has been suggested to correlate with

availability of forb and grass seeds Meserve 1976 Studies have shown that even though food is

available on the surface these animals spent several months continuously underground French

1977 suggested the gradual transition between underground and surface active phases is caused by

the vertical uniformity of soil temperatures in the spring which may cue the synchronization of the

circannual rhythm with the seasons
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Appendix

Responses to Comments

By Scientific Peer Reviewers

Pacific Pocket Mouse Studies Program

Phase Report

and

Phase Study Design

The Pacific pocket mouse study team greatly appreciates the helpful comments received on the

Phase report for PPM recovery planning studies The comments have helped invigorate the

discussions and strengthen our approaches for helping recover this species Following is

summary interpretation of the comments full comment letters are attached with the responses

of the study team Pertinent recommendations will be carried forward during future phases of

the recovery research

Dr James Patton

Comment Long-term studies are required to evaluate habitat suitability and recovery

planning should not be hurried if it precludes obtaining multiple year data

Response The parties involved in recovery planning fully agree that multi-year research

is required to fully evaluate habitat suitability that populations naturally fluctuate over

time and that multiple year studies are superior to shorter-term studies as basis for

recovery planning 1-lowever the agencies involved are prepared to act swiftly if

necessary should data suggest that extant populations are in imminent danger of

extirpation or of irreversible demographic or genetic losses Consequently some

professional judgments must be made quickly regarding habitat quality and other factors

before it is too late These initial judgments should be tested via longer-term studies so

long as opportunities for recovery are not precluded by delay due to scientific

uncertainty

Comment Consider using additional capture methods such as hand capture at night

using artificial light to supplement use of Sherman live traps

Response Systematic trapping grids using Sherman live traps provide some advantages

where systematic sampling and consistency are desired However hand captures or other

alternative methods may have merit for increasing overall capture success or for



capturing trap averse individuals or groups Hand captures may also present lower

risk of injury or death to animals and are therefore worthy of further consideration The

study team will investigate this technique for its potential use in capturing PPM for

marking translocation or other actions

Dr Nicholas Holler

Phase Report

Comment Attempting to assess viability and recovery using population viability models

PVA will be extremely difficult and inaccurate for small rodent in
part

due to the

difficulty of obtaining accurate parameter estimates and due to the great sensitivity of the

models to variations in these estimates Consider using new IUCN criteria for assessing

recovery goals

Response The study team agrees with the comment The recovery criteria were taken

directly from the U.S Fish and Wildlife Service Recovery Plan for the species Our

investigations to date support the caution that it will be extremely difficult to obtain

accurate parameter estimates without intensive and long-term studies which may

themselves adversely affect the remaining PPM populations The team will therefore

review the 1UCN criteria and discuss their use as an alternative to the PVA approach

taken in the Recovery Plan

Comment Continue being cautious relative to initiating translocation program but be

prepared to implement one quickly in the event any of the remaining populations are

extirpated Consider selecting donor animals from across the donor population and be

prepared to begin with very small numbers of individuals Intensive trapping to show

that the donor population is producing surplus animals may pose greater risk than

removal of small numbers of animals from the donor population

Response The team agrees with the suggested approach We will reevaluate whether

trapping is necessary to verify that surplus animals are available at the Oscar One/Edson

Range population prior to initiating translocation program We agree that if animals are

captured for translocation it is probably best to select individuals from across the

occupied habitat area rather than removing animals disproportionately from portions of

the area in the event that one or more extant populations are in imminent risk of

extirpation the team is prepared to recommend rapid translocation program subject to

legal land use constraints
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Comment It is better to select adult animals during the peak breeding season for

translocation rather than subadults during the dispersal season to increase the

probability of success Take care in applying principles of translocation developed

for carnivores to rodent species

Response The study team will strongly consider this recommendation The

recommendation for using subadults during the dispersal season was based on desire

not to adversely affect viability of the donor population However provided that only

small proportion of the breeding population is removed we agree that translocating

adults will more likely result in successful establishment of new population due to

higher survvorship and initial population growth We will continue to evaluate what

proportion of the breeding population could be safely removed from the donor population

for design of translocation program We agree that care must be taken in translating

principles between taxa The intent wasnt so much to rigidly apply the principles to

PPM but rather to use them as heuristics to ensure that we considered the breadth of

relevant issues for design of translocation program We were unable to find similar

comprehensive summaries for rodent translocation efforts

Comment PIT
tags or sutures are unlikely to be less traumatic than toe clipping as

marking technique PIT tags seem large for use on this species

Response The team was asked to evaluate all possible marking techniques with

preference for avoiding mutilation marking such as toe clipping Preliminary results

of Phase laboratory and field tests on surrogate species strongly suggest that toe

clipping is the least traumatic and most reliable method available So far PIT tags are

proving feasible despite their large size but we remain concerned regarding their long-

term health effects

Comment Good success was had using radio collars on 12- to 15-g beach mice

Response The study team remains cautious concerning whether radio collars or

alternative telemetry attachments are advisable on the smaller 7- to 9-g PPM relative

to the usefulness of the data that might thus be obtained

Comment Continue surveying for potential translocation receiver sites and testing

methods on surrogate species but be prepared to move ahead with emergency

translocations if extinction seems possibility Having multiple populations is the

greatest hedge against extinction

Response We agree

-3-



Comment Is there no estimate of PPM litter size number of litters etc Do they breed

postpartum

Response There is little information on reproduction in PPM but data are available on

other subspecies of longimembris which presumably are similar Hayden et al 1966

Laboratory breeding of the little pocket mouse Perognathus longimembris Mammal

474123-423 recorded 57 litters resulting from 217 arranged matings in captive

longimembris presumably bangsi Most females exhibited polyestrus cycles of

approximately 10 days duration Fifty-two of 80 females produced litters in single

season 50 females produced litter each and produced litters each Litter size

averaged with range of to Litters were born from late March through September

with peak in May and June Two instances of post-partum estrus were recorded at

days and days post-partum both in females that ate the first litter shortly after birth

Three other females produced second litters after they entered estrus approximately to

weeks after producing first litters In summary multiple litters are probably rare in wild

PPM

Phase II Study Design

Comment Concur with Task Translocation Receiver Site Study

Response No response necessary

Comment Keep an open mind regarding toe clipping

Response We are and early results of the laboratory and field marking studies suggest

toe clipping is preferred method

Comment Consider using larger grid size perhaps 100 100 and greater inter-trap

spacing or 10 for field studies

Response Experience with PPM suggests that larger grids are unlikely to fit fully within

pockets of occupied habitat and greater inter-trap spacing may miss some individuals

Systematic trapping of grids at varying spacing in the Oscar One training area suggested

that tighter spacing in this case captures higher proportion of the population in

shorter time than larger spacing or 10 Our preliminary results at the Snow

Creek surrogate field site also support smaller spacing in this case versus meters

as more suitable for this species Where they occur longimembris occur in high

enough densities to obtain reasonable sample sizes on relatively small grids We are

currently recommending 5-m spacing as an appropriate grid design
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Dr Howard Shellhammer

Comment Creating ten viable populations as called for in the recovery plan is very

unlikely Consider improving habitat at the Oscar One/Edson Range to increase

viability and increase the population size to serve as donor The other populations

seem unlikely candidates for improvement or survival

Response We agree Yes it is biologically feasible to attempt increasing the

viability and size of the Oscar One/Edson Range population via habitat manipulation

however this is an active military training area and the military does not necessarily

want to expand the population and thereby constrain military training outside the

currently occupied area The military is not averse to using the population as donor for

translocations We agree that the other smaller populations are at great risk of

extirpation and unlikely candidates as donor populations However habitat

manipulations may increase these populations and their long-term viability

Comment Mitochondrial DNA alone will not fully test genetic diversity other

molecular techniques should be applied as well

Response We agree Dr James Patton also intends to apply microsatellite techniques

nuclear DNA to better characterize genetic diversity within and between PPM

populations

Comment Consider knotting surgical sutures used for marking to increase

information content Consider marking tails with permanent dye or ink

Response We considered knotting system to improve the number of unique codes

possible with the suture technique However we first tested whether using surgical

sutures at all was feasible technique and have decided that it is too traumatic and too

impermanent for further consideration We considered similar uses of dyes or inks

but felt that they would not create permanent mark unless applied subcutaneously e.g

by tattooing due to molt and skin slough

Dr William Longland

Comment Is it possible to achieve 10 viable populations given that most of the extant

occupied sites are too small to support larger populations that might be considered

viable
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Response We agree it will be difficult to achieve this goal Translocations or

reintroductions to other larger sites will probably be necessary along with active

management to increase populations at extant sites

Comment Multi-animal enclosures for soft releases may result in high frequency of

agonistic encounters due to the aggressive nature of heteromyids Otherwise enclosures

should be sufficiently large to allow for natural spacing patterns which would be

difficult to keep predator proof

Response We agree and believe that enclosures should be sufficiently large to contain

multiple animals in near natural spacing patterns e.g perhaps 1/16 ha which is 25-rn

square It may not be necessary or possible to exclude all predators If predation or

agonistic encounters prove problematic then small single individual encloswes that can

be made predator proof may be feasible This subject requires further discussion before

translocations are attempted

Comment Captive breeding of heteromyids is difficult due to inter-individual

aggression

Response We recognize that heteromyids are not easy to breed in captivity However

Hayden et al 1966 successfully bred longimembris by briefly pairing males with

estrus females and removing them if fighting ensued As pointed out by Dr Longland

other researchers have had varying success breeding other heteromyid species We will

consult with these individuals Behrends Daly Wilson Yoerg in design

of breeding program

Comment It might be more useful to test field techniques on another species of pocket

mouse that shares similar habitat with PPM coastal sage scrub rather than another

subspecies of longimembris in another habitat type e.g desert scrub Vegetation

structure might be more important to testing marking techniques than other factors

Response We felt that differences in species biology including body size outweighed

differences in vegetation structure in selecting surrogate for testing PPM field

techniques The study team felt that species behavior e.g grooming behavior and

burrowing substrate may have more effect on mark retention than vegetation type Also

body size is critical factor in testing marking techniques and other coastal sage scrub

pocket mouse species are considerably larger than PPM 15-21 grams versus 7-9 grams

Finally using another subspecies of longimembris provides closer proxy to PPM for

obtaining basic biological information on the species in addition to testing field

techniques
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Comment Consider habitat management to enhance population densities at extant PPM

sites or to create new habitat areas by for example thinning shrub densities

Response The team is currently performing experimental shrub density thinning at the

Dana Point Headlands PPM site and Marine Corps Base Camp Pendleton is considering

similar work at the two San Mateo sites Results of these studies will help guide future

habitat management decisions in hopes of increasing population sizes

Comment Fluorescent powders cannot be followed for long-distance tracking of

heteromyids require heavy application and are persistent in the environment making

repeated use at one site impractical

Response These observations are consistent with our personal observations and we are

not currently prioritizing this technique to study space-use and dispersal in PPM

Comment Studies of Argentine ants seem less relevant to PPM recovery than the other

proposed studies and may not hr good use of limited research funds What evidence is

there that ants are threat to PPM

Response Argentine ants were identified as potential threat to PPM in the recovery

plan based on recent research showing pervasive community effects of this invasive

species in the fragmented ecosystems of southern coastal California see e.g Suarez

Bolger and Case 1998 Effects of fragmentation and invasion on native ant

communities in coastal southern California Ecology 792041-2056. In addition to

indirect effects on animal populations via changes in plant communities Argentine ants

have been shown to prey directly on subterranean reptiles and amphibians and may also

prey on small mammals Case and Suarez personal communications However

Argentine ants are generally restricted to habitat edges where landscape irrigation or

otherwise artificially mesic conditions are created by human development Because PPM

are restricted to well-drained soils Argentine ants are not currently thought to be major

threat in PPM habitat Consequently current research funding is not being directed to

this task although the USFWS maintains that studying effects of Argentine ants should

eventually be component of the overall recovery effort for PPM

Comment It would be useful to consider whether the assemblage of rodent species at

potential translocation sites is typical of the rodent community that coexists with PPM at

extant sites Other species may be indicators of good translocation receiver sites or may

be strong competitors with PPM
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Response We agree Field efforts planned for Phase III year 2000 will include

trapping to characterize rodent communities at potential receiver sites in comparison with

extant sites In general extant PPM sites seem to have low rodent diversity with PPM

being the most frequently captured species where they occur

Comment Important considerations in getting heteromyids to accept artificial burrows

include tunnel diameter and the number of entrances and chambers It also helps to

create natural surfaces for the animals such as by gluing sand to artificial tubes

Response We appreciate this helpful information and will seek more advice in

designing artificial burrows if this technique is used in PPM recovery

Comment Hair clipping as short-term marking technique causes pelage color

contrast that may make animals more conspicuous to predators

Response We agree For short-term marking we prefer use of indelible markers under

the chin
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Dr Christina Schaefer
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Dear Christina

In your letter of nearly two months past accompanying the Phase Report for

the Pacific Pocket Mouse Studies Program you said that you would accept my
comments at any time suspect you were not expecting to wait this long My
apologies My time this spring has been virtually nonexistent and now leave on

Monday for weeks in Iran

have read the report through at least twice In general find the program
well conceived the recommendations completely justified and the overall tone

appropriately measured Serious and long-term populational studies are required

before any recovery can be envisioned All parties must be cognizant of this need
and there should be therefore the necessary efforts placed to obtain the requisite

information for each of the four Tasks identified

have number of minor points that Ive written in various parts of the

report but am not sure how valuable these would be at this point My general

cautionary comment is that one should be careful of leaping to conclusions for

example that one habitat patch is optimal another marginal based on the very
limited data available In my experience trapping pocket mice over the past nearly

four decades they are sometimes quite common other times not in the same spot
There is natural wax and wane in all populations as local resources in one spot are

consumed and then regenerated To effectively evaluate the suitability of habitat

one needs to take much longer term perspective than single years trapping data

In short long-term population data are needed This is obvious to all Im sure but

my cautionary point is that the agencies involved in recovery should not be in such

precipitous hurry so as to preclude the opportunity to obtain such multiple year
data

do have one suggestion that is not mentioned in the report that might
facilitate field studies to assess habitat use and even make estimates of population

parameters These as with other small-bodied silky pocket mice were frequently

caught by hand by old-time naturalists using only lantern for light In many cases



hand-captures were considerably more successful than simultaneous use of

Sherman live traps used this method in my youth with great success walking the

desert floor with Coleman lantern arid partner to help both spot and capture

animals Dont just rely on trap methods there are others that can be employed
with great effect by an experienced field investigator

Again my apologies both for the lateness of this response and for its

sparseness can respond iii more detail after return to the US in early July should

that be of use

Sincerely yours

\Ianes Patton

Xcting Director and Curator

Professor of Integrative Biology



Comments of Nicholas Holler

Pacific Pocket Mouse Studies Program

June 1999

PHASE REPORT TASKS AND

have reviewed subject report and am impressed with the care and thought put into development
of this effort The identified tasks are important and the overall approach seems sound Having
worked with an endangered mouse in similarhabitat am empathetic to the constraints under

which you labor do have some thoughts which are presented below These are offered for

your consideration and not as criticism of your approach

predict that you will have great difficulty determining when you have achieved recovery

criterion as listed on page PVA with small rodent will at best be gross estimate of

survival probability due to highly fluctuating populations and the extreme difficulty if not

impossibility of obtaining some essential data In working with polionotus we have found

models to be very sensitive to neonatal and subadult survival Obtaining reliable field data on

these parameters is practically impossible Without accurate estimates of these parameters

predictions of probability of persistence will be dependent and
quite sensitive to the estimates

which you provide PVA may be helpful but Im not sure that you should show it as criterion

It implies an ability at prediction that do not believe you will be able to achieve Using the

new IUCN criteria might be better approach

feel you are correct in being cautious relative to initiation of translocation program page
12 provided you do not feel that extinction is imminent Given the population at Oscar

One/Edson range would be inclined to move forward if population at one of your currently

occupied sites became extinct We were faced with this situation with Perdido Key beach mice

trissylepsis and translocated from very small population The population that we
reestablished is now the only existing population of that subspecies Had we not made the

translocation we would have had an extinction We were successful with initial translocations of

only pairs of mice By selecting animals spread across the population we minimized potential

genetic impacts to the donor population It may be quite while before you are able to obtain

data to reliably show that population is losing surplus individuals during dispersal Jage 21
In fact intensively trapping to obtain that data might pose greater risk than removal of small

numbers of animals from population such as that at Oscar One/Edson range You acknowledge
this on page 38 last paragraph

disagree with your suggestion that late summer or early fall may be the best time to

translocate and would not select subadults for translocation We preferentially moved beach

mice in late falllearly winter during peak breeding Our desire was to obtain reproduction from

the translocated mice during the breeding season of translocation Beach mice show some

reproduction all year but there is definite lull in summer We believed that given the high

mortality of mice there would be better opportunity success iftranslocation were made with

adults towards the beginning of the period of peak reproduction



also think that you should be careful in rigidly applying the principles of translocation

from Miller et al 1999 which were developed to guide translocations of carnivores

With respect to marking techniques Jages 31-32 Imnot convinced that use of pit tags or

sutures will be less traumatic than toe-clipping This seems more political decision than one

based on data or experience The pit tag seems quite large but your plan to test this and other

techniques on surrogates is good

We have had good success with radios attached by collars Our adult mice weigh about 12-15

Mike Wooten could give you current information on this

Your plan to survey for potential relocation sites seems quite good Also your plan to begin

studies of surrogate subspecies followed by intensive study of the PPM Again would move
ahead with translocation attempts ifextinction seemed real possibility With beach mice feel

that our greatest hedge against extinction is having multiple poulations

Relative to PPM Biology is there no estimate of litter size number of litters etc Do they

breed postpartum

PHASE II

Again your overall plan looks good Im impressed with your effort to think things through

Task concur

Task concur note that you are using toe-clipping here suggest that you keep an open
mind relative to its use in the field

concur but suggest consideration of the following recognize that have never trapped

PPM and defer to your experience

Grid size seems small Would you consider grid of 100 100 meters

In conjunction with above might you gain more information if you used spacings of

meters and 10 meters 10 meter spacing if adequate for survey purposes would allow

you to cover good bit more ground with the same effort



To Wayne Spencer Ogden Environmental

FAX 619-458-0943

From Howard Shelihammer Biol Sci S.J.S.U

Date April 27 1999

Subject Comments on Peer Review Draft Pacific Pocket Mouse
Studies Program

Sorry to be so slow Lost my wife of 47 years arid after very
difficult seven year illness four weeks ago and since then my brain

has been mush Did read the report yesterday and have but few

comments at this time As my head clears and can thinkbetter Ill

pass along my information to you

My first impression is that it is highly unlikely to create the ten

viable populations called for in the recovery plan My guess is that

you could only use the Oscar One/Edison Range population as the

base population Is it possible to improve the habitat in that

particular area to increase the likelihood that it will survive and

expand Many of the other populations now extant seem unlikely
candidates for improvement or even survival over time

Jim Patton is certainly the expert on population genetics but do

suggest you use more than one molecular technique to test the

ubspcuies genetic diversity You telegraph mDNA in your use of the

term baplotypes hut doubt is that technique alone will give you
what you are looking for

minor point but can the surgical suture material that projects
from the body be knotted and hence increase its information

contents And could the sides of their tails be marked with dots of

permanent dye pr ink again allowing several dots on each side and
hence good information content maybe not decimal system but

better than nothing and that is almost what you are faced with And
yes know their tails can be easily pulled off but do not think such

marking system would cause them much stress



From Bill Longland longland@scs.unr.edu

Sent Wednesday April 28 1999 1222 PM
To Spencer Wayne
Subject Pacific Pocket Mouse peer review

Dear Wayne

Below are my comments concerning the PPM Studies Program Phase Report The comments

pretty much follow the order in which the relevant meterial occurs in the report so the order has

nothing to do with their relative importance Hope you find these useful

Regards

Bill Longland

s.u..u............u .....n. run ....uusu....au.....u.u.u..u...auuu.u....arl
William Longland

USDA Agricultural Research Service

University of Nevada

920 Valley Road

Reno NV 89512

Phone 775 784-6057

Fax 775784-1712
E-mail Ionplandscs.unr.edu
..........r....a..u...uu.. ....uu.uuuu..uum.a...u....a...s....u.u..nu..uu

Longlands Comments on Pacific Pocket Mouse Studies Program

Phase Report

Reclassification/Delisting criteria 9-10 -- Are there even 10 existing areas of appropriate

habitat remaining that are large enough to support independently viable populations It

sounds apparent that most of the known sites with extant populations are too small to support

significantly larger populations yet even these existing populations must be significantly

larger before they might be considered viable

Task -- Evaluate the feasibility of transiocating PPM

Soft releases 18 -- Heteromyids are aggressive and there would likely be high

frequency of agonistic interactions in multi-animal enclosure Perhaps this problem could

be reduced if sufficiently large enclosures were maintained to allow numerous animals to live

inside with somewhat natural spacing patterns but this would require rather sizable

enclosure and it would probably be difficult to keep such large enclosure predator-proof

Captive breeding 20 -- This makes it sound like captive breeding is fairly easily

accomplished and that the main problems arise from releasing captive-bred animals

However just breeding heteromyids in captivity is very difficult task as they generally fight

when paired in.captivity aggression even among male/female pairs is mentioned in other

parts of the report Captive breeding programs for research or conservation purposes have

been attempted with kangaroo rats by Martin Daly and Margo Wilson McM aster University

Ontario Canada by Sonja Yoerg UC Berkeley and by Amy Barber PhD student at Univ

of Nevada Reno and think all of these researchers would agree that breeding k-rats and
probably other heteromyids in captivity is anything but straightforward

Perfecting field methods on surrogate subspecies of longimembris bottom 23 may be

of limited value with subspecies that occur in habitat that differs dramatically from PPM



habitat bangsii from Coachella Valley may live in areas of desert scrub on sandy

soils and this may sound similar to the habitat of PPM coastal scrub on sandy soils but

these coastal and desert habitats are very different despite both occurring on sand Shrub

densities for example differ extremely and this could easily affect the utility
of some novel

marking technique for individual identification of animals e.g monofilamerit or suture

material might get tangled or pulled out more easily in the higher shrub and herbaceous

understory densities typical of coastal habitats as compared with deserts there are myriad

other differences between these habitat types as well that might compromise the utility of

transferring field method from one habitat to another Perhaps it would be more useful to

test these field methods on another pocket mouse that lives in coastal sage scrub e.g
faftax

One possibility not entertained in this part of the report is habitat tailoring and managing for

suitable PPM habitat as means to potentially enhance population densities of existing

populations or to create new habitat areas For example it sounds as if reduction of shrub

densities might make an area more desirable for PPM if it has sandy soils

Task -- Determine dispersal characteristics of PPM

Fluorescent powdersUnless there is heavy application Ive found they cant be followed

for much more than 25-30 before the trail fades out Weve been able to follow k-rat trails

for up to about 80 using bait stations dusted with heavy applications of powder see
Longland and Clements 1995 Use of fluorescent pigments in studies of seed caching by

j.. rodents Mammal 761260-1266 Also powders often persist in the environment for

long time making repeated use at the same field site impractical see Halfpenney 1992

Environmental impacts of powdertracking using fluorescent pigments Mammal 73680-

682

Argentine ant studies e.g mentioned on 44 Does this really make the best use of

limited PPM research funds What evidence exists that they are potential predator of or

threat to PPM Are they known to be threat to other small mammal taxa orto other small

ground-dwelling vertebrates e.g hems Perhaps my skepticism about this is just due to

my naivete about these ants but arent there other insects that have invaded California

that might be as likely to threaten PPM Why not fire ants or killer bees It just seems to be

tess directly relevant to the PPM recovery effort than the other proposed studies

Potential translocation sites 43-44 -- It might be useful to consider whether the

assemblage of rodent species at potential translocatiori sites is typical of the rodent

community that coexists with PPM at extant PPM sites For example there may be other

species e.g k-ratD agilis or merriami that have similar substrate and habitat

affinities and therefore may provide useful indicator that potential translocation site could

be appropriate for PPM Or you might want to consider whether there is another small

pocket mouse species species similar enough to PPM that they may compete stronglyC
fallax already occupying potential translocation site

Artificial burrow design tests in enclosed population 47 --

Ive done some playing around with designing artificial burrows for use in the field with k-rats

pocket mice including longimembris and kangaroo mice and have had varying success

at getting the animals to accept these surrogate burrows in field enclosures Important points

seem to be thŒopening size of the tunnel into the burrow it shouldnt be much larger than

the minimum necessary for the rodent species concerned entrances/exits not just one
and multiple chambers or some complexity inside the burrow Also heteromyids dont like to

walk across smooth unnatural surfaces so tubes used for burrow tunnels should be coated

with sand apply Elmers glue to the inside of the tubes then coat it with sand

Hair clipping as short-term marking techniquep 49 causes contrast in pelage color

that may make the animals more conspicuous to visual predators



From Bill Longland longland@scs.unr.eduj

Sent Thursday April 29 1999 303 PM
To Spencer Wayne
Cc longland@scs.unr.edu

Subject RE Pacific Pocket Mouse peer review

Dear Wayne

Let me try to answer the questions you posed in your response to my review correspond to

your numbered responses

Yes agree that few large multi-individual pens w2uld probably be better than bunch of

small single-individual pens for potential soft releases guess the idea would be to allow some

degree of social interactions to occur rather than an artificial situation of individual isolation and

to attempt to make pens targe enough that at least few individuals could get along in them yet

small enough that predator exclusion wont be big problem

You didnt ask question about this but have few thoughts about your response agree

with the logic that using proxy subspecies of longimembris has the advantage of providing

some much-needed life history data about the species even if the habitats of the surrogate

subspecies differs lot from that of PPM and that may be sufficient justification for doing just

that However strongly suspect that above-ground habitat features will have larger effect on

utility of field methods especially testing different marking techniques than species identity Of

course Id also want to keep the species as similar as possible So believe and fully admit

that this is based largely on gut feelings and anecdotes from my field experiences in coastal sage

scrub vs desert habitats that fallax would be more irisiructive proxy for PPM than desert-

dwelling longimembris subspp Its true that fallax is perhaps twice the body weight of PPM
but they live in similar habitats probably have very similarburrow structure etc

Yeah its also been my impression that where you find high densities of longimembris or

any other pocket mouse spp for that matter you tend to find few individuals of other spp

guess simplistic interpretation is that these are the places that for what ever reasons are

optimal pocket mouse habitat Perhaps then it would be worthwhile to consider what other

rodent especially heteromyids spp might co-occur in suboptimal habitats where PPM still

exists1he Edson Range sounds like such place

dont have any drawings or written descriptios of the burrows weve played with Actually to

give credit where its due my colleague Steve Vander Wall has done most of the

construction but its been our collective experiences and impressions of what the rodents are

looking for in burrow that has guided the variations weve tried on our basic design The

basic design is large plastic bucket with tight-fitting lid believe theyre gal.the type

youd get large thing of paint or water-proofing sealant in We drill bunch of holes in the

bucket to allow it to breath with the surrounding soil when its buried Then we put 3-4

different horizontally-oriented levels or floors into the bucket each floor being made of 1/4

plywood with two holes in each floor to allow mice to easily move from one floor to the

nextwe glue small supports around the sides of the bucket to support each floor and make

it so the floors can be lifted out of position easily We use PVC tubes to make tunnels from

the ground surface to the bucket which is buried underground and pivoting 45 degree PVC
elbows attached through the side of the bucket to fit the tunnels into the bucket Since the

elbows and PVC tunnels can pivot its easy to adjust the precise angle and location of the

tunnel opening and to customize these for each burrow when burying them We put one

elbow/tunnel combination through to the top floor of each burrow and one to the bottom

floorthen if snake comes in one or the other entrance the mouse can move either to the

extreme top or bottom to escape As mentioned yesterday the tunnels should have sand

covering the insides to make somewhat natural surface for the miceI coat them with

Elmers glue then with sand to keep it in place For longimembris Id probably try PVC
tubes for tunnels with opening to startIve watched longimembris go through the



squares of W-mesh hardware cloth Call me if you want to discuss any more details but

thats the basic recipe

10 have no direct evidence that hair clipping affects predation rate but Id be surprised if it

didnt make animals more conspicuous to nocturnal visual predators like owls know you

have to mark them somehow and agree that other methods probably also increase

conspicuousness but Id think that an indelible marker would make them less conspicuous

than hair clipping At the same time if you need to observe animals using night vision

equipment you probably wont be able to see marks made by ink markers very well But if

you only need to see the marks at dawn or under artificial light indelible ink should suffice

just fine you could even mark animals bellies only so that the mark wouldnt be visible to

predator yet probably be less noticable to an owl or lox than the contrast in color resulting

from dipped hair Ill never forget my first experience with marking Stephens k-rats shortly

before they were listed After my first day of marking with eartags collected pellets from

nearby burrowing owl mound the second morning of trapping and found the tags of the first

stephensi had marked inside an owl pelletI think the eartags made the animal more

conspicuous

As for design of study grids that depends on whether you feel like you need fairly precise

estimates of absolute population density or whether simple count of animals or index of relative

abundance will suffice think its fair to say that most mammalogists would recommend

trapping web series of transects radiating out from central point to get good estimates of

poulation density They allow adjustments of density estimates for the effective area trapped

based on animal movement distances and differences in trap spacing between inner and outer

parts of the web cant honestly say that Im intimately familiar with this literature but think

Mike Rosenzweig authored some of the first papers on the trapping web approach to density

estimation It sounds like the trapping design of OFarrells that you propose to use grids with

additional lines radiating out from the corners is variation on this web concept but you might

want to thoroughly review this literature before settling on final design generally do not care

about getling precise density estimates in my studies only relative abundance of different spp or

of single sp at different times etc so just use standard grids instead of webs As for grid

designs my only suggestions are simplistic ones that youve no doubt consideredappropriate

trap spacing for the animals concerned your proposed sounds reasonable traps per

station so you dont miss PPM at given spot if the trap there is already occupied by another

sp And my only suggestion for collecting life history information while trapping is the same give

to all my students who include any trapping in their studiesget every kind of data you can think

of that might be even remotely relevant yet not risk harm to an animal species sex adult or

juvenile ID or color body mass reproductive condition new capture or recap note any injuries

or the presence of ticks or any noticable marks on the animal

Regards

Bill

.flfl 55

William Longland

USDA Agricultural Research Service

University of Nevada

920 Valley Road

Reno NV 89512

Phone 775 784-6057

Fax 775784-1712
E-mail Ionctandscs.unr.edu
s.uu..uuu.u.......u..p.aus........u .. ssuuuuuuu.auuu...u.........u
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Appendix

SCOPE OF WORK
PACIFIC POCKET MOUSE STUDIES PROGRAM

PHASE

Phase of the Pacific pocket mouse studies program concluded with recommendation for several

Phase II studies

systematic review of potential translocation receiver sites

An intensive multi-year study of permanently marked population of non-listed subspecies
of longirnembris This surrogate study would be designed to test field techniques before

applying them to PPM to obtain basic biological information for design of population viability

model and PPM translocation protocols and potentially to test alternative translocation methods

An intensive multi-year study of permanently marked population of PPM based on results of

the surrogate studies

population genetics study on PPM to characterize genetic diversity and determine genetic

goals for PPM recovery

Continued monitoring of extant PPM populations with methodological modifications based on
the above studies

This scope addresses those Phase studies proposed for finding by the TCA during 1999

Specifically TCA has proposed to fund GIS analysis of potential translocation receiver sites and
intensive studies of two surrogate subspecies one in captivity the other in the field Other tasks

considered above field study of potential translocation receiver sites genetics study and continued

monitoring are being funded separately by USFWS and CDFG The intensive field study of PPM
must await results of these Phase studies

Review of Potential Translocatjon Receiver Sites

This study involves two phased tasks the first of which Task is proposed for funding by the

TCA and the second of which will be funded by Section money directed to Shana Dodd and Steve

Montgomery through the SDSU Foundation Task is coarse-filter GIS analysis to identify

potential translocation receiver sites using available digital data These results will be used to direct

field researchers performing the field work using Section money The field efforts not funded by
TCA will better characterize habitat

suitability and will be used to rank the potential sites identified

by Task



Lk OIS Model to Identify Potential Receiver Sites

Soils and vegetation types will be rated by the PPM research team for potential to support PPM
based on current knowledge and ongoing studies by the USFWS and others This rating system
would be conservative to avoid prematurely eliminating sites due to inadequate data or inappropriate

mapping scales For example existing digital USDA soil maps are relatively coarse in scale and

may omit small pockets of suitable soils within matrix of other less suitable soils such as occurs

on the Edson Range UC Riverside soil scientist Dr Robert Graham will assist this effort to help
the team identify those soil types that may support PPM or that may have unmapped inclusions of

suitable soils The GIS would then overlay the rated data layers to create coarse-scale habitat

suitability maps for PPM Such efforts have already been performed piece-meal for portions of the

PPMs range such as on Camp Pendleton by Ogden Environmental within the Multiple Habitat

Conservation Planning MHCP area by Ogden and SANDAG and within southern Orange County
iPavelka pers comm. This exercise would involve collating these independent assessments into

.i comprehensive data set and analysis and subjecting the results to scientific peer review

preliminary gap analysis would also be performed by overlaying land uses and land ownerships

onto the coarse-scale habitat suitability map Of particular interest would be land areas currently in

open space or identified as probable wildlife preserve areas by ongoing regional conservation

panrnng efforts Candidate areas for translocation receiver sites would be identified as those that

are sufficiently large with suitable PPM habitat characteristics and having compatible land use and

land management plans These areas would then be field checked by Steve Montgomery and Shana
Dodd on their existing Section contract with the CDFG

Surrogate Subspecies Studies

Two separate but related study approaches are proposed to answer critical questions prior to

imtiating an intensive field study of PPM The first Task is designed to test alternative marking
methods on captive population of non-sensitive subspecies of little pocket mouse
longimembres The second would involve capture-mark-recapture methods on free-roaming

population of another subspecies hangsi in setting conducive to intensive experimental

observation

Task Marking Study Using Captive ion gimembris longimembris

longirnembris will be collected in the Mojave Desert for use in captive studies

ion gimembris was chosen as logical surrogate for PPM due to close taxonomic and body size

relations and its lack of sensitivity status

Three to four marking techniques would he tested on the surrogate species in laboratory setting

The animals would be divided into test groups approximately 10 individuals for each marking
teclmiques and control group Therefore about 50 to 60 longirnembris would be collected

from the field individually housed and cared for in controlled laboratory setting The laboratory
could be the BioAssay Laboratory at Ogden Environmental and Energy Services in San Diego
Califbrnia approved animal holding facilities at San Diego State University or another suitable site

-2-



The animals would be fed mixed birdseed occasional greens and ad-lib water Natural sand

substrate unwashed sand for dust bathing and nesting material would be provided to simulate

natural conditions

The marking techniques applied in the lab will include commercially available PIT tags

color-coded monofilament sutures specially designed and manufactured ear tags and toe

clipping veterinarian would demonstrate and teach Shana Dodd Wayne Spencer and Steve

Montgomery the PIT tag and suture techniques any additional researchers would also learn directly

from the veterinarian subject to pnor approval by CDFG After application of marks the test and

control groups would be observed for adverse health effects or behaviors frequently at least every

other day for approximately one month and periodically thereafter Notes on animal condition will

be taken regularly and animals will be weighed at least weekly Other measures of health and

vitality that may be suggested by the veterinarian would also be considered

captive individuals would be kept indefinitely for future Phase Ill studies including tracking of

tag retention over the life span approximately to years The captive colony could also serve as

surrogate captive-breeding colony to test breeding protocols for application to PPM if captive

breeding program and reintroductions are deemed necessary by the wildlife agencies Phase III

Field Study on longirnenthris bangiL

ObjectivesThis task has multiple objectives and will be phased relative to funding results of early

phases and potentially changing priorities for PPM research This scope of work outlines the

objectives and design for Task during 1999 with the understanding that funding and design of

additional research tasks using the surrogate species may depend on results of this task during 1999

rhe primary objectives for Task are as follows

Field test the vanous marking and tracking techniques proposed for potential use on PPM This

would follow closely after and complement the laboratory studies performed on

longimembris Field testing of tagging methods found promising during laboratory testing will

help determine success of various methods under natural conditions This is important because

such factors as social interactions burrowing and exposure to predators catmot be adequately

simulated in the laboratory setting but they may affect mark retention or affect animal health or

mortality differently in marked animals

Collect on surrogate subspecies basic natural history and demographic information relevant

to PPM and perfect techniques for collecting such data e.g different trapping grid designs

before trying them on PPM With this surrogate information draft PPM population viability

model could be prepared for later refinement once the relevant parameters are available for

PPM

dditional useful information would be obtained incidental to these major goals as allowed by

Funding and schedules For example information on movements and possibly dispersal may be

obtained from replicate trapping grids on the surrogate study site The team may also experiment

with other techniques for collecting movements data such as fluorescent powders applied to

burrows as time and budget allow
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Location This study would be performed at the Snow Creek site selected by the study team during

the March 29 field trip The site is adjacent to the Snow Creek Ecological Reserve administered

by IJC Riverside It seems ideal for potentially long-term and intensive field experiment because

it has an abundant population ofP bangsi allows easy access and lacks evidence of high trespass

or disturbance incidence from humans i.e little evidence of off-road vehicular activity The site

also has large expanse of high quality and relatively homogeneous habitat but with gradient from

steeper more open scrub habitat to flatter denser scrub habitat This setting allows the potential to

set up replicate grid systems and to test effects of habitat factors or population densities on the

measures of interest

MethodsDue to funding and schedule limitations efforts during 1999 will be limited with primary

goals of establishing and trapping grids at differing trap densities to compare grid densityresults

mark individuals begin collecting demographic data and collect tissue samples for

genetics work Captured animals will be marked with one or more of the techniques discussed

above guided by initial results of the captive studies

lnitially two permanent trapping grids will be established in the field Grids will be designed to test

optimal trap spacing as well as to collect demographic genetics and natural history data on marked

individuals Each grid will be about 1/2 ha 70 70 in size with corners marked by rebar Grids

will be spaced at least 100 apart to avoid frequent movements by individual mice between grids

but to allow for potential dispersal movements between grids The two grids will be established in

similar habitat vegetation composition and density along the same elevation contour This design

should minimize habitat variance between grids while allowing for future expansion of the study

with additional grids along the habitat gradient across contours if finding and study goals allow

Trap density will differ between grids to help determine the optimal trap spacing relative to study

goals Defining optimal spacing depends directly on what is being optimized i.e what are the

study goals This study is therefore designed to test optimal grid spacing relative to two different

goals both of which are important to PPM recovery research

Maximize capture probabilities per individual mouse and the proportion of the total population

captured per trapping period One ultimate purpose of study grids either for the surrogate or for

the PPM is to obtain accurate demographic data on marked population of individuals

including all sex and age classes Because significant proportion of the population must

therefore be marked and recaptured optimal trap spacing can be defined as that which

maximizes individual capture probabilities and the proportion of the total population captured

during each trapping period This goal will therefore probably require high trap densities and

relatively long trapping durations

Maximize catch per unit trapping effort and thereby minimize census costs per capture

Although higher trap densities capture more animals they do so at diminishing returns Skaiski

and Robson 992 Therefore the optimal use of limited funding to census pocket mouse

populations will generally require relatively lower trap densities than for goal number one and

may require shorter trap periods
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To determine optimal grid densities for these two goals one study grid will be assigned trap

density of 100 trap stations at 7-rn spacing and the other 196 trap stations at 5-rn spacing All trap

stations will be set with two traps each Having two traps per station allows for higher trap success

on the target species longirnembris bangsi given that non-target species e.g Dipodomys

nerriatni enter trap at station before the target species has an opportunity These grids will be

trapped once in 1999 for up to eight nights All captured individuals will be marked using one or

more suitable marking methods based in part on results of the laboratory study

Cumulative captures will be tracked for total individuals and for newly captured not previously

marked individuals to determine the asymptote in capture rates and probabilities of individual

capture for each grid density Results will also be tested using the methods of Skalski and Robson

1992 or other suitable statistical methods to determine captures per unit effort and to estimate

proportion of total population captured

The gnds will be retrapped in the year 2000 Phase ifi using the same grid densities but switching

grids This ensures that differences between grids do not systematically influence capture

probabilities Skaiski and Robson 1992 If study priorities and budget allow additional grids and
densities could be added in the year 2000 to better quantify capture success

Task Meetings

Principal Investigator Wayne Spencer and Project Manager Christina Schaefer will attend up to

seven meetings with the TCA and other team members

Task Phase Report

Results of Tasks through will be summarized in brief progress report for review by the

Scientific Peer Committee The
report will also recommend Phase ifi studies beginning in the year

2000 based on Phase and results

appndL wpd
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May 2004

DOD OPERATIONAL RANGES
Accountability Integrity Reliability

Highlights
Highlights of GAO-04-601 report to

congressional requesters

Why GAO Did This Study

For decades the Department of

Defense DOD has tested and fired

munitions on more than 24 million

acres of operational ranges

Munition constituents such as lead
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DOD identified the location and status of its operational ranges based on

inventory data developed by the individual military services However the

reliability of DODs inventory is questionable because the services did not

use common framework to collect and analyze data on the number of

existing operational ranges Because DODs cost estimates to clean up its

operational ranges were based on individual service calculations that

combined inventory data with unvalidated DOD cost assumptions various

service assumptions and computer-generated cost rates these cost

estimates are also questionable Specifically GAO found that each service

compiled inventory data using various methodologies over different time
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High and Low Cleanup Cost Estimates and Total Range Acreage by Service

Millions of acres

Navy -1.3 $0.2

$2.5

Low cost estimate

Marine Corps -1.9 $0.5
High cost estimate

__________
$7

AirForce-6.4 1$1.2

______________________
$14

Army-15 I$15 __________________________

__________________________________ _______________________________ $141.5

12 16 20 30 60 90 120 150

Billions of dollars

Source DOD

DOD does not have comprehensive policy requiring sampling or cleanup

on operational ranges for the more than 200 chemicals associated with

military munitions However when required by the Safe Drinking Water Act

or other environmental laws DOD has sampled and cleaned up munitions

and munitions constituents With regard to perchlorate DOD has issued

sampling policies but cannot assure funding is provided for such sampling
In some cases DOD has sampled for perchlorate when required under the

Safe Drinking Water Acts Unregulated Contaminant Monitoring Regulation

and for other contaminants when directed by state environmental agencies

However DOD generally has not independently taken actions specifically

directed at cleaning up munitions contaminants such as perchlorate on

operational ranges when they have been detected
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For decades the Department of Defense DOD has tested and fired

munitions on millions of acres of operational ranges These munitions

contain various constituents such as lead trinitrotoluene TNT and

ammonium perchiorate salt perchlorate that are in some instances

known or suspected of causing health effects such as damage to the central

and peripheral nervous systems cancer and interfering with thyroid

function Concerns about the potential cost to clean up munitions

prompted Congress to require that DOD develop an estimate for what it

would cost to clean up its operational ranges The National Defense

Authorization Act for Fiscal Year 2002 required DOD to provide

comprehensive assessment of unexploded ordnance discarded military

munitions and munitions constituents at current and former DOD
facilities and an estimate of the aggregate projected cost of

remediation cleanup at operational ranges1 stated as range of costs

including low and high estimate As of April 2003 DOD identified 10444

operational ranges located in the United States and its territories with

Army operational ranges accounting for 94 percent of the total DOD
estimated it would cost between $16 billion and $165 billion to clean up

unexploded ordnance discarded military munitions and munitions

constituents on these operational ranges

There is growing concern about the potential health effects associated

with the environmental contamination caused by constituents used in the

munitions and specifically the possible contamination of drinking water

with perchloratethe primary ingredient of solid rocket propellant that is

also used in varying quantities in many types of munitions explosives and

1DOD was also required to provide separate estimate for all other defense sites
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incendiary devices such as mortars grenades and flares The

Environmental Protection Agency EPA estimates that about 90 percent of

the perchlorate manufactured in the United States is for solid rocket fuel

used for military purposes and by the National Aeronautics and Space

AdministrationAccording to EPA studies have shown that perchlorate can

interfere with thyroid function and negatively affect fetal and infant brain

development and growth Since 1990 the state of California has detected

perchlorate in wells and other drinking water sources near sites that once

supported munitions manufacturing storage and testing EPA reports that

perchlorate has been detected in 34 states and attributes significant

portion of the contamination to defense manufacturing and test sites

In monitoring and cleaning up munitions and munitions constituents on

operational ranges DOD must comply with applicable provisions of

various federal environmental laws including the Safe Drinking Water Act

as amended the Resource Conservation and Recovery Act of 1976 as

amended RCRA and the Comprehensive Environmental Response

Compensation and Liability Act of 1980 as amended CERCLA EPA does

not have specific regulatory standards under the Safe Drinking Water Act

for the roughly 200 chemicals associated with militarymunitions use2 but

requires sampling for some of these contaminants including perchlorate

According to DOD at least 20 of these constituents including perchlorate

are of great concern due to their widespread use and potential

environmental impact For example EPA and some states are considering

whether to establish specific drinking water standard for perchlorate

levels and have in some cases established advisory levels Appendix

contains listing of munitions constituents of greatest concern and their

potential health effects

You asked us to determine how DOD identified the location and last

active use of all operational ranges and the basis for DODs cost estimates

for cleaning up those ranges and DODs policy to address contaminants

linked to the use of munitions on operational ranges and where munitions

related contaminants have been detected what corrective actions the

services have taken Specifically you asked us to focus on DODs actions

with regard to perchlorate

2DODs Fiscal Year 2002 Defrnse Environmental Restoration Program Annual Report to

Congress
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To determine how DOD identified the location and last active use of all

operational ranges we reviewed the services inventory data and

interviewed DOD and service officials to obtain information on how the

inventories were conducted and the reliability of the data collected We
assessed the reliability of the services data by reviewing existing

information about the data and processes that produced them and by

interviewing DOD officials knowledgeable about the data We determined

that data on the number of operational ranges and acreage were

sufficiently reliable to include in our report Although we found the

reliability of data on operational range characteristics to be questionable

we present the data in the report for informational purposes To determine

the basis for DODs cost estimates for cleaning up the operational ranges

we reviewed the services estimated costs supporting analyses and

calculations and interviewed service and DOD officials on the scope and

methodology used to develop cost estimates To identify DODs policy on

sampling for constituents linked to the use of munitions on operational

ranges we reviewed DODs and the services policies related to sampling

and cleanup of potential contaminants and specifically their policies on

perchlorate Finally to report on what corrective actions the services have

taken with regard to munitions constituents particularly perchlorate we

visited seven DOD installations where perchlorate had been detected and

discussed what efforts have taken place or were planned to respond

generally to munitions-related contaminants and specifically to

perchlorate.3 Our observations about these installations are not

generalizable to all military installations We conducted our work between

June 2003 and March 2004 in accordance with generally accepted

government auditing standards More detail on the scope and methodology

of our review is presented in appendix II

Results in Brief DOD identified the location and status of its operational ranges based on

inventory data developed by the individual services However

3The installations we visited were Holloman Air Force Base in New Mexico Edwards Air

Force Base in California Army Redstone Arsenal in Alabama Army Aberdeen Proving

Ground in Maryland Army White Sands Missile Range in New Mexico Naval Surface

Warfare Center Indian Head in Maryland and Naval Air Weapons Station China Lake in

California We selected installations based on available data but were unable to determine

the total number of installations reporting perchlorate contamination DOD and EPA had

only recently begun to collect data on perchlorate and data lists were not always current or

complete and were often redundant in that the same installations appeared on more than

one list of installations reporting contamination
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inconsistencies in how DOD collected and analyzed data on operational

ranges raise questions about the reliability of DODs inventory For

example the services used different methods to gather data conducted

inventories at different periods of time and for different reasons and did

not always validate their results DODs cost estimates to clean up

operational ranges also are questionable because the estimates were based

on this inventory data as well as on mix of cost assumptions that were

not validatedwhere DOD did not establish reasonable and defensible

basis for the assumptions usedand computer-generated cost rates that

varied across the services For example we found that in addition to DOD-

provided assumptions the services were allowed to use their own

assumptions to estimate cleanup costs Their differing approaches to

estimating the percentage of acreage likely to be contaminated produced

varying and likely questionable estimates of the costs to clean up

operational ranges In 2004 DOD completed another inventory of its

operational ranges that was based on more consistent data collection

framework However because the 2004 inventory was conducted for

different purpose and scope the 2003 and 2004 inventories are not

comparable and there are differences between them The differences

between the two inventories make it difficult to determine if the range data

used to estimate the cost of cleaning up operational ranges were accurate

DOD does not have comprehensive policy requiring sampling or cleanup

of the more than 200 chemical contaminants associated with military

munitions on operational ranges None of these munitions constituents are

currently regulated with drinking water standard under the Safe Drinking

Water Act although some of them including perchlorate are covered

under the acts Unregulated Contaminant Monitoring Regulation.4 Certain

chemicals associated with military munitions may however be subject to

other environmental laws including RCRA and CERCLA With few

exceptions EPA generally has not used its authority under these laws to

require DOD to conduct cleanup of its operational ranges although some

states have required installations to monitor and sample for contaminants

including perchlorate For example EPA and several states have asked

DOD to test for perchlorate in areas such as old dump sites because of

concern about potential contamination of groundwater In this context

DOD issued policy in November 2002 allowing the services to test for

perchlorate if there was reasonable basis to suspect both the presence of

4DOD has other policies requirmg the services to assess potential hazards from munitions

constituents migratmg from operational ranges to off-range areas
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perchiorate and the possibility for human exposure In September 2003

DOD revised its policy to direct sampling for perchlorate contamination at

previously unexamined sites including operational ranges where

perchlorate release is suspected and pathway to human exposure is

likely but the policy did not identify specific funding for this sampling

None of the seven installations with reported perchlorate contamination

that we visited were currently sampling operational ranges for perchlorate

under DODs guidance although they had conducted some sampling when

required by states While six of the installations we visited had reported

high levels of perchlorate none of these were cleaning up perchlorate

contamination because installation officials said DOD policy did not

require that they do so Further at six of the locations we visited we

determined that research manufacturing testing and disposal of

perchlorate were the primary activities that had caused contamination and

not the use of ordnance during training exercises

In order to assist Congress EPA and state regulators in assessing and

planning for the cleanup of contamination from the use of munitions at

operational ranges we are recommending that DOD use its most

complete operational range inventory to revise its cost estimates for the

cleanup of operational ranges and use more consistent methodology for

estimating costs and provide specific funding for sampling at sites

where perchlorate contamination is likely in accordance with DODs policy

requiring sampling

In commenting on draft of this report DOD disagreed with our findings

and recommendations DOD disagreed with our conclusion that it did not

have comprehensive policy requiring sampling or cleanup of munitions

constituents on operational ranges and cited specific policies requiring the

services to respond to the release of munitions constituents However the

policies cited by DOD pertain only to the migration of munitions

constituents off-range and environmental reporting and do not address

the sampling or cleanup of munitions constituents found on operational

ranges that are the subject of this report DOD disagreed with our

recommendation that it needed to develop new cost estimates for cleaning

up operational ranges stating that it is developing system for providing

data and assessing its ranges for potential munitions constituent migration

to off-range areas However the requirement in the National Defense

Authorization Act for fiscal year 2002 was to report estimated costs to

clean up operational ranges not the costs to respond to or clean up

constituent migration off-range DOD also questioned whether decision

makers would find useful an estimated cost to clean up operational ranges
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We disagree with DODs view of the usefulness of the information to

Congress because on two occasions including in DODs authorization act

Congress has directed DOD to provide such information DOD also

disagreed with our recommendation to provide specific funding for

perchlorate sampling According to DOD its current policy designates

funding for perchlorate sampling as high priority environmental project

However we believe that due to limited funds and because perchlorate

sampling must compete with other high priority environmental priorities it

may not be funded Consequently while DOD policy designates funding

mechanism for perchlorate it cannot assure that perchlorate sampling will

be funded DOD also provided technical comments and clarifications that

we incorporated into the report as appropriate DODs comments appear in

appendix

Background DOD policy defined an operational range as an area used to conduct

research develop and test military munitions or train military personnel

Operational ranges were considered active when regularly used for range

activities and inactive when not currently used but still under military

control and available for use as range.5 Once range is closed DOD is

required to identify assess and clean up or take other appropriate action in

response to contamination by military munitions.6 As such DODs current

inventory of operational ranges represents potential liability for future

cleanup Figures and show examples of the types of ordnance and

explosives that can be found on operational ranges

5DOD no longer distmguishes between active and inactive ranges The current statutory

definition of an operational range is range that is under the jurisdiction custody or

control of the Secretary of Defense and that is used for range activities or although

not currently being used for range activities that is still considered by the Secretary to be

range and has not been put to new use that is incompatible with range activities Pub

No 108-136 1042e3 Nov 24 2003

DOD distinguishes range cleanup from range clearance Range clearance is routine

conducted for the continued use of active ranges and performed primarily for safety

reasons whereas range cleanup involves interim removal remedial activities and final

remedy but only for closed ranges
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Figure Discarded Munitions on an Operational Range That Were Later Uncovered by Erosion

Source U.S Army
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Figure Discarded Military Munitions Discovered on Closed Range

Source U.S Army
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Figure Munitions Debris Including Ordnance Collected during Range Clearance

Section 313a1 of the National Defense Authorization Act for Fiscal Year

2OO2 required DOD to provide Congress with comprehensive assessment

of unexploded ordnance discarded military munitions and munitions

constituents at current and former DOD facilities.8 The law required the

assessment to include an estimate of the aggregate projected cost of

7Pub No 107-107 Dec 28 2001

This report deals with operational ranges on active installations In December 2003 we
issued report on closed installations or those in the process of closing As of September

2002 DOD had closed 542 ranges on open installations and 74 ranges on installations closed

under the Base Realignment and Closure process and is required to clean up munitions

contamination on these ranges if present See U.S General Accounting Office Military

Munitions DOD Needs to Develop Comprehensive Approach for Cleaning Up
Contaminated Sites GAO-04-147 Washington D.C Dec 19 2003

Source U.S Army
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remediation or cleanup at operational ranges to be presented as range

of costs including low and high estimate and delivered to Congress in

2003 in DODs report on the Defense Environmental Restoration Program

In April 2003 DOD reported its estimate for the total cost to address the

potential liability associated with unexploded ordnance discarded military

munitions and munitions constituents at operational ranges to be between

$16 billion and $165 billion

Collecting Inventory Data To provide Congress with estimated costs to clean up operational ranges

and Estimating Cleanup DOD used inventory data available at the time of its April 2003 report

Costs
which counted 10444 operational ranges located in the United States and

its territories At the direction of Congress only operational ranges in the

United States and its territories were to be considered for the purpose of

estimating cleanup costs According to DOD these cost estimates were

supported by individual service estimates which in turn were supported by

summary information on the number of operational ranges and acreage

assumed to contain high density of unexploded ordnance and munitions

constituentssuch as target areas detonation sites and demolition

areasand the percentage of acreage assumed to contain low density of

contamination from unexploded ordnance and munitions constituents

such as buffers training areas and maneuver areas

The services continued to inventory operational ranges under section 366

of the National Defense Authorization Act for Fiscal Year 2003 which

required DOD to inventory operational ranges to address training range

sustainment and encroachment concerns and submit the inventory to

Congress as part of the Presidents fiscal year 2005 budget request early in

calendar year 2004 The scope of this inventory effort addressed

operational range training and testing capacities and capabilities and

specific constraints on the use of operational ranges but did not

specifically include data on the cleanup of unexploded ordnance discarded

military munitions or munitions constituents

9Pub No 107-314 Dec 2002
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We previously reported that the two key data needed to develop

operational range cleanup costs were an accurate and complete

operational range inventory and consistent methodology for

estimating costs.1 Reliable cost estimates can be critical information for

DOD and Congress when considering the potential benefits of closing

operational ranges or entire installations versus the potentially very high

cost of cleaning up such sites However such estimates must be based on

accurate data that in the case of operational ranges begins with

complete and accurate operational range inventory The costs for cleaning

up ranges can be extensive For example DOD estimates it will cost $22.6

million to clean up Fort McClellan in Alabama recommended for closure

under DODs base realignment and closure program in 1995 and $247

million to clean up Fort Ord in California closed in 1994 DOD officials

explained that wide variations in cost can be attributed to number of

factors such as future land use technical complexities and the high level

of difficulty to locate recover and destroy ordnance located beneath the

ground surface

Environmental Laws and DODs operations at military installations and operational ranges in the

Regulations Affecting DOD United States are subject to laws and regulations governing variety of

Installations and environmental concerns from water quality to the treatment and disposal

of hazardous wastes These laws include the Safe Drinking Water Act the

Operational Ranges Clean Water Act RCRA the Federal Facility Compliance Act and CERCLA
DOD is also generally required to comply with state and local

environmental statutory and regulatory requirements on its installations

and operational ranges DOD has proposed that Congress specifically

exempt it from requirements to clean up unexploded ordnance munitions

and munitions constituents on operational ranges under RCRA and

CERCLA

The Safe Drinking Water Act authorizes EPA to issue national primary

drinking water regulations setting maximum contaminant level standards

for drinking water that must be met by public water systems EPA may

authorize states to carry out primary enforcement authority for

10US General Accounting Office Environmental Liabilities DOD Training Range

Cleanup Cost Estimates Are Likely Understated GAO-01-479 Washington D.C Apr 11

2001

11A public water system is subject to the Safe Drinking Water Act if the system has at least 15

service connections or regularly serves at least 25 individuals
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implementing the Safe Drinking Water Act if among other things the state

adopts drinking water regulations that are no less stringent than the

national primary drinking water regulations EPA has set standards for

approximately 90 contaminants in drinking water including

microorganisms organic chemicals inorganic chemicals disinfectants

disinfection byproducts and radioactive substances.12 None of the more

than 200 chemical contaminants associated with munitions use are

currently regulated under the Safe Drinking Water Act

The 1996 amendments to the Safe Drinking Water Act required EPA to

establish criteria for monitoring program for unregulated contaminants

where maximum contamination level has not been established and to

publish list of contaminantschosen from those not currently monitored

by public water systemsto be monitored EPAs regulation referred to as

the Unregulated Contaminant Monitoring Regulation was issued in 1999

and supplemented in 2000 and 2001.13 The purposes of the regulation are to

determine whether contaminant occurs at frequency and in

concentrations that warrant further analysis and research on its potential

effects and to possibly establish future drinking water regulations The

first step in the current program required public water systems serving

more than 10000 customers and sample of 800 small public water

systems serving fewer than 10000 to monitor drinking water for

perchlorate and 11 other unregulated contaminants over consecutive 12-

month period at any point between 2001 and 2003 and report the results to

the EPA Under this regulation some DOD installations were required to

monitor drinking water for perchlorate and other munitions-related

contaminants and to report the results

12None of the approximately 90 contaminants regulated by EPA under the Safe Drinking

Water Act are associated with the use of military munitions Some regulated contaminants

such as arsenic may result from the use of military munitions but EPA does not regulate

arsenic resulting from such use It does however regulate arsenic found in drinking water

resulting from the erosion of natural deposits runoff from agriculture sites and certain

production wastes

1340 C.F.R 141.40
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The Clean Water Act authorizes EPA to regulate the discharge of pollutants

into waters in the United States EPA may authorize states to carry out

state program in lieu of the federal program if the state program is at least

equivalent to the federal program and provides for adequate enforcement

Under the Clean Water Acts National Pollution Discharge Elimination

System NPDES program facilities discharging pollutants into waters of

the United States are required to obtain an NPDES permit from EPA or

authorized states NPDES permits include specific limits on the quantity of

pollutants that may be discharged and require monitoring of those

discharges to ensure compliance EPAs list of the toxic pollutants subject

to regulation under the Clean Water Act includes nitrobenzene chemical

that is on DODs list of 20 constituents of greatest concern.14

RCRA requires owners and operators of facilities that treat store and

dispose of hazardous waste including federal agencies to obtain permit

specifying how their facilities will safely manage the waste Under RCRAs
corrective action provisions facilities seeking or holding RCRA permits

can be required to clean up their hazardous waste contamination The

corrective actions can be specified in the facilitys operating permit in

separate corrective action permit or through an enforcement order EPA
also has authority under RCRA to order cleanup of hazardous waste when

there is an imminent and substantial endangerment to public health or the

environment EPA may authorize states to administer their own programs

in lieu of the federal program as long as these programs are equivalent to

and consistent with the federal program and provide for adequate

enforcement EPAs regulations define hazardous wastes to include those

that are specifically listed in the regulations as well as those that are

characteristic wastes Characteristic hazardous wastes are defined as

wastes that are ignitable corrosive reactive or toxic federal district

court in California recently ruled in part that perchlorate is hazardous

waste under RCRA because it is ignitable.15

1440 C.F.R 401.15

15Castaic Lake WaterAgmcy Whittaker Corp 272 Supp 2d 1053 CD Cal 2003 The

conclusion that perchiorate is hazardous waste was the first step in the courts analysis of

whether perchlorate is hazardous substance under CERCLA The defmition of hazardous

substances under CERCLA includes hazardous waste under RCRA
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Under section 107 of the Federal Facility Compliance Act of 199216 EPA
was required in consultation with DOD and the states to issue rule

identifying when military munitions become hazardous waste under RCRA
and to provide for protective storage and transportation of that waste

Under the rule issued by EPA military munitions are subject to RCRA

when among other things unexploded munitions or their constituents

are buried or otherwise disposed of or when used or fired munitions

are taken off-range.17

CERCLA governs the cleanup of releases or threatened releases of

hazardous substances pollutants or contaminants CERCLAs definition of

hazardous substance includes substances regulated under various other

environmental laws including RCRA the Clean Air Act the Clean Water

Act and the Toxic Substances Control Act Under section 120 of CERCLA
the federal government is subject to and must comply with CERCLAs

requirements to the same extent as any nongovernmental entity DODs
cleanup under CERCLA section 120 is interrelated with its environmental

restoration program under section 211 of the Superfund Amendments and

Reauthorization Act of 1986.18

Contaminants Associated According to DOD there are more than 200 chemicals associated with

with Military Munitions military munitions and of these 20 are of great concern due to their

widespread use and potential environmental impact TNT Propanetriol

trinitrate nitroglycerin Royal Demolition Explosive and perchlorate are

among the 20 Perchlorate is the primary oxidizer in propellants present in

varying amounts in explosives and is highly soluble According to EPA an

estimated 90 percent of the perchlorate produced in the United States is

manufactured for use by the military and the National Aeronautics and

Space Administration Typical production quantities average several

million pounds per year Nonmilitary uses for perchlorate include

fireworks flares fertilizer and automobile airbags As of 2004 EPA

reported that 34 states confirmed perchlorate contamination in ground and

16Section 107 of the Federal Facility Compliance Act amended RCRA by adding new
section 3004y codified at 42 U.S.C 6924y

1740 C.F.R 266.202

Under the Defense Environmental Restoration Program established under section 211
DOD is required to identify investigate and clean up environmental contamination and

other hazards at active and closing installations as well as at formerly used defense sites
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surface water and in states where EPA determined the source of the

contamination it attributed significant portion to defense manufacturing

and test sites

EPA has not established federal drinking water standard for perchlorate

However in 1999 EPA established provisional reference dose for

perchlorate in drinking water of between and 18 parts per billion

reference dose is an estimate of the daily exposure to human that would

not pose significant risk of harmful effects In October 2003 the National

Academy of Sciences Academy began study of the best scientific model

to use for determining drinking water standard or reference dose for

perchlorate if any According to EPA the Academys study will take about

one year to complete Based on recommendations from the Academy EPA
will decide whether to regulate the contaminant and will have up to years

after making an affirmative determination to propose national primary

drinking water regulation for perchlorate.19 An EPA official told us that

updating drinking water standards can take to years and predicted that

perchlorate standard will likely not be available until 2006 or 2008

In the meantime some states that detected perchlorate in various media

such as groundwater have established state guidance or advisory levels for

the contaminant As of February 2004 seven states have established

interim perchlorate advisory levels Of those states Maryland and

Massachusetts have the lowest perchlorate advisory level of part per

billion On March 12 2004 California revised its advisory action level for

perchlorate from parts per billion to parts per billion

DODs Inventory and DODs estimate that it would cost between $16 billion and $165 billion to

clean up unexploded ordnance discarded military munitions and
Cost Estimates for

munitions constituents on operational ranges is questionable To determine

Operational Range the costs of operational range clean up DOD had to first inventory its

Cleanuri May Not operational ranges and obtain data such as the type of range and munitions

used However the military services used inventory data that were
Provide Congress with collected for different purposes over different periods of time and verified

Reliable Picture of with varying degrees of analytical rigor Next the costs of operational

nt b1t range cleanup were calculated using mix of unvalidated assumptions
ia ia ies

provided by DOD and assumptions provided by the individual services as

1942 U.S.C 300g-1b1E
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well as actual service data where available Consequently DODs overall

cost estimates were based on assumptions estimates and actual data that

differed across the services and that raise questions about the reliability of

DODs estimated costs to clean up operational ranges

Operational Range Each service inventoried its operational ranges and collected data on range

Inventory Process Lacked acreage and munitions used using various methodologies over different

Common Framework and periods of time See table for the starting and ending dates of the

service inventones Services also conducted inventories for different

Analytical Rigor
reasons such as to respond to pending legislation on ranges public

concern about military use of ranges or simply to gather data to calculate

cleanup cost estimates The rigor of the analysis and the degree of the

validity of the inventory results varied by service The inconsistencies in

how DOD collected and analyzed data on operational ranges raise

questions about the reliability of DODs inventory

Table Dates Service Inventories Were Conducted

Military Service Inventory started Inventory ended

Air Force August 2001 December 2002

Army July 2000 December 2002

Marine Corps October 2001 November 2002

Navy December 999 January 2000

Source GAO analysis of military service data

The Air Force inventory of operational ranges in the United States and its

territories was based on survey sent to field command levels to estimate

costs to clean up operational ranges Service officials said survey data was

validated during on-site field inspections or in some cases brief desk

reviews to assure surveys were complete and free of obvious errors As of

December 2002 the Air Force counted 222 active ranges 23 inactive

ranges and 23 ranges that were not categorized as either active or inactive

Together Air Force operational ranges covered 6423161 acres
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The Armys inventory of operational ranges was conducted concurrently

with an inventory of nonoperational ranges and was based on field surveys

According to Army officials the Army initiated an inventory of its ranges

primarily in response to anticipated legislation on the use of ranges2

which required comprehensive inventory of DOD ranges as well as

collection of descriptive data about each range such as the acreage and

types of munitions used on the range The Armys inventory was also

conducted in response to DOD directives issued in August 1999 that

required the services to establish and maintain an inventory of operational

ranges and data on munitions and ordnance.21 To inventory ranges the

Army used contract support staff who requested data from field commands

and installations and then sought to validate the data through on-site visits

Army officials said the Armys inventory of operational ranges was

completed in December 2002 and encompassed 9427 active ranges 377

inactive ranges and ranges not designated active or inactive In total

Army operational ranges covered 14991072 acres in the United States and

its territories

Similar to the Army the Marine Corps conducted an inventory of its

operational ranges primarily in response to anticipated legislation on the

use of ranges and DOD directives that required the services to establish and

maintain an inventory of operational ranges and data on munitions and

ordnance The Marine Corps developed its inventory from an archive data

search and surveys sent to installations Headquarters officials reviewed

the surveys to assure that submitted data agreed with data in the archive

search As of December 2002 the Marine Corps counted 216 operational

ranges totaling 1980119 acres in the United States and its territories

According to headquarters officials the Marine Corps did not distinguish

between active and inactive ranges but designated all ranges as

operational

200n September 26 1997 DOD published proposed range rule on closed transferred and

transferring ranges containing military munitions The proposed rule identified process for

evaluating response action on closed transferred and transferring ranges and required

comprehensive inventory of DOD ranges including collection of descriptive data for each

range However the proposed rule applied to nonoperational ranges only On November 13

2000 DOD withdrew the proposed range rule from the rule-making process because DOD
EPA and federal land managers could not reach consensus on several key issues including

how explosive safety would be handled under the rule concurrence on remedial actions

and who would decide the remedy

21D0D Directives 4715.11 and 4715.12
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The Navys inventory of operational ranges in the United States and its

territories was conducted at the request of the Navys Environmental

Readiness Division The Navys inventory was prepared in response to the

anticipated inventory requirements of DODs proposed range rule and

because of increased public and regulatory scrutiny of militaryranges

Navy officials said The inventory was conducted through surveys sent to

the installations As of December 2002 Navy operational ranges totaled 121

active ranges and 31 inactive ranges on 1284374 acres

As of April 2003 when DOD reported its estimated cost to clean up

operational ranges DODs inventory included 10444 operational ranges

totaling 24.6 million acres in the United States and its territories See table

for breakout of operational ranges by service and status and total

acres

Table Active and Inactive Operational Ranges and Acreage as Reported by DOD
in April 2003

Operational Ranges

Total

Not acreage
Active Inactive categorized Total in millions

Air Force 222 23 23 268 6.4

Armya 9427 377 9808 15.0

Marine

Corps 216 216 1.9

Navy 121 31 152 1.3

DOD total 9770 431 243 10444 24.6

Source GAO analysis of military service data

aAccording to Army officials the Armys inventory of operational ranges was finalized in the summer of

2003 and revised to 9427 active and 377 inactive ranges totaling about 15 million acres in the United

States and its territories

DOD continued to inventory its operational ranges The National Defense

Authorization Act for Fiscal Year 2003 required DOD to develop plan to

address training range issues such as range sustainment and

encroachment and as part of this plan to develop range inventory system

that included all available operational training ranges In January 2003

DOD provided the services with an inventory framework and data

definitions to ensure reporting consistency and required the services to

complete detailed inventories of all of their operational ranges DOD

Page 18 GAO-04-601 DOD Operational Ranges



revised its existing inventory of operational ranges to meet this new

requirement Because the revised inventory was conducted for different

purposes using scope and set of assumptions that were different from

the inventory data used to estimate cleanup costs it identified different

number of operational ranges For example the inventory for developing

the cost estimates used actual operational range acreage whereas the

revised inventory used actual and potential operational range acreage

Further the revised inventory is divided into range complexes and

individual ranges and includes operational ranges outside the United

States and its territories not included in the inventory DOD used to

estimate cleanup costs

In February 2004 DOD released the results of its training range plan and

revised inventory The revised inventory listed 353 range complexes and

172 individual ranges on 26 million acres worldwide These numbers differ

from the inventory data DOD used to estimate cleanup costs which

counted 10444 operational ranges on 24.6 million acres in the United States

and its territories primarily because of the aggregation of individual ranges

into complexes and the inclusion of ranges outside the United States and

its territories For example under the prior inventory Fallon Naval Air

Station in Nevada reported it had 150365 acres of rangeland but under

the new inventory Fallon reported it had just 103300 acres of actual and

potential rangeland Also under the prior inventory the Marine Corps

reported that Camp Lejeune in North Carolina had 95872 acres of

rangeland while under the new inventory Camp Lejeune reported it had

152000 acres of actual and potential rangeland even though the entire

installation encompasses just 153000 acres The Marine Corps also

reported that Camp Pendleton in California had 39084 acres of rangeland

under the old inventory but under the new inventory Camp Pendleton

reported it had 114000 acres of actual and potential rangeland almost

threefold increase

While the 2003 and 2004 inventories are not readily comparable because of

the varying scope and definitions used to develop the revised inventory the

difference between the two highlights the difficulty in understanding the

basis for and the results of DODs cost estimates Finally we believe the

differences in the two inventories may further complicate efforts of

Congress to identify the potential liabilities that may exist if operational

ranges or installations are closed and require cleanup
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Cost Estimates Were

Calculated Using Mix of

Differing Assumptions

Estimates and Actual Data

In 2002 DOD provided guidance to the services on how to estimate costs

for cleaning up operational ranges This guidance specified the scope for

estimating costs but allowed forvariation across the services According to

DOD officials because the requirement to estimate cleanup costs was

one-time congressional requirement DOD directed the services to limit

their data gathering efforts by using certain costing assumptions and

computer-costing model in combination with already existing data

Examples of the scope and some of the assumptions DOD used to estimate

costs include the following

The scope of the inventory was limited to operational ranges within the

United States and its territories because DOD believed that was what

Congress intended

The scope excluded certain operational ranges such as water ranges

because DOD did not have model for estimating costs associated with

such ranges and did not have any significant historical experience on

which to base an estimate DOD also did not develop cost estimates for

several types of airspace such as warning areas and restricted areas

DOD directed the services to use both computer-costing model that

automatically assigned certain values for the cleanup costs of

unexploded ordnance and discarded military munitions and an

electronic worksheet to estimate costs to clean up munitions

constituents

DOD provided cost assumptions to the services based on operational

range acreage and other variables For example the services were

directed to divide range acreage into areas assumed to have high

density of contamination and low density of contamination and on

that basis calculate individual cleanup costs

DOD also provided specific assumptions to calculate costs for various

cleanup activities For example to estimate the cost to remove

unexploded ordnance from highly contaminated range area the

services were told to assume they would need to remove ordnance from

50 percent of that area to calculate the high cost estimate and percent

of that area to calculate the low cost estimate

DOD said its assumptions were based on discussions with the services and

developed through consensus DOD could not provide any documentation

that the assumptions they asked the services to use were validateda
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confirmation of the reasonableness and justification for assumptions

usedand senior DOD official told us that in fact the assumptions were

not validated

Furthermore DOD instructions to the services allowed them to use

additional assumptions or site-specific data so that cost estimates were

calculated based on mix of actual data and assumptions Based on our

review of DODs 2003 report to Congress and discussions with service

officials on their methodologies to estimate costs we found DOD did not

fully explain the mix of assumptions and data used and how this mix

affected the cost estimates so that the usefulness of DODs overall cleanup

cost estimates to Congress is questionable

The inconsistencies in how the services developed their cost estimates are

evident in areas such as how the services calculated high-density acreage

that is the area of range containing high density of ordnance and the

costs for cleaning up these acres For example although DOD guidance

directed the services to estimate what proportion or percentage of

operational range acreage contained high density of unexploded

ordnance and munitions constituents and specified how various types of

ranges were to be treated for cost estimating purposes each service

performed this calculation differently If site-specific data was unavailable

the Marine Corps used varying percentages based on the characteristics of

similarranges to determine those that were highly contaminated Our

analysis showed that for about two-thirds of its operational ranges the

Marine Corps assumed 10 percent of its nonsmall arms or multipurpose

range acreage was highly contaminated However based on review of the

Marine Corps total cleanup cost estimates for operational ranges GAO
determined that the Marine Corps calculated its costs assuming that an

average 53 percent of range acreage has highly contaminated In contrast

the Air Force and the Army used estimated data to determine that 44

percent and 60 percent of their acreage was highly contaminated

respectively.22 Further the Air Force did not designate percentage of each

operational range with high density of contamination and low density of

contamination but rather defined each operational range as either 100

percent high density or 100 percent low density The Navy used actual data

to determine that 11 percent of its operational range acreage was highly

22Army officials told us the Army assumed 60 percent of operational range acreage was

highly contaminated but our analysis of Army data see table shows the Army actually

assumed that 58 percent of acreage was highly contaminated
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contaminated Figure shows the high and low density acreage by service

used to estimate cleanup costs

Figure High and Low Density Operational Range Acreage Used to Estimate

Cleanup Costs by Service

Range acreage

10000000

8000000

6000000

4000000

2000000

____________
Air Force Army Marine Corps Navy

Military services

______
High density acreage

Low density acreage

Source GAO analysis of military service data

Based on the data provided by the services the model calculated four

totals for each operational range low and high estimated cost to clean up

the portion of the range assumed to have low level of contamination and

low and high estimated cost to clean up the portion of the range assumed

to be highly contaminated Low estimates for low and high contamination

areas were combined to calculate total low estimate and high estimates

for low and high contamination areas were combined to calculate total

high estimate See table for low and high estimates by service
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Table Low and High Cost Estimates to Clean Up Unexploded Ordnance
Discarded Military Munitions and Munitions Constituents

Billions of dollars

Low estimate High estimate

Air Force 1.2 14.0

Army 14.5 141.5

Navy 0.2 2.5

Marine Corps 0.5 6.7

DOD 16.0 165.0

Sources The Fiscal Year 2002 Defense Environmental Restoration Program report and military service data

aEstimates do not add due to rounding

In general using the model and standardized assumptions should have

produced estimates with some variation across the services because of

differing missions operational practices and types of munitions used

However as reflected in table tenfold difference in the average cost to

clean up an acre of highly contaminated rangeland calls into question the

mix of different assumptions and data used by the services to estimate

costs For example the Air Forces average cost to clean up an acre with

high density of contamination was $755 whereas the Armys estimate was

$7577 As result the services cost estimates are not comparable Table

shows the total and average cost per acre estimates by service

Table High Cost Estimates to Clean Up an Acre with High Density of

Contamination by Service

High cost estimate Average high cost

Service Acreage dollars per acre dollars

Air Force 2835579 2140072819 755

Army 8691311 65855410348 7577

Marine Corps 1023623 3719488388 3634

Navy 134459 920669000 6847

Source GAO analysis of military service data
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DOD Does Not Have

Comprehensive Policy

on Contaminants

Associated with

Military Munitions and

Has Not Specifically

Cleaned Up Known
Perchlorate

Contamination

DOD does not have comprehensive policy requiring sampling or cleanup

of the more than 200 chemical contaminants associated with military

munitions on operational ranges However DOD installations have

sampled for and cleaned up munitions-based constituents when directed by

state regulatory authorities With regard to perchlorate DOD has issued

sampling policies but does not provide specific funding for such sampling

Nevertheless we found some installations have sampled and monitored for

perchlorate to meet the requirements of environmental laws and

regulations such as RCRA and the Unregulated Contaminant Monitoring

Regulation During visits to six installations that reported high levels of

perchlorate we found that none were cleaning up perchlorate

contamination At six of the seven installations we visited perchlorate

contamination was largely the result of researching manufacturing

testing and disposing of munitions and not the use of munitions during

training

Previous DOD Policy Did

Not Require Cleanup or

Sampling for Contaminants

Associated with Military

Munitions

According to EPA of the more than 200 chemicals associated with military

munitions which include 20 that DOD considers to be of greatest concern

due to their widespread use and potential environmental impact none are

specifically regulated under the Safe Drinking Water Act Further except in

some specific instances EPA does not generally use its authority under

other environmental laws such as RCRA and CERCLA to require DOD to

conduct cleanups on operational ranges.23 An EPA official told us that

although EPA is concerned with constituents associated with military

munitions such as perchlorate and Royal Demolition Explosive and the

migration of plumes pollutants that drain or flow through soil and water
from military ranges to groundwater the agency generally does not

interfere with DODs operation of its operational ranges Recently DOD
proposed that Congress specifically exempt it from requirements to clean

up unexploded ordnance munitions and munitions constituents that

remain on operational ranges under RCRA and CERCLA

Zf3j some instances EPA has used its authority under these acts to require cleanup of

munitions constituents on operational ranges For example at Fort Richardson Alaska
EPA required the Army to clean up contamination caused by munitions containing white

phosphorus
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DOD policy does not generally require the services to clean up or sample

for munitions contaminants because according to DOD officials these

contaminants are deposited on operational ranges in the course of the

normal and intended use of these munitions Yet DOD may be required by

EPA or states to sample and clean up its munitions contaminants under

various environmental laws and regulations on operational ranges For

example under the Clean Water Act facilities that discharge pollutants into

surface water are required to obtain NPDES permit from EPA or an

authorized state agency Several states have required some DOD
installations to monitor for various contaminants associated with military

munitions as part of the NPDES permit process For example the Regional

Water Quality Control Board in San Diego and the Hampton Roads

Sanitation District in Hampton Roads Virginia required Navy facilities to

monitor their water discharges for various constituents that are on EPAs

list of toxic pollutants under the Clean Water Act.24 Under the Unregulated

Contaminant Monitoring Regulation EPA required some installations to

sample for and report on 12 unregulated contaminants in drinking water

during any 12-month period between 2001 and 2003 The list of

contaminants included four munitions-related contaminantsperchlorate

24 and 26 dinitrotoluene and nitrobenzene In April 2004 DOD reported

that 36 installations had sampled for the presence of unregulated

contaminants in drinking water including perchlorate under this

regulation Of these 33 installations reported no perchlorate was detected

or detection results were below the reporting limit of parts per billion

Only three Air Force installations detected perchlorate above the reporting

limit ranging from just over parts per billion to 46 parts per billion

Revised DOD Policy Directs

Sampling for Perchlorate

under Certain Conditions

but Little Sampling Has

Been Done

In November 2002 DOD issued its first policy on perchlorate assessment

that stated the services may sample and assess for perchlorate if there was

reasonable basis to suspect both potential presence of perchlorate and

likely pathway that could lead to human exposure The policy stated that

the services could fund assessments using the operations and maintenance

environmental compliance account but specified that sampling should be

considered lower priority Class II environmental project and as we

24See 40 C.FIR 401.15 The three constituents24 and 26 dinitrotoluene used to produce

explosives and ammunition and known to cause cancer and nitrobenzene may be used in

defense manufacturing and linked to blood disordersare on DODs list of munitions

constituents of greatest concern
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found in prior effort was unlikely to be funded.25 Finally the policy

directed those installations that sampled for and found perchlorate to

report to DOD on the location and amount of perchlorate found On

September 29 2003 DOD issued revised policy on perchlorate sampling

that directed the services to consolidate data on perchlorate detections

including data developed in response to environmental laws such as the

Clean Water Act and Safe Drinking Water Act and sample any

previously unexamined sites including ranges where perchlorate release

is suspected because of prior DOD activities and where human exposure is

likely The policy stated that the services should fund sampling using the

same environmental compliance account specified in the previous policy

but elevated sampling to higher Class funding priority and thus made it

more likely to be funded However when DOD issued its policy funding

had already been allocated to Class requirements for fiscal year 2004 In

future years unless specific or additional funding is added perchlorate

sampling will have to compete with other high priority environmental

requirements and may not be funded

In implementing the revised policy the services added third criterion

requiring that installations coordinate with or obtain written approval

from headquarters and the chain of command before sampling for

perchlorate However if sampling is specifically required by an

environmental law or state agency the service policies do not require

installations to request approval or notify headquarters before sampling

During visits we made to selected installations with reported perchlorate

contamination between October 2003 and January 2004 we found

installations were not sampling under the revised policy to determine the

presence of perchiorate on operational ranges More broadly as of

25To assure compliance with the requirements of environmental laws DOD has an

environmental quality program that is largely funded by DODs appropriation for operation

and maintenance activities This account also funds wide range of installation activities

such as military training base operations and property management As such DODs
environmental quality program must compete with these other activities for funding As

GAO reported in June 2003 DODs environmental quality program has ranking system for

funding environmental activities where activities ranked Class or must be funded in the

current program year because of law or regulation whereas funding for activities ranked

Class II or III may be deferred because there is no legislative requirement in the current

budget year We found DOD did not always have sufficient funds to pay for environmental

priorities and sometimes did not follow the programs ranking system and instead funded

lower priority activities while not funding some higher priorities See U.S General

Accounting Office Environmental Compliance Better DOD Guidance Needed to Ensure

That the Most Important Activities Are Funded GAO-03-639 Washington D.C June 17

2003
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February 2004 Marine Corps and Navy officials said that no installations

had requested permission to sample under this policy According to the Air

Force three installations asked for permission to sample for perchlorate

because EPA had asked that they sample Air Force headquarters approved

two of the requests but denied the third because according to Air Force

headquarters there was not reason to suspect the presence of

perchlorate Four Army installations have asked for approval to sample for

perchlorate and Army headquarters approved all four as of March 2004 an

Army headquarters official said Overall this suggests that little sampling is

being done under DODs revised perchlorate policy

Although none of the installations had begun sampling under DODs revised

policy during our visits we found few installations had sampled and

monitored for perchlorate to meet the requirements of certain

environmental laws and regulations Table summarizes the perchlorate

sampling that has been conducted at installations we visited as reported by

DOD as of April 2004

Table Summary of Perchlorate Sampling Conducted at Installations Visited by GAO

Range of

Number of Number of concentrations

samples positive detected in parts per

Installation collected detections billion Source of perchlorate contamination

Edwards Air Force 413 309 Up to 2100000 in soil Propulsion research and rocket test stand

Base and up to 30700 in maintenance landfill

groundwater

Holloman Air Force 7600 Research development testing and evaluation

Base

Aberdeen Proving 1193 540 Less than and Training with pyrotechnics and smoke use of

Ground up to propellants ordnance smoke and chemical agents

12000

Redstone Arsenal Not reported Not reported Up to 37000 Rocket testing

White Sands Missile Not reported Not reported Not reported Not reported

Rangea

Naval Air Weapons 12 12 Upto 720 Research development and testing disposal

Station China Lake possible natural occurrence

Naval Surface 708 278 Up to 480000 Disposal open burning unknown source

Warfare Center

Indian Head

Source DOD perchiorate sampling data as of April 2004

aAlthough it was not reported by DOD as of April 2004 we found during our visit to White Sands

Missile Range that officials sampled for perchlorate as part of an RCRA application
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During our visits we found the following installations had sampled for and

monitored perchlorate to meet the requirements of RCRA or the Safe

Drinking Water Act

In 1999 as part of an application under RCRA to close an open burning

and detonation facility used to destroy excess and obsolete ammunition

the state of New Mexico required White Sands Missile Range in New

Mexico to sample for contaminants including perchlorate The former

open burning and detonation facility is located on an operational range

Groundwater sampling detected high levels of perchlorateup to 25000

parts per billion.26 The Army installed 56 monitoring wells on the range

to map the plume Each well is sampled quarterly After four years of

quarterly sampling and monitoring Army officials said the plume is

stable and contained which means it is isolated underground and not

expected to move Further officials said there is no indication that

perchlorate has migrated outside the identified plume Under its RCRA
closure permit with the state of New Mexico the Army must continue

monitoring the groundwater for up to 20 years

Three of the seven installations we visited tested for perchlorate under

the Safe Drinking Water Acts Unregulated Contaminant Monitoring

Regulation program Edwards Air Force Base in California sampled

twice in 2002 and reported that none of the 12 chemicals listed on the

EPA list of unregulated contaminants including perchlorate were

detected in any of the groundwater samples collected from drinking

water wells Under the regulation EPA required surface water systems

to be sampled quarterly and groundwater systems to be sampled

semiannually for one consecutive 12-month period Redstone Arsenal

in Alabama sampled quarterly for 12-month period beginning June

2001 Two water intake sites were sampled drinking water source and

drinking water and industrial water source both along the Tennessee

River Redstone Arsenal reported that perchlorate was not detected

above the EPA sampling level of parts per billion Nearby Huntsville

Alabama also sampled for perchlorate and detected no contamination

Redstone Arsenal official said Finally although the requirements of

the Unregulated Contaminant Monitoring Regulation did not apply to

26lnitially Army officials said they believed the perchiorate contamination resulted from the

burnmg of rocket motors pits at the open burning and detonation facility More recently

however Army officials speculated that the plume in the hazardous test area is from another

unknown source because it is uphill from the open burnmg and detonation facility
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the Naval Air Weapons Station China Lake in California because its

water supply system was too small installation officials volunteered to

sample for perchlorate and other unregulated contaminants

Accordingly in October 2003 officials at China Lake sampled 10

drinking water wells for perchlorate and other contaminants but

perchlorate was not detected

DOD Has Not Directed the According to information provided by DOD and officials at the installations

Services to Clean Up Known we visited the services were generally not cleaning up known perchlorate

Perchlorate Contamination contamination DOD officials explained that perchlorate is not regulated

contaminant and therefore there is no requirement to clean up perchlorate

contamination.27 Current DOD policy is that DOD will clean up

perchlorate if there is imminent and substantial endangerment to the

public The exceptions we found were two installations that had cleaned

up perchlorate under demonstration projects designed to demonstrate

perchlorate cleanup technologies At the installations we visited

perchlorate contamination was generally the result of research

manufacturing testing and disposal of munitions such as rocket motors

that contained high levels of perchlorate In one case the perchlorate

resulted from training with smoke munitions containing perchlorate

Although six of the seven sites we visited reported high levels of

perchlorate contamination none of these installations were conducting

cleanup actions specifically directed at perchlorate However at two

installations we visitedEdwards Air Force Base and the Naval Surface

Warfare Center Indian Headofficials said they conducted demonstration

projects to develop perchlorate treatment and cleanup technologies in

anticipation of future cleanup requirements See app III for details on

these demonstration projects

At six of the seven installations we visited that had operational ranges and

detectable levels of perchlorate we found the perchlorate contamination

was generally not due to training on operational ranges Rather we found

that prior and ongoing research manufacturing testing and disposal of

27Although there is not standard for perchiorate under the Safe Drinking Water Act in at

least one instance EPA required the Army to clean up munitions constituents in

groundwater such as perchlorate EPA required the Massachusetts Military Reservation to

clean up munitions constituents under its Safe Drinking Water Act authority which allows it

to take action when there is an imminent and substantial endangerment to the health of

persons 42 U.S.C 300ia
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rocket motors were primarily responsible for perchlorate contamination

See app IV for details of perchlorate contamination caused by such

factors Only Aberdeen Proving Ground in Maryland reported that some

perchlorate contamination was due to the use of perchiorate during

training exercises on operational ranges Further Aberdeen was the only

installation we visited where perchlorate had contaminated neighboring

municipal water supply At Aberdeen perchlorate concentrations of up to

parts per billion have been detected in drinking water supply wells and 24

parts per billion have been detected in groundwater

Between June and August 2002 Aberdeen Proving Ground sampled

drinking water wells owned by the city of Aberdeen located in and along

the northern border between the city and the installation and detected

perchlorate contamination in four wells ranging from 1.2 to parts per

billion According to Aberdeen officials the installation sampled for

perchlorate because it was required to do so by the state of Maryland

Groundwater samples taken near the well field showed large perchlorate

plume with contamination levels up to 24 parts per billion Aberdeen

Proving Ground officials attributed the perchlorate contamination to

intensive testing and training with smoke grenades and other obscurants

Until about mid-2002 during training exercises in the vicinity of the city of

Aberdeen drinking water wells Aberdeen Proving Ground trained troops

using smoke grenades that contained perchlorate After perchlorate was

found in city drinking water Aberdeen Proving Ground stopped all training

with smoke grenades containing perchlorate However officials at

Aberdeen Proving Ground are not cleaning up the perchlorate detected in

city wells Instead both the city of Aberdeen and the installation sample

finished water and production wells on an alternating monthly schedule

Finished water is sampled weekly four production wells are sampled twice

month and the remaining eight production wells are sampled monthly

Recent sampling has detected contamination below the EPA interim

assessment guidance of parts per billion but in some cases well samples

have been above the Maryland Department of the Environment public

health advisory for perchlorate which is part per billion for drinking

water In the event sample is found to be above the Maryland state

advisory limit the city of Aberdeen blends well water without perchlorate

with well water containing perchlorate to lower the concentration level to

below part per billion The Army stated that it would not clean up the

perchlorate contamination at Aberdeen until an EPA maximum
contaminant level for perchlorate in drinking water is established
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Conclusions Because of DODs approach to how it inventoried its operational ranges for

munitions and how it estimated the costs to clean up those ranges both the

inventory and the cost estimates are questionable Further DOD did not

fully disclose to Congress the basis and limitations of its estimates

including identifying estimates based on direct observations and those

based on assumptions and the affect of assumptions on DODs cost

estimates Instead DOD provided only general information to Congress on

the assumptions and cost model used without specific details on how costs

were developed or the effect of assumptions used on the resulting cost

estimates Consequently we believe it is difficult for Congress to evaluate

the cost estimates DOD provided and that it may be unwise to rely on them

for assessing the potential liability associated with contamination on

operational ranges Reliable cost estimates can be critical piece of

information for DOD and Congress when considering the potential costs

versus benefits of closing operational ranges or entire installations

However such estimates must be based on accurate data that in terms of

ranges begins with complete and accurate operational range inventory

DOD installations have conducted little or no sampling for perchlorate

under DODs perchlorate policy and DOD has not provided specific

funding to the services to conduct the sampling that is required by its

policy Available information indicates that testing for perchlorate on

installations has been limited and is specifically needed at facilities that are

or were involved in research manufacturing testing and disposal of

munitions DODs decision not to provide specific funding to the services

for sampling hampers the ability of DOD as well as EPA and the states to

collect better data on the extent and nature of possible perchlorate

contamination on military installations Such information could be

important to regulators when determining if there is potential public

health risk from perchlorate and deciding what if any actions might be

warranted Further the lack of such information impedes DOD and

congressional efforts for planning and budgeting future cleanup that may
be required if federal or state standards regulating perchlorate are adopted

Recommendations for In order to the assist Congress EPA and state regulators in assessing and

planning for the cleanup of contamination associated with military
Executive Action

munitions at operational ranges we are making the following two

recommendations
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To improve congressional oversight of DOD and its operational ranges

including providing Congress with more realistic estimates of the

potential liability associated with cleaning up contamination related to

the use of military munitions we recommend that DOD using more

consistent estimating methodology use its most complete operational

range inventory to revise its cost estimates for the cleanup of

operational ranges The revised estimates should include an explanation

of the basis and scope on which the inventory was conducted and how
the cost estimates were calculated The estimates should be

accompanied by detailed description of how costs were developed

such as where estimates and assumptions were used the basis of and

rationale for any assumptions used and an explanation as to how such

assumptions affected cost figures

To develop information needed by Congress EPA and the states such

as the location and amount of perchlorate contamination when

deciding what if any actions are warranted to address such

contamination we recommend that DOD acting under its revised

perchlorate sampling policy provide specific funding for comprehensive

sampling at sites where no prior sampling has been conducted yet

perchlorate contamination is likely and human exposure is possible

based on the sites prior or current use To help identify possible sites of

perchlorate contamination we recommend DOD consolidate and

review sampling data previously collected by installations under

environmental laws governing the release or disposal of various

hazardous substances

Agency Comments and In its May 2004 letter DOD disagreed with our findings and

recommendations DOD also provided technical comments and
Our Evaluation

clarifications that we incorporated in the report as appropriate
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DOD disagreed with our conclusion that it did not have comprehensive

policy requiring sampling or cleanup of munitions constituents on

operational ranges and that it generally has not taken actions to clean up

contaminants In its letter DOD cited specific policies in place requiring the

services to address the release of munitions constituents However the

guidance DOD cited pertains only to the migration of munitions

constituents off-range and the reporting of environmental liabilities but

does not address the sampling or cleanup of munitions constituents found

on operational ranges that are the subject of this report Further DODs
letter states that it is responding to munitions constituents at 23

installations and ranges We acknowledge that DOD is sampling for and in

some cases cleaning up munitions constituents when directed to do so by

EPA or state environmental agency under various environmental laws In

reviewing the data provided by DOD however we found that only of the

installations they cited had operational ranges and both of those were

being cleaned up because of EPA direction or court order At the 12 other

installations with active ranges half of them had sampled or were sampling

for munitions constituents as result of EPA or state environmental agency

requests RCRA requirements or cleanup associated with Superfund

hazardous waste sites None of these installations however were cleaning

up the munitions constituents found as result of sampling

DOD disagreed with our assessment that its inventory data and cost

estimates were questionable and said it was not necessary to revise its cost

estimates because inventory data used to develop the estimates were

accurate within reason In its comments DOD stated that it was not

required to use validated costing assumptions or consistent estimating

methodology because the fiscal year 2002 National Defense Authorization

Act provided that the standard for the report of liabilities did not apply to

DODs cost estimates Although the act allowed DOD to develop cost

estimates that did not meet the same standards as required for the report of

liabilities in DODs annual financial statement we believe that DOD had

responsibility to provide Congress with useful information by making

reasonable attempt to prepare accurate and complete estimates including

assuring that its assumptions were valid However as our report sets out

the inconsistencies in how DOD collected and analyzed data on operational

ranges raise questions about the reliability of DODs inventory Specifically

DOD did not provide Congress with detailed description of how the costs

were prepared and an explanation of where site-specific data were used in

place of assumptions why specific and different assumptions were used by

the services and how assumptions affected the overall cost estimates

Without DODs supporting data and analysis it is difficult for Congress to
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evaluate the accuracy or validity of the cost estimates DOD provided and it

may be unwise to rely on them for assessing the potential liability

associated with contamination on operational ranges

DOD disagreed with our recommendation that it needed to develop new

cost estimates for cleaning up operational ranges stating that it is

developing system for providing auditable data that meets the standards

for the report of liabilities and is actively assessing its ranges for potential

munitions constituent migration to off-range areas However the

requirement in the National Defense Authorization Act for fiscal year 2002

was to report estimated costs to clean up operational ranges not the costs

to respond to or clean up constituent migration off-range In its letter to

GAO DOD also questioned whether decision makers would find useful an

estimated cost to clean up operational ranges and asserted that it is not

required to develop cleanup estimates for operational ranges until such

costs become probable and estimable by accounting standards We

disagree with DODs view of the information and its usefulness to

Congress Congress on two occasions asked DOD to provide just such

information Specifically the 2002 Defense Authorization Act required that

DOD report this information In addition the Senate Committee on Armed

Services in its report accompanying the National Defense Authorization

Act for fiscal year 2000 Rep No 106-50 directed DOD to provide to the

congressional defense committees report with complete estimate of

current and projected costs to clean up munitions constituents In our

opinion the authorization acts requirement and the committees direction

provide ample evidence that congressional decision makers would find

such information useful

DOD also disagreed with our recommendation that DOD provide specific

funding for sampling for perchlorate As our report points out DODs
current policy on perchlorate sampling designates funding for sampling as

Class high priority environmental project This means that perchlorate

sampling is priority for funding along with all other high priority

environmental projects As result perchlorate sampling must compete

with other high priority environmental priorities for funding and due to

limited funds may not be funded The result is that while DOD policy has

designated funding mechanism for perchlorate DODs policy cannot

assure that perchlorate sampling will be funded Simply stated if DOD
wants to assure that installations conduct perchlorate sampling where

appropriate then it will need to provide specific funding for this sampling
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As agreed with your office unless you publicly announce the contents of

this report earlier we plan no further distribution until 30 days from the

report date At that time we will send copies of this report to the

appropriate congressional committees the Secretary of Defense and other

interested parties We will also make copies available to others upon

request In addition the report will be available at no charge on the GAO
Web site at http//www.gao.gov

If you or your staffs have any questions please call me at 202 512-3841 or

Edward Zadjura at 202 512-3841 Key contributors to this report are listed

in appendix

Anu Mittal

Director Natural Resources

and Environment
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Appendix

Safety Environmental and Human Health

Risks

Military munitions can pose risks to public safety human health and the

environment Unexploded ordnance poses risk of physical injury to those

who encounter it Military munitions may also pose health and

environmental risk especially on ranges located in ecologically sensitive

wetlands and floodplains because their use and disposal may release

constituents that may contaminate soil groundwater and surface water

More than 200 chemical munitions constituents are associated with

ordnance and its use When exposed to some of these constituents humans

potentially face long-term health problems such as cancer and damage to

the heart liver and kidneys

Munitions Constituents of Of the more than 200 chemical munitions constituents associated with

Greatest Concern ordnance and its use DOD considers 20 to be of greatest concern because

of their widespread use and potential environmental impact The 20

munitions constituents taken from DODs Fiscal Year 2002 Defense

Environmental Restoration Program Annual Report to Congress are

Trinitrotoluene TNT

13-Dintrobenzene

Nitrobenzene

24-Dinitrotoluene

2-Amino-46-Dinitrotoluene

2-Nitrotoluene

26-Dinitrotoluene

4-Amino -2 6-Dinitrotoluene

3-Nitrotoluene

Octahydro-135 7-tetranitro-1 7-tetrazocine HMX

24-Diamino-6-nitrotoluene

4-Nitrotoluene
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Safety Environmental and Human Health

Risks

Hexahydro-1 5-trinitro-1 35-triazine RDX

26-Diamino-4-nitrotoluene

Methylnitrite

Perchiorate

23-Propanetriol trinitrate Nitroglycerine

Pentaerythritoltetranitrate PETN

135-Trinitrobenzene and

N24 6-Tetranitro-N-methylaniline Tetryl White Phosphorus

While many of these compounds have been an environmental concern to

DOD for more than 20 years the current understanding of the causes

distribution and potential effect of constituent releases into the

environment remains limited The nature of the potential effect and

whether it poses an unacceptable risk to human health and the

environment depends upon the dose duration and pathway of exposure

as well as the sensitivity of the exposed populations The link between

constituents and their potential health effects is not always clear and

continues to be studied Table describes some of the potential health

effects of five of the munitions constituents of greatest concern

Table Potential Effects of the Munitions Constituents Closely Associated with Military Munitions

Contaminant Potential toxicity/effects

Trinitrotoluene TNT Possible human carcinogen Targets liver skin irritations cataracts

Royal Demolition Explosive RDX Possible human carcinogen prostate problems nervous system problems nausea and

vomiting Laboratory exposure to animals indicates potential organ damage

High Melting Explosive HMX Animal studies suggest potential liver and central nervous system damage

Perchlorate Exposure causes itching tearing and pain ingestion may cause gastroenteritis with

abdominal pain nausea vomiting and diarrhea systemic effects may follow and may

include ringing of ears dizziness elevated blood pressure blurred vision and tremors

Chronic effects may include metabolic disorders of the thyroid

White Phosphorus Reproductive effects Skin burns irritation of throat and lungs vomiting stomach

cramps drowsiness Liver heart or kidney damage Death

Source Environmental Protection Agency

Page 37 GAO-04-601 DOD Operational Ranges



Appendix II

Scope and Methodology

You asked us to determine how DOD identified the location and last

active use of all operational ranges and the basis for DODs cost estimates

for cleaning up those ranges and DODs policy on sampling for

contaminants linked to the use of ordnance on operational ranges and

where munitions-related contaminants have been detected what

corrective actions the services have taken Specifically you asked us to

focus on DODs actions with regard to perchlorate

To determine how DOD identified the location and last active use of all

operational ranges we reviewed the services inventory data and

interviewed service headquarters officials to determine how the

inventories were conducted and the reliability of the data collected We
assessed the reliability of the services data by reviewing existing

information about the data and the processes that produced them and

by interviewing DOD officials knowledgeable about the data We
determined that data on the number of operational ranges and acreage

were sufficiently reliable to include in our report however we determined

that data on range characteristics were unreliable Although we found the

data on range characteristics to be unreliable we present the data for

informational purposes To determine the basis for DODs cost estimates

for cleaning up operational ranges we reviewed the services estimated

costs supporting analyses and calculations and interviewed service and

DOD officials on the scope and methodology used to develop cost

estimates

To identify DODs policy on sampling for constituents linked to the use of

ordnance on operational ranges we reviewed DODs and the services

policies related to the sampling and cleanup of potential contaminants and

specifically their policies on perchlorate We also interviewed officials at

both headquarters and several installations on the implementation of DOD
and service policies To report on what actions the services have taken with

regard to munitions constituents and perchlorate we visited seven DOD
installations where perchlorate had been detected and discussed what

efforts have taken place or were planned to respond generally to

munitions-related contaminants and specifically for perchlorate We
selected installations based on available data but were unable to determine

the total number of installations reporting perchlorate contamination We
selected installations where generally high levels of perchlorate had been

detected or in one case where perchlorate had contaminated local

municipal water supply We also based our selection on the desire to

include at least two installations from each military department and

installations from different states or geographic locations in order to
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Scope and Methodology

provide mix of services and state agencies See table for listing of the

installations we visited

During our visits where possible we observed the areas of contamination

as well as any cleanup demonstration projects under way To identify what

levels of contamination had been detected at DOD installations we first

obtained various summary schedules and lists of active and closed DOD
and non-DOD sites with suspected or detected perchlorate contamination

from both EPA and DOD Because DOD has only recently begun to collect

data on perchlorate none of the listings we obtained included all

installations Further most lists did not generally contain current data and

were incomplete Additionally much of the data was redundant with the

same installations appearing on more than one list Prior to selecting an

installation to visit therefore we contacted service officials to verify that

perchlorate contamination had in fact been detected Our observations

about perchlorate contamination and response actions at these

installations are not generalizable to all military installations

Table Installations Visited during Our Review

Military

Installation department State Perchlorate contamination levels initially detected or reported

Edwards Air Force Base Air Force California Up to 160000 parts per billion in groundwater detected in 1997

Holloman Air Force Air Force New Mexico About 16000 parts per billion in surface water detected in 999
Base

Aberdeen Proving Army Maryland parts per billion in drinking water and 24 parts per billion in

Ground groundwater reported in 1998

Redstone Arsenal Army Alabama About 9000 parts per billion in groundwater as of 2000

White Sands Missile Army New Mexico 21 000 parts per billion in groundwater reported in 998
Range

Naval Air Weapons Navy California 560 parts per billion in groundwater detected in 2001
Station China Lake

Naval Surface Warfare Navy Maryland More than 1000 parts per billion in surface water reported in 998
Center Indian Head

Source GAO
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Appendix III

Installations That Were Cleaning Up
Perchlorate as Result of Demonstration

Projects

Although we found no installations were cleaning up perchiorate two

installations we visited were conducting or had conducted demonstration

projects of new technologies to clean up perchlorate in anticipation of

future cleanup requirements

Edwards Air Force In May 2003 Edwards Air Force Base in California began demonstration

project to remove perchlorate from groundwater Edwards officials said
ase

the installation funded the project because the Air Force is DODs lead

agency for perchlorate-related efforts and expected to help develop

perchlorate treatment technologies Edwards first detected perchlorate on

the installation in 1997 while testing for other contaminants and has

detected perchlorate at 10 sites on the installation Perchlorate

contamination of 160000 parts per billion was detected at one site where

the source of the contamination is attributed to the use of perchlorate by

various research facilities beginning about 1945 On this site the Air Force

constructed well field and project treatment facility The demonstration

project uses resin beads which act like magnet to pull perchlorate out of

the water Four wells extract groundwater that is discharged into storage

tank and then pumped through treatment equipment containing the resin

Treated groundwater is returned to the aquifer through five injection wells

Plans are to operate the project through July 2005 Currently Edwards

officials report that perchlorate continues to be removed to nondetectable

levels or less than part per billion

Naval Surface Warfare In 2002 the Naval Surface Warfare Center Indian Head in Maryland

funded field demonstration project using naturally occurring

Center Indian Head
microorganisms or bacteria that break down or consume perchlorate

Navy officials first became concerned about perchlorate in 1998 when they

learned of widespread perchlorate contamination at DOD sites in

California At that time the installation regularly drained perchlorate

contaminated water into ditches and two bordering rivers In 2001 Navy

officials sampled and detected shallow and well-defined plume of

perchlorate contamination located in an area where the Navy once cleaned

small rocket motors using high-pressure wash Perchlorate levels

detected in the area ranged from 8000 to 430000 parts per billion On this

site in early 2002 the Navy installed two extraction wells two injection

wells and nine groundwater monitoring wells Groundwater was removed

from the site mixed with lactate and carbonate/bicarbonate liquid

mixture and then reinjected into the aquifer After 20 weeks perchlorate
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Installations That Were Cleaning Up
Perchlorate as Result of Demonstration

Projects

levels were reduced by more than 95 percent in eight of the nine monitoring

wells According to Navy officials the mixture acted as an oxidizer to

stimulate microorganisms that consumed the perchlorate Officials said

they plan to reuse the equipment to field test the technology at another site

in an attempt to clean soil contaminated with perchlorate
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Appendix IV

Installations That Identified Perchiorate as

Result of Munitions Research Manufacturing

Testing and DisposalActivities

We visited installations that had operational ranges and detectable levels of

perchlorate but found the perchlorate contamination was generally not due

to training but rather due to prior and ongoing research testing

manufacturing and disposal of rocket motors and propellant waste on

operational ranges and other parts of the installations

Edwards Air Force Perchlorate contamination was detected at 10 sites on Edwards Air Force

Base beginning in 1997 Officials attributed all detected perchlorate
ase contamination to rocket propellant manufacturing research development

and testing and not to the use of munitions during training The maximum

perchlorate contamination level detected was 160000 parts per billion in

groundwater at one site Officials said no live bombs had been exploded on

Edwards Air Force Base ranges since 1952 and some ranges where bombs

were exploded have been closed Perchlorate is not used as part of current

range activities and Edwards Air Force Base does not test for

contaminants on operational ranges installation officials said

Holloman Air Force In March 1999 after rainstorm the U.S Geological Survey sampled for

perchlorate in normally dry riverbed at Holloman Air Force Base in New
ase

Mexico and detected contamination of 16000 parts per billion During

periods of rain the river flows from the installation to the neighboring

White Sands National Monument The contamination was found on the

installation near former munitions operations site and rocket sled Air

Force officials said it was unlikely that the contamination was due to

training They attributed the perchlorate contamination to munitions

research and testing in the 1960s and 1970s Officials at White Sands

National Monument attributed the perchlorate contamination to spent

rocket motors stacked near the river and high-speed rocket sled used to

test the effects of acceleration DOD and New Mexicos state

environmental agency sampled the riverbed and surrounding area again in

1999 and 2000 but did not find the high concentration of perchlorate

previously detected Air Force officials said they believed the 16000 parts

per billion detected in 1999 was an anomaly

Naval Surface Warfare At the time of our visit officials at the Naval Surface Warfare Center Indian

Head in Maryland reported they detected perchlorate contamination at

Center Indian Head
five sites on the installation of which three were landfills one was metal

parts disposal site and one was metal parts degreasing tank site Indian
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Installations That Identified Perchiorate as

Result of Munitions Research

Manufacturing Testing and Disposal

Activities

Head detected maximum perchiorate concentrations between 88 and

450000 parts per billion in the soil at two of the three landfills At the third

landfill perchlorate concentration of 2000 parts per billion was detected

in the groundwater However none of the contamination detected was

attributed to the use of perchlorate during training exercises on operational

ranges

Redstone Arsenal As of March 2004 Redstone Arsenal in Alabama detected perchlorate

contamination in the groundwater at sites and in surface water and soil at

11 other sites Redstone Arsenal officials attributed contamination to

various past production maintenance and disposal activities at number

of sites including at open burning areas used to incinerate waste rocket

motor propellant burning trenches used to incinerate solid material

contaminated with rocket propellant rocket engine plant motor

degreasing and trimming areas and propellant waste storage area

Perchlorate contamination of about 20 parts per billion was also detected

in ground and surface water outside the installation The highest

concentration levels detected in groundwater on Redstone installations

have ranged from 106000 to 160000 parts per billion and the highest

concentration levels detected in surface water have ranged from 377 to

1700 parts per billion Although Redstone Arsenal has conducted training

on the installation none of the contamination detected has been attributed

to the use of perchlorate during training exercises

White Sands Missile White Sands Missile Range in New Mexico detected perchlorate

contamination at two sites beginning in 1999 At one site sampling
ange detected perchlorate concentrations up to 25000 parts per billion Officials

said they were unsure of the precise cause of the contamination but said

they initially believed it was due to an open burning and detonation facility

used in the 1950s to incinerate rocket motors However officials also said

that the contamination plume was uphill from where the open burning and

detonation site is believed to have been so that the contamination may be

generally due to previous testing of hazardous materials in the area

Perchlorate was also found at the former site of high-energy laser system

test facility Perchiorate contamination detected has been as high as 118

and 295 parts per billion in some wells Officials said the contamination

might be due to open ground burning of expended test items or residue

from actual tests conducted prior to 1995 Officials said they planned to

conduct more sampling to precisely identify the source of the perchlorate
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Installations That Identified Perchiorate as

Result of Munitions Research

Manufacturing Testing and Disposal

Activities

but did not attribute any of the perchiorate detected to training exercises

on operational ranges

Naval Air Weapons At the time of our visit in October 2003 the Naval Air Weapons Station

China Lake in California had detected perchlorate at five sites on the

Station China Lake
installation Perchlorate contamination was predominantly found in

drainage and waste disposal areas most likely the result of research on

propellants and explosives and residue from the manufacture of

propellants Installation officials said that since the 1960s thousands of

pounds of perchlorate-based propellant have been stored and tested on

China Lake In July 2003 installation officials sampled and detected

perchlorate concentrations of 778 and 921 parts per billion at two wells and

at drainage site However none of the contamination detected is

attributed to the use of munitions during training exercises on operational

ranges
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Commentsfromthe Department of Defense

OFFICE OF THE UNDER SECRETARY OF DEFENSE

3000 DEFENSE PENTAGON

WASHINGTON DC 20301-3000

MAY 2004

Ms Anu Mittal

Director Natural Resources and Environment

U.S General Accounting Office

441 GStreetN.W

Washington DC 20548

Dear Ms Mittal

This letter is the Department of Defense DoD response to the GAO report DOD
OPERATIONAL RANGES More Reliable Cost Estimates and Proactive Approach to

Identifying Contamination Are Needed May 2004 GAO-04-601

The Department nonconcurs with GAO recommendations that the Department revise

its cost estimates for the cleanup of operational ranges and provide specific funding for

sampling at sites where perchlorate contamination is likely Enclosed are specific
comments on

each of these recommendations

The Department also nonconcurs with the GAO findings that the reliability of DoDs

inventory is questionable DoDs cost estimates are questionable DoD does not have

comprehensive policy requiring sampling neither DoD nor the Services provide specific

funding to installations to sample for or cleanup contaminants linked to munitions use and no

conective actions have been taken by DoD
specifically

directed at cleaning up contaminants

such as perchiorate Enclosed are specific comments on each of these findings

Although some of GAOs points merit discussion the Report presents an invalid

characterization of the Departments environmental efforts at operational ranges The

Department believes that government decision makers deserve more accurate and objective

analysis of the Departments Sustainable Range policies and actions

The Report incorrectly asserts that DoD does not have comprehensive policy requinng

sampling or cleanup of munitions constituents careful examination of the Departments

policies and actions demonstrate that it has comprehensive policies
in place to address munitions

constituents associated with operational ranges The Report mentions none of the key policies

For example

Since 1999 DoDI 4715.11 has required the Services to conduct an appropriate

response using existing statutory
authorities e.g DERP CERCLA to any release of

munitions constituents that are migrating from an operational range to off-range

areas An update to be published soon will further require assessments of the

hydrology and hydrogeology of operational ranges and how the ranges are being or

have been used

ACQUISITION
TECHNOLOGY

AND LOGISTICS

Page 45 GAO-04-6O1 DOD Operational Ranges



Appendix
Comments from the Department of Defense

The Defense Planning Guidance DPG for Fiscal Years 2004-2009 established

requirement for the Services to .. assess potential hazards from off-range migration

of munitions constituents and begin remediation by FY2008 The Services have

begun implementing programs to conduct operational range assessments and are

expecting to begin any necessary responses by the FY08 date

DoD Directive 3200.15 Sustainment of Ranges and Operating Areas OPAREAs
requires reporting of environmental liabilities for operational ranges where the

Department of Defense is obligated to conduct environmental remediation in

accordance with DoD 7000.14-R the DoD Financial Management Regulations

The Report states that DoD policy does not require the Services to clean up or sample

for munitions contaminants In fact the Department has had policy in place on response actions

for some time In addition to the failure to discuss current policies GAO does not address new

or expanding policies that the Department presently has under development

The Report also asserts that To date no corrective actions have been taken specifically

directed at cleaning up contaminants when they have been detected Again this observation is

not factual DoD is responding to munitions Constituents at twenty-three installations and

ranges as is illustrated in the enclosures The Report fails to recognize DoDs efforts at these

sites

Finally the Report asserts that DoDs operational range inventory and its estimates of

cleanup costs are questionable However the Report provides no supporting analysis for this

conclusion and is misleading in that it does not factually address

The adequacy of inventory data to support cost estimating

The specific Congressional direction to DoD about development of the aggregate

high-low cost estimates

The reasonableness of the assumptions in the detailed estimating guidance the

Department developed

Differences in the way the Services use and manage operational ranges and the

impact of these differences in cost estimates among the Services

In addition the Report incorrectly assumes that decision makers would find cost to

clean up an operational range useful The decision to close an operational range will not be

determined by cleanup cost It will be determined by whether the range is needed for operational

requirements An estimate of the cost to clean up range will be developed after the range is no

longer operational There is no requirement for DoD to produce cleanup estimates for

operational ranges

The report also misrepresents the current state of affairs because it fails to report the facts

surrounding EPAs treatment of perchiorate regulation The report insinuates that DoD has some

affirmative responsibility to sample for perchlorate under the Safe Drinking Water Act beyond

Unregulated Contaminate Monitoring Rule requirements which is not the case
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This response and the enclosed materials are provided to help GAO better understand and

recognize DoDs policies and actions Enclosure provides the Departments specific responses

to GAOs Report Findings and Recommendations Enclosure offers the Departments detailed

line-by-line analysis of the elements of GAOs report Enclosures and provide examples of

the Services operational range assessment programs that assess potential hazards from off-range

migration of munitions constituents Enclosures and which the U.S Environmental

Protection Agency provided to Congressman Dingell in response to an inquiry provide some

details on munitions constituents Specifically

Enclosure provides information on DoD installations where sampling for

perchiorate and other munitions Constituents iS ongoing

Enclosure provides information on occurrences of perchiorate or other constituents

of military munitions in public or private drinking water wells where DoD facility is

possible or likely source of the occurrence

Enclosure provides information on DoD installations where EPA has reason to

believe that constituent of military munitions including perchiorate TNT RDX
HMX or White Phosphorus has been detected or discovered and the status of the

response action

Taken together the analytical and logical deficiencies in this Report render the findings and

recommendations invalid The Department recommends that the Report be withdrawn and new

analysis be undertaken

Sincerely

Alex Beehler

Assistant Deputy Under Secretary of Defense

Environment Safety and Occupational Health

Enclosures

As stated
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GAO Contacts Anu Mittal 202 512-3841

Edward Zadjura 202 512-9914

Staff In addition to those named above Christine Frye Roderick Moore David

Noguera and Doreen Feldman made key contributions to this report John
Acknowledgments Delicath and Amy Webbink also contributed to this report
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GAOs Mission The General Accounting Office the audit evaluation and investigative arm of

Congress exists to support Congress in meeting its constitutional responsibilities
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EXECUTIVE SUMMARY

Assets of the Space-Based Laser SBL program at Capistrano Test Site CTS
California are being transferred from the Ballistic Missile Defense Organization

BMIDO to the United States Air Force USAF These assets are situated at three

adjacent sites named the High Energy Propellant Test Stand HEPTS the Vertical

Engine Test Stand VETS and the High Altitude Test Stand HATS The CTS is

operated by TRW Corporation TRW under long-term lease from the San Juan

Company which owns the Mission Viejo Ranch The leased land is part of the Mission

Viejo Ranch

This Phase environmental baseline survey EBS is based on information obtained

through records search interviews and visual site inspection VSI of the subject and

adjacent properties The records search included review of all available Air Force and

TRW records These records include environmental restoration and compliance reports

audits surveys inspection reports and review of real estate documents for the subject

property Additionally aerial photographs were analyzed interviews were held with both

civilian and military personnel and VSI of the sites and adjacent properties was

conducted This EBS includes an assessment of the environmental condition of the

subject property as well as the properties immediately adjacent to or relatively near that

could pose environmental concern or affect the subject property

Based on the categorization criteria presented in Section the property is classified

Category and would be considered eligible for transfer of ownership

This EBS was prepared in accordance with Air Force Instruction 32-7066 Environmental

Baseline Surveys in Rca/Estate Transactions April 25 1994 and guidelines contained in

the American Society for Testing and Materials ASTM standard Standard Practice for

Environmental Site Assessments Phase Environmental Site Assessment Process

ASTM Designation 1527-97 Categorization was performed in accordance with the HQ
USAF/ILEV memorandum on Interim Use of Environmental Baseline Survey Property

Categorization Codes dated February 1999
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SECTION

PURPOSE OF THE ENVIRONMENTAL BASELINE SURVEY

1.1 INTRODUCTION

Assets of the Space-Based Laser SBL program at Capistrano Test Site CTS
California are being transferred from the Ballistic Missile Defense Organization

BMIDO to the United States Air Force USAF These assets are situated at three

adjacent sites named the High Energy Propellant Test Stand HEPTS the Vertical

Engine Test Stand VETS and the High Altitude Test Stand HATS The CTS is

operated by TRW Incorporated TRW under long-term lease from the San Juan

Company which owns the Mission Viejo Ranch This environmental baseline survey

EBS documents the physical condition of the three sites and adjacent property

collecting into single document available information to establish baseline for use by

the Air Force

This EBS assists the Air Force in meeting its obligations under the Comprehensive

Environmental Response Compensation and Liability Act CERCLA as amended by

the Community Environmental Response Facilitation Act CERFA An EBS is required

by Air Force Instruction AFT 32-7066 before any property can be sold leased

transferred or acquired This EBS was prepared in accordance with Air Force Instruction

2-7066 Environmental Baseline Surveys in Real Estate Transactions April 25 1994

and guidelines contained in the American Society for Testing and Materials ASTM
standard Standard Practice for Environmental Site Assessments Phase

Environmental Site Assessment Process ASTM Designation 1527-97 Categorization

was performed in accordance with the HQ USAF/ILEV memorandum on Interim Use of

Environmental Baseline Survey Property Categorization Codes dated February 1999

This EBS assists the Air Force by

Documenting the nature magnitude and extent of any visible or recorded

environmental contamination of property or interests in property considered for

acquisition transfer lease sale or other disposition

Defining potential environmental contamination liabilities associated with the subject

real property transaction

Developing sufficient information to assess the health and safety risks on the

property surveyed and determine what actions are necessary to protect of human

health and the environment prior to real property transaction
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Providing the basis for notice when required under Section 120h1 of CERCLA
42 United States Code USC 9620h1 of the type quantity and time frame of any

storage release or disposal of hazardous substance on the property

The information for the EBS was obtained through records search visual site

inspection VSI and interviews The records search included review of real estate

information aerial photographs and available Air Force and TRW records These

records included environmental restoration and compliance reports records audits and

inspections VSI of the property and surveys of adjacent properties were conducted

Additionally the EBS included an assessment of environmental conditions of the

properties immediately adjacent to the proposed site that could pose environmental

concern and/or affect the subject property Interviews were conducted with Air Force and

TRW personnel

Based on analysis of available data the EBS categorizes properties into one of seven

categories as defined in the HQ USAF/ILEV memorandum on Interim Use of

Environmental Baseline Survey Property Categorization Codes dated February 1999

The seven category codes are

Category Areas where no release or disposal of hazardous substances or

petroleum substances has occurred including no migration of these substances

from adjacent areas

Category Areas where only release or disposal of petroleum substances has

occurred

Category Areas where release disposal and/or migration of hazardous

substances has occurred but at concentrations that do not require removal or

remedial response

Category Areas where release disposal and/or migration of hazardous

substances has occurred and all removal or remedial actions have been taken

Category Areas where release disposal and/or migration of hazardous

substances has occurred and removal or remedial actions are underway but not

yet taken

Category Areas where release disposal and/or migration of hazardous

substances has occurred but remedial actions have not been implemented

Category Areas that have not been evaluated or require additional

evaluation

Property transfer or acquisition of tracts in the first four categories would normally

be acceptable Property transfer or acquisition of tracts in the last three categories would

normally be deferred until remedial actions or further study have occurred
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1.2 BOUNDARIES OF THE SUBJECT PROPERTY AND SURVEY
AREA

The CTS includes approximately 2770 acres in Orange County California The

three adjacent sites styled subject property hereafter occupy approximately 41 acres

The sites are not separate parcels of property but are rather the locations where the

facilities comprising the HEPTS VETS and HATS are situated The HATS is also

known as the Alpha Area These facilities are owned by TRW but government

equipment is operated within the facilities that will be transferred from the BMDO to the

Air Force The subject property is located on the southern expanse of topographic

height Adjacent property is defined as areas within one quarter mile of the subject

property but extended to include the Hazardous Fuel Storage Facility HF SF to the west

the Preliminary Assessment and Research Building PARB to the southwest and the

High Power Microwave HPM facility to the south all located on the CTS

The general location of the CTS is shown on Figure 1-1 and the structures

comprising the subject property facilities and adjacent properties within the survey area

are shown on Figure 1-2
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SECTION

SURVEY METHODOLOGY

The methods used to conduct the EBS for the subject property are described in this

section

2.1 APPROACH AND RATIONALE

The EBS followed methodical process in which available information was analyzed

and conclusions were drawn about the environmental condition of the subject property

First real estate records land use maps and aerial photographs were reviewed to identify

historical land uses primary indicator of potential contamination Next various

environmental studies reports and field investigations were reviewed to identify areas

where the presence or absence of contamination had been confirmed Available local

state and federal environmental records were reviewed to identify potential areas of

concern Finally TRW employees were interviewed and physical inspections of the

property and facilities were conducted to identify any additional evidence of staining

distressed vegetation or other indications of contamination

The result of the data gathering process was collection of component information

that when assembled provides picture of the propertys condition enabling the

researchers to sort the property into defined environmental condition categories and

identify data gaps

The major components of this analysis were documents review inspections of

property and interviews with CTS personnel Each of the major components of the

analysis are described below

2.1.1 Description of Documents Reviewed

The records search of available documentation focused primarily on records reports

and maps maintained by TRW Incorporated at CTS and environmental records

maintained by local state and federal agencies

Various studies investigations and inspections that consider environmental

conditions including regulatory compliance issues have been conducted by TRW the

Air Force and other federal and state agencies in the past several years The results of

these studies and investigations provided the initial baseline used in developing this EBS

Upon completion of the records search actual documents located and reviewed included

the following

EDR Online Environmental Records Data Search July 24 1998

\\PARAUSO1\JOBS\736236\CTSEBSF1.DOC 2-1 November 1999



Environmental Baseline Survey for

Survey Methodology Three Sites at Capistrano Test Site CA

Natural Resources Conservation Service Soil Survey Orange County and

Western Part of Riverside 1978

Strategic Defense Systems Program Office Environmental Assessment for

Continued Development and Operation of the High Power Microwave System

Capistrano Test Site California February 1989

Environmental Impact Report for Renewal of Use Permit No 3472 TRW
Capistrano Test Site October 25 1978

Surface Impoundment Closure Plan for the Capistrano Test Site November

1987

Final Closure Report for Surface Impoundments at the TRW Capistrano Test

Site October 12 1988

Final Report for Underground Gasoline Tank Replacements at the TRW

Capistrano Test Site October 1988

TRW Capistrano Test Site Biological Resources Assessment and Planning

Guidelines August 1990

Transformer PCB Test Results 1992

Water Quality Management Plan A9692 December 1993

CTS Asbestos Locations March 16 1995

TRW Capistrano Test Site Emergency Response Plan January 1996

Spill Prevention Control and Countermeasure Plan March 21 1997

Aboveground Tank System and Secondary System Inspection Form June 30
1999

Material Safety Data Sheets for pesticides used at Capistrano Test Site 1999

Presentation material regarding purpose and operation of Capistrano Test Site

July 20 1999

Air Quality Permits July 21 1999

United States Geological Survey San Clemente California Quadrangle

7.5 Minutes Series Topographic Map 1968 Photorevised 1975

Aerial photographs from 1952 1977 1981 1987 1990 and 1993

Historical topographic maps from 1902 1949 1968 and 1975
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2.1.2 Property Inspection

VSI of the subject and adjacent property was conducted during site visit on July

20-21 1999 The VSI consisted of vehicle and pedestrian reconnaissance The purpose

of the VSI was to determine or confirm the presence of recognized environmental

conditions including unusual odors stained soil stressed vegetation leachate seeps or

other indications of potential contamination

2.1.3 Personal Interviews

Primary contacts made during the preparation of the EBS were with TRW personnel

from CTS The following persons were interviewed during the EBS preparation

Capistrano Test Site

Richard Asher Senior Environmental Engineer

Jerry Buckley Manager Facility Operations

Larry Gassert Manager Capistrano Test Site

Camp Pendleton

Dave Song Assistant Chief of Staff Environmental Security IR Branch

2.1.4 Sampling

No sampling was conducted in support of the EBS
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SECTION

FINDINGS FOR SUBJECT PROPERTY

This section of the EBS presents the findings of the records search VSI and

interviews for the subject property

3.1 HISTORY AND CURRENT USE

3.1.1 General Information

The CTS is located in the southernmost portion of Orange County in southern

California The CTS occupies approximately 2770 acres of land with the subject

property located on the southern exposure of topographic height San Clemente

California is located approximately three miles to the west-southwest The CTS was

leased from the San Juan Company Rancho Mission Viejo in 1963 and the current

lease extends through 2018 The Orange County use permit likewise extends through

2018 All three facilities comprising the subject property were built in the period

1963-1965 Buckley 1999

3.1.2 Historical Use

The land where the CTS is situated is part of the Rancho Mission Viejo Mission

Viejo Grant Prior to the lease the land was apparently used for ranching purposes

Gassert 1999 Developed areas of the CTS include approximately 100 acres out of the

2770 acres total with the undeveloped portion used for ranching The terms of the lease

require the removal of all structures and restoration of the property at lease expiration

The original mission for the CTS was testing of the Apollo Program Lunar

Expeditionary Module engine and testing of rocket engines and systems has continued to

the present The CTS has conducted experimental development and qualification

engineering test programs for directed energy systems high energy lasers and high

power microwaves advanced propulsion rocket engines and systems space

communication radar antennas fossil fuel technologies and integration of

hardware and processes with applications to the space defense and energy fields Uses

at the subject property have included and from the previous sentence

3.1.3 Current Use

The subject property is used for testing and development of directed energy systems

and rocket engines and propulsion systems Personnel levels fluctuate with up to 200
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personnel at the site Current levels are approximately 60 There are no housing facilities

at the CTS

3.2 ENVIRONMENTAL SETTING

3.2.1 Land Use

The Mission Viejo Ranch adjoins the CTS to the north and west the Cleveland

National Forest to the northeast and Camp Pendleton U.S Marine Corps installation

to the south and east in San Diego County Portions of Camp Pendleton within one mile

of the subject property include firing ranges and maneuver areas Philco-Ford

Aeronutronics previously leased large tract immediately to the north of the CTS which

was reported used for testing of depleted uranium munitions and other munitions research

Buckley 1999 The facility lease ended in approximately 1990-1991 Buckley 1999
and the area has been restored

3.2.2 Soils and Topography

The CTS is situated within the Pacific Border physiographic province USGS 1986
in mountainous terrain with elevations ranging from approximately 200 to 1100 feet

above sea level Hills with slopes up to 37 degrees in inclination characterize the area

The subject property is located on the southern exposure of topographic height with

elevations ranging from approximately 610 feet to 710 feet above sea level The Mission

Viejo Fault runs from north to south through the CTS just east of the subject property

SDSPO 1989

There are no permanent natural surface waters in the CTS area SDSPO 1989
Runoff from the CTS drains into one of five canyons Blind Canyon Cristianitos

Canyon Gabino Canyon La Paz Canyon or Talega Canyon All of the canyons flow into

San Mateo Creek which empties into the Pacific Ocean on the south side of San

Clemente Drainage from the subject property flows south into an unnamed tributary of

Talega Canyon

The soil under the majority of the site was formed from deposits of stream and

marine alluvium The area is underlain by the Santiago Formation west of the Mission

Viejo Fault and the Silverado Formation east of the fault Soils in the developed portion

of the CTS range from one to four feet of silty sand to gravelly clay containing cobbles

and pebbles The upper 12 to 18 inches are generally loose and compressible but below

these depths the soil is dense and essentially non-compressible TRW 1978

3.2.3 Drinking Water and Groundwater

There are no principal aquifers underlying the CTS USGS 1985 Drinking water is

provided by bottled water and two wells in the western portion of the CTS supply

potable water from an alluvial aquifer for other uses Depths to groundwater vary from
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near surface adjacent to major drainages to over 100 feet Boreholes drilled for

geotechnical studies for facility designs found no free groundwater within 30 feet of the

surface at the facility locations TRW 1978 Groundwater under the subject property is

presumed to flow to the south and southwest to Talega Canyon following the

topographic slope

3.2.4 Ecology

The CTS includes variety of native and non-native plant communities Sensitive

communities those likely to support sensitive plant and animal species include native

grasslands coastal sage scrub chaparral oak woodlands and willow woodlands

biological resources assessment and planning guidelines report prepared in association

with an application for an Orange County use permit found that the developed areas of

the CTS are located where no significant impacts to biological resources would occur

TRW 1990

Amphibians and reptiles found in field surveys at the CTS include the western

rattlesnake Crotal/s v/r/d/s western fence lizard Sceloporus occ/dental/s and southern

alligator lizard Gerrhonotus mult/car/natus and the Pacific tree frog Hyla reg/lla

TRW 1978 California protected species the arroyo toad reportedly utilizes the

Talega Canyon streambed Asher 1999

Mammals include cattle black-tailed mule deer mountain lion coyote bobcat and

Beechey ground squirrels Birds include red-tailed hawks red-shouldered hawk

Coopers hawk and American kestrel

Sensitive species found on the CTS include many-stemmed dudleya Dudleya

mult/caul/s Orange County Turkish rugging Chor/zanthe stat/co/des chrysacantha

California juniper Juniperus californ/ca San Diego cactus wren Camphlorhynchus

brunneicapillus sandiegensis and California gnatcatcher Pot/opt/la calforn/ca

3.3 HAZARDOUS SUBSTANCES

3.3.1 Hazardous Materials and Petroleum Products

The VSI records search and interviews indicate that hazardous materials currently

and historically have been used in buildings on the subject property and at CTS

In the HATS portion of the subject property hazardous materials include deuterium

hydrogen isopropyl alcohol fluorine nitrogen trifluoride liquid nitrogen helium

gaseous nitrogen gaseous oxygen sulfur hexafluoride There is 10000-gallon

aboveground tank for storage of isopropyl alcohol There was no evidence of leakage or

spills Stains were evident on facilities throughout the site The HATS includes large

steam jet ejector systems which vent large quantities of water vapor to the atmosphere
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during tests These stains are reportedly due to rust in the ejector system that is flushed as

tests are run Asher 1999

In the HEPTS portion of the subject property hazardous materials include hydrazine

hydrogen deuterium propane liquid fluorine nitrogen tetroxide gaseous nitrogen

gaseous oxygen sodium hydroxide liquid nitrogen nitrogen trifluoride and hydrogen

peroxide There was no evidence of leakage or spills

In the VETS portion of the subject property hazardous materials include nitrogen

trifluoride liquid ammonia potassium hydroxide hydrogen hydroxide deuterium

hydrogen chlorine fluorine liquid nitrogen helium gaseous nitrogen gaseous oxygen

and propane There was no evidence of leakage or spills

Secondary containment is included throughout the subject property Therefore spills

would generally be contained prior to contact with soil or water The cooling water was

injected with chromate until 1986 Since that time lime has been used to adjust the pH of

the cooling water Buckley 1999

There are eleven propane tanks on CTS that fuel emergency generators

Asher 1999

Minor releases of fluorine gas have occurred resulting in minor damage to pipes and

electrical systems Asher 1999 These releases would not cause contamination of the

soil or water Additionally there was minor leakage from single drum of hydrazine

within the last ten years that did not result in soil or groundwater contamination

Asher 1999

With its role as research and development center the inventory of chemicals used

at CTS includes over 900 types These types include gases fuels lubricants adhesives

cleansers solvents acids and paints The material form quantity location and

hazardous classification of these chemicals are tracked and storage and use practices

appear excellent

3.3.2 Hazardous and Petroleum Waste

The CTS disposes of hazardous waste under U.S Environmental Protection Agency

USEPA registration CAD000629402 Waste codes from manifests include DOOl waste

flammables D002 waste corrosive liquid D007 waste environmentally hazardous

substances U133 for aqueous hydrazine and non-hazardous waste that included water

and sludge from the cooling towers The subject property contains several accumulation

points for hazardous and petroleum waste The containers are located in secondary

containment palettes and no evidence of spills or leaks was observed
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3.4 INSTALLATION RESTORATION PROGRAM CONTAMINATION

The CTS is not government-owned facility and there are no Installation Restoration

Program IRP sites

3.5 STORAGE TANKS

3.5.1 Aboveground Storage Tanks

There are 38 aboveground storage tanks AST at the CTS containing various liquids

including water chemicals waste and fuel TRW 1999a These are regularly inspected

and inspection records are maintained at the facility Only four contain petroleum

specifically diesel Capacities of the four diesel ASTs range from 110 gallons to 4000

gallons and spill prevention control and countermeasure plan SPCC is in place for all

four ASTs TRW 1997 Only the two smaller diesel ASTs are located on the subject

property containing 110 gallons and 250 gallons of diesel respectively There was no

evidence of spills or leaks

3.5.2 Underground Storage Tanks

According to CTS personnel there are no underground storage tanks UST on the

subject property nor have there been in the past Asher 1999 Two gasoline USTs

1000 gallon and 2000 gallon at the main administrative center for CTS approximately

one mile west of the subject property were replaced in 1988 The replacement tank was

3000-gallon double-wall fiberglass coated steel UST installed where the 2000-gallon

tank was located Soil samples were analyzed for aromatic volatile organics with results

below the detection limit for all analytes TRW 1988b

3.5.3 Pipelines Hydrant Fueling and Transfer Systems

Based on the VSI and interviews there are no hydrant fueling or transfer systems on

the subject property petroleum pipeline crosses the CTS diagonally from northwest to

southeast but is not located on the subject property TRW 1996

3.6 OIL/WATER SEPARATORS

Based on the VSI and interviews there is no evidence of oil/water separators at the

site

3.7 PESTICIDES

Based on the VSI and interviews only normal applications of pesticides occurred at

the site Pesticides used at the CTS include insecticides and herbicides TRW 1999b
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3.8 MEDICAL OR BIOHAZARDOUS WASTE

Based on the VSI and interviews there is no evidence that medical or biohazardous

waste has been stored or disposed at the subject property nurse at the main

administrative center approximately one mile west of the subject property performs health

monitoring and sharps and bandage wastes are generated These are disposed as medical

waste Asher 1999

3.9 ORDNANCE

Based on the VSI and interviews there is no evidence that ordnance or ordnance

disposal activities have been located on the subject property

3.10 RADIOACTIVE WASTES

Based on the VSI and interviews there is no evidence that radioactive wastes are

present on the subject property Low-level cesium isotopes are used in liquid

level-measuring instruments at the subject property Asher 1999

3.11 SOLID WASTE

Based on the VSI and interviews there is no evidence that solid wastes are disposed

on the subject property Solid waste at the CTS is removed by contractor

3.12 GROUNDWATER

The general characteristics of groundwater under the subject property are discussed

in Section 3.2.3 Based on the VSI and interviews there is no evidence that activities at

the subj ect property have contaminated the groundwater As indicated in Section 3.13

soil and groundwater sampling conducted during closure of surface impoundments in

1987 and 1988 found no evidence of contamination TRW 1987 TRW 1988a

3.13 WASTEWATER TREATMENT COLLECTIONAND DISPOSAL

The CTS is not connected to central wastewater disposal system Wastewater is

treated in nine septic systems including seven leach fields one collection tank and one

aboveground aeration pond TRW 1993 The subject property is served by two leach

fields and the septic tanks are pumped and sludge disposed at publicly owned treatment

work Asher 1999

The CTS formerly operated seven hypalon-lined surface impoundments that held

cooling water or fire extinguishing water five of which were located at the subject

property These impoundments were closed in 1988 pursuant to provisions of the

California Toxic Pits Cleanup Act and replaced with regulatory-compliant storage

systems Prior to the closure at the subject property four subsurface soil borings were
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drilled sampled and completed and monitor well was installed at the HATS site

sampled and abandoned TRW 1987 During the closure soil samples were taken at all

of the impoundments TRW 1988 The analyses found no evidence of soil or

groundwater contamination

3.14 DRINKING WATER QUALITY

Bottled water is used for drinking purposes although water produced by the two

wells at the CTS is potable Periodic testing of the water has found that the well water is

consistently of good quality TRW 1993

3.15 ASBESTOS

Asbestos is present in the facilities on the subject property but is not considered

health risk unless disturbed TRW 1995 During the VSI corrugated Transite panels

that contain asbestos at the HEPTS site were noted

3.16 POLYCHLORINATED BIPHENYLS

Tn 1991 and 1992 96 transformers at the CTS were tested for polychlorinated

biphenyls PCB Seventeen of the transformers had PCB concentrations in excess of

five parts per million The PCB-contaminated oil was removed from these 17

transformers and disposed TRW 1992 Based on the VSI and interviews there was no

evidence of PCB contamination

3.17 RADON

The USEPA National Radon Database indicates that Orange County is in Radon

Zone with average indoor radon levels less than picocuries per liter p/Ci/L The

radon level above which the USEPA recommends radon mitigation measures is 4.0 pCi/L

EDR 1999

3.18 LEAD-BASED PAINT

According to CTS personnel no lead abatement or testing has been conducted on

buildings on the subject property Asher 1999 Given the age of the facilities and the

types of components the presence of lead-based paint LBP is likely
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SECTION

FINDINGS FOR ADJACENT PROPERTIES

This section of the EBS presents the findings of the records search VSIs and

interviews for adjacent properties

In order to determine the potential for contamination of the property from adjacent

sources review of local state and federal databases was conducted EDR 1999 In

addition VSIs of adjacent properties were conducted focusing on potential

contamination pathways

4.1 LAND USES

Adjacent land uses are described in Section 3.2.1 and generally include ranching to

the north and west and military uses to the south and east

4.2 SURVEYED PROPERTIES

Property located within 0.25 miles of the subject was considered adjacent property

and included in the July 20-2 1999 VSI Figure 1-3 Three nearby facilities on the

CTS that were surveyed included the Hazardous Fuel Storage Facility HFSF to the west

the Preliminary Assessment and Research Building PARB to the southwest and the

High Power Microwave HPM facility to the south all located on the CTS

4.3 OFFSITE FINDINGS

No potential sources of contamination from the areas surrounding the subject site

that could migrate into or affect the sites were observed during the vehicle and pedestrian

reconnaissance VSI

The HFSF stores drums of fuel and oxidizers with fuel in the western part separated

by berm from oxidizers in the eastern part Each part has its own secondary

containment system with locked valves that drain to the north Fuel storage includes

hydrazine monomethyl hydrazine Aerozine 50 diesel and oil Oxidizer storage

includes dinitrogen tetroxide nitrogen dioxide chlorine trifluoride chlorine sulfuric

acid nitric acid hydrogen peroxide and tetrafluorohydrazine roof covers these areas

which appeared in excellent condition during the VSI There was no evidence of spills or

leakage Any spills would be directed to the north and would not affect the subject

property

The PARB is small building used for optics research There was no evidence of

spills or leakage
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The HPM is an abandoned facility Based on the VSI and interviews there was no

known usage of petroleum small domestic water tank with bib is located near the

HPM along with corrugated metal cylinder which protects components of the electrical

system concrete block wall was reportedly used as stand for drone helicopter in

laser test Buckley 1999 Spent small arms cartridges were found near the facility

These were reportedly blanks used in an exercise by Marines from Camp Pendleton in the

past year Gassert 1999 There was no evidence of spills or leakage

Local state and federal records were reviewed to determine the potential for offsite

contamination from adjacent properties Table 4-1 identifies the minimum search

distances used in the records search

4.3.1 Installation Restoration Program Sites

Camp Pendleton is the only federal facility adjacent to the CTS and no IRP sites are

located within one mile of the subj ect property Song 1999

4.3.2 Underground Storage Tanks

Based on the VSI and interviews there are no USTs located on the subject property

or within 0.25 mile of the subject property

Table 4-1 Minimum Search Distances

Recoid Sou rce Minim urn Search Distance

lederal Nil site list 1.5 mile

lederal Cl RCi IS list 1.0 miles

Federal RCRA TSDF list 1.0 mile

Federal RCRA generators list 0.75 miles

Federal ERNS list Property

State lists of hazardous waste sites identified for 1.5 mile

investigation or remediation NPL and

CERCLIS equivalents

State landfill and/or solid waste disposal site 1.0 miles

lists

State leaking UST lists 1.0 miles

State registered UST lists 0.75 miles

Source EDR 1999

4.3.3 Federal and State Database Review

The following federal and state databases were reviewed for the property for

potential contamination sources Information from these databases should be considered

supplemental to other aspects of the study and should not be relied on exclusively The

data base search revealed only CTS as potential contamination source within the

minimum search distances of the site
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National Priorities List NPL The NPL is the list compiled by the USEPA

pursuant to CERCLA 42 United States Code 9605a8B with the highest priority for

cleanup pursuant to hazard ranking system review of the NPL indicated no listed

sites within mile of the property EDR 1999

Comprehensive Environmental Response Compensation and Liability

Information System CERCLIS CERCLIS includes the list of sites compiled by the

EPA that have been investigated or are being investigated for release or threatened

release of hazardous substances pursuant to CERCLA review of the CERCLIS

database indicated no listed sites within 1.0 miles of the property EDR 1999

RCRA Generators/Transporters/Treatment Storage or Disposal TSD Facilities

Resource Conservation and Recovery Act RCRA generators are those persons or

entities that generate hazardous waste as defined by RCRA Transporters are those

persons or entities that transport hazardous waste as defined and regulated by RCRA
TSD facilities are those facilities where treatment storage and/or disposal of hazardous

wastes occur as defined and regulated by RCRA Columbus AFB is listed in the

database as large quantity generator No small or conditionally exempt small quantity

generators listed in the RCRA generators database are located within 0.75 miles of the

property No RCRA listed transporters are located within 1.0 miles of the property No

TSD facilities are located within 1.0 miles of the site EDR 1999

Emergency Response Not jfication System ERNS The ERNS is national

database of reported releases of oil and hazardous substances in quantities greater than

specified quantities search of the ERNS database found no reported releases on the

subject property EDR 1999

Toxic Release Inventory System TRIS Section 313 of the Emergency Planning

and Community Right-to-Know Act also known as Title III of the Superfund

Amendments and Reauthorization Act of 1986 requires the USEPA to establish an

inventory of toxic chemicals emissions from certain facilities search of the TRIS

database found no reported incidents for the subject property EDR 1999

Solid Waste Disposal Sites These are sites used for the disposal of solid wastes as

defined by state solid waste regulations search of state database of permitted solid

waste disposal and processing facilities found no sites within 1.0 miles from the property

EDR 1999

Underground Storage Tanks UST These tanks are used to store petroleum

products search of the state database for USTs and leaking USTs LUST found no

USTs or LUSTs within 1.0 miles of the property EDR 1999
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SECTION

APPLICABLE REGULATORY COMPLIANCE ISSUES

This section is an overview of the potential regulatory compliance issues surrounding

the lease or purchase of the property Compliance issues include violations or potential

violations of federal state or local laws and regulations that have occurred on the

property of interest

5.1 LIST OF COMPLIANCE ISSUES

No compliance issues applicable to the proposed property lease were discovered

during the EBS

5.2 DESCRIPTION OF CORRECTIVE ACTIONS

Based on the VSI and interviews no corrective actions are required

5.3 ESTIMATES OF VARIOUS ALTERNATIVES

Based on the VSI and interviews no estimates of various alternatives are required
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SECTION

CONCLUSIONS

Based on the records search VSI and interviews historical use of the property has

not caused contamination that would make the decision to conduct property transaction

on the subject site unreasonable According to the categorization criteria presented in

Section the property is classified Category

6.1 FACILITY MATRIX

Section not applicable

6.2 PROPERTY CATEGORIES MAP

The subject property is considered Category

6.3 RESOURCES MAP

Section not applicable

6.4 DATA GAPS

None
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SECTION

RECOMMENDATIONS

Based on the records search VSI and interviews the historical use of the property

has not caused contamination that would indicate the need for further study of the

property According to the categorization criteria presented in Section the property is

classified Category
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SECTION

CERTIFICATIONS

Parsons Engineering Science has conducted this Environmental Baseline Survey on

behalf of the Air Force Parsons Engineering Science has reviewed all appropriate

records made available and conducted visual site inspections of the selected facilities

following an analysis of information during the records search The information

contained within the survey report is based on records made available and to the best of

Parsons Engineering Sciences knowledge is correct and current as of the date certified

Certified by

Craig McColloch Date

Parsons Engineering Science

Approved by

Date

Chief Environmental Management

Space and Missile Systems Center
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APPENDIX

ABBREVIATIONS ACRONYMS AND TERMS

Section Abbreviations and Acronyms

AFT Air Force Instruction

AST Aboveground storage tank

ASTM American Society for Testing and Materials

BIVIDO Ballistic Missile Defense Organization

CERFA Community Environmental Response Facilitation Act

CERCLA Comprehensive Environmental Response Compensation and

Liability Act

CERCLIS Comprehensive Environmental Response Compensation and

Liability Information System
CTS Capistrano Test Site

EBS Environmental Baseline Survey
ERNS Emergency Response Notification System
HATS High Altitude Test Stand

HEPTS High Energy Propellant Test Stand

HFSF Hazardous Fuel Storage Facility

HPM High Power Microwave

IRP Installation Restoration Program
LBP Lead-Based Paint

LUST Leaking Underground Storage Tank

NPL National Priorities List

NRCS Natural Resources Conservation Service

PCB polychlorinated biphenyl

pCi/l pico curies per liter

PARB Preliminary Assessment and Research Building

RCRA Resource Conservation and Recovery Act

SBL Space-Based Laser

SDSPO Strategic Defense Systems Program Office

SWZVIU Solid Waste Management Unit

TRIS Toxic Release Inventory System
TRW TRW Incorporated

TSD Treatment Storage or Disposal facility

USAF United States Air Force

USC United States Code

USEPA United States Environmental Protection Agency
USGS United States Geological Survey
UST Underground Storage Tank

VETS Vertical Engine Test Stand

VSI Visual Site Inspection
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Section Definitions

Acquisition Any authorized method of obtaining Air Force control of and

responsibility for real property An acquisition may be temporary or

permanent interest in real property Includes interagency transfers of real

property accountability from other federal government agencies

Methods include purchase condemnation donation exchange leasing

licenses permits revestment and recapture

Adjacent properties Not only those properties contiguous to the boundaries of the installation

or subject property but also those properties relatively nearby that could

pose significant environmental impact or concern on the installation or

subject property

Adjoining properties Any real property or properties the border of which is contiguous or

partially contiguous with that of the property or that would be

contiguous or partially contiguous with that of the property but for

street road or other public thoroughfare separating them

Aerial photographs Photographs taken from an airplane or helicopter from low enough

altitude to allow identification of development and activities of areas

encompassing the property Aerial photographs are often available from

government agencies or private collections unique to local area

Approximate minimum The area for which records must be obtained and reviewed pursuant to

search distance Section 4.3 Offsite Findings This may include areas outside the

property and shall be measured from the nearest property boundary This

term is used in lieu of radius to include irregularly shaped properties

Asbestos Six naturally occurring fibrous minerals found in certain types of rock

formations Of the six the minerals chrysotile amosite and crocidolite

have been most commonly used in building products When mined and

processed asbestos is typically separated into very thin fibers Because

asbestos is strong incombustible and corrosion-resistant asbestos was

used in many commercial products beginning early in this century and

peaking in the period from World War II into the 1970s When inhaled

in sufficient quantities asbestos fibers can cause serious health problems

Asbestos containing Any material or product that contains more than 1% asbestos

material ACM
Comprehensive The list of sites compiled by EPA that EPA has investigated or is

Environmental Response currently investigating for potential hazardous substances contamination

Compensation and for possible inclusion on the National Priorities List

Liability Information

System CERCLIS

Construction debris Concrete brick asphalt and other such building materials discarded in

the construction of building or other improvement to property
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Contaminated public Public wells used for drinking water that have been designated by

wells government entity as contaminated by toxic substances e.g chlorinated

solvents or as having water unsafe to drink without treatment

Demolition debris Concrete brick asphalt and other such building materials discarded in

the demolition of building or other improvement to property

Disposal Any authorized method of permanently divesting the Air Force of control

of and responsibility for real property Includes fee conveyance and

interagency transfers or other disposition

Disposal by deed conveyance of fee or any easement interest in real property

Drum container typically but not necessarily holding 55 gallons 208 liters

of liquid that may be used to store hazardous substances or petroleum

products

Dry wells Underground areas where soil has been removed and replaced with pea

gravel coarse sand or large rocks Dry wells are used for drainage to

control storm runoff for the collection of spilled liquids intentional and

non-intentional and wastewater disposal often illegal

Due diligence The process of inquiring into the environmental characteristics of

parcel of commercial real estate or other conditions usually in

connection with commercial real estate transaction The degree and

kind of due diligence vary for different properties and differing purposes

Dwelling Structure or portion thereof used for residential habitation

Environmental audit The investigative process to determine if the operations of an existing

facility are in compliance with applicable environmental laws and

regulations An environmental audit may include an environmental site

assessment or if prior audits are available may be part of an

environmental site assessment

Environmental lien charge security or encumbrance upon title to property to secure the

payment of cost damage debt obligation or duty arising out of

response actions cleanup or other remediation of hazardous substances

or petroleum products upon property including but not limited to

liens imposed pursuant to CERCLA 42 USC 96071 and similar state

or local laws

Environmental person possessing sufficient training and experience necessary to

professional conduct site reconnaissance interviews and other activities in

accordance with ASTM Standard 1527-93 and from the information

generated by such activities having the ability to develop conclusions

regarding recognized environmental conditions in connection with the

property in question An individuals status as an environmental

professional may be limited to the type of assessment to be performed or

to specific segments of the assessment for which the professional is

responsible The person may be an independent contractor or an

employee of the user
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Environmental site The
process by which person or entity seeks to determine if particular

assessment ESA parcel of real property including improvements is subject to recognized

environmental conditions At the option of the user an environmental

site assessment may include more inquiry than that constituting

appropriate inquiry or if the user is not concerned about qualifiying for

the innocent landowner defense less inquiry than that constituting

appropriate inquiry An environmental site assessment is both different

from and less rigorous than an environmental audit

ERNS list EPAs emergency response notification system list of reported CERCLA
hazardous substance releases or spills in quantities greater than the

reportable quantity as maintained at the National Response Center

Notification requirements for such releases or spills are codified in 40

CFR Parts 302 and 355

Federal Register FR Publication of the United States government published daily except for

federal holidays and weekends containing all proposed and final

regulations and some other activities of the federal government When

regulations become final they are included in the Code of Federal

Regulations CFR as well as published in the Federal Register

Fire insurance maps Maps produced for private fire insurance map companies that indicate

uses of properties at specified dates and that encompass the property

These maps are often available at local libraries historical societies

private resellers or from the map companies who produced them

Hazardous substance substance defined as hazardous substance pursuant to CERCLA 42

USC 960 114 as interpreted by EPA regulations and the courts

any substance designated pursuant to section 1321 b2A of Title 33

any element compound mixture solution or substance designed

pursuant to section 9602 of this title any hazardous waste having the

characteristics identified under or listed pursuant to section 3001 of the

Solid Waste Disposal Act 42 USC 6921 but not including any waste

the regulation of which under the Solid Waste Disposal Act 42 USC

6901 et seq has been suspended by Act of Congress any toxic

pollutant listed under section 1317a of Title 33 any hazardous air

pollutant listed under section 112 of the Clean Air Act 42 USC 7412
and any imminently hazardous chemical substance or mixture with

respect to which the Administrator of EPA has taken action pursuant to

section 2606 of Title 15 The term does not include petroleum including

crude oil or any fraction thereof which is not otherwise specifically listed

or designated as hazardous substance under subparagraphs through

of this paragraph and the term does not include natural gas natural

gas liquids liquefied natural gas or synthetic gas usable for fuel or

mixtures of natural gas and such synthetic gas
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Hazardous waste Any hazardous waste having the characteristics identified under or listed

pursuant to section 3001 of the Solid Waste Disposal Act 42 USC

6921 but not including any waste the regulation of which under the

Solid Waste Disposal Act 42 USC 6901 et seq has been suspended

by Act of Congress The Solid Waste Disposal Act of 1980 amended

RCRA RCRA defines hazardous waste in 42 USC 6903 as

solid waste or combination of solid wastes which because of its

quantity concentration or physical chemical or infectious

characteristics may cause or significantly contribute to an increase in

mortality or an increase in serious irreversible or incapacitating

reversible illness or pose substantial present or potential hazard to

human health or the environment when improperly treated stored

transported or disposed of or otherwise managed

Interagency transfer Transfer of federal government property accountability to or from other

federal government agencies

Key site manager The person identified by the owner of property as having good

knowledge of the uses and physical characteristics of the property

Landfill place location tract of land area or premises used for the disposal of

solid wastes as defined by state solid waste regulations The term is

synonymous with the term solid waste disposal site and is also known as

garbage dump trash dump or similar term

Local street directories Directories published by private or sometimes government sources that

show ownership occupancy and/or use of sites be reference to street

addresses Often local street directories are available at libraries of local

governments colleges or universities or historical societies

LUST sites State lists of leaking underground storage tank sites Section 9003 of

Subtitle or RCRA gives EPA and states under cooperative agreements

with EPA authority to clean up releases from UST systems or require

owners and operators to do so

Material safety data sheet Written or printed material concerning hazardous substance which is

MSDS prepared by chemical manufacturers importers and employers for

hazardous chemicals pursuant to OSHAs Hazard Communication

Standard 29 CFR 1910.1200

National Contingency The National Oil and Hazardous Substances Pollution Contingency Plan

Plan NCP found at 40 CFR 300 that is the EPAs blueprint on how hazardous

substances are to be cleaned up pursuant to CERCLA

National Priorities List List compiled by EPA pursuant to CERCLA 42 USC 9605a8B of

NPL properties with the highest priority for cleanup pursuant to EPAs Hazard

Ranking System

Obvious That which is plain or evident condition or fact that could not be

ignored or overlooked by reasonable observer while visually or

physically observing the property
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Occupants Those tenants subtenants or other
persons or entities using the property

or portion of the property

Owner Generally the fee owner of record of the property

Petroleum exclusion The exclusion from CERCLA liability provided in 42 Usc 960114
as interpreted by the courts and EPA the term hazardous substance

does not include petroleum including crude oil or any fraction thereof

which is not otherwise specifically listed or designated as hazardous

substance under subparagraphs through of this paragraph and the

term does not include natural gas natural gas liquids liquefied natural

gas or synthetic gas usable for fuel or mixtures of natural gas and such

synthetic gas

Petroleum products Those substances included within the meaning of the petroleum

exclusion to cERcLA 42 U5C section 960114 as interpreted by the

courts and EPA that is petroleum including crude oil or any fraction

thereof which is not otherwise specifically listed or designated as

hazardous substance under subparagraphs through of 42 U5C

section 960114 natural gas natural gas liquids liquefied natural gas
and synthetic gas usable for fuel or mixtures of natural gas and such

synthetic gas the word fraction refers to certain distillates of crude oil

including gasoline kerosene diesel oil jet fuels and fuel oil pursuant to

standard definitions of petroleum statistics

Physical selling sources 5ources that provide information about the geologic hydrogeologic

hydrologic or topographic characteristics of property

Pits ponds or lagoons Man-made or natural depressions in ground surface that are likely to

hold liquids or sludge containing hazardous substances or petroleum

products The likelihood of such liquids or sludge being present is

determined by evidence of factors associated with the pit pond or

lagoon including but not limited to discolored water distressed

vegetation or the presence of an obvious wastewater discharge

Property The real property that is the subject of the environmental site assessment

Real property includes buildings and other fixtures and improvements

located on the property and affixed to the land

Property tax files The files kept for property tax purposes by the local jurisdiction where

the property is located and includes records of past ownership

appraisals maps sketches photos or other information that is

reasonably ascertainable and pertaining to the property

RCRA generators Those persons or entities that generate hazardous wastes as defined and

regulated by RCRA

RCRA generators list List kept by EPA of those persons or entities that generate hazardous

wastes as defined and regulated by RCRA

RCRA T5D facilities Those facilities on which treatment storage and/or disposal of

hazardous wastes takes place as defined and regulated by RCRA
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RCRA TSD facilities list List kept by EPA of those facilities on which treatment storage and/or

disposal of hazardous wastes takes place as defined and regulated by

RCRA

Real Property Land and fixtures and other improvements affixed thereto

Reasonably ascertainable Information that is publicly available obtainable from its source

within reasonable time and cost constraints and practically

reviewable

Recognized The presence or likely presence of any hazardous substances or

environmental conditions petroleum products on property under conditions that indicate an

existing release past release or material threat of release of any

hazardous substances or petroleum products into structures on the

property or into the ground groundwater or surface water of the

property The term is not intended to include de minimis conditions that

generally do not present material risk of harm to public health or the

environment and that generally would not be the subject of an

enforcement action if brought to the attention of appropriate

governmental agencies

Recorded land title Records of fee ownership leases land contracts easements liens and

records other encumbrances on or of the property recorded in the place where

land title records are by law or custom recorded of the local jurisdiction

in which the property is located Often such records are kept by

municipal or county recorder or clerk Such records may be obtained

from title companies or directly from the local government agency

Information about the title to the property that is recorded in US district

court or any place other than where land title records are by law or

custom recorded of the local jurisdiction in which the property is

located are not considered part of recorded land title records

Records of emergency Section 304 of the Emergency Planning and Community Right-to-Know

release notifications Act EPCRA or Title III of the Superfund Amendments and

SARA 04 Reauthorization Act SARA requires operators of facilities to notifiy

their local emergency planning committee as defined in EPCRA and

state emergency response commission as defined in EPCRA of any

release beyond the facilitys boundary of any reportable quantity of any

extremely hazardous substance Often the local fire department is the

local emergency planning committee Records of such notifications are

Records of Emergency Release Notifications SARA 304

Records review That component of an EBS that addresses what should be done in

connection with the site visit The site reconnaissance includes but is

not limited to the site visit done in connection with such Phase

Environmental Site Assessment

Release This term shall have the meaning provided in CERCLA 42 USC
960122
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Report The written record of transaction screen process as required by ASTM
Standard 1527-93 or the written report prepared by the environmental

professional and constituting part of Phase Environmental Site

Assessment

Site visit The visit to the property during which observations are made constituting

the site reconnaissance section of ASTM Standard 1527-93 and the site

visit requirement of ASTM Standard 1528-93

Solid waste disposal site place location tract of land area or premises used for the disposal of

solid wastes as defined by state solid waste regulations The term is

synonymous with the term landfill and is also known as garbage dump
trash dump or similar tenm

Solvent chemical compound that is capable of dissolving another substance

and is itself hazardous substance used in number of

manufacturing/industrial processes including but not limited to the

manufacture of paints and coatings for industrial and household

purposes equipment clean-up and surface degreasing in metal

fabricating industries

State registered USTs State lists of underground storage tanks required to be registered under

subtitle section 9002 of RCRA

Storage The holding of hazardous substances for temporary period prior to the

hazardous substances being either used treated transported or disposed

of

Sump pit cistern cesspool or similar receptacle where liquids drain collect

or are stored

TSD facility Treatment storage or disposal facility see RCRA TSD facilities

Underground storage tank Any tank including underground piping connected to the tank that is or

has been used to contain hazardous substances or petroleum products and

the volume of which is 10% or more beneath the surface of the ground

USGS 7.5 Minute The map if any available from or produced by the United States

Topographic Map Geological Survey entitled USGS 7.5 Minute Topographic Map and

showing the property

Visually and/or physically This term means visual observations made while walking through

observed property and the structures located on it and observations made by the

sense of smell particularly observations of noxious or foul odors

Wastewater Water that is or has been used in an industrial or manufacturing

process in an conveyor that has conveyed sewage or is directly

related to manufacturing processing or raw materials storage areas at an

industrial plant Wastewater does not include water originating on or

passing through or adjacent to site such as stormwater flows that has

not been used in industrial or manufacturing process has not been

combined with sewage or is not directly related to manufacturing

processing or raw materials storage areas at an industrial plant
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Environmental Baseline Survey for

Abbreviations Acronyms and Terms Three Sites at Capistrano Test Site CA

Zoning/land use records Those records of the local government pertaining to the property

indicating the uses permitted by the local government in particular zones

within its jurisdiction The records may consist of maps and/or written

records They are often located in the planning department of

municipality or county

Source ASTM 1997 and AFT 32-7066
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APPENDIX

REFERENCES

Asher 1999 Richard Asher Senior Environmental Engineer Capistrano Test Site

Interview conducted July 20-2 1999

ASTM 1997 American Society for Testing and Materials Standard Practice for

Environmental Site Assessments Phase Environmental Site Assessment

Process 1527-97 1997

Buckley 1999 Jerry Buckley Manager Facility Operations Capistrano Test Site

Interview conducted July 20-2 1999

EDR 1999 Environmental Data Resources Inc Environmental Records Data Search

EDR Online Environmental Records Data Search July 19 1999

Gassert 1999 Larry Gassert Manager Capistrano Test Site Interview conducted July

20-21 1999

NRC 1978 Natural Resources Conservation Service Soil Survey Orange County and

Western Part of Riverside 1978

SDSPO 1989 Strategic Defense Systems Program Office Environmental Assessment

for Continued Development and Operation of the High Power Microwave System

Capistrano Test Site California February 1989

Song 1999 Dave Song Assistant Chief of Staff Environmental Security IR Branch

Camp Pendleton Telephone interview September 15 1999

TRW 1978 TRW Incorporated Environmental Impact Report for Renewal of Use

Permit No 3472 TRW Capistrano Test Site October 25 1978

TRW 1987 TRW Incorporated Surface Impoundment Closure Plan for the Capistrano

Test Site November 1987

TRW 1988a TRW Incorporated Final Closure Report for Surface Impoundments at the

TRWCapistrano Test Site October 12 1988

TRW 1988b TRW Incorporated Final Report for Underground Gasoline Tank

Replacements at the TRW Capistrano Test Site October 1988

TRW 1990 TRW Incorporated TRW Capistrano Test Site Biological Resources

Assessment and Planning Guidelines August 1990

TRW 1992 TRW Incorporated Transformer PCB Test Results 1992

\\PARAUSO1\JOBS\736236\CTSEBSF1.DOC B-i November 999
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TRW 1993 TRW Incorporated Water Quality Management Plan A9692 December

1993

TRW 1995 TRW Incorporated CTS Asbestos Locations March 16 1995

TRW 1996 TRW Incorporated TRW Capistrano Test Site Emergency Response Plan

January 1996

TRW 1997 TRW Incorporated Spill Prevention Control and Countermeasure Plan

March 21 1997

TRW 1999a TRW Incorporated Aboveground Tank System and Secondary System

Inspection Form June 30 1999

TRW 1999b TRW Incorporated Material Safety Data Sheets for pesticides used at

Capistrano Test Site 1999

TRW 1999c TRW Incorporated Presentation material regarding purpose and operation

of Capistrano Test Site July 20 1999

TRW 1999d TRW Incorporated Air Quality Permits July 21 1999

USGS 1975 United States Geological Survey San Clemente California Quadrangle

7.5 Minutes Series Topographic Map 1968 Photorevised 1975

USGS 1985 United States Geological Survey National Water Summary 1984

Hydrologic Events Selected Water-Quality Trends and Ground- Water

Resources Water Supply Paper 2275 1985

USGS 1986 United States Geological Survey National Water Summary 1985

Hydrologic Events and Surface Water Resources Water Supply Paper 2300

1986
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Environmental Baseline Survey for

Site Photographs Three Sites at Capistrano Test Site CA

Fluorine Tanks at HEPTS

Satellite accumulation points at HATS with rust stains

c-i SEPTEMBER 1999



Environmental Baseline Survey for

Site Photographs Three Sites at Capistrano Test Site CA

Non operating coiling tower at HEPTS with asbestos containing panels

HEPTS fuel and oxidizer tanks

C-2 SEPTEMBER 1999
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Site Photographs

C-3

Three Sites at Capistrano Test Site CA

Satellite accumulation points at VETS

Scrubber at VETS

SEPTEMBER 1999



Environmental Baseline Survey for

Site Photographs Three Sites at Capistrano Test Site CA

Steam plant and cooling water at VETS

Cistern at high power microwave facility with water tank

in background

C-4 SEPTEMBER 1999
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References Three Sites at Capistrano Test Site CA

APPENDIX

SITE PHOTOGRAPHS

1952 AERIAL PHOTOGRAPH

1977 AERIAL PHOTOGRAPH

1981 AERIAL PHOTOGRAPH

1987 AERIAL PHOTOGRAPH OF

1987 AERIAL PHOTOGRAPH OF

1987 AERIAL PHOTOGRAPH OF

1989 AERIAL PHOTOGRAPH

1990 AERIAL PHOTOGRAPH

1993 AERIAL PHOTOGRAPH

1994 AERIAL PHOTOGRAPH
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APPENDIX

HISTORICAL TOPOGRAPHIC MAPS

1902 HISTORICAL TOPOGRAPHIC MAP

1949 HISTORICAL TOPOGRAPHIC MAP

1968 HISTORICAL TOPOGRAPHIC MAP

1975 HISTORICAL TOPOGRAPHIC MAP
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Environmental

Data
Resources Inc

an.edrcompany

The EDR-Radius Map
with GeoCheck

Capistrano Test Site

Near San Clemente

San Juan Capistrano CA 92675

Inquiry Number 391992ls

July 19 1999

The Source
For Environmental

Risk Management
Data

3530 Post Road

Southport Connecticut 06490

Nationwide Customer Service

Telephone 1-800-352-0050

Fax 1-800-231-6802

Internet www.edrnet.com



SECTION PAGE

ExecutiveSummary ESI

TopographicMap

GeoCheckSummary

OverviewMap

Detail Map

MapSummary-AlISites

Map Summary Sites with higher or the same elevation as the Target Property

MapFindings

OrphanSummary 10

ZipScanReport 11

APPENDICES

GeoCheckVersion2.1 Al

Government Records Searched Data Currency Tracking Addendum A3

Thank you for your business
Please contact EDR at -800-352-0050

with any questions or comments

Disclaimer and Other Information

This Report contains information obtained from variety of public and other sources and Environmental

Data Resources Inc EDR makes no representation or warranty regarding the accuracy reliability quality

suitability or completeness of said information or the information contained in this report The customer

shall assume full responsibility for the use of this report

NO WARRANTY OF MERCHANTABILITY OR OF FITNESS FOR PARTICULAR PURPOSE EXPRESSED OR

IMPLIED SHALL APPLY AND EDR SPECIFICALLY DISCLAIMS THE MAKING OF SUCH WARRANTIES IN NO
EVENT SHALL EDR BE LIABLE TO ANYONE FOR SPECIAL INCIDENTAL CONSEQUENTIAL OR EXEMPLARY
DAMAGES COPYRIGHT 1998 BY ENVIRONMENTAL DATA RESOURCES INC ALL RIGHTS RESERVED

Unless otherwise indicated all trademarks used herein are the property of Environmental Data Resources

Inc or its affiliates

TC391992.ls Page



search of available environmental records was conducted by Environmental Data Resources Inc

EDR The report meets the government records search requirements of ASTM Standard Practice for

Environmental Site Assessments 1527-97 Search distances are per ASTM standard or custom

distances requested by the user

The address of the subject property for which the search was intended is

NEAR SAN CLEMENTE
SAN JUAN CAPISTRANO CA 92675

No mapped sites were found in EDRs search of available reasonably ascertainable government

records either on the subject property or within the ASTM 1527-97 search radius around the subject

property for the following Databases

NPL National Priority List

Delisted NPL NPL Deletions

RCRIS-TSD Resource Conservation and Recovery Information System
AWP AWP
Cal-Sites Cal-Sites

Notify 65 Notify 65

CHMIRS California Hazardous Material Incident Report System

Cortese Cortese

Toxic Pits Toxic Pits

CERCLIS Comprehensive Environmental Response Compensation and Liability Information

System
CERC-NFRAP Comprehensive Environmental Response Compensation and Liability Information

System

CORRACTS Corrective Action Report

SWF/LF State Landfill

LUST Leaking Underground Storage Tank Information System

UST Hazardous Substance Storage Container Database

Ca FID CA FID

AST Aboveground Petroleum Storage Tank Facilities

RAATS RCRA Administrative Action Tracking System
WMUDS WMUDS/SWAT
HAZNET HAZNET

RCRIS-SQG Resource Conservation and Recovery Information System

RCRIS-LQG Resource Conservation and Recovery Information System
MI RS Hazardous Materials Information Reporting System

PADS PCB Activity Database System
ERNS Emergency Response Notification System
FINDS Facility Index System/Facility Identification Initiative Program Summary Report

TRIS Toxic Chemical Release Inventory System
TSCA Toxic Substances Control Act

MLTS Material Licensing Tracking System
NPL Lien NPL Liens

Indus Site Industrial Site

CA SLIC CA SLIC regions

Ca BEP CA Bond Exp Plan

ROD ROD
CONSENT Superfund CERCLA Consent Decrees

Ca WDS CA WDS
Bay Reg South Bay Region

Coal Gas Former Manufactured gas Coal Gas Sites

MINES Mines Master Index File

Unmapped orphan sites are not considered in the foregoing analysis

TC391992.ls EXECUTIVE SUMMARY



Search Results

Search results for the subject property and the search radius are listed below

Subject Property

The subject property was not listed in any of the databases searched by EDR

TC391992.ls EXECUTIVE SUMMARY



Due to poor or inadequate address information the following sites were not mapped

Site Name

SIERRA SOILS SWF/LF
LOMAS SAN JUAN MODEL HOME SITE LUST
SAN JUAN COMPANY UST
LAS PULGAS LANDFILL IR SITE WMUDS
SAN ONOFRE LANDFILLIR SITE 14 WMUDS
IR SITE 22 UNLINED SURFACE WMUDS
SITE 6-DRMO SCRAP YARD WMUDS
SAN JUAN CAPISTRANO LANDFILL WMUDS
CAPISTRANO USD HAZNET
SAN JAUN CAPISTRANO EXXON HAZNET
COUNTY ORANGE/EMA HAZNET
COUNTY OF ORANGE/HARBORS BEACHES PARKS HAZNET
1X FORD MOTOR LAND DEVELOPMENT CO HAZNET
CAPISTRANO BUSNESS CENTER HAZNET

Databases

TC391992.ls EXECUTIVE SUMMARY



Major Roads

Conteur Unes

Waterways

Earthquake Fault Lines

Earthquake epicenter Richter Sor greater

Closest Federal Well in quadrant

Closest State Well in quadrant

Closest Public Water Supply Well

HID Closest Hydrogeological Data

Oil gas or related wells

TARGET PROPERTY Capistrano Test Site CUSTOMER Parsons Engineering Science

ADDRESS Near San Clemente CONTACT Craig McColloch

CITY/STATE/ZIP San Juan Capistrano CA 92675 INQUIRY 391992.ls

LAT/LONG 33.4628 117.5479 DATE July 19 1999 934 am

112 MIles



GEOCHECK VERSION 2.1

SUMMARY

TARGET PROPERTY COORDINATES

Latitude North 33.462799 33 27 46.1

Longitude West 117.547897 liT 32 52.4

Universal Transverse Mercator Zone 11

UTM Meters 449084.9

UTM Meters 3702536.5

USGS TOPOGRAPHIC MAP ASSOCIATED WITH THIS SITE

Target Property 24331 17-D5 SAN CLEMENTE CA

GEOLOGIC AGE IDENTIFICATIONt

Geologic Code uK

Era Mesozoic

System Cretaceous

Series Upper Cretaceous

ROCK STRATIGRAPHIC UNITt

Category Stratified Sequence

GROUNDWATER FLOW INFORMATION

Groundwater flow direction for particular site is best determined by qualified environmental professional using

site-specific well data If such data is not reasonably ascertainable it may be necessary to rely on other sources of

information including well data collected on nearby properties regional groundwater flow information from deep

aquifers or surface topography.t

AQUlFLOW Search Radius 2.000 Miles

DISTANCE DIRECTION GENERAL DIRECTION

MAP ID FROM TP FROM TP GROUNDWATER FLOW
Not Reported

General Topographic Gradient at Target Property General WSW
General Hydrogeologic Gradient at Target Property No hydrogeologic data available

Site-Specific Hydrogeological Data

Search Radius 2.0 miles

Status Not found

FEDERAL DATABASE WELL INFORMATION

WELL DISTANCE DEPTH TO

QUADRANT FROM TP LITHOLOGY WATER TABLE

NO WELLS FOUND

STATE DATABASE WELL INFORMATION

WELL DISTANCE

QUADRANT FROMTP

Southern Miles

Western Miles

STATE OIL/GAS WELL INFORMATION

API DISTANCE

________ FROM TP

NO WELLS FOUND

Source P.G Schrber R.E Arrdt arid W.J Bawiec Geology of the Coteriros U.S at 12500000 Scale Adigital rep esertatior of the 1974 P.B Kirg arid H.M Beikrar Map USGS Digital Data Series DDS -11 1994
U.S EPA Grord Water Hardbook Vol Grornd Water arid Cortariratior Office of Research arid deveIoprerd EPN625/6-90/016aChapter page 78 Septerber 1990

EDR AQUIFLOW iforratior Syster of hydrogeologically deterrired grorndwater flow directiorm at specific Iocatiors See the date pages at the erd of this report for corpIete descriptior

TC391992.is Page



GEOCHECK VERSION 2.1

SUMMARY

PUBLIC WATER SUPPLY SYSTEM INFORMATION

Searched by Nearest PWS
NOTE PWS System location is not always the same as well location

PWS Name CITY OF SAN CLEMENTE
100 AVENIDA PRESIDIO

SAN CLEMENTE CA 92672

Location Relative to TP Miles West

PWS currently has or has had majorviolations or enforcement No

AREA RADON INFORMATION

EPA Radon Zone for ORANGE County

Note Zone indoor average level pCi/L

Zone indoor average level pCi/L and pCi/L

Zone indoor average level pCi/L

Zip Code 92675

Number of sites tested

Area Average Activity pCi/L 4-20 pCi/L 20 pCi/L

Living Area 1st Floor 0.500 pCi/L 100% 0% 0%

Living Area 2nd Floor Not Reported Not Reported Not Reported Not Reported

Basement Not Reported Not Reported Not Reported Not Reported

TC391992.ls Page



Target Property

Sites at elevatons higher than

or equal to the target property

Sites at elevations lower than

the target property

Coal GaSfication Sites if requested

LII National Priority List Sites

Landi9ll Sites

Power transmission lines

Oil Gas pipelines

100-year flood zone

500-year flood zone

Wetlands per National

Wetlands Inventory 1994

TARGET PROPERTY Capistrano Test Site CUSTOMER Parsons Engineering Science

ADDRESS Near San Clemente CONTACT Craig McColloch

CITY/STATE/ZIP San Juan Capistrano CA 92675 INQUIRY 391992.ls

LAT/LONG 33.4628 117.5479 DATE July 19 1999 933 am

112 NUn



DETAIL MAP -391 992.ls Parsons Engineering Science

t/

1/

NNAMED SIR

Target Property
1116 ill 114 Na

Sites at elevations higher than

or equal to the target property

Sites at elevations lower than Power transmission lines

the target property
Oil Gas pipelines

Coal GaSfication Sites if requested
100-year flood zone

Sensitive Receptors
500-year flood zone

National Priority List Sites

Landi9ll Sites

TARGET PROPERTY Capistrano Test Site CUSTOMER Parsons Engineering Science

ADDRESS Near San Clemente CONTACT Craig McColloch

CITY/STATE/ZIP San Juan Capistrano CA 92675 INQUIRY 391992.ls

LAT/LONG 33.4628 117.5479 DATE July 19 1999 933 am



MAP FINDINGS SUMMARY SHOWING
ALL SITES

Search

Target Distance Total

Database Property Miles 1/8 1/8 1/4 1/4 1/2 1/2 Plotted

NPL 1.500

Delisted NPL TP NR NR NR NR NR
RCRIS-TSD 1.000 NR
AWP 1.500

Cal-Sites 1.500

Notify65 1.500

CHMIRS 1.500

Cortese 1.500

Toxic Pits 1.500

CERCLIS 1.000 NR
CERC-NFRAP TP NR NR NR NR NR
CORRACTS 1.500

State Landfill 1.000 NR
LUST 1.000 NR
UST 0.750 NR

CAFID 0.750 NR
AST TP NR NR NR NR NR
RAATS TP NR NR NR NR NR

WMUDS/SWAT 1.000 NR
HAZNET 0.750 NR
RCRIS Sm Quan Gen 0.750 NR

RCRIS Lg Quan Gen 0.750 NR
HMIRS TP NR NR NR NR NR
PADS TP NR NR NR NR NR

ERNS TP NR NR NR NR NR
FINDS TP NR NR NR NR NR
TRIS TP NR NR NR NR NR
TSCA TP NR NR NR NR NR
MLTS TP NR NR NR NR NR
NPL Liens TP NR NR NR NR NR
Industrial Site TP NR NR NR NR NR
CASLIC 1.000 NR
CA Bond Exp Plan 1.500

ROD 1.500

CONSENT 1.500

CAWDS TP NR NR NR NR NR
South Bay Region TP NR NR NR NR NR
Coal Gas 1.500

MINES 0.750 NR

TP Target Property

NR Not Requested at this Search Distance

Sites may be listed in more than one database

TC391992.ls Page



MAP FINDINGS SUMMARY SHOWING
ONLY SITES HIGHER THAN OR THE SAME ELEVATION AS TP

Search

Target Distance Total

Database Property Miles 1/8 1/8 1/4 1/4 1/2 1/2 Plotted

NPL 1.500

Delisted NPL TP NR NR NR NR NR
RCRIS-TSD 1.000 NR
AWP 1.500

Cal-Sites 1.500

Notify65 1.500

CHMIRS 1.500

Cortese 1.500

Toxic Pits 1.500

CERCLIS 1.000 NR
CERC-NFRAP TP NR NR NR NR NR
CORRACTS 1.500

State Landfill 1.000 NR
LUST 1.000 NR
UST 0.750 NR

CAFID 0.750 NR
AST TP NR NR NR NR NR
RAATS TP NR NR NR NR NR

WMUDS/SWAT 1.000 NR
HAZNET 0.750 NR
RCRIS Sm Quan Gen 0.750 NR

RCRIS Lg Quan Gen 0.750 NR
HMIRS TP NR NR NR NR NR
PADS TP NR NR NR NR NR

ERNS TP NR NR NR NR NR
FINDS TP NR NR NR NR NR
TRIS TP NR NR NR NR NR
TSCA TP NR NR NR NR NR
MLTS TP NR NR NR NR NR
NPL Liens TP NR NR NR NR NR
Industrial Site TP NR NR NR NR NR
CASLIC 1.000 NR
CA Bond Exp Plan 1.500

ROD 1.500

CONSENT 1.500

CAWDS TP NR NR NR NR NR
South Bay Region TP NR NR NR NR NR
Coal Gas 1.500

MINES 0.750 NR

TP Target Property

NR Not Requested at this Search Distance

Sites may be listed in more than one database

TC391992.ls Page



Map ID

Direction

Distance

Distance ft
Elevation Site

MAP FINDINGS

EDR ID Number

Databases EPA ID Number

Coal Gas Site Search No site was found in search of Real Property Scans ENVIROHAZ database

NO SITES FOUND
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ORPHAN SUMMARY

92675

92675

92675

92675

92675

HAZNET

HAZNET

SWF/LF

92675 LUST

City EDR ID Site Name Site Address Zip

92055

Databases Facility ID

CAMP PENDLETON S103442730 LAS PULGAS LANDFILL IR SITE 43 AREA WMUDS

CAMP PENDLETON S103442729 SAN ONOFRE LANDFILLIR SITE 14 52 AREA 92055 WMUDS
CAMP PENDLETON S102556699 IR SITE 22 UNLINED SURFACE BLDG 23-88MUNN FIELD MC AIRST 92055 WMUDS
CAMP PENDLETON S103442802 SITE 6-DRMO SCRAP YARD MARINE CORPS BASE SITE 92055 WMUDS

SAN JUAN CAPISTRANO S102807695 CAPISTRANO USD 26126 CALLE PERFECTO 92675 HAZNET CAD981968951

SAN JUAN CAPISTRANO S103647937 SAN JAUN CAPISTRANO EXXON 26572 JUNIPERO 92675 HAZNET CAL000074064

SAN JUAN CAPISTRANO S103442733 SAN JUAN CAPISTRANO LANDFILL NEAR SAN JUAN CREEK 300 WMUDS
SAN JUAN CAPISTRANO S103653287 COUNTY ORANGE/EMA 3301 ORETAGA HWY HAZNET CACOO111O2O8

SAN JUAN CAPISTRANO S103653672 COUNTY OF ORANGE/HARBORS BEACHES PARKS 33401 ORTEGA HWY/CASPERS PARK HAZNET CAC000771808

SAN JUAN CAPISTRANO U003433403 SAN JUAN COMPANY 31471 ORTEGA HWY 87 UST

SAN JUAN CAPISTRANO S100926569 1X FORD MOTOR LAND DEVELOPMENT CO 3360 ORTIGA HIGHWAY CAC000749384

SAN JUAN CAPISTRANO S103648435 CAPISTRANO BUSNESS CENTER 27130 PASEO ESTADA 501 CAC001223888

SAN JUAN CAPISTRANO S103340352 SIERRA SOILS 30921 LA PATA ROAD 30-AB-0372

SAN JUAN CAPISTRANO S102432719 LOMAS SAN JUAN MODEL HOME SITE TRACT 10139 9UT197

TC391992.ls Page 10
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GEOCHECK VERSION 2.1 ADDENDUM

STATE DATABASE WELL INFORMATION

Water Wells

Well Within Miles of Target Property Southern Quadrant

Water System Information

Prime Station Code 095/07W-O1FO1 User ID WAT
FRDS Number Number 3710700025 County San Diego

District Number 14 Station Type WELL/AMBNT/MUN/INTAKE

Water Type Well/Groundwater Well Status Monitoring Well

Source Lat/Long 332513.0 1173356.0 Precision 1000 Feet 10 Seconds

Source Name WELL 62605 MONITORING WELL

System Number 3710700

System Name Camp Pendleton North

Organization That Operates System

P.O Box 555008

MCB Camp Pendleton CA 92055

Pop Served 12000 Connections 2500

Area Served Not Reported

Well Within Miles of Target Property Western Quadrant

Water System Information

Prime Station Code 085/07W-24M01 User ID TEE

FRDS Number Number 3000803001 County Orange

District Number 08 Station Type WELL/AMBNT/M N/I NTAKE

Water Type Well/Groundwater Well Status Active Untreated

Source Lat/Long 332734.6 1173409.5 Precision 100 Feet one Second

Source Name WELL 01

System Number 3000803

System Name TRW Systems Capistrano Test Site

Organization That Operates System

P.O Box 10

San Clemente CA 92673

Pop Served 60 Connections 17

Area Served Not Reported

Sample Information Only Findings Above Detection Level Are Listed

Sample Collected 12/06/1995 Findings .440 MG/L

Chemical FLUORIDE TEMPERATURE DEPENDENT

TC391992.ls Page Al



GEOCHECK VERSION 2.1

PUBLIC WATER SUPPLY SYSTEM INFORMATION

Searched by Nearest PWS

PWS SUMMARY

PWS ID CA3010036 PWS Status Active Distance from TP Miles

Date Initiated June /1977 Date Deactivated Not Reported Dir relative to TP West

PWS Name CITY OF SAN CLEMENTE
100 AVENIDA PRESIDIO

SAN CLEMENTE CA 92672

Addressee Facility Not Reported

Facility Latitude 332536 Facility Longitude 1173639

City Served SAN CLEMENTE
Treatment Class Mixed treated and untreated Population Served 10001 -50000 Persons

PWS currently has or has had majorviolations or enforcement No
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

To maintain currency of the following federal and state databases EDR contacts the appropriate governmental agency

on monthly or quarterly basis as required

Elapsed ASTM days Provides confirmation that this EDR report meets or exceeds the 90-day updating requirement

of the ASTM standard

FEDERAL ASTM RECORDS

CERCLIS Comprehensive Environmental Response Compensation and Liability Information System

Source EPA

Telephone 703-41 3-0223

CERCLIS contains data on potentially hazardous waste sites that have been reported to the USEPA by states municipalities

private companies and private persons pursuant to Section 103 of the Comprehensive Environmental Response Compensation

and Liability Act CERCLA CERCLIS contains sites which are either proposed to or on the National Priorities

List NPL and sites which are in the screening and assessment phase for possible inclusion on the NPL

Date of Government Version 04/21/99 Date of Data Arrival at EDR 05/14/99

Date Made Active at EDR 06/09/99 Elapsed ASTM days 26

Database Release Frequency Quarterly Date of Last EDR Contact 05/14/99

ERNS Emergency Response Notification System

Source EPA/NTIS

Telephone 202-260-2342

Emergency Response Notification System ERNS records and stores information on reported releases of oil and hazardous

substances

Date of Government Version 12/31/98 Date of Data Arrival at EDR 01/13/99

Date Made Active at EDR 01/18/99 Elapsed ASTM days

Database Release Frequency Quarterly Date of Last EDR Contact 05/12/99

NPL National Priority List

Source EPA

Telephone N/A

National Priorities List Superfund The NPL is subset of CERCLIS and identifies over 1200 sites for priority

cleanup under the Superfund Program NPL sites may encompass relatively large areas As such EDR provides polygon

coverage for over 1000 NPL site boundaries produced by EPAs Environmental Photographic Interpretation Center

EPIC

Date of Government Version 05/10/99 Date of Data Arrival at EDR 05/12/99

Date Made Active at EDR 06/09/99 Elapsed ASTM days 28

Database Release Frequency Semi-Annually Date of Last EDR Contact 05/12/99

RCRIS Resource Conservation and Recovery Information System

Source EPA/NTIS

Telephone 800-424-9346

Resource Conservation and Recovery Information System RCRIS includes selective information on sites which generate

transport store treat and/or dispose of hazardous waste as defined by the Resource Conservation and Recovery

Act RCRA
Date of Government Version 04/26/99 Date of Data Arrival at EDR 05/14/99

Date Made Active at EDR 06/09/99 Elapsed ASTM days 26

Database Release Frequency Semi-Annually Date of Last EDR Contact 05/14/99

CORRACTS Corrective Action Report

Source EPA

Telephone 800-424-9346

CORRACTS identifies hazardous waste handlers with RCRA corrective action activity

Date of Government Version 03/01/99 Date of Data Arrival at EDR 03/17/99

Date Made Active at EDR 04/16/99 Elapsed ASTM days 30

Database Release Frequency Semi-Annually Date of Last EDR Contact 06/21/99
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

FEDERAL NON-ASTM RECORDS

BRS Biennial Reporting System

Source EPA/NTIS

Telephone 800-424-9346

The Biennial Reporting System is national system administered by the EPA that collects data on the generation

and management of hazardous waste BRS captures detailed data from two groups Large Quantity Generators LQG
and Treatment Storage and Disposal Facilities

Date of Government Version 12/31/95 Date of Last EDR Contact 03/25/99

Database Release Frequency Biennially Date of Next Scheduled EDR Contact 06/21/99

CONSENT Superfund CERCLA Consent Decrees

Source EPA Regional Offices

Telephone Varies

Major legal settlements that establish responsibility and standards for cleanup at NPL Superfund sites Released

periodically by United States District Courts after settlement by parties to litigation matters

Date of Government Version Varies Date of Last EDR Contact Varies

Database Release Frequency Varies Date of Next Scheduled EDR Contact N/A

FINDS Facility Index System/Facility Identification Initiative Program Summary Report

Source EPA

Telephone N/A

Facility Index System FINDS contains both facility information and pointers to other sources that contain more

detail EDR includes the following FINDS databases in this report PCS Permit Compliance System AIRS Aerometric

Information Retrieval System DOCKET Enforcement Docket used to manage and track information on civil judicial

enforcement cases for all environmental statutes FURS Federal Underground Injection Control C-DOCKET Criminal

Docket System used to track criminal enforcement actions for all environmental statutes FFIS Federal Facilities

Information System STATE State Environmental Laws and Statutes and PADS PCB Activity Data System

Date of Government Version 04/01/99 Date of Last EDR Contact 04/16/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/12/99

HMIRS Hazardous Materials Information Reporting System

Source U.S Department of Transportation

Telephone 202-366-4526

Hazardous Materials Incident Report System HMIRS contains hazardous material spill incidents reported to DOT

Date of Government Version 12/31/97 Date of Last EDR Contact 03/24/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 07/26/99

MLTS Material Licensing Tracking System

Source Nuclear Regulatory Commission

Telephone 301-415-7169

MLTS is maintained by the Nuclear Regulatory Commission and contains list of approximately 8100 sites which

possess or use radioactive materials and which are subject to NRC licensing requirements To maintain currency

EDR contacts the Agency on quarterly basis

Date of Government Version 12/08/98 Date of Last EDR Contact 04/13/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/12/99

NPL LIENS Federal Superfund Liens

Source EPA

Telephone 205-564-4267

Federal Superfund Liens Under the authority granted the USEPA by the Comprehensive Environmental Response Compensation

and
Liability

Act CERCLA of 1980 the USEPA has the authority to file liens against real property in order

to recover remedial action expenditures or when the property owner receives notification of potential liability

USEPA compiles listing of filed notices of Superfund Liens

Date of Government Version 10/15/91 Date of Last EDR Contact 05/28/98

Database Release Frequency No Update Planned Date of Next Scheduled EDR Contact 08/23/99
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

PADS PCB Activity Database System

Source EPA

Telephone 202-260-3936

PCB Activity Database PADS Identifies generators transporters commercial storers and/or brokers and disposers

of PCBs who are required to notify the EPA of such activities

Date of Government Version 09/22/97 Date of Last EDR Contact 05/27/99

Database Release Frequency No Update Planned Date of Next Scheduled EDR Contact 08/16/99

RAATS RCRA Administrative Action Tracking System

Source EPA

Telephone 202-564-4104

RCRA Administration Action Tracking System RAATS contains records based on enforcement actions issued under RCRA

pertaining to majorviolators and includes administrative and civil actions brought by the EPA For administration

actions after September 30 1995 data entry in the RAATS database was discontinued EPA will retain copy of

the database for historical records It was necessary to terminate RAATS because decrease in agency resources

made it impossible to continue to update the information contained in the database

Date of Government Version 04/17/95 Date of Last EDR Contact 06/14/99

Database Release Frequency No Update Planned Date of Next Scheduled EDR Contact 09/13/99

ROD Records Of Decision

Source NTIS

Telephone 703-41 6-0223

Record of Decision ROD documents mandate permanent remedy at an NPL Superfund site containing technical

and health information to aid in the cleanup

Date of Government Version 01/31/99 Date of Last EDR Contact 05/25/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 07/19/99

TRIS Toxic Chemical Release Inventory System

Source EPA

Telephone 202-260-1531

Toxic Release Inventory System TRIS identifies facilities which release toxic chemicals to the air water and

land in reportable quantities under SARA Title Ill Section 313

Date of Government Version 12/31/97 Date of Last EDR Contact 05/07/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 06/28/99

TSCA Toxic Substances Control Act

Source EPA

Telephone 202-260-1444

Toxic Substances Control Act TSCA identifies manufacturers and importers of chemical substances included on the

TSCA Chemical Substance Inventory list It includes data on the production volume of these substances by plant

site

Date of Government Version 12/31/94 Date of Last EDR Contact 04/26/99

Database Release Frequency Every Years Date of Next Scheduled EDR Contact 07/26/99

MINES Mines Master Index File

Source Department of Labor Mine Safety and Health Administration

Telephone 303-231-5959

Date of Government Version 08/01/98 Date of Last EDR Contact 04/08/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 07/05/99
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

STATE OF CALIFORNIA ASTM RECORDS

BEP Bond Expenditure Plan

Source Department of Health Services

Telephone 916-255-2118

Department of Health Services developed site-specific expenditure plan as the basis for an appropriation of

Hazardous Substance Cleanup Bond Act funds It is not updated

Date of Government Version 01/01/89 Date of Data Arrival at EDR 07/27/94

Date Made Active at EDR 08/02/94 Elapsed ASTM days

Database Release Frequency No Update Planned Date of Last EDR Contact 05/31/94

CAL-SITES AWP Annual Workplan

Source California Environmental Protection Agency

Telephone 916-323-3400

Known Hazardous Waste Sites California DTSCs Annual Workplan AWP formerly BEP identifies known hazardous

substance sites targeted for cleanup

Date of Government Version 03/02/99 Date of Data Arrival at EDR 06/01/99

Date Made Active at EDR 06/29/99 Elapsed ASTM days 28

Database Release Frequency Annually Date of Last EDR Contact 05/04/99

CAL-SITES ASPIS Calsites

Source Department of Toxic Substance Control

Telephone 916-323-3400

The Calsites database contains potential or confirmed hazardous substance release properties In 1996 California

EPA reevaluated and significantly reduced the number of sites in the Calsites database

Date of Government Version 04/01/99 Date of Data Arrival at EDR 05/04/99

Date Made Active at EDR 06/03/99 Elapsed ASTM days 30

Database Release Frequency Quarterly Date of Last EDR Contact 03/08/98

CHMIRS California Hazardous Material Incident Report System

Source Office of Emergency Services

Telephone 916-464-3277

California Hazardous Material Incident Reporting System CHMIRS contains information on reported hazardous material

incidents accidental releases or spills

Date of Government Version 12/31/94 Date of Data Arrival at EDR 03/13/95

Date Made Active at EDR 04/24/95 Elapsed ASTM days 42

Database Release Frequency No Update Planned Date of Last EDR Contact 06/01/99

CORTESE Cortese

Source CAL EPA/Office of Emergency Information

Telephone 916-327-1848

The sites for the list are designated by the State Water Resource Control Board LUST the Integrated Waste

Board SWF/LS and the Department of Toxic Substances Control Cal-Sites

Date of Government Version 04/01/98 Date of Data Arrival at EDR 08/26/98

Date Made Active at EDR 09/23/98 Elapsed ASTM days 28

Database Release Frequency Annually Date of Last EDR Contact 05/03/99

LUST Leaking Underground Storage Tank Information System

Source State Water Resources Control Board

Telephone 916-445-6532

Leaking Underground Storage Tank Incident Reports LUST records contain an inventory of reported leaking underground

storage tank incidents Not all states maintain these records and the information stored varies by state

Date of Government Version 01/31/99 Date of Data Arrival at EDR 03/05/99

Date Made Active at EDR 04/02/99 Elapsed ASTM days 28

Database Release Frequency Quarterly Date of Last EDR Contact 05/10/99
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

NOTIFY 65 Proposition 65

Source State Water Resources Control Board

Telephone 916-657-0696

Proposition 65 Notification Records NOTIFY 65 contains facility notifications about any release which could impact

drinking water and thereby expose the public to potential health risk

Date of Government Version 10/21/93 Date of Data Arrival at EDR 11/01/93

Date Made Active at EDR 11/19/93 Elapsed ASTM days 18

Database Release Frequency No Update Planned Date of Last EDR Contact 04/26/99

SWF/LF SWIS Solid Waste Information System

Source Integrated Waste Management Board

Telephone 916-255-4035

Active Closed and Inactive Landfills SWF/LF records typically contain an inventory of solid waste disposal facilities

or landfills These may be active or inactive facilities or open dumps that failed to meet RCRA Section 2004 criteria

for solid waste landfills or disposal sites

Date of Government Version 03/08/99 Date of Data Arrival at EDR 03/08/99

Date Made Active at EDR 04/07/99 Elapsed ASTM days 30

Database Release Frequency Quarterly Date of Last EDR Contact 06/07/99

TOXIC PITS Toxic Pits

Source State Water Resources Control Board

Telephone 916-227-4364

Toxic PITS Cleanup Act Sites TOXIC PITS identifies sites suspected of containing hazardous substances where cleanup

has not yet been completed

Date of Government Version 07/01/95 Date of Data Arrival at EDR 08/30/95

Date Made Active at EDR 09/26/95 Elapsed ASTM days 27

Database Release Frequency No Update Planned Date of Last EDR Contact 05/10/99

CA UST

UST Hazardous Substance Storage Container Database

Source State Water Resources Control Board

Telephone 916-227-4408

The Hazardous Substance Storage Container Database is historical listing of UST sites Refer to local/county

source for current data

Date of Government Version 10/15/90 Date of Data Arrival at EDR 01/25/91

Date Made Active at EDR 02/12/91 Elapsed ASTM days 18

Database Release Frequency No Update Planned Date of Last EDR Contact 04/19/99

FID Facility Inventory Database

Source California Environmental Protection Agency

Telephone 916-445-6532

The Facility Inventory Database FID contains historical listing of active and inactive underground storage

tank locations from the State Water Resource Control Board Refer to local/county source for current data

Date of Government Version 10/31/94 Date of Data Arrival at EDR 09/05/95

Date Made Active at EDR 09/29/95 Elapsed ASTM days 24

Database Release Frequency No Update Planned Date of Last EDR Contact 12/28/98

WMUDS/SWAT Waste Management Unit Database

Source State Water Resources Control Board

Telephone 916-227-4448

Waste Management Unit Database System WMUDS is used by the State Water Resources Control Board staff and the

Regional Water Quality Control Boards for program tracking and inventory of waste management units WMUDS is composed

of the following databases Facility Information Scheduled Inspections Information Waste Management Unit Information

SWAT Program Information SWAT Report Summary Information SWAT Report Summary Data Chapter 15 formerly Subchapter

15 Information Chapter 15 Monitoring Parameters TPCA Program Information RCRA Program Information Closure

Information and Interested Parties Information

Date of Government Version 03/01/99 Date of Data Arrival at EDR 04/02/99

Date Made Active at EDR 04/30/99 Elapsed ASTM days 28

Database Release Frequency Quarterly Date of Last EDR Contact 06/15/99
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

STATE OF CALIFORNIA NON-ASTM RECORDS

AST Aboveground Petroleum Storage Tank Facilities

Source State Water Resources Control Board

Telephone 916-227-4382

Registered Aboveground Storage Tanks

Date of Government Version 02/22/99 Date of Last EDR Contact 05/10/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/09/99

HAZNET Hazardous Waste Information System

Source California Environmental Protection Agency

Telephone 916-324-1 781

Facility and Manifest Data The data is extracted from the copies of hazardous waste manifests received each year

by the DTSC The annual volume of manifests is typically 700000 1000000 annually representing approximately

350000 500000 shipments Data are from the manifests submitted without correction and therefore many contain

some invalid values for data elements such as generator ID TSD ID waste category and disposal method

Date of Government Version 12/31/97 Date of Last EDR Contact 04/19/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 07/19/99

SOUTH BAY South Bay Site Management System

Source California Regional Water Quality Control Board San Francisco Bay Region

Telephone 510-286-0457

Groundwater pollution cases in the Santa Clara Valley where the regulatory lead is the San Francisco Bay Regional

Water Quality Control Board

Date of Government Version 09/01/96 Date of Last EDR Contact 05/19/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 08/16/99

WDS Waste Discharge System

Source State Water Resources Control Board

Telephone 916-657-1571

Sites which have been issued waste discharge requirements

Date of Government Version 03/01/99 Date of Last EDR Contact 05/24/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/23/99
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

CALIFORNIA COUNTY RECORDS

ALAMEDA COUNTY

Underground Tanks

Source Alameda County Environmental Health Services

Telephone 510-567-6700

Date of Government Version 01/04/99 Date of Last EDR Contact 05/03/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 08/02/99

Local Oversight Program Listing of UGT Cleanup Sites

Source Alameda County Environmental Health Services

Telephone 510-567-6700

Date of Government Version 01/04/99 Date of Last EDR Contact 05/03/69

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 08/02/99

CONTRA COSTA COUNTY

SL Site List

Source Contra Costa Health Services Department

Telephone 925-646-2286

List includes sites from the underground tank hazardous waste generator and business plan/21 85 programs

Date of Government Version 01/04/99 Date of Last EDR Contact 06/07/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 09/06/99

KERN COUNTY

UST Sites Tanks Listing

Source Kern County Environment Health Services Department

Telephone 805-862-8700

Kern County Sites and Tanks Listing

Date of Government Version 03/04/99 Date of Last EDR Contact 06/21/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 09/06/99

LOS ANGELES COUNTY

HMS Street Number List

Source Department of Public Works

Telephone 626-458-3517

Industrial Waste and Underground Storage Tank Sites

Date of Government Version 03/31/99 Date of Last EDR Contact 04/12/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 07/12/99

SWF/LF List of Solid Waste Facilities

Source La County Department of Public Works

Telephone 818-458-5185

Date of Government Version 09/16/98 Date of Last EDR Contact 05/24/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 08/23/99
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

Site Mitigation List

Source Community Health Services

Telephone 213-890-7806

Industrial sites that have had some sort of spill or complaint

Date of Government Version 03/23/99 Date of Last EDR Contact 05/24/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 08/23/99

MARIN COUNTY

UST Sites

Source Public Works Department Waste Management

Telephone 415-499-6647

Currently permitted UST5 in Mann County

Date of Government Version 03/01/99 Date of Last EDR Contact 05/10/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 08/09/99

SAN JOSE COUNTY

Hazmat Facilities

Source City of San Jose Fire Department

Telephone 408-277-4659

Date of Government Version 04/27/99 Date of Last EDR Contact 05/24/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/23/99

NAPA COUNTY

LUST Sites With Reported Contamination

Source Napa County Department of Environmental Management

Telephone 707-253-4269

Date of Government Version 10/27/97 Date of Last EDR Contact 06/21/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 09/20/99

UST Closed and Operating Underground Storage Tank Sites

Source Napa County Department of Environmental Management

Telephone 707-253-4269

Date of Government Version 02/17/98 Date of Last EDR Contact 06/21/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 09/20/99

ORANGE COUNTY

List of Industrial Site Cleanups

Source Health Care Agency

Telephone 714-834-3446

Petroleum and non-petroleum spills

Date of Government Version 01/19/99 Date of Last EDR Contact 06/14/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 09/13/99

LUST List of Underground Storage Tank Cleanups

Source Health Care Agency

Telephone 714-834-3446

Orange County Underground Storage Tank Cleanups LUST

Date of Government Version 01/04/99 Date of Last EDR Contact 06/14/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 09/13/99
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

UST List of Underground Storage Tank Facilities

Source Health Care Agency

Telephone 714-834-3446

Orange County Underground Storage Tank Facilities UST

Date of Government Version 02/24/99 Date of Last EDR Contact 06/14/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 09/13/99

PLACER COUNTY

MS Master List of Facilities

Source Placer County Health and Human Services

Telephone 530-889-7335

List includes aboveground tanks underground tanks and cleanup sites

Date of Government Version 04/13/99 Date of Last EDR Contact 06/28/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 09/27/99

RIVERSIDE COUNTY

LUST Listing of Underground Tank Cleanup Sites

Source Department of Public Health

Telephone 909-358-5055

Riverside County Underground Storage Tank Cleanup Sites LUST

Date of Government Version 04/02/99 Date of Last EDR Contact 04/26/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/26/99

UST Tank List

Source Health Services Agency

Telephone 909-358-5055

Date of Government Version 04/02/99 Date of Last EDR Contact 04/26/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/26/99

SACRAMENTO COUNTY

Toxisite List

Source Sacramento County Environmental Management

Telephone 916-875-8450

Date of Government Version 12/01/98 Date of Last EDR Contact 06/04/98

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/09/99

ML Regulatory Compliance Master List

Source Sacramento County Environmental Management

Telephone 916-875-8450

Any business that has hazardous materials on site hazardous material storage sites underground storage tanks

waste generators

Date of Government Version 04/01/99 Date of Last EDR Contact 04/08/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/09/99

SAN BERNARDINO COUNTY
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GOVERNMENT RECORDS SEARCHED DATA CURRENCY TRACKING

DEHS Permit System Print-Out By Location

Source San Bernardino County Fire Department Hazardous Materials Division

Telephone 909-387-3041

This listing includes underground storage tanks medical waste handlers/generators hazardous materials handlers

hazardous waste generators and waste oil generators/handlers

Date of Government Version 04/01/99 Date of Last EDR Contact 06/14/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 09/13/99

SAN DIEGO COUNTY

SWF/LF Solid Waste Facilities

Source Department of Health Services

Telephone 619-338-2209

San Diego County Solid Waste Facilities

Date of Government Version 07/01/98 Date of Last EDR Contact 06/01/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 08/30/99

HMMD Hazardous Materials Management Division Database

Source Hazardous Materials Management Division

Telephone 619-338-2268

The database includes HE58 This report contains the business name site address business phone number establishment

permit number type of permit and the business status HE1 In addition to providing the same information

provided in the HE58 listing HE1 provides inspection dates violations received by the establishment hazardous

waste generated the quantity method of storage treatment/disposal of waste and the hauler and information

on underground storage tanks Unauthorized Release List Includes summary of environmental contamination cases

in San Diego County underground tank cases non-tank cases groundwater contamination and soil contamination

are included

Date of Government Version 05/03/99 Date of Last EDR Contact 04/12/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/12/99

SAN FRANCISCO COUNTY

LUST Local Oversite Facilities

Source Department Of Public Health San Francisco County

Telephone 415-252-3920

Date of Government Version 01/05/99 Date of Last EDR Contact 04/20/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/19/99

Underground Storage Tank Information

Source Department of Public Health

Telephone 415-252-3920

Date of Government Version 02/01/99 Date of Last EDR Contact 05/18/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/16/99

SAN MATEO COUNTY

Business Inventory

Source San Mateo County Environmental Health Services Division

Telephone 650-363-1921

List includes Hazardous Materials Business Plan hazardous waste generators and underground storage tanks

Date of Government Version 04/01/98 Date of Last EDR Contact 06/25/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 07/19/99
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LUST Fuel Leak List

Source San Mateo County Environmental Health Services Division

Telephone 650-363-1921

Date of Government Version 04/02/99 Date of Last EDR Contact 05/03/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 08/02/99

SANTA CLARA COUNTY

LUST Fuel Leak Site Activity Report

Source Santa Clara Valley Water District

Telephone 408-927-0710

Date of Government Version 12/01/98 Date of Last EDR Contact 04/12/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/12/99

SOLANO COUNTY

LUST Leaking Undergroung Storage Tanks

Source Solano County Department of Environmental Management

Telephone 707-421-6770

Date of Government Version 02/25/99 Date of Last EDR Contact 06/25/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 06/21/99

UST Underground Storage Tanks

Source Solano County Department of Environmental Management

Telephone 707-421-6770

Date of Government Version 02/17/99 Date of Last EDR Contact 06/25/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 06/21/99

SONOMA COUNTY

LUST Sites

Source Department of Health Services

Telephone 707-525-6565

Date of Government Version 04/26/99 Date of Last EDR Contact 05/03/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/02/99

SUTTER COUNTY

UST Underground Storage Tanks

Source Sutter County Department of Agriculture

Telephone 530-741-7504

Date of Government Version 04/01/99 Date of Last EDR Contact 04/12/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 07/12/99

VENTURA COUNTY

BWT Business Plan Hazardous Waste Producers and Operating Underground Tanks

Source Ventura County Environmental Health Division

Telephone 805-654-2813

The BWT list indicates by site address whether the Environmental Health Division has Business Plan Waste

Producer and/or Underground Tank information

Date of Government Version 02/25/99 Date of Last EDR Contact 06/21/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 09/21/99
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LUST Listing of Underground Tank Cleanup Sites

Source Environmental Health Division

Telephone 805-654-2813

Ventura County Underground Storage Tank Cleanup Sites LUST

Date of Government Version 02/25/99 Date of Last EDR Contact 06/21/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 09/20/99

UST Underground Tank Closed Sites List

Source Environmental Health Division

Telephone 805-654-2813

Ventura County Operating Underground Storage Tank Sites UST/Underground Tank Closed Sites List

Date of Government Version 03/29/99 Date of Last EDR Contact 06/21/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 09/20/99

SWF/LF Inventory of Illegal Abandoned and Inactive Sites

Source Environmental Health Division

Telephone 805-654-2813

Ventura County Inventory of Closed Illegal Abandoned and Inactive Sites

Date of Government Version 06/01/97 Date of Last EDR Contact 06/07/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 08/30/99
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California Regional Water Quality Control Board RWQCB LUST Records

LUST REG Active Toxic Site Investigation

Source California Regional Water Quality Control Board North Coast

Telephone 707-576-2220

Date of Government Version 10/14/98 Date of Last EDR Contact 06/01/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/30/99

LUST REG Fuel Leak List

Source California Regional Water Quality Control Board San Francisco Bay Region

Telephone 510-286-0457

Date of Government Version 04/01/99 Date of Last EDR Contact 04/20/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/19/99

LUST REG LUSTIS Database

Source California Regional Water Quality Control Board Central Coast Region

Telephone 805-549-3147

Date of Government Version 05/22/99 Date of Last EDR Contact 05/24/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/23/99

LUST REG Underground Storage Tank Leak List

Source California Regional Water Quality Control Board Los Angeles Region

Telephone 213-266-7544

Date of Government Version 02/26/99 Date of Last EDR Contact 06/14/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/30/99

LUST REG Leaking Underground Storage Tank Database

Source California Regional Water Quality Control Board Central Valley Region

Telephone 916-255-3125

Date of Government Version 04/27/99 Date of Last EDR Contact 04/12/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/12/99

LUST REG 6L Leaking Underground Storage Tank Case Listing

Source California Regional Water Quality Control Board Lahontan Region

Telephone 916-542-5424

Date of Government Version 03/31/99 Date of Last EDR Contact 04/23/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/12/99

LUST REG 6V Leaking Underground Storage Tank Case Listing

Source California Regional Water Quality Control Board Victorville Branch Office

Telephone 760-346-7491

Date of Government Version 04/01/99 Date of Last EDR Contact 04/12/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/12/99

LUST REG Leaking Underground Storage Tank Case Listing

Source California Regional Water Quality Control Board Colorado River Basin Region

Telephone 760-346-7491

Date of Government Version 03/02/99 Date of Last EDR Contact 06/03/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 08/30/99

LUST REG LUSTIS Leaking Underground Storage Tanks

Source California Regional Water Quality Control Board Santa Ana Region

Telephone 909-782-4498

Date of Government Version 04/19/99 Date of Last EDR Contact 04/12/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 07/12/99
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LUST REG Leaking Underground Storage Tank Report

Source California Regional Water Quality Control Board San Diego Region

Telephone 619-467-2952

Date of Government Version 03/03/99 Date of Last EDR Contact 04/26/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/26/99
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California Regional Water Quality Control Board RWQCB SLIC Records

SLIC REG Active Toxic Site Investigations

Source California Regional Water Quality Control Board North Coast Region

Telephone 707-576-2220

Date of Government Version 10/14/98 Date of Last EDR Contact 06/01/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 05/31/99

SLIC REG North and South Bay Slic Report

Source Regional Water Quality Control Board San Francisco Bay Region

Telephone 510-286-0457

Any contaminated site that impacts groundwater or has the potential to impact groundwater

Date of Government Version 04/01/99 Date of Last EDR Contact 04/20/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 07/19/99

SLIC REG SLIC Data

Source California Regional Water Quality Control Board Central Coast Region

Telephone 805-549-3147

Any contaminated site that impacts groundwater or has the potential to impact groundwater

Date of Government Version 02/01/99 Date of Last EDR Contact 06/01/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 08/23/99

SLIC REG SLIC Sites

Source Region Water Quality Control Board Los Angeles Region

Telephone 213-576-6600

Any contaminated site that impacts groundwater or has the potential to impact groundwater

Date of Government Version 04/01/99 Date of Last EDR Contact 05/04/99

Database Release Frequency Quarterly Date of Next Scheduled EDR Contact 08/02/99

SLIC REG SLIC List

Source Regional Water Quality Control Board Central Valley Region

Telephone 916-855-3075

Unregulated sites that impact groundwater or have the potential to impact groundwater

Date of Government Version 10/01/98 Date of Last EDR Contact 05/13/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 07/12/99

SLIC REG 6V Spills Leaks Investigation Cleanup Cost Recovery Listing

Source Regional Water Quality Control Board Victorville Branch

Telephone 619-241-6583

Date of Government Version 12/01/98 Date of Last EDR Contact 04/12/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 07/12/99

SLIC REG SLIC List

Source California Region Water Quality Control Board Santa Ana Region

Telephone 909-782-3298

Date of Government Version 10/31/97 Date of Last EDR Contact 04/15/99

Database Release Frequency Semi-Annually Date of Next Scheduled EDR Contact 07/12/99

SLIC REG WDS NURD List

Source California Regional Water Quality Control Board San Diego Region

Telephone 619-467-2980

Date of Government Version 03/12/99 Date of Last EDR Contact 06/09/99

Database Release Frequency Annually Date of Next Scheduled EDR Contact 09/06/99
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Historical and Other Databases

Depending on the geographic area covered by this report the data provided in these specialty databases may or may not be

complete For example the existence of wetlands information data in specific report does not mean that all wetlands in the

area covered by the report are included Moreover the absence of any reported wetlands information does not necessarily

mean that wetlands do not exist in the area covered by the report

Former Manufactured Gas Coal Gas Sites The existence and location of Coal Gas sites is provided exclusively to

EDR by Real Property Scan Inc Copyright 1993 Real Property Scan Inc For technical description of the types

of hazards which may be found at such sites contact your EDR customer service representative

Disclaimer Provided by Real Property Scan Inc

The information contained in this report has predominantly been obtained from publicly available sources produced by entities

other than Real Property Scan While reasonable steps have been taken to insure the accuracy of this report Real Property

Scan does not guarantee the accuracy of this report Any liability on the part of Real Property Scan is strictly limited to refund

of the amount paid No claim is made for the actual existence of toxins at any site This report does not constitute legal

opinion

DELISTED NPL NPL Deletions

Source EPA

Telephone N/A

The National Oil and Hazardous Substances Pollution Contingency Plan NCP establishes the criteria that the

EPA uses to delete sites from the NPL In accordance with 40 CFR 300.425.e sites may be deleted from the

NPL where no further response is appropriate

Date of Government Version 04/23/99 Date of Data Arrival at EDR 05/12/99

Date Made Active at EDR 06/09/99 Elapsed ASTM days 28

Database Release Frequency Semi-Annually Date of Last EDR Contact 02/08/99

NFRAP No Further Remedial Action Planned

Source EPA

Telephone 703-41 3-0223

As of February 1995 CERCLIS sites designated No Further Remedial Action Planned NFRAP have been removed

from CERCLIS NFRAP sites may be sites where following an initial investigation no contamination was found

contamination was removed quickly without the need for the site to be placed on the NPL or the contamination

was not serious enough to require Federal Superfund action or NPL consideration EPA has removed approximately

25000 NFRAP sites to lift the unintended barriers to the redevelopment of these properties and has archived them

as historical records so EPA does not needlessly repeat the investigations in the future This policy change is

part of the EPAs Brownfields Redevelopment Program to help cities states private investors and affected citizens

to promote economic redevelopment of unproductive urban sites

Date of Government Version 04/21/99 Date of Data Arrival at EDR 05/14/99

Date Made Active at EDR 06/09/99 Elapsed ASTM days 26

Database Release Frequency Quarterly Date of Last EDR Contact 05/14/99

PWS Public Water Systems

Source EPA/Office of Drinking Water

Telephone 202-260-2805

Public Water System data from the Federal Reporting Data System PWS is any water system which provides water to at

least 25 people for at least 60 days annually PWS5 provide water from wells rivers and other sources

PWS ENF Public Water Systems Violation and Enforcement Data

Source EPA/Office of Drinking Water

Telephone 202-260-2805

Violation and Enforcement data for Public Water Systems from the Safe Drinking Water Information System SWDIS after

August 1995 Prior to August 1995 the data came from the Federal Reporting Data System FRDS
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Area Radon Information The National Radon Database has been developed by the U.S Environmental Protection Agency

USEPA and is compilation of the EPA/State Residential Radon Survey and the National Residential Radon Survey The

study covers the years 1986- 1992 Where necessary data has been supplemented by information collected at private sources

such as universities and research institutions

EPA Radon Zones Sections 307 309 of IRAA directed EPA to list and identify areas of U.S with the potential for

elevated indoor radon levels

Oil/Gas Pipelines/Electrical Transmission Lines This data was obtained by EDR from the USGS in 1994 It is referred to by

USGS as GeoData Digital Line Graphs from 1100000-Scale Maps It was extracted from the transportation category including

some oil but primarily gas pipelines and electrical transmission lines

Sensitive Receptors There are individuals deemed sensitive receptors due to their fragile immune systems and special sensitivity

to environmental discharges These sensitive receptors typically include the elderly the sick and children While the location of all

sensitive receptors cannot be determined EDR indicates those buildings and facilities schools daycares hospitals medical centers

and nursing homes where individuals who are sensitive receptors are likely to be located

USGS Water Wells In November 1971 the United States Geological Survey USGS implemented national water resource

information tracking system This database contains descriptive information on sites where the USGS collects or has collected

data on surface water and/or groundwater The groundwater data includes information on more than 900000 wells springs and

other sources of groundwater

Flood Zone Data This data available in select counties across the country was obtained by EDR in 1999 from the Federal

Emergency Management Agency FEMA Data depicts 100-year and 500-year flood zones as defined by FEMA

NWI National Wetlands Inventory This data available in select counties across the country was obtained by EDR

in March 1997 from the U.S Fish and Wildlife Service

Epicenters World earthquake epicenters Richter or greater

Source Department of Commerce National Oceanic and Atmospheric Administration

Water Dams National Inventory of Dams

Source Federal Emergency Management Agency

Telephone 202-646-2801

National computer database of more than 74000 dams maintained by the Federal Emergency Management Agency

California Earthquake Fault Lines The fault lines displayed on EDRs Topographic map are digitized quaternary fault lines

prepared in 1975 by the United State Geological Survey Additional information also from 1975 regarding activity at specific fault

lines comes from Californias Preliminary Fault Activity Map prepared by the California Division of Mines and Geology

California Drinking Water Quality Database

Source Department of Health Services

Telephone 916-324-2319

The database includes all drinking water compliance and special studies monitoring for the state of California

since 1984 It consists of over 3200000 individual analyses along with well and water system information

California Oil and Gas Well Locations for District and

Source Department of Conservation

Telephone 916-323-1 779
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NORTHROP GRUMFIAIV

Fact Sheet RedondoBeachCA90278
Techno1o

For more information contact Bob Bishop

310.812-5227

bob.j .bishopngc.com

Northrop Grummans Capistrano Test Site

Cradle for Emerging Defense Technologies

Nestled in the rolling hills of Southern California near San Clemente Northrop Grummans Capistrano

Test Site CTS which includes several one-of-a-kind laser test facilities has been proving ground for

state-of-the-art defense technologies since 1963 Employing multi-disciplinary team of scientists

engineers and technicians the 2700-acre site is used to develop and test Northrop Grumman directed

energy systems spacecraft and rocket propulsion systems and antennas

CTS has long served as the nations development site for high-energy laser technologies and systems

All of the nations high-average-power greater than 100 kW lasers including MIRACL and Alpha the

only megawatt class lasers were developed at CTS Other high-average-power lasers and laser

technologies developed at CTS are

The pathfinder and first flight laser modules for the Airborne Laser program the nations most

advanced concept for destroying ballistic missiles in the boost phase

The laser device for the Tactical High Energy Laser THEL the nations only operating laser

weapon system which has shot down 25 Katyusha rockets fired singly and in salvos

The laser technology and system integration work for the space based laser program the nations

only global boost phase initiative

CTS has also helped write some of the nations most distinguished chapters in space history For

example it was the development site for the engine that landed the Apollo astronauts on the moon six

times Called the Lunar Module Descent Engine or LMIDE this Northrop Grumman development was

repeatedly tested in Orange County before it gently landed the Apollo astronauts on the moon for the

first time The little engine that could also rescued the Apollo 13 astronauts after their command

module was disabled by fire Without the use of the LMIDE engine which swung the astronauts back

to Earth the Apollo 13 capsule might still be careening through space

The propulsion systems that guided the Pioneer 10 and 11 spacecraft on their departure from our solar

system were developed at the site Today Northrop Grumman continues to test most of its propulsion

technologies on the site including small station-keeping thrusters that keep satellites in the proper

more
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location on orbit CTS has also been selected as the test site for the Missile Defense Agency liquid

booster engine being developed to simulate threat missile systems for upcoming missile defense testing

The large open spaces of CTS make it ideal for testing antennas used in Northrop Grumman space

communications systems The site contains five outdoor test ranges that vary in length from 500 feet to

10000 feet The ranges currently are supported by one radome white balloon-like structure that

houses and protects the antennas from inclement weather while theyre being tested The materials best

suited for antennas that must operate on satellites 22000 miles above the Earth are easily degraded by

moisture dirt etc

The material used for these radomes is transparent to radio frequency RF energy which allows the

antennas to think theyre in space free from any RF reflections The radomes placement on ridge

tops allows line-of-sight testing of various communications antennas at extremely low power levels

Test Site Keeps Environmental Concerns Foremost

The land around CTS is combination of rolling hills canyons sharp ridges and small area of fresh

water wetlands Over the years the company has used less than ten percent of the area for operations

The remaining land is carefully preserved as balanced habitat for large number of plant and animal

species many of them threatened by extinction These include the San Diego Horned Lizard the

Orange-Throated Whiptail Lizard the Cactus Wren and the Arroyo Toad More common animals are

mule deer mountain lion coyote skunk gray fox and raccoon

Northrop Grumman strives to maintain the unspoiled nature of the site The company routinely permits

the local Audobon Society to study birds in the wetland section of the test site The company has joined

with the Orange County Environmental Management Agency OCEMA to create keep out zones

selected for their environmental sensitivities Northrop Grumman has agreed not to develop these areas

without prior coordination with OCEMA

Equipment at the site is operated under licenses from variety of agencies including the South Coast Air

Quality Management District AQMD Northrop Grumman meets all local state and federal

regulations
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Altitude capability
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Sea Level
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River HA

Sedimentation/Siltation High 77 Miles 2003

Silviculture

Logging Road Construction/Maintenance

Nonpoint Source

Americano Creek Bodega HU Estero 11530012

Americano HA

Nutrients Low 38 Miles

Pasture Grazing Riparian and/or Upland

Range Grazing Riparian

Range Grazing Upland

Intensive Animal Feeding Operations

Manure Lagoons

Dairies

Big River Mendocino Coast HU Big River 11330043

ILk

Sedimentation/Siltation High 225 Miles 2003

Silviculture

Logging Road Construction/Maintenance

Road Construction

Disturbed Sites Land Develop

Nonpoint Source

Temperature Low 225 Miles

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Erosion/Siltation

Nonpoint Source

Eel River Delta Eel River HU Lower Eel 11111032

River HA

Sedimentation/Siltation Medium 426 Miles

Range Grazing Riparian and/or Upland

Silviculture

Nonpoint Source

Temperature Medium 426 Miles

Removal of Riparian Vegetation

Nonpoint Source
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14 Eel Rier Middle lurk Eel Rier HI 111711145

Middle Fork HA

Sedimentation/Siltation Medium 1071 Miles

Erosion/Siltation

Temperature Medium 1071 Miles

Removal of Riparian Vegetation

Nonpoint Source

Eel River Middle Main Fork Eel River 11141061

HU Middle Main HA

Sedimentation/Siltation Medium 674 Miles

Range Grazing Riparian

Range Grazing Upland

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Construction/Land Development

Land Development

Hydromodification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Erosion/Siltation

Temperature Medium 674 Miles

Upstream Impoundment

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Eel River North Fork Eel River HU North 11150065

Fork HA

Sedimentation/Siltation Medium 382 Miles

Silviculture

Logging Road Construction/Maintenance

Erosion/Siltation

Nonpoint Source
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Tempeniture Medium 382 Miles

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source

Eel River South Fork Eel River HU South 11131030

Fork HA

Sedimentation/Siltation Medium 943 Miles

Range Grazing Riparian and/or Upland

Silviculture

Logging Road Construction/Maintenance

Resource Extraction

Hydromodification

Flow Regulation/Modification

Removal of Riparian Vegetation

Erosion/Siltation

Nonpoint Source

Temperature Medium 943 Miles

Hydromodification

Flow Regulation/Modification

Removal of Riparian Vegetation

Erosion/Siltation

Nonpoint Source

Eel Riser Lpper Main HA Includes Tomki 11163050

Creek

Sedimentation/Siltation Medium 1141 Miles

Agriculture grazing

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Silvicultural Point Sources

Construction/Land Development

Highway/Road/Bridge Construction

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Erosion/Siltation

Page of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

.LW VI ER POTE\TI.th MDI ESI I\I.TED PROPOSED T\IDI

RECI0\TVPE \.\IE WATERSIIEI P0111 A\TISI RESSOR sot IUEs PRIORITY SIZE .FFECTEI 0\IPIE.fl0\

Ieiiipenitun \Iediuiii I-Il \Iiles

Chaimelization

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Nonpoint Source

Elk River Eureka Plain HU 11000042

Sedimentation/Siltation High 88 Miles 2003

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Erosion/Siltation

Natural Sources

Nonpoint Source

Estero Americano Bodega HU Estero 11530012

Americano HA

Nutrients Medium 199 Acres

Pasture Grazing Riparian and/or Upland

Manure Lagoons

Sedimentation/Siltation Low 199 Acres

Range Grazing Riparian

Hydromodification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Erosion/Siltation

Nonpoint Source

Freshwater Creek Eureka Plain HU 11000050

Sedimentation/Siltation High 84 Miles 2003

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Erosion/Siltation

Natural Sources

Nonpoint Source
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Temperature High 154 Miles 2002

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source

Gualala River Mendocino Coast HU 11385021

Gualala River HA

Sedimentation/Siltation High 455 Miles 2004

Specialty Crop Production

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Highway/Road/Bridge Construction

Land Development

Disturbed Sites Land Develop

Erosion/Siltation

Nonpoint Source

Temperature Low 455 Miles

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Nonpoint Source

Humboldt Bay Eureka Plain HU 11000000

PCBs Low 16075 Acres

This listing was made by USEPA

Source Unknown
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14 .JaeoI reek Eureka Phi iii HI III 111111113

Sediment Low 19 Miles

Silviculture

Road Construction

Land Development

Disturbed Sites Land Develop

Urban Runoff/Storm Sewers

Hydromodification

Chaimelization

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Sediment Resuspension

Natural Sources

Nonpoint Source

Klamath River Klamath River HU Butte 10581023

Valley HA

Nutrients Medium 265 Miles

Nonpoint Source

Temperature Medium 265 Miles

Nonpoint Source

Mamath Riser Mamath Riser HL Lost 10593011

River HA Clear Lake Boles HSAs

Nutrients Medium 601 Miles

Hydromodification

Nonpoint Source

Temperature Medium 601 Miles

Hydromodification

Dam Construction

Upstream Impoundment

Flow Regulation/Modification

Water Diversions

Agricultural Water Diversion

Nonpoint Source
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River HA Tule Lake and Mt Dome HSAs

Nutrients Medium 612 Miles

Agriculture

Specialty Crop Production

Agriculture subsurface drainage

Agriculture irrigation tailwater

Agricultural Return Flows

Water Diversions

Agricultural Water Diversion

Habitat Modification

Removal of Riparian Vegetation

Drainage/Filling Of Wetlands

Natural Sources

Nonpoint Source

Temperature Medium 612 Miles

Hydromodification

Chaimelization

Flow Regulation/Modification

Water Diversions

Agricultural Water Diversion

Habitat Modification

Removal of Riparian Vegetation

Drainage/Filling Of Wetlands

1\onpoint Source
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14 Klamath Ri ci Iclamath Ri ci III Lower 111511086

HA Klamath Glen HSA

Nutrients Medium 609 Miles

Industrial Point Sources

Major Industrial Point Source

Minor Industrial Point Source

Municipal Point Sources

Major Municipal Point Source dry and/or wet

weather discharge

Minor Municipal Point Source dry and/or wet

weather discharge

Agriculture

Irrigated Crop Production

Specialty Crop Production

Pasture Gnizing Riparian and/or Lpland

Range Grazing Riparian

Intensive Animal Feeding Operations

Agriculture storm runoff

Agriculture subsurface drainage

Agriculture irrigation tailwater

Organic Enrichment/Low Dissolved Oxygen Medium 609 Miles

Industrial Point Sources

Municipal Point Sources

Agriculture

Irrigated Crop Production

Specialty Crop Production

Range Grazing Riparian

Agriculture storm runoff

Agriculture subsurface drainage

Agriculture irrigation tailwater

Agriculture animal

Upstream Impoundment

Flow Regulation/Modification

Out of state source
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Hydromodification

Dam Construction

Upstream Impoundment

Flow Regulation/Modification

Water Diversions

Habitat Modification

Removal of Riparian Vegetation

Channel Erosion

Klamath River Klamath River HU Middle 10535053

HA Iron Gate Dam to Scott River

Nutrients Medium 548 Miles

Out of state source

onpoint/Point Source

Organic Enrichment/Low Dissolved Oxygen Medium 548 Miles

Out of state source

Nonpoint/Point Source

Temperature Medium 548 Miles

Hydromodification

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Nonpoint Source

Klamath River Klamath River HU Middle 10537022

HA Oregon to Iron Gate

Nutrients Medium 129 Miles

Industrial Point Sources

Municipal Point Sources

Agriculture

Specialty Crop Production

Agricultural Return Flows

Internal Nutrient Cycling primarily lakes

Natural Sources

Nonpoint Source
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Organic Enrichment/Low IissoI ed Ov gen Medium 129 Miles

Industrial Point Sources

Municipal Point Sources

Agriculture

Irrigated Crop Production

Specialty Crop Production

Range Grazing Riparian and/or Upland

Agriculture storm runoff

Agriculture subsurface drainage

Agriculture irrigation tailwater

Agriculture animal

Upstream Impoundment

Flow Regulation/Modification

Out of state source

Temperature Medium 129 Miles

Hydromodification

Upstream Impoundment

Flow Regulation/Modification

Nonpoint Source

Klamath River Klamath River HU Middle 10512050

HA Scott River to Trinity River

Nutrients Medium 1389 Miles

Industrial Point Sources

Municipal Point Sources

Agriculture

Agriculture storm runoff

Agriculture irrigation tailwater

Wastewater land disposal

Upstream Impoundment

Natural Sources

Nonpoint Source

Out of state source
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Organic IjlncIlmeIlt/IAw DissoI ed Ov geli \kdium 1389 \Iiles

Industrial Point Sources

Municipal Point Sources

Combined Sewer Overflow

Agriculture

Agriculture storm runoff

Agriculture irrigation tailwater

Upstream Impoundment

Flow Regulation/Modification

Out of state source

Temperature Medium 1389 Miles

Hydromodification

Chaimelization

Dam Construction

Upstream Impoundment

Flow Regulation/Modification

Water Diversions

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Natural Sources

Nonpoint Source

Klamath River Klamath River HU Salmon 10521034

River HA

Nutrients High 871 Miles 2004

Unknown Nonpoint Source

Temperature High 871 Miles 2004

Removal of Riparian Vegetation

Unknown Nonpoint Source

Laguna de Santa Rosa Russian River HU 11421020

Middle Russian River HA

Low Dissolved Oxygen Low 96 Miles

Internal Nutrient Cycling primarily lakes

Nonpoint Source

Point Source

Nitrogen Low 96 Miles

This listing was made by USEPA

Internal Nutrient Cycling primarily lakes

Nonpoint Source

Point Source
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2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Phosphorus Low 96 Miles

This listing was made by USEPA

Internal Nutrient Cycling primarily lakes

Nonpoint Source

Point Source

Sedimentation/Siltation Medium 96 Miles

Entire Russian River watershed including Laguna de Santa Rosa is listed for sedimentation

Road Construction

Land Development

Disturbed Sites Land Develop

Urban Runoff/Storm Sewers

Other Urban Runoff

Highway/Road/Bridge Runoff

Hydromodification

Chaimelization

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Erosion From Derelict Land

Highway Maintenance and Runoff

Nonpoint Source

Temperature Low 96 Miles

Entire Russian River watershed Æncluding Laguna de Santa Rosa is listed for temperature

Hydromodification

Upstream Impoundment

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source

Lake Pifisbury Eel River HU Upper Main 11163051

HA Lake Pifisbury HSA

Mercury Low 1973 Acres

Natural Sources

Mad River Mad River HL 10910011

Sedimentation/Siltation Low 654 Miles

Silviculture

Resource Extraction

Nonpoint Source
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temperature MW 65-I Miles

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Nonpoint Source

Unknown Nonpoint Source

Turbidity Low 654 Miles

Silviculture

Resource Extraction

Nonpoint Source

Mattole River Cape Mendocino HU 11230072

Mattole River HA

Sedimentation/Siltation High 503 Miles 2004

Specialty Crop Production

Range Grazing Riparian and/or Upland

Range Grazing Riparian

Silviculture

Road Construction

Hydromodification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Erosion/Siltation

Natural Sources

Temperature High 503 Miles 2004

Range Grazing Riparian and/or Upland

Silviculture

Road Construction

Habitat Modification

Removal of Riparian Vegetation

Natural Sources

Nonpoint Source

Mendocino Lake 11432060

Mercury Low 1704 Acres

Resource Extraction

Nonpoint Source
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\a
il 114 Ri ci Delta \Ieiidoejiio oast HI 113511077

Navarro River HA

Sedimentation/Siltation High 48 Acres 2004

Erosion/Siltation

Navarro River Mendocino Coast HU 11350077

Sedimentation/Siltation High 415 Miles 2004

Agriculture

Nonirrigated Crop Production

Irrigated Crop Production

Specialty Crop Production

Range Grazing Riparian and/or Upland

Range Grazing Riparian

Range Grazing Upland

Agriculture grazing

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Silvicultural Point Sources

Construction/Land Development

Highway/Road/Bridge Construction

Land Development

Disturbed Sites Land Develop

Resource Extraction

Flow Regulation/Modification

Water Diversions

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Nonpoint Source
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Temperature High -115 Miles 21111-I

Agriculture

Agricultural Return Flows

Resource Extraction

Flow Regulation/Modification

Water Diversions

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Nonpoint Source

Noyo River Mendocino Coast HU Noyo 11320010

River HA

Sedimentation/Siltation High 144 Miles 2003

Silviculture

Nonpoint Source

Redwood Creek Redwood Creek HU 10710020

Sedimentation/Siltation Medium 332 Miles

Range Grazing Riparian

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Construction/Land Development

Disturbed Sites Land Deelop

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Erosion/Siltation

Natural Sources

Temperature Low 332 Miles

Logging Road Construction/Maintenance

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Erosion/Siltation

Natural Sources

Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Russian River Russian River HU Lower 11412013

Russian River HA Austin Creek HSA

Sedimentation/Siltation Medium 81 Miles

Silviculture

Construction/Land Development

Disturbed Sites Land Develop

Dam Construction

Flow Regulation/Modification

Erosion/Siltation

Temperature Low 81 Miles

Hydromodification

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Nonpoint Source

Russian River Russian River HU Lower 11411041

Russian River HA Guernevifie HSA

Pathogens Low 195 Miles

Listing covers only the Monte Rio area of this waters hed from the confluence ofDutch Bill Creek to the confluence of

Fife Creek and Healds burg Memorial Beach from the Hwy JO crossing to the railroad crossing upstream of the Beach

Nonpoint/Point Source

Sedimentation/Siltation Medium 195 Miles

Agriculture

Irrigated Crop Production

Specialty Crop Production

Agriculture storm runoff

Agriculture grazing

Silviculture

Construction/Land Development

Highway/Road/Bridge Construction

Land Development

Hydromodification

Chaimelization

Dam Construction

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation
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temperature Mw 195 Miles

Hydromodification

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source

Russian River Russian River HU Middle 11426023

Russian River HA Big Sulphur Creek HSA

Sedimentation/Siltation Medium 85 Miles

Geothermal Development

Erosion/Siltation

Nonpoint Source

Temperature Low 85 Miles

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Nonpoint Source

Russian River Russian River HU Middle 11424034

Russian River HA Dry Creek HSA

Sedimentation/Siltation Medium 255 Miles

Agriculture

Agriculture storm runoff

Silviculture

Logging Road Construction/Maintenance

Construction/Land Development

Highway/Road/Bridge Construction

Disturbed Sites Land Develop

Hydromodification

Chaimelization

Dam Construction

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Nonpoint Source
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temperature ow 255 Miles

Hydromodification

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source

Russian River Russian River HU Middle 11425032

Russian River HA Geyserville HSA

Sedimentation/Siltation Medium 243 Miles

Agriculture

Nonirrigated Crop Production

Irrigated Crop Production

Specialty Crop Production

Range Grazing Riparian

Range Grazing Upland

Agriculture storm runoff

Agriculture grazing

Silviculture

Construction/Land Development

Geothermal Development

Disturbed Sites Land Develop

Surface Runoff

Resource Extraction

Chaimelization

Bridge Construction

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Natural Sources

Nonpoint Source

Temperature Low 243 Miles

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Nonpoint Source
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14 Russian Ri ci Russian Ri ci III \Iiddlc II $2302

Russian River HA Mark West Creek HSA

Sedimentation/Siltation Medium 99 Miles

Agriculture

Irrigated Crop Production

Specialty Crop Production

Range Grazing Riparian and/or Upland

Range Grazing Riparian

Intensive Animal Feeding Operations

Agriculture storm runoff

Agriculture grazing

Silviculture

Harvesting Restoration Residue Management

Construction/Land Development

Highway/Road/Bridge Construction

Land Development

Disturbed Sites Land Develop

Other Urban Runoff

Surface Runoff

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Temperature Low 99 Miles

Hydromodification

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source
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14 Russian Ri ci Russian Ri ci III ppci 11-13211611

Russian River HA Coyote Valley HSA

Sedimentation/Siltation Medium 171 Miles

Agriculture

Silviculture

Construction/Land Development

Hydromodification

Chaimelization

Dam Construction

Flow Regulation/Modification

Bridge Construction

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Temperature Low 171 Miles

Hydromodification

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

1\onpoint Source

Russian River Russian River HU Upper 11433040

Russian River HA Forsythe Creek HSA

Sedimentation/Siltation Medium 122 Miles

Erosion/Siltation

Nonpoint Source

Temperature Low 122 Miles

Hydromodification

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source
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14 I4ussian Ri ci I4ussian Ri ci lit ppci 114311171

Russian River HA Ukiah HSA

Sedimentation/Siltation Medium 460 Miles

Agriculture

Silviculture

Construction/Land Development

Resource Extraction

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Highway Maintenance and Runoff

Natural Sources

Temperature Low 460 Miles

Hydromodification

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source

Santa Rosa Creek Russian River HU 11422013

Middle Russian River HA

Pathogens Low 87 Miles

Nonpoint Source

Point Source
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REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Sedimentation/Siltation Medium 87 Miles

Entire Russian River watershed including Santa Rosa Creek is listed for sedimentation

Agriculture

Nonirrigated Crop Production

Irrigated Crop Production

Specialty Crop Production

Pasture Grazing Riparian and/or Upland

Range Grazing Riparian

Range Grazing Upland

Dairies

Construction/Land Development

Highway/Road/Bridge Construction

Land Development

Urban Runoff/Storm Sewers

Urban Runoff Non industrial Permitted

Other Urban Runoff

Surface Runoff

Hydromodification

Chaimelization

Bridge Construction

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Natural Sources

Nonpoint Source

Temperature Low 87 Miles

Entire Russian River watershed including Santa Rosa Creek is listed for temperature

Hydromodification

Upstream Impoundment

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source
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14 Scott Ri ci Iclamath Ri ci III Scott Ri ci 10541035

HA

Sedimentation/Siltation Medium 902 Miles

Irrigated Crop Production

Pasture Grazing Riparian and/or Upland

Silviculture

Resource Extraction

Mill Tailings

Natural Sources

Nonpoint Source

Temperature Medium 902 Miles

Irrigated Crop Production

Pasture Grazing Riparian and/or Upland

Agricultural Return Flows

Silviculture

Flow Regulation/Modification

Water Diversions

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Other

Nonpoint Source

Shasta River Klamath River HU Shasta 10550001

River HA

Organic Enrichment/Low Dissolved Oxygen Medium 630 Miles

Minor Municipal Point Source dry and/or wet

weather discharge

Agriculture storm runoff

Agriculture irrigation tailwater

Dairies

Hydromodification

Dam Construction

Flow Regulation/Modification

Habitat Modification

Temperature Medium 630 Miles

Agriculture irrigation tailwater

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Drainage/Filling Of Wetlands
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Sonoma Lake 1-12-111311

Mercury Low 2377 Acres

Resource Extraction

Nonpoint Source

Stemple Creek/Estero do San Antonio 11540010

Bodega HU Estero de San Antonio HA

Nutrients Medium 61 Miles

This pollutant was relisted for this water body by USEPA in 1998

Agriculture

Irrigated Crop Production

Pasture Grazing Riparian and/or Upland

Range Grazing Riparian

Intensive Animal Feeding Operations

Concentrated Animal Feeding Operations

permitted point source

Agriculture storm runoff

Land Development

Hydromodification

Channelization

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Natural Sources

Sediment Low 61 Miles

Agriculture

Grazing Related Sources

Land Development

Erosion/Siltation

Nonpoint Source

Ten Mile River Mendocino Coast HU 11313045

Rockport HA Ten Mile River HSA

Sedimentation/Siltation High 162 Miles 2003

Silviculture

Han esting Restoration Residue Management

Logging Road Construction/Maintenance

Temperature Low 162 Miles

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Nonpoint Source

Page 24 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

.LW VI FR POTF\TI.I MDI Fd I\I.TED PROPOSED T\IDI

RlCIONTVPI \.flhl \VATIRIIFI P0111 .YT/SI RFS0R oj RCFS PRIORI SILL .FFli FF1 O\IPI.LIIO\

14 Ifliiit Ri yr last loik Tiiiiit Ri yr III 1116-11111311

Upper HA

Sedimentation/Siltation Medium 92 Miles

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Resource Extraction

Surface Mining

Placer Mining

Mine Tailings

Hydromodification

Dam Construction

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Natural Sources

Nonpoint Source

Trinity River South Fork Trinity River 10621035

HU South Fork HA

Sedimentation/Siltation Medium 1161 Miles

Range Grazing Riparian

Silviculture

Nonpoint Source

Temperature Low 1161 Miles

Range Grazing Riparian

Water Diversions

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization
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14 Ifliiit Rner Iniiit Rner Ill Lonr 1116111134

Trinity HA

Sedimentation/Siltation Medium 1256 Miles

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Silvicultural Point Sources

Resource Extraction

Surface Mining

Mine Tailings

Hydromodification

Dam Construction

Upstream Impoundment

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Natural Sources

Trinity River Trinity River HU Middle HA 10631021

Sedimentation/Siltation Medium 331 Miles

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Silvicultural Point Sources

Resource Extraction

Placer Mining

Mine Tailings

Hydromodification

Dam Construction

Upstream Impoundment

Flow Regulation/Modification

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation
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14 Trinit Rier Triiiit Rier lit ppei hA 1116-11111113

Sedimentation/Siltation Medium 570 Miles

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Resource Extraction

Surface Mining

Placer Mining

Mine Tailings

Hydromodification

Dam Construction

Flow Regulation/Modification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Natural Sources

Nonpoint Source

Tule Lake and Lower Klamath Lake 10591020

National Wildlife Refuge Klamath River

HU
pH high Low 26998 Acres

Internal Nutrient Cycling primarily lakes

Nonpoint Source

Van Duzen River Eel River HU Van Duzen 11121012

River HA

Sedimentation/Siltation Medium 585 Miles

Range Grazing Riparian

Range Grazing Upland

Silviculture

Harvesting Restoration Residue Management

Logging Road Construction/Maintenance

Silvicultural Point Sources

Construction/Land Development

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Natural Sources
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Alameda Creek 20430051

Diazmon High 51 Miles 2004

This
listing was made by USEPA

Urban Runoff/Storm Sewers

Alamnitos Creek 20540041

Mercury Medium 7.1 Miles

TMDL will be developed as part of the Santa Clara Basin Watershed Management Initiative Additional monitoring and

assessment is needed

Mine Tailings

Arroyo Corte Madera Del Presidio 20320020

Diazmon High Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Arroyo De La Laguna 20430084

Diazmon High 7.4 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Arroyo Del Valle 20430023

Diazmon High 31 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Arroyo Las Positas 20430080

Diazmon High 14 Miles 2004

Urban Runoff/Storm Sewers

Arroyo Mocho 20430080

Diazmon High 34 Miles 2004

Urban Runoff/Storm Sewers

Butano Creek 20240031

Sedimentation/Siltation Medium 3.6 Miles

Impairment to steelhead habitat

Nonpoint Source

Calabazas Creek 20640012

Diazmon High 4.7 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers
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2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Calero Reservoir 20540031

Mercury Medium 334 Acres

TMDL will be developed as part of the Santa Clara Basin Watershed Management Initiative Additional monitoring and

needed

Surface Mining

Mine Tailings

Carquinez Strait 20710020

Chiordane Low 5657 Acres

This listing was made by USEPA

Nonpoint Source

DDT Low 5657 Acres

Nonpoint Source

Diazinon Low 5657 Acres

Du mon lvl uu wutr olurnn toxmmty Two puttrn pul throuh rvrmn ytrn lmnkd to urulturul

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer Chlorpyrifos may also be the cause of toxicity more data needec however

Nonpoint Source

Dieldrin Low 5657 Acres

This listing was made by USEPA

Nonpoint Source

Dioxin Compounds Low 5657 Acres

The specific compounds are 23 TCDD 123 PeCDD 1234 HxCDD 123 HxCDD 123 89
HxCDD 1234 HpCDD and OCDD This

listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 5657 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water

Furan Compounds Low 5657 Acres

The specific compounds are 23 TCDJ 123 PeCDF 234 PeCDJ 1234 HxCDJ 123
HxCDJ 123 89HxCDJ 234 8HxCDJ 1234 8HpCDJ 1234 9HpCDE and OCDJ This

listing

was made by USEPA

Atmospheric Deposition

Mercury High 5657 Acres 2003

Current data indicate fish consumption and wildlife consumption impacted uses Major source is historic gold mining

sediments and local mercury mining most significant ongoing source is erosion and drainage from abandoned mines

moderate to low level
inputs from point sources

Industrial Point Sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source
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2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

PCBs High 5657 Acres 2004

This listing covers non dioxin like PCBs.Interim health advisory for fish uncertainty regarding water column

concentration data

Lnkiiown onpoint Source

PCBs dioxin like Low 5657 Acres

The
specific

dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxCB 15 234455 HxCB 16 2334455 HpCB 189 This listing was made by USEPA

Unknown Nonpoint Source

Selenium Low 5657 Acres

Affected use is one branch of the food chain most sensitive indicator is hatchability in nesting diving birds significant

contri butions from oil refineries control program in place and agriculture carried downstream by rivers exotic

species may have made food chain more susceptible to accumulation of selenium health consumption advisory in effect

or scaup and scoter diving ducks low TMDL priority because Individual Control Strategy in place

Industrial Point Sources

Agriculture

Castro Cove Richmond San Pablo Basin 20660014

Dieldrin sediment Low 71 Acres

Urban Runoff/Storm Sewers

Point Source

Mercury sediment Low 71 Acres

Urban Runoff/Storm Sewers

Point Source

PAHs sediment Low 71 Acres

Lrban Runoff/Storm Sewers

Point Source

Selenium sediment Low 71 Acres

Urban Runoff/Storm Sewers

Point Source

Central Basin San Francisco part of SF 20440010

Bay Central

Chlordane Low 40 Acres

This listing was made by USEPA

Nonpoint Source

DDT Low 40 Acres

This
listing was made by USEPA

Nonpoint Source

Diazinon Low 40 Acres

Dia mon levels cause water column
toxicity

Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer Chlorpyrifos may also be the cause of toxicity more data needec however

Nonpoint Source
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2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Dieldrin Low 40 Acres

This listing was made by USEPA

Nonpoint Source

Dioxin Compounds Low 40 Acres

The specific compounds are 23 TCDD 123 PeCDD 1234 HxCDD 1236 HxCDD 123 89
HxCDD 12346 HpCDD and OCDD This

listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 40 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water

Furan Compounds Low 40 Acres

The specific compounds are 23 TCDF 123 PeCDF 234 PeCDF 1234 HxCDF 1236 HxCDF
123 89HxCDF 2346 8HxCDF 12346 8HpCDF 1234 89HpCDF and OCDF This listing was made

by USEPA

Atmospheric Deposition

Mercury High 40 Acres 2003

Current data indicate
fish consumption and

wildlife consumption impacted uses health consumption advisory in effect

for multiple fish species including striped bass and shark Major source is historic gold mining sediments and local

mercury mining most significant ongoing source is erosion and drainage from abandoned mines moderate to low level

inputs from point sources

Industrial Point Sources

Minor Industrial Point Source

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source

Mercury sediment Low 40 Acres

Urban Runoff/Storm Sewers

Point Source

PAHs sediment Low 40 Acres

Urban Runoff/Storm Sewers

Point Source

PCBs High 40 Acres 2004

This listing covers non dioxin like PCBs.Interim health advisory for fish uncertainty regarding water column

concentration data

Unknown Nonpoint Source

PCBs dioxin like Low 40 Acres

The specific dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxCB 15 234455 HxCB 16 2334455 HpCB 189 This listing was made by USEPA

Unknown Nonpoint Source
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2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Selenium Low 40 Acres

Affected use is one branch of the food chain most sensitive indicator is hatchability in nesting diving birds significant

contri butions from oil refineries control program in place and agriculture carried downstream by rivers exotic

species may have made fnnd chain mare susceptible accumulation nf selenium health cnsumptin advisory in effect

for scaup and scoter diving ducks low TMDL priority because Individual Control Strategy in place

Industrial Point Sources

Agriculture

Natural Sources

Exotic Species

Corte Madera Creek 20320011

Diazinon High 4.1 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

It Coyote Creek Mann County 20320020

Diazinon High 2.6 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Coyote Creek Santa Clara Co 20530021

Diazinon High 55 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Gaffinas Creek 20620013

Diazinon High 2.1 Miles 2004

This
listing was made by USEPA

Urban Runoff/Storm Sewers

Guadalupe Creek 20540050

Mercury Medium 8.1 Miles

TMDL will be developed as part of the Santa Clara Basin Watershed Management Initiative Additional monitoring and

assessment is needed

Mine Tailings

Guadalupe Reservoir 20540040

Mercury Medium 63 Acres

TMDL will be developed as part of the Santa Clara Basin Watershed Management Initiative Additional monitoring and

assessment is needed

Surface Mining

Mine Tailings

Guadalupe River 20540050

Diazinon High 18 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers
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2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Mercury Medium 18 Miles

TMDL will be developed as part of the Santa Clara Basin Watershed Management Initiative Additional monitoring and

assessment is needed

Mine Tailings

Islais Creek 20440010

Ammonia Low 46 Acres

Industrial Point Sources

Combined Sewer Overflow

Chiordane sediment Low 46 Acres

Industrial Point Sources

Combined Sewer Overflow

Dieldrin sediment Low 46 Acres

Industrial Point Sources

Combined Sewer Overflow

Endosulfan sulfate sediment Low 46 Acres

Industrial Point Sources

Combined Sewer Overflow

Hydrogen Sulfide Low 46 Acres

Industrial Point Sources

Combined Sewer Overflow

PAHs sediment Low 46 Acres

Industrial Point Sources

Combined Sewer Overflow

PCBs sediment Low 46 Acres

Industrial Point Sources

Combined Sewer Overflow

Lagunitas Creek 20113020

Nutrients Low 17 Miles

Tributary to Tomales Bay TMDLs will be developed as part of evolving watershed management effort Additional

monitoring and assessment needed

Agriculture

Urban Runoff/Storm Sewers

Pathogens Low 17 Miles

Iributary to Jomales Bay JMDLs will be developed as part of evolving watershed management effort Additional

monitoring and assessment needed

Agriculture

Urban Runoff/Storm Sewers
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Sedimentation/Siltation Medium 17 Miles

Tributary to Tomales Bay TMDLs will be developed as part of evolving watershed management effort Additional

monitoring and assessment needed

Agriculture

Urban Runoff/Storm Sewers

Lake Herman 20721030

Mercury Low 108 Acres

Additional monitoring and assessment needed Problem due to historical mining

Surface Mining

Lake Merced 20210010

Low Dissolved Oxygen Low 299 Acres

This listing was made by USEPA

Source Unknown

pH Low 299 Acres

This listing was made by USEPA

Source Unknown

Lake Merritt 20420040

Organic Enrichment/Low Dissolved Oxygen Low 142 Acres

This listing was made by USEPA

Source Unknown

Trash Low 142 Acres

Urban Runoff/Storm Sewers

Laurel Creek Solano Co 20440040

Diazinon High Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Ledgewood Creek 20723010

Diazinon High 12 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Los Gatos Creek R2 20540011

Diazinon High 19 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Marina Lagoon San Mateo County 20440040

High Coliform Count Low 169 Acres

Urban Runoff/Storm Sewers

Nonpoint Source
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.LW VI ER POTE\TI.th MDI ESI I\I.TED PROPOSED TsIDI

RECI0\TVPE \.flIE WATERSIIEI P0111 .YTISI RESSOR sot IUEs PRIORITY SIZE .FFECTEI 0\IPIE.fI0\

14 \Iatadero Creek 20550040

Diazinon High 7.3 Miles 2004

This
listing was made by USEPA

Urban Runoff/Storm Sewers

Miller Creek 20620012

Diazinon High Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Mission Creek 20440010

Ammonia Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Chiordane sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Chiorpyrifos sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Chromium sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Copper sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Dieldrin sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Hydrogen Sulfide Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Lead sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Mercury sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Mirex sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow
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2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

PAHs Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

PCBs sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Silver sediment Low 8.5 Acres

Industrial Point Sources

Combined Sewer Overflow

Zinc sediment Low 8.S Acres

Industrial Point Sources

Combined Sewer Overflow

Mt.DiabloCreek 20731040

Diazinon High 13 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Napa River 20650010

Nutrients Medium 65 Miles

TMDL will be developed as part of ongoing watershed management effort Additional monitoring and assessment

needed

Agriculture

Pathogens Low 65 Miles

TMDL will be developed as part of ongoing watershed management effort Additional monitoring and assessment

needed

Agriculture

Urban Runoff/Storm Sewers

Sedimentation/Siltation Medium 65 Miles

TMDL will be developed as part of ongoing watershed management effort Additional monitoring and assessment

needed

Agriculture

Construction/Land Development

Land Development

Urban Runoff/Storm Sewers

Novato Creek 20620010

Diazinon High 17 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers
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2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Oakland Inner Harbor Fruitvale Site part 20420040

of SF Bay Central

Chiordane Low 0.93 Acres

Th litirig wa made by USEPA

Nonpoint Source

Chiordane sediment Low 0.93 Acres

Source Unknown

DDT Low 0.93 Acres

This listing was made by USEPA

Nonpoint Source

Diazinon Low 0.93 Acres

Dia mon levels cause water column toxicity Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer Chlorpyrifos may also be the cause of toxicity more data needec however

Nonpoint Source

Dieldrin Low 0.93 Acres

This listing was made by USEPA

Nonpoint Source

Dioxin Compounds Low 0.93 Acres

The specfth compounds are 23 TCDD 123 PeCDD 1234 HxCDD 123 HxCDD 123 89
HxCDD 1234 HpCDD and OCDD This listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 0.93 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water

Furan Compounds Low 0.93 Acres

The specific compounds are 23 TCDJ 123 PeCDJ 234 PeCDJ 1234 HxCDJ 123 HxCDJ
123 9HxCDJ 234 8HxCDJ 12344 8HpCDJ 1234 89HpCDJ and OCDF This listing was made

by USEPA

Atmospheric Deposition

Mercury High 0.93 Acres 2003

Current data indicate
fish consumption and

wildlife consumption impacted uses health consumption advisory in effect

for multiple fish species including striped bass and shark Major source is historic gold mining sediments and local

mercury mining most significant ongoing source is erosion and drainage from abandoned mines moderate to low level

inputs from point sources

Industrial Point Sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

PCBs High 0.93 Acres 2004

This listing covers non dioxin like PCBs.Interim health advisory for fish uncertainty regarding water column

concentration data

Lnkiiown onpoint Source

PCBs dioxin like Low 0.93 Acres

The
specific

dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxCB 15 234455 HxCB 16 2334455 HpCB 189 This listing was made by USEPA

Unknown Nonpoint Source

PCBs sediment Low 0.93 Acres

Source Unknown

Selenium Low 0.93 Acres

Affected use is one branch of the food chain most sensitive indicator is hatchability in nesting diving birds significant

contri butions from oil refineries control program in place and agriculture carried downstream by rivers exotic

spis may have madfood hain more susptibl to aumulation of slnium health onsumption advisory in fft
or scaup and scoter diving ducks low TMDL priority because Individual Control Strategy in place

Industrial Point Sources

Agriculture

Natural Sources

Exotic Species

Oakland Inner Harbor Pacific Dry dock 20420040

Yard Site part of SF Bay Central

Chiordane Low 1.8 Acres

This listing was made by USEPA

Nonpoint Source

Chlordane sediment Low 1.8 Acres

Source Unknown

Chlorpyrifos sediment Low 1.8 Acres

Source Unknown

Copper sediment Low 1.8 Acres

Source Unknown

DDT Low 1.8 Acres

This listing was made by USEPA

Nonpoint Source

Diazinon Low 1.8 Acres

Dia mon levels cause water column toxicity Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer Chlorpyrifos may also be the cause of toxicity more data needec however

Nonpoint Source

Dieldrin Low 1.8 Acres

This
listing was made by USEPA

Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Dieldrin sediment Low 1.8 Acres

Source Unknown

Dioxin Compounds Low 1.8 Acres

The specific compounds are 23 TCDD 123 PeCDD 1234 HxCDD 123 HxCDD 123 89
HxCDD 1234 HpCDD and OCDD This listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 1.8 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water

Furan Compounds Low 1.8 Acres

The specific compounds are 23 TCDJ 123 PeCDJ 234 PeCDJ 1234 HxCDJ 123 HxCDJ
123 9HxCDJ 234 8HxCDJ 12344 8HpCDJ 1234 89HpCDJ and OCDF This listing was made

by USEPA

Atmospheric Deposition

Lead sediment Low 1.8 Acres

Source Unknown

Mercury High 1.8 Acres 2003

Current data indicate fish consumption and wildlife consumption impacted uses health consumption advisory in effect

for multiple fish species including striped bass and shark Major source is historic gold mining sediments and local

mercury mining most significant ongoing source is erosion and drainage from abandoned mines moderate to low level

inputs from point sources

Industrial Point Sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source

Mercury sediment Low 1.8 Acres

Source Unknown

Mirex sediment Low 1.8 Acres

Source Unknown

PAHs sediment Low 1.8 Acres

Source Unknown

PCBs High 1.8 Acres 2004

This listing covers non dioxin like PCBs.Interim health advisory for fish uncertainty regarding water column

concentration data

Unknown Nonpoint Source

PCBs dioxin like Low 1.8 Acres

The specific dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxCB 15 234455 HxCB 16 2334455 HpCB 189 This listing was made by USEPA

Unknown Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

PCBs sediment Low 1.8 Acres

Source Unknown

ppDDE sediment Low 1.8 Acres

Source Unknown

Selenium Low 1.8 Acres

Affected use is one branch of the food chain most sensitive indicator is hatchability in nesting diving birds significant

contri butions from oil
refineries control program in place and agriculture carried downstream by rivers exotic

species may have made food chain more susceptible to accumulation of selenium health consumption advisory in effect

for scaup and scoter diving ducks low TMDL priority because Individual Control Strategy in place

Industrial Point Sources

Agriculture

Natural Sources

Exotic Species

Tributyltin sediment Low 1.8 Acres

Source Unknown

Zinc sediment Low 1.8 Acres

Source Unknown

Pacific Ocean at Fitzgerald Marine Reserve 20221012

High Coliform Count Low 0.46 Miles

Nonpoint Source

Pacific Ocean at Pacifica State Beach 20221011

High Coliform Count Low 0.87 Miles

Linda Mar and San Pedro beaches are the areas affected

Urban Runoff/Storm Sewers

Nonpoint Source

Pacific Ocean at Pillar Point Beach 20221012

High Coliform Count Low 1.1 Miles

Nonpoint Source

Pacific Ocean at Rockaway Beach 20221011

High Coliform Count Low 0.29 Miles

Urban Runoff/Storm Sewers

Nonpoint Source

Pacific Ocean at Venice Beach 20222011

High Coliform Count Low 0.38 Miles

Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Permanente Creek 20550021

Diazmon High 13 Miles 2004

This
listing was made by USEPA

Urban Runoff/Storm Sewers

Pescadero Creek 20240013

Sedimentation/Siltation Medium 26 Miles

Impairment to steelhead habitat

Nonpoint Source

Petaluma River 20630020

Diazinon Low 22 Miles

Data source Abelli Amen Petaluma Tree Planters 1999

Urban Runoff/Storm Sewers

Nutrients Medium 22 Miles

TMDL will be developed as part of ongoing watershed management effort
Additional monitoring and assessment

needed

Agriculture

Construction/Land Development

Urban Runoff/Storm Sewers

Pathogens Medium 22 Miles

TMDL will be developed as part of ongoing watershed management effort Additional monitoring and assessment

needed

Agriculture

Construction/Land Development

Urban Runoff/Storm Sewers

Sedimentation/Siltation Medium 22 Miles

Agriculture

Construction/Land Development

Urban Runoff/Storm Sewers

Petaluma River tidal portion 20630040

Diazinon Low 1.1 Miles

Data source Abelli Amen Petaluma Tree Planters 1999

Urban Runoff/Storm Sewers

Nickel Low 1.1 Miles

Exceedance of California Toxic Rule dissolved criteria and National Toxic Rule total criteria elevated water and

sediment tissue levels

Municipal Point Sources

Urban Runoff/Storm Sewers

Atmospheric Deposition
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Nutrients Medium 1.1 Miles

TMDL will be developed as part of ongoing watershed management effort Additional monitoring and assessment

needed

Agriculture

Construction/Land Development

Urban Runoff/Storm Sewers

Pathogens Medium 1.1 Miles

TMDL will be developed as part of ongoing watershed management effort Additional monitoring and assessment

needed

Agriculture

Construction/Land Development

Urban Runoff/Storm Sewers

Pine Creek Contra Costa Co 20731011

Diazinon High 13 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Pinole Creek 20660020

Diazinon High 9.2 Miles 2004

This
listing was made by USEPA

Urban Runoff/Storm Sewers

Pompomo Creek 20240020

High Coliform Count Low 7.1 Miles

Nonpoint Source

Richardson Bay 20312010

Chlordane Low 2439 Acres

This listing was made by USEPA

Nonpoint Source

DDT Low 2439 Acres

This listing was made by USEPA

Nonpoint Source

Dieldrin Low 2439 Acres

This
listing was made by USEPA

Unknown Nonpoint Source

Dioxin Compounds Low 2439 Acres

The specific compounds are 23 TCDD 123 PeCDD 1234 HXCDD 1236 HxCDD 123 89
HxCDD 12346 HpCDD and OCDD This listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 2439 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Furan Compounds Low 2439 Acres

The specific compounds are 23 TCDJ 123 PeCDF 234 PeCDJ 1234 HxCDJ 123
HxCDJ 123 89HxCDJ 234 8HxCDJ 1234 8HpCDJ 1234 9HpCDJ and OCDJ This listing

was made

Atmospheric Deposition

High Coliform Count Low 2439 Acres

Affected area Waldo Point Harbor is less than 1000 of embayment source has been pos itively identified as substandard

sewage systems in some houseboat areas extensive local control program in place with significant water quality

improvements

Urban Runoff/Storm Sewers

Septage Disposal

Boat Discharges/Vessel Wastes

Mercury High 2439 Acres 2003

Current data indicate fish consumption and wildlife consumption impacted uses health consumption advisory in effect

for multiple fish species including striped bass and shark Major source is historic gold mining sediments and local

mercury mining most significant ongoing source is erosion and drainage from abandoned mines moderate to low level

inputs from point sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source

PCBs High 2439 Acres 2004

This listing covers non dioxin like PCBs Interim health advisoryforfish uncertainty regarding water column

concentration data

Unknown Nonpoint Source

PCBs dioxin like Low 2439 Acres

The specific dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxCB 15 234455 HxCB 16 2334455 HpCB 189 This listing was made by USEPA

Unknown Nonpoint Source

Rodeo Creek 20660022

Diazinon High Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Sacramento San Joaquin Delta 20710010

Chlordane Low 41736 Acres

This listing was made by USEPA

Nonpoint Source

DDT Low 41736 Acres

This listing was made by USEPA

Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Diazinon Low 41736 Acres

Dia mon levels cause water column toxicity Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer flhlrpyrifs may als he the cause ftxicity mre data needec hwever

Nonpoint Source

Dieldrin Low 41736 Acres

This
listing was made by USEPA

Nonpoint Source

Dioxin Compounds Low 41736 Acres

The specific compounds are 23 TCDD 123 PeCDD 1234 HxCDD 123 HxCDD 123 89
HxCDD 1234 HpCDD and OCDD This listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 41736 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast ater

Furan Compounds Low 41736 Acres

The
specific compounds are 23 TCDJ 123 PeCDF 234 PeCDJ 1234 HxCDJ 123

HxCDJ 123 89HxCDJ 234 8HxCDJ 1234 8HpCDJ 1234 9HpCDJ and OCDJ This listing

was made by USEPA

Atmospheric Deposition

Mercury High 41736 Acres 2003

Current data indicate fish consumption and wildlife consumption impacted uses Major source is historic gold mining

sediments and local mercury mining most significant ongoing source is erosion and drainage from abandoned mines

moderate to low level
inputs from point sources

Industrial Point Sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Nonpoint Source

Nickel Low 41736 Acres

This listing was made by USEPA

Source Unknown

PCBs High 41736 Acres 2004

This
listing covers non dioxin like PCBs.Interim health advisory for fish uncertainty regarding water column

concentration data

Unknown Nonpoint Source

PCBs dioxin like Low 41736 Acres

The
specific

dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxCB 15 234455 HxCB 16 2334455 HpCB 189 This listing was made by USEPA

Unknown Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Selenium Low 41736 Acres

Affected use is one branch of the food chain most sensitive indicator is hatchability in nesting diving birds significant

contri butions from oil refineries control program in place and agriculture carried downstream by rivers exotic

species may have made fd chain mre susceptihle accumulatin selenium health cnsumptin advisry in effect

for scaup and scoter diving ducks low TMDL priority because Individual Control Strategy in place Another source is

exotic species

Industrial Point Sources

Agriculture

Natural Sources

Exotic Species

San Antonio Creek MarinlSonoma Co 20630031

Diazmon High 18 Miles 2004

This
listing was made by USEPA

Urban Runoff/Storm Sewers

San Felipe Creek 20530041

Diazmon High 15 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

San Francisco Bay Central 20312010

Chlordane Low 70992 Acres

This listing was made by USEPA

Nonpoint Source

DDT Low 70992 Acres

This listing was made by USEPA

Nonpoint Source

Diazmon Low 70992 Acres

Dia mon levels cause water column toxicity Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer Chlorpyrifos may also be the cause of toxicity more data needec however

Nonpoint Source

Dieldrin Low 70992 Acres

This listing was made by USEPA

Nonpoint Source

Dioxin Compounds Low 70992 Acres

The specific compounds are 23 TCDD 123 PeCDD 1234 HxCDD J23 HxCDD 123 89
HxCDD J234 HpCDD and OCDD This

listing was made by USEPA

Atmospheric Deposition

Exotic Species Mediumn 70992 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Furan Compounds Low 70992 Acres

The specific compounds are 23 TCDF 123 PeCDF 234 PeCDF 1234 HxCDF 1236 HxCDF
123 89HxCDF 2346 8HxCDF 12346 8HpCDF 1234 89HpCDF and OCDF This listing was made

ly

Atmospheric Deposition

Mercury High 70992 Acres 2003

Current data indicate
fish consumption and

wildlife consumption impacted uses health consumption advisory in effect

for multiple fish species including striped bass and shark Major source is historic gold mining sediments and local

mercury mining most significant ongoing source is erosion and drainage from abandoned mines moderate to low level

inputs from point sources

Industrial Point Sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source

PCBs High 70992 Acres 2004

This listing covers non dioxin like PCBs.Interim health advisory for fish uncertainty regarding water column

concentration data

Unknown Nonpoint Source

PCBs dioxin like Low 70992 Acres

The specific dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxCB 15 234455 HxCB 16 2334455 HpCB 189 This listing was made by USEPA

Unknown Nonpoint Source

Selenium Low 70992 Acres

Affected use is one branch of the food chain most sensitive indicator is hatchability in nesting diving birds significant

contri butions from oil refineries control program in place and agriculture carried downstream by rivers exotic

species may have made food chain more susceptible to accumulation of selenium health consumption advisory in effect

for scaup and scoter diving ducks low TMDL priority because Individual Control Strategy in place

Industrial Point Sources

Agriculture

Natural Sources

Exotic Species

San Francisco Bay Lower 20410010

Chlordane Low 79293 Acres

This listing was made by USEPA

Nonpoint Source

DDT Low 79293 Acres

This
listing was made by USEPA

Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Diazinon Low 79293 Acres

Dia mon levels cause water column toxicity Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer flhlrpyrifs may als he the cause ftxicity mre data needec hwever

Nonpoint Source

Dieldrin Low 79293 Acres

This
listing was made by USEPA

Nonpoint Source

Dioxin Compounds Low 79293 Acres

The specific compounds are 23 TCDD 123 PeCDD 1234 HxCDD 123 HxCDD 123 89
HxCDD 1234 HpCDD and OCDD This listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 79293 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast ater

Furan Compounds Low 79293 Acres

The
specific compounds are 23 TCDJ 123 PeCDF 234 PeCDJ 1234 HxCDJ 123

HxCDJ 123 89HxCDJ 234 8HxCDJ 1234 8HpCDJ 1234 9HpCDJ and OCDJ This listing

was made by USEPA

Atmospheric Deposition

Mercury High 79293 Acres 2003

Current data indicate fish consumption and wildlife consumption impacted uses health consumption advisory in effect

for multiple fish species including striped bass and shark Major source is historic gold mining sediments and local

mercury mining most significant ongoing source is erosion and drainage from abandoned mines moderate to low level

inputs from point sources water quality objective exceedances Elevated sediment levels and elevated tissue levels

Industrial Point Sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source

Nickel Low 79293 Acres

This listing was made by USEPA

Source Unknown

PCBs High 79293 Acres 2004

This listing covers non dioxin like PCBs.Interim health advisory for fish uncertainty regarding water column

concentration data

Unknown Nonpoint Source

PCBs dioxin like Low 79293 Acres

The specific dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxCB 15 234455 HxCB 16 2334455 HpCB 189 This listing was made by USEPA

Unknown Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

San Francisco Bay South 20510000

Chiordane Low 21669 Acres

This
listing was made by USEPA

Nonpoint Source

DDT Low 21669 Acres

This listing was made by USEPA

Nonpoint Source

Diazmon Low 21669 Acres

Dia mon levels cause water column toxicity Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer Chlorpyrifos may also be the cause of toxicity more data needec however

Nonpoint Source

Dieldrin Low 21669 Acres

This
listing was made by USEPA

Nonpoint Source

Dioxin Compounds Low 21669 Acres

The
specific compounds are 23 TCDD 123 PeCDD 1234 HxCDD 123 HxCDD 123 89

HxCDD 1234 HpCDD and OCDD This listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 21669 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water

Furan Compounds Low 21669 Acres

The specific compounds are 23 TCDJ 123 PeCDJ 234 PeCDJ 1234 HxCDJ 123 HxCDJ
123 9HxCDJ 234 8HxCDJ 12344 8HpCDJ 1234 89HpCDJ and OCDF This listing was made

by USEPA

Atmospheric Deposition

Mercury High 21669 Acres 2003

Current data indicate
fish consumption and

wildlife consumption impacted uses health consumption advisory in effect

for multiple fish species including striped bass and shark Major source is historic gold mining sediments and local

mercury mining most significant ongoing source is erosion and drainage from abandoned mines moderate to low level

inputs from point sources water quality objective exceedances Elevated sediment level and elevated tissue levels

Industrial Point Sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source

PCBs High 21669 Acres 2004

This listing covers non dioxin like PCBs.Interim health advisory for fish uncertainty regarding water column

concentration data

Unknown Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

PCBs dioxin like Low 21669 Acres

The specific dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxB 15 234455 HxB 1s 2334455 HpCB 1Q This listing was made ly

Unknown Nonpoint Source

Selenium Low 21669 Acres

formal health advisory has been issued by OEHHA for benthic feeding ducks in South San Francisco Bay This health

advisory clearly establishes that water contact recreation beneficial use REC is not fully supported and standards are

not fully met

Agriculture

Domestic Use of Ground Water

San Francisquito Creek 20550040

Diazinon High 12 Miles 2004

This
listing was made by USEPA

Urban Runoff/Storm Sewers

Sedimentation/Siltation Medium 12 Miles

Impairment to steelhead habitat

Nonpoint Source

San Gregorio Creek 20230014

High Coliform Count Low 11 Miles

Nonpoint Source

Sedimentation/Siltation Medium 11 Miles

Impairment to steelhead habitat

Nonpoint Source

San Leandro Bay part of SF Bay Central 20420040

Chlordane Low 588 Acres

This listing was made by USEPA

Nonpoint Source

DDT Low 588 Acres

This
listing was made by USEPA

Nonpoint Source

DDT sediment Low 588 Acres

Source Unknown

Diazinon Low 588 Acres

Dia mon levels cause water column
toxicity

Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer Chlorpyrifos may also be the cause of toxicity more data needed however

Nonpoint Source

Dieldrin Low 588 Acres

This listing was made by USEPA

Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Dioxin Compounds Low 588 Acres

Atmospheric Deposition

Exotic Species Medium 588 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water

Furan Compounds Low 588 Acres

The specific compounds are 23 TCDJ 123 PeCDJ 234 PeCDJ 1234 HxCDJ 123 HxCDJ
123 9HxCDJ 234 8HxCDJ 12344 8HpCDJ 1234 89HpCDJ and OCDF This listing was made

by USEPA

Atmospheric Deposition

Lead sediment Low 588 Acres

Source Unknown

Mercury High 588 Acres 2003

Current data indicate tsh consumption and wildlife consumption impacted uses health consumption advisory in effect

for multiple fish species including striped bass and shark Major source is historic gold mining sediments and local

mercury mining most significant ongoing source is erosion and drainage from abandoned mines moderate to low level

inputs from point sources

Industrial Point Sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source

Mercury sediment Low 588 Acres

Source Unknown

PAHs sediment Low 588 Acres

Source Unknown

Pesticides sediment Low 588 Acres

Source Unknown

Selenium Low 588 Acres

Affected use is one branch of the food chain most sensitive indicator is hatchability in nesting diving birds significant

contri butions from oil refineries control program in place and agriculture carried downstream by rivers exotic

species may have made food chain more susceptible to accumulation of selenium health consumption advisory in effect

for scaup and scoter diving ducks low TMDL priority because Individual Control Strategy in place

Industrial Point Sources

Agriculture

Natural Sources

Exotic Species

Selenium sediment Low 588 Acres

Source Unknown

Zinc sediment Low 588 Acres

Source Unknown
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

San Leandro Creek Lower 20420012

Diazmon High 9.3 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

San Lorenio Creek 20420023

Diazmon High 11 Miles 2004

This
listing was made by USEPA

Urban Runoff/Storm Sewers

San Mateo Creek 20440032

Diazmon High 11 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

San Pablo Bay 20610010

Chlordane Low 68349 Acres

This listing was made by USEPA

Nonpoint Source

DDT Low 68349 Acres

Th15 li5ting wa made by USEPA

Nonpoint Source

Diazmon Low 68349 Acres

Dia mon levels cause water column toxicity Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer Chlorpyrifos may also be the cause of toxicity more data needec however

onpomt Source

Dieldrin Low 68349 Acres

This
listing was made by USEPA

Nonpoint Source

Dioxin Compounds Low 68349 Acres

The specific compounds are 23 TCDD 123 PeCDD 1234 HxCDD J23 HxCDD 123 89
HxCDD J234 HpCDD and OCDD This

listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 68349 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water

Furan Compounds Low 68349 Acres

The specific compounds are 23 TCDJ 123 PeCDF 234 PeCDJ 1234 HxCDJ J23
HxCDJ 123 89HxCDJ 234 8HxCDJ 1234 8HpCDJ 1234 9HpCDJ and OCDJ This listing

was made by USEPA

Atmospheric Deposition
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Mercury High 68349 Acres 2003

Current data indicate fish consumption and wildlife consumption impacted uses health consumption advisory in effect

or multiple fish species including striped bass and shark Major source is historic gold mining sediments and local

mercury mining mst significant nging surce is ersin and drainage frm ahandned mines mderate lw level

inputs from point sources

Municipal Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source

Nickel Low 68349 Acres

This listing was made by USEPA

Source Unknown

PCBs High 68349 Acres 2004

Th1 uvr nun diuxin l1k PCB.Intrrn hulth udviuryfurfh un.rtuinty rurdn wutr ulurnn

concentration data

Unknown Nonpoint Source

PCBs dioxin like Low 68349 Acres

The specific dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445 HxCB 15 234455 HxCB 16 2334455 HpCB 189 This listing was made by USEPA

Unknown Nonpoint Source

Selenium Low 68349 Acres

Affected use is one branch of the food chain most sensitive indicator is hatchability in nesting diving birds significant

contri butions from oil refineries control program in place and agriculture carried downstream by rivers exotic

species may have made food chain more susceptible to accumulation of selenium health consumption advisory in effect

for scaup and scoter diving ducks low TMDL priority because Individual Control Strategy in place

Industrial Point Sources

Agriculture

Natural Sources

Exotic Species

San Pablo Creek 20660014

Diazinon High 9.9 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

San Pablo Reservoir 20660012

Mercury Low 784 Acres

Atmospheric Deposition

San Pedro Creek 20221011

High Coliform Count Low 2.4 Miles

Urban Runoff/Storm Sewers

Nonpoint Source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

San Rafael Creek 20320012

Diazmon High 3.6 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

San Vicente Creek 20221012

High Coliform Count Low 3.8 Miles

Nonpoint Source

Saratoga Creek 20550040

Diazmon High 18 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers

Sonoma Creek 20640050

Nutrients Medium 30 Miles

TMDL will be developed as part of ongoing watershed management effort Additional monitoring and assessment

needed

Agriculture

Construction/Land Development

Land Development

Urban Runoff/Storm Sewers

Pathogens Low 30 Miles

TMDL will be developed as part of ongoing watershed management effort
Additional monitoring and assessment

needed

Agriculture

Construction/Land Development

Land Development

Urban Runoff/Storm Sewers

Sedimentation/Siltation Medium 30 Miles

TMDL will be developed as part of ongoing watershed management effort Additional monitoring and assessment

needed

Agriculture

Construction/Land Development

Land Development

Urban Runoff/Storm Sewers

Stevens Creek 20550020

Diazmon High 20 Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Suisun Bay 20710020

Chiordane Low 27498 Acres

This
listing was made by USEPA

Nonpoint Source

DDT Low 27498 Acres

This listing was made by USEPA

Nonpoint Source

Diazinon Low 27498 Acres

Dia mon levels cause water column toxicity Two patterns pulses through riverine systems linked to agricultural

application in late winter and pulse from residential land use areas linked to homeowner pesticide use in late spring

early summer Chlorpyrifos may also be the cause of toxicity more data needeci however

Nonpoint Source

Dieldrin Low 27498 Acres

This
listing was made by USEPA

Nonpoint Source

Dioxin Compounds Low 27498 Acres

The
specific compounds are 23 TCDD 123 PeCDD 1234 HxCDD 123 HxCDD 123 89

HxCDD 1234 HpCDD and OCDD This listing was made by USEPA

Atmospheric Deposition

Exotic Species Medium 27498 Acres

Disrupt natural benthos change pollutant availability in food chain disrupt food availability to native species

Ballast Water

Furan Compounds Low 27498 Acres

The specific compounds are 23 TCDJ 123 PeCDJ 234 PeCDJ 1234 HxCDJ 123 HxCDJ
123 9HxCDJ 234 8HxCDJ 12344 8HpCDJ 1234 89HpCDJ and OCDF This listing was made

by USEPA

Atmospheric Deposition

Mercury High 27498 Acres 2003

Current data indicate
fish consumption and

wildlife consumption impacted uses Major source is historic gold mining

sediments and local mercury mining most significant ongoing source is erosion and drainage from abandoned mines

moderate to low level
inputs from point sources

Industrial Point Sources

Resource Extraction

Atmospheric Deposition

Natural Sources

Nonpoint Source

dckel Low 27498 Acres

This listing was made by USEPA

Source Unknown

PCBs High 27498 Acres 2004

This listing covers non dioxin like PCBs Interim health advisoryforfish uncertainty regarding water column

concentration data

Unknown point source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

PCBs dioxin like Low 27498 Acres

The specific dioxin like compounds are 3445 TCB 81 3333 TCB 33445 PeCB 126 334444 HxCB

169 23344 PeCB 105 23445 PeCB 114 23445 PeCB 118 23445 PeCB 123 233445 HxCB 156
233445HxB 15 234455HxCB 1s 2334455HpCB 1Q This listing was made

Unknown Nonpoint Source

Selenium Low 27498 Acres

Affected use is one branch of the food chain most sensitive indicator is hatchability in nesting diving birds significant

contri butions from oil refineries control program in place and agriculture carried downstream by rivers exotic

species may have made food chain more susceptible to accumulation of selenium health consumption advisory in effect

or scaup and scoter diving ducks low TMDL priority because Individual Control Strategy in place

Industrial Point Sources

Natural Sources

Exotic Species

Suisun Marsh Wetlands 20723000

Metals Low 66339 Acres

Additional monitoring and assessment needed

Agriculture

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Nutrients Low 66339 Acres

Additional monitoring and assessment needed

Agriculture

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Organic Enriclunent/Low Dissolved Oxygen Low 66339 Acres

Additional monitoring and assessment needed

Agriculture

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Salinity/TDS/Chlorides Low 66339 Acres

Additional monitoring and assessment needed

Agriculture

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Suisun Slough 20723000

Diazinon High 1124 Acres 2004

This
listing was made by USEPA

Urban Runoff/Storm Sewers
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REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Tomales Bay 20114033

Mercury Medium 8545 Acres

Current data indicate
fish consumption and

wildlife consumption impacted uses health consumption advisory in effect

fo rnultiplejh pecie iricludi
rig tiped ba arid hak ouce htoc gold ni/ru rig

dirnerit arid local

mercury mining most significant ongoing source is erosion and drainage from abandoned mines moderate to low level

inputs from point sources

Mine Tailings

Nutrients Medium 8545 Acres

TMDL will be developed as part of ongoing watershed management effort Tributary streams Lagunitas Creek and

Walker Creek must be managed first Additional monitoring and assessment needed

Agriculture

Pathogens High 8545 Acres 2004

TMDL will be developed as part of ongoing watershed management effort Tributary streams Lagunitas Creek and

Walker Creek must be managed first Additional monitoring and assessment needed

Intensive Animal Feeding Operations

Septage Disposal

Sedimentation/Siltation Medium 8545 Acres

TMDL will be developed as part of ongoing watershed management effort Tributary streams Lagunitas Creek and

Walker Creek must be managed first Additional monitoring and assessment needed

Agriculture

Upstream Impoundment

Walker Creek 20112013

Mercury Medium 16 Miles

Tributary to Tomales Bay TMDLs will be developed as part of evolving watershed management effort Additional

monitoring and assessment needed

Surface Mining

Mine Tailings

Nutrients Medium 16 Miles

Tributary to Tomales Bay TMDLs will be developed as part of evolving watershed management effort Additional

monitoring and assessment needed

Agriculture

Sedimentation/Siltation Medium 16 Miles

Tributary to Tomales Bay TMDLs will be developed as part of evolving watershed management effort Additional

monitoring and assessment needed

Agriculture

Walnut Creek 20731040

Diazinon High Miles 2004

This listing was made by USEPA

Urban Runoff/Storm Sewers
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ildeat treeI 20660013

Diaziiion High 12 \Iiles 2004

IIi
listing was mac/c by USEPA

Urban Runoff/Storm Sewers

Alamo Creek 31230072

Fecal Coliform Low 5.8 Miles

Agriculture

Range Grazing Riparian and/or Upland

Natural Sources

Alisal Creek Salinas 30970093

Fecal Coliform Low 7.4 Miles

Agriculture

Urban Runoff/Storm Sewers

Natural Sources

Nonpoint Source

Nitrate Low 7.4 Miles

Source Unknown

Aptos Creek 30413023

Pathogens Medium 8.-I Miles

Impaired length tar pathogens is below Bridge Creek to the month approximately miles

Urban Runoff/Storm Sewers

Sedimentation/Siltation Low 8.4 Miles

Disturbed Sites Land De elop

Chairnel Erosion

Arroyo Burro Creek 31532010

Pathogens Low 6.1 Miles

Urban Runoff/Storm Sewers

Nonpoint Source

Atascadero Creek San Luis Obispo County 30981124

Fecal Coliform Low 5.4 Miles

Source Unknown

Low Dissolved Oxygen Low 5.4 Miles

Source Unknown
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14 Bean Creek 30412041

Sedimentation/Siltation Low 8.9 Miles

Road Construction

Disturbed Sites Land Develop

Resource Extraction

Erosion/Siltation

Nonpoint Source

Bear CreekSanta Cruz County 30412030

Sedimentation/Siltation Low 6.3 Miles

Silviculture

Road Construction

Disturbed Sites Land Develop

Erosion/Siltation

Nonpoint Source

Blanco Drain 30911010

Pesticides Medium 15 Miles

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agriculture irrigation tailwater

Agricultural Return Flows

Nonpoint Source

Blosser Channel 31210030

Fecal Coliform Low 0.02 Miles

Agriculture

Pasture Gnizing Riparian and/or Upland

Urban Runoff/Storm Sewers

Natural Sources

Boulder Creek 30412020

Sedimentation/Siltation Low 7.6 Miles

Specialty Crop Production

Silviculture

Road Construction

Disturbed Sites Land Develop

Erosion/Siltation

Nonpoint Source
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14 Brad Ie mn on reek 31211111311

Fecal Coliform Low 17 Miles

Agriculture

Pasture Gnizing Riparian and/or Upland

Urban Runoff/Storm Sewers

Natural Sources

Bradley Channel 31210030

Fecal Coliform Low 3.1 Miles

Source Unknown

Branciforte Creek 30412051

Sedimentation/Siltation Low 5.8 Miles

Silviculture

Road Construction

Nonpoint Source

Carbonera Creek 30412050

Nutrients Low 10 Miles

Nonpoint Source

Pathogens Medium 10 Miles

Urban Runoff/Storm Sewers

Nonpoint Source

Sedimentation/Siltation High 10 Miles 2002

Construction/Land Development

Nonpoint Source

Carpinteria Creek 31534020

Pathogens Low 5.8 Miles

Agriculture

Land Disposal

Septage Disposal

Carpinteria Marsh El Estero Marsh 31534020

Nutrients Low 188 Acres

Agriculture

Organic Enrichment/Low Dissolved Oxygen Low iRS Acres

Agriculture

Priority Organics Low 188 Acres

Urban Runoff/Storm Sewers
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Sedimentation/Siltatioii MW 188 Acres

Agriculture

Construction/Land Development

Storm sewers

Cholame Creek 31700053

Boron Low 8.7 Miles

Source Unknown

Fecal Coliform Low 8.7 Miles

Agriculture

Pasture Gnizing Riparian and/or Upland

Natural Sources

Nonpoint Source

Chorro Creek 31022012

Fecal Coliform Low 14 Miles

Source Unknown

Nutrients High 14 Miles 2002

Municipal Point Sources

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Sedimentation/Siltation High 14 Miles 2002

Agriculture

Irrigated Crop Production

Range Grazing Riparian and/or Upland

Range Grazing Upland

Agriculture storm runoff

Construction/Land Development

Road Construction

Resource Extraction

Hydromodification

Chaimelization

Streambank Modification/Destabilization

Channel Erosion

Erosion/siltation

Natural Sources

Golf course activities

Nonpoint Source
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14 huiiiasli reek 3111221111

Fecal Coliform Low 2.1 Miles

Source Unknown

Low Dissolved Oxygen Low 2.1 Miles

This listing was made by USEPA

Natural Sources

Gear Creek San Benito County 30550013

Mercury Medium 9.6 Miles

Resource Extraction

Corralitos Creek 30510010

Fecal Coliform Low 13 Miles

Source Unknown

Dairy Creek 31022010

Fecal Coliform Low 4.5 Miles

Source Unknown

Low Dissolved Oxygen Low 4.5 Miles

Source Unknown

Elkhorn Slough 30600014

Pathogens Low 2034 Acres

Natural Sources

Nonpoint Source

Pesticides Low 2034 Acres

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agricultural Return Flows

Erosion/Siltation

Contaminated Sediments

Nonpoint Source

Sedimentation/Siltation Low 2034 Acres

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Channel Erosion

Nonpoint Source
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14 Espinosa Slough 30911010

Nutrients Low 1.5 Miles

Agriculture

Storm sewers

Pesticides Medium 1.5 Miles

Agriculture

Urban Runoff/Storm Sewers

Priority Organics Medium 1.5 Miles

Nonpoint Source

Fall Creek 30412022

Sedimentation/Siltation Low 5.1 Miles

Road Construction

Habitat Modification

Erosion/Siltation

Nonpoint Source

Gabilan Creek 30919000

Fecal Coliform Low 6.4 Miles

Urban Runoff/Storm Sewers

Natural Sources

Nonpoint Source

Goleta Slough/Estuary 31531020

Metals Low 196 Acres

Industrial Point Sources

Pathogens Low 196 Acres

Urban Runoff/Storm Sewers

Priority Organics Low 196 Acres

Nonpoint Source

Sedimentation/Siltation Low 196 Acres

Construction/Land Development

Hernandez Reservoir 30550016

Mercury Medium 626 Acres

Surface Mining

Page 62 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Kings Creek 30412011

Sedimentation/Siltation Low 4.4 Miles

Silviculture

Road Construction

Disturbed Sites Land Develop

Erosion/Siltation

Nonpoint Source

Las Tablas Creek 30981293

Metals High 5.7 Miles 2002

Surface Mining

Las Tablas Creek North Fork 30981290

Metals High 6.5 Miles 2002

Surface Mining

Las Tablas Creek South Fork 30981290

Metals High 4.7 Miles 2002

Surface Mining

Llagas Creek 30530020

Chloride Low 16 Miles

Impaired section for Chlorides is located downstream of confluence with Miller Slough approximately mile of stream

near Southside Drive

Nonpoint Source

Point Source

Fecal Coliform Low 16 Miles

Impaired section for Fecal Coliform is located between the confluence with Church Creek and the confluence with

Pajaro River approximately 9.5 miles of stream length

Pasture Grazing Riparian and/or Upland

Natural Sources

Nonpoint Source

Low Dissolved Oxygen Low 16 Miles

This listing was made by USEPA

Municipal Point Sources

Irrigated Crop Production

Agricultural Return Flows

Habitat Modification

Page 63 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Nutrients Medium 16 Miles

Impaired section for Nutrients is located between the confluence with Church Creek and the confluence with Pajaro

River approximately 9.5 miles of stream length

Municipal Point Sources

Agriculture

Irrigated Crop Production

Pasture Grazing Riparian and/or Upland

Agriculture storm runoff

Agriculture irrigation tailwater

Agricultural Return Flows

Urban Runoff/Storm Sewers

Habitat Modification

Nonpoint Source

Unknown point source

pH Low 16 Miles

Source Unknown

Sedimentation/Siltation Medium 16 Miles

Impaired section for Sediment Siltation is located between the confluence with Church Creek and the confluence with

Pajaro River approximately 9.5 miles of stream length

Agriculture

Hydromodification

Habitat Modification

Sodium Low 16 Miles

Impaired section for Sodium is located downstream of confluence with Miller Slough approximately mile of stream

near Southside Drive

Source Unknown

Nonpoint Source

Total Dissolved Solids Low 16 Miles

Impaired section for Total Dissolved Solids is located between the confluence with Church Creek and the confluence

with Pajaro River approximately 9.5 miles of stream length

Nonpoint Source

Point Source

Lompico Creek 30412040

Nutrients Low 4.5 Miles

Septage Disposal

Pathogens Medium 4.5 Miles

Septage Disposal

Natural Sources

Nonpoint Source

Page 64 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

.LW VI ER POTE\TI.th MDI ESI I\I.TED PROPOSED T\IDI

RECI0\TVPE \flIE WATERSIIEI P0111 .YTISI RESSOR sot IUEs PRIORITY SIZE .FFECTEI 0\IPIE.fI0\

Sedimentation/Siltatioii high -1.5 \hiles 211112

Construction/Land Development

Natural Sources

Los Osos Creek 31023012

Fecal Coliform Low 9.9 Miles

Source Unknown

Low Dissolved Oxygen Low 9.9 Miles

This
listing was made by USEPA

Agriculture

Pasture Gnizing Riparian and/or Upland

Urban Runoff/Storm Sewers

Natural Sources

Nutrients High 9.9 Miles 2002

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agricultural Return Flows

Sedimentation/Siltation High 9.9 Miles 2002

Agriculture

Irrigated Crop Production

Range Grazing Riparian and/or Upland

Agriculture storm runoff

Hydromodification

Chaimelization

Dredging

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Natural Sources

Nonpoint Source

Love Creek 30412021

Sedimentation/Siltation Low 3.8 Miles

Agriculture

Silviculture

Road Construction

Disturbed Sites Land Develop

Erosion/Siltation

Nonpoint Source
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14 Main Street anal 31210030

Nitrate Low 5.1 Miles

Agriculture

Urban Runoff/Storm Sewers

Nonpoint Source

Mission Creek 31532011

Pathogens Low 8.6 Miles

Urban Runoff/Storm Sewers

Transient encampments

Unknown Toxicity Low 8.6 Miles

Urban Runoff/Storm Sewers

Monterey Bay South Coastline 30950042

Metals Low 12 Miles

Surface Mining

Pesticides Low 12 Miles

Agriculture

Monterey Harbor 30950042

Metals Medium 76 Acres

Railroad Slag Pile

Unknown Toxicity Low 76 Acres

Source Unknown

Moro Cojo Slough 30913011

Low Dissolved Oxygen Low 62 Acres

Source Unknown

Pesticides Medium 62 Acres

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agricultural Return Flows

Nonpoint Source

Sedimentation/Siltation Low 62 Acres

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Construction/Land Development

Nonpoint Source
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Morro Bay 31023012

Metals Medium 1922 Acres

Affected area is 2300 acres Open water habitat is approximately 1900 acres and delta area is approximately 400 acres

Surface Mining

Nonpoint Source

Boat Discharges/Vessel Wastes

Pathogens High 1922 Acres 2002

Affected area is 2300 acres Open water habitat is approximately 1900 acres and delta area is approximately 400 acres

Range Grazing Upland

Urban Runoff/Storm Sewers

Septage Disposal

Natural Sources

Nonpoint Source

Sedimentation/Siltation High 1922 Acres 2002

Affected area is 2300 acres Open water habitat is approximately 1900 acres and delta area is approximately 400 acres

Agriculture

Irrigated Crop Production

Construction/Land Development

Resource Extraction

Chaimelization

Channel Erosion

Moss Landing Harbor 30600014

Pathogens Low 79 Acres

Agriculture

Nonpoint Source

Boat Discharges/Vessel Wastes

Pesticides Low 79 Acres

Agriculture

Irrigated Crop Production

Specialty Crop Production

Sedimentation/Siltation Low 79 Acres

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Hydromodification

Dredging

Channel Erosion

Erosion/Siltation

Nonpoint Source
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14 \Iouiitain harlie Cukh 30-1120-10

Sedimentation/Siltation Low 3.9 Miles

Silviculture

Road Construction

Erosion/Siltation

Nonpoint Source

Nacimiento Reservoir 30982000

Metals High 5736 Acres 2003

Surface Mining

Natural Sources

Newell Creek Upper 30412031

Sedimentation/Siltation Low 3.5 Miles

Agriculture

Silviculture

Road Construction

Disturbed Sites Land Develop

Channel Erosion

Erosion/Siltation

Nonpoint Source

Nipomo Creek 31210011

Fecal Coliform Low 9.3 Miles

Agriculture

rhan Ibinoff/Stonn Sewers

Natural Sources

Old Salinas River Estuary 30911010

Fecal Coliform Low 74 Acres

Source Unknown

Low Dissolved Oxygen Low 74 Acres

Source Unknown

Nutrients Medium 74 Acres

Agriculture

Irrigated Crop Production

Agriculture irrigation tailwater

Nonpoint Source
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Pesticides \kdium 7-I Acres

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agriculture irrigation tailwater

Agricultural Return Flows

Nonpoint Source

Orcutt Solomon Creek 31210030

Boron Low 4.7 Miles

This
listing was made by USEPA

Natural Sources

Fecal Coliform Low 4.7 Miles

Agriculture

Pasture Gnizing Riparian and/or Upland

Natural Sources

Nonpoint Source

Nitrate Low 4.7 Miles

Source Unknown

Oso Flaco Creek 31210030

Fecal Coliform Low 6.3 Miles

Source Unknown

Nitrate Low 6.3 Miles

Source Unknown

Oso Flaco Lake 31210030

Nitrate Low 56 Acres

Agriculture

Nonpoint Source

Pacific Ocean at Arroyo Burro Beach 31532010

Santa Barbara County

Total Coliform Low 3.1 Miles

Source Unknown

Pacific Ocean at Carpinteria State Beach 31534020

Carpinteria Creek mouth Santa Barbara

County

Fecal Coliform Low 0.35 Miles

Source Unknown

Total Coliform Low 0.35 Miles

Source Unknown

Page 69 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

.LW VI ER POTE\TI.th MDI ESI I\I.TED PROPOSED T\IDI

RECI0\TVPE \flIE WATERSIIEI P0111 A\TISI RESSOR sot RCES PRIOIIfl SIZE .FFECTEI 0\IPI.F.110\

Pacitic Ocea
ii

at East Beach mouth ut 315321111

Mission Creek Santa Barbara County

Fecal Coliform Low 0.06 Miles

Agriculture

Urban Runoff/Storm Sewers

Natural Sources

Nonpoint Source

Unknown Nonpoint Source

Total Coliform Low 0.06 Miles

Agriculture

Urban Runoff/Storm Sewers

Nonpoint Source

Unknown Nonpoint Source

Pacific Ocean at East Beach mouth of 31532012

Sycamore Creek Santa Barbara County

Total Coliform Low 0.06 Miles

Source Unknown

Pacific Ocean at Gaviota Beach mouth of 31510031

Canada de la Gaviota Creek Santa

Barbara County

Total Coliform Low 0.06 Miles

Source Unknown

Pacific Ocean at Hammonds Beach Santa 31533010

Barbara County

Fecal Coliform Low 0.06 Miles

Source Unknown

Pacific Ocean at Hope Ranch Beach Santa 31532010

Barbara County

Fecal Coliform Low 0.06 Miles

Source Unknown

Pacific Ocean at Jalama Beach Santa 31510051

Barbara County

Fecal Coliform Low 3.3 Miles

Agriculture

Pasture Grazing Riparian and/or Upland

Natural Sources

Nonpoint Source

Page 70 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

.LW VI ER POTE\TI.th MDI ESI I\I.TED PROPOSED T\IDI

RECI0\TVPE \.flIE WATERSIIEI P0111 fl/SI RESSOR sot IUEs PRIORITY SIZE .FFECTEI 0\IPIE.fI0\

Iota OlitOflhl MW 3.3 flies

Agriculture

Pasture Gnizing Riparian and/or Upland

Natural Sources

Nonpoint Source

Pacific Ocean at Ocean Beach Santa 31410050

Barbara County

Fecal Coliform Low 0.06 Miles

Source Unknown

Total Coliform Low 0.06 Miles

Source Unknown

Pacific Ocean at Point Rincon mouth of 31534012

Rincon Cr Santa Barbara County

Fecal Coliform Low 0.06 Miles

Source Unknown

Total Coliform Low 0.06 Miles

Source Unknown

Pacific Ocean at Refugio Beach Santa 31510022

Barbara County

Total Coliform Low 0.06 Miles

Source Unknown

Pajaro River 30510030

Fecal Joilform Low 32 IVifies

Impaired length is above Llagas Creek approximately 4.5 miles

Pasture Grazing Riparian and/or Upland

Natural Sources

Nonpoint Source

Nutrients Medium 32 Miles

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agriculture subsurface drainage

Agriculture irrigation tailwater

Agricultural Return Flows

Urban Runoff/Storm Sewers

Wastewater land disposal

Chaimelization

Removal of Riparian Vegetation

Nonpoint Source
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Sediiiieiitatioii/Siltatioii \Ied ium 32 \Iiles

Agriculture

Irrigated Crop Production

Range Grazing Riparian and/or Upland

Agriculture storm runoff

Resource Extraction

Surface Mining

Hydromodification

Chaimelization

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Penniugton Creek 31022011

Fecal Coliform Low 5.3 Miles

Source Unknown

Rider Gulch Creek 30510010

Sedimentation/Siltation Medium 1.8 Miles

Agriculture

Silviculture

Construction/Land Development

Salinas Reclamation Canal 30911010

Fecal Coliform Low 5.9 Miles

Agriculture

Pasture Grazing Riparian and/or Upland

Urban Runoff/Storm Sewers

Natural Sources

Low Dissolved Oxygen Low 5.9 Miles

Source Unknown

Nitrate Low 5.9 Miles

Source Unknown

Pesticides Medium 5.9 Miles

Minor Industrial Point Source

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agriculture irrigation tailwater

Agricultural Return Flows

Nonpoint Source
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Pnont Organies Medium 5.9 Miles

Minor Industrial Point Source

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agriculture irrigation tailwater

Agricultural Return Flows

Urban Runoff/Storm Sewers

Source Unknown

Nonpoint Source

Salinas River lower estuary to near 30917000

Gonzales Rd crossing watersheds 30910

and 30920

Fecal Coliform Low 31 Miles

Source Unknown

Nutrients Medium 31 Miles

Agriculture

Pesticides Medium 31 Miles

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agriculture irrigation tailwater

Agricultural Return Flows

Nonpoint Source

Salinity/TDS/Chlorides Low 31 Miles

Agriculture

Natural Sources

Nonpoint Source

Sedimentation/Siltation Medium 31 Miles

Agriculture

Irrigated Crop Production

Range Grazing Riparian and/or Upland

Agriculture storm runoff

Road Construction

Land Development

Channel Erosion

Nonpoint Source
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14 Salinas Rier midddle near oiiiales Rd 311981177

crossing to confluence with Nacimiento

River

Pesticides Medium 72 Miles

Area affected is the lower 20 miles of the middle Salinas River

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agriculture irrigation tailwater

Agricultural Return Flows

Nonpoint Source

Salinity/TDS/Chlorides Low 72 Miles

Area affected is the lower 20 miles of the middle Salinas River

Agriculture

Natural Sources

Nonpoint Source

Sedimentation/Siltation Medium 72 Miles

Agriculture

Irrigated Crop Production

Range Grazing Riparian and/or Upland

Agriculture storm runoff

Road Construction

Land Development

Channel Erosion

Nonpoint Source

Salinas River upper confluence of 30981112

Nacimiento River to Santa Margarita

Reservoir

Chloride Low 49 Miles

Agriculture

Pasture Grazing Riparian and/or Upland

Urban Runoff/Storm Sewers

Sodium Low 49 Miles

Agriculture

Pasture Grazing Riparian and/or Upland

Urban Runoff/Storm Sewers

Salinas River Lagoon North 30911010

Nutrients Medium 197 Acres

Nonpoint Source

Pesticides Medium 197 Acres

Agriculture
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Sedimentation/Siltatioii \kdium 197 Acies

Nonpoint Source

Salinas River Refuge Lagoon South 30911010

Nutrients Medium 30 Acres

Agriculture

Pesticides Medium 30 Acres

Agriculture

Salinity/TDS/Chlorides Low 30 Acres

Agriculture

San Antonio Creek San Antonio 31300050

Watershed Rancho del las Flores Bridge at

Hwy 135 to downstream at Railroad Bridge

Boron Low 14 Miles

This listing was made by USEPA

Natural Sources

San Antonio Creek South Coast Watershed 31531011

Sedimentation/Siltation Low 6.5 Miles

Agriculture

Nonpoint Source

San Benito River 30530020

Fecal Coliform Low 86 Miles

Source Unknown

Sedimentation/Siltation Medium 86 Miles

Agriculture

Resource Extraction

Nonpoint Source

San Bernardo Creek 31022012

Fecal Coliform Low 6.9 Miles

Source Unknown

San Lorenzo Creek 30970023

Boron Low 49 Miles

Source Unknown

Fecal Coliform Low 49 Miles

Agriculture

Pasture Gnizing Riparian and/or Upland

Urban Runoff/Storm Sewers

Natural Sources
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14 San oreiiio Ri yr 30412022

Nutrients Low 27 Miles

Septage Disposal

Nonpoint Source

Pathogens Medium 27 Miles

Urban Runoff/Storm Sewers

Septage Disposal

Sedimentation/Siltation High 27 Miles 2002

Silviculture

Construction/Land Development

Land Development

Urban Runoff/Storm Sewers

San Lorenzo River Lagoon 30412053

Pathogens Medium 66 Acres

Urban Runoff/Storm Sewers

Natural Sources

San Luis Obispo Creek Below Marsh 31024012

Street

Nutrients High 9.6 Miles 2004

Municipal Point Sources

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Pathogens High 9.6 Miles 2004

Source Unknown

Priority Organics High 9.6 Miles 2002

Source Unknown

San Luisito Creek 31022011

Fecal Coliform Low 6.7 Miles

Source Unknown

Santa Maria River 31210030

Fecal Coliform Low 51 Miles

Agriculture

Pasture Gnizing Riparian and/or Upland

Urban Runoff/Storm Sewers

Natural Sources
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\itnite 1Mw 51 Miles

Agriculture

Pasture Gnizing Riparian and/or Upland

Urban Runoff/Storm Sewers

Santa Ynez River 31410050

Nutrients Low 47 Miles

Nonpoint Source

Saliuity/TDS/Chlorides Low 47 Miles

Agriculture

Sedimentation/Siltation Low 47 Miles

Agriculture

Urban Runoff/Storm Sewers

Resource Fxtraction

Schwan Lake 30412053

Nutrients Low 23 Acres

Nonpoint Source

Pathogens Medium 23 Acres

Urban Runoff/Storm Sewers

Natural Sources

Shingle Mill Creek 30412022

Nutrients Low 1.6 Miles

Septage Disposal

Sedimentation/Siltation High 1.6 Miles 2002

Construction/Land Development

Nonpoint Source

Soquel Lagoon 30413014

Nutrients Low 1.2 Acres

Septage Disposal

Nonpoint Source

Pathogens Medium 1.2 Acres

Urban Runoff/Storm Sewers

Natural Sources

Nonpoint Source

Sedimentation/Siltation Low 1.2 Acres

Construction/Land Development
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14 Temhladeio Slough 30911010

Fecal Coliform Low Miles

Agriculture

Pasture Gnizing Riparian and/or Upland

Urban Runoff/Storm Sewers

Natural Sources

Nutrients Low Miles

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agriculture irrigation tailwater

Agricultural Return Flows

Nonpoint Source

Pesticides Medium Miles

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agricultural Return Flows

Nonpoint Source

Tequisquita Slough 30530020

Fecal Coliform Low 7.2 Miles

Agriculture

Natural Sources

\onpoint Source

Valencia Creek 30413023

Pathogens Medium 6.2 Miles

Agriculture

Septage Disposal

Sedimentation/Siltation Low 6.2 Miles

Agriculture

Construction/Land Development

Waddell Creek East Branch 30411010

Nutrients Low 3.5 Miles

Municipal Point Sources

Walters Creek 31022011

Fecal Coliform Low 2.8 Miles

Source Unknown
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14 anlen reek 31023010

Fecal Coliform Low Miles

Source Unknown

Low Dissolved Oxygen Low Miles

Source Unknown

Watsonville Slough 30510030

Pathogens Medium 6.2 Miles

Urban Runoff/Storm Sewers

Source Unknown

Nonpoint Source

Pesticides Low 6.2 Miles

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Agriculture irrigation tailwater

Nonpoint Source

Sedimentation/Siltation Medium 6.2 Miles

Agriculture

Irrigated Crop Production

Agriculture storm runoff

Nonpoint Source

Zayante Creek 30412040

Sedimentation/Siltation Low 9.2 Miles

Agriculture

Silviculture

Road Construction

Disturbed Sites Land Develop

Erosion/Siltation

Nonpoint Source

Abalone Cove Beach 40511000

Beach Closures High 1.1 Miles 2002

Nonpoint Source

DDT sediment Low 1.1 Miles

Nonpoint Source

PCBs Low 1.1 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source
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Aliso Canyon Wash 40521000

Selenium High 10 Miles 2003

Nonpoint Source

Amarfflo Beach 40431000

DDT Low 0.64 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 0.64 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Arroyo Seco Reach LA River to West 40515010

Holly Ave

Algae High 5.2 Miles 2002

Nonpoint Source

High Coliform Count High 5.2 Miles 2002

Nonpoint Source

Trash Low 5.2 Miles

Nonpoint Source

Arroyo Seco Reach Figueroa St to 40515010

Riverside Dr

Algae High 4.4 Miles 2002

Nonpoint Source

High Coliform Count High 4.4 Miles 211112

Nonpoint Source

Trash Low 4.4 Miles

Nonpoint Source

Ashland Avenue Drain 40513000

High Coliform Count High 2.3 Miles 2002

Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen Low 2.3 Miles

Nonpoint Source

Toxicity Low 2.3 Miles

Nonpoint Source

Avalon Beach 40511000

Bacteria Indicators Low 0.67 Miles

Area affected is between Pier andBB restaurant between Pier andBB restaurant between storm drain and

Pier and between BB restaurant and the Tuna Club

Nonpoint/Point Source
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14 Hal loin reek 1513111111

Cadmium sediment High 6.5 Miles 2004

Nonpoint/Point Source

ChemA tissue High 6.5 Miles 2004

Source Unknown

Chiordane tissue High 6.5 Miles 2004

Nonpoint/Point Source

Copper Dissolved High 6.5 Miles 2004

Nonpoint Source

DDT tissue High 6.5 Miles 2004

Nonpoint/Point Source

Dieldrin tissue High 6.5 Miles 2004

Nonpoint/Point Source

Enteric Viruses High 6.5 Miles 2003

Nonpoint/Point Source

High Coliform Count High 6.5 Miles 2003

Nonpoint/Point Source

Lead Dissolved High 6.5 Miles 2004

Nonpoint Source

PCBs tissue High 6.5 Miles 2004

Nonpoint/Point Source

pH Low 6.5 Miles

Urban Runoff/Storm Sewers

Nonpoint Source

Sediment Toxicity High 6.5 Miles 2004

Nonpoint/Point Source

Selenium Total Low 6.5 Miles

Urban Runoff/Storm Sewers

Nonpoint Source

Silver sediment Low 6.5 Miles

Nonpoint Source

Toxicity High 6.5 Miles 2004

Nonpoint/Point Source

Zinc Dissolved Low 6.5 Miles

Urban Runoff/Storm Sewers

Nonpoint Source
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14 Hal loin reek Estua 1513111111

Chiordane tissue sediment High 2.3 Miles 2004

Nonpoint/Point Source

DDT sediment High 2.3 Miles 2004

Nonpoint/Point Source

High Coliform Count High 2.3 Miles 2003

Nonpoint/Point Source

Lead sediment High 2.3 Miles 2004

Nonpoint/Point Source

PAHs sediment Low 2.3 Miles

Nonpoint/Point Source

PCBs tissue sediment High 2.3 Miles 2004

Nonpoint/Point Source

Sediment Toxicity High 2.3 Miles 2004

Nonpoint/Point Source

Shellfish Harvesting Advisory High 2.3 Miles 2003

Nonpoint/Point Source

Zinc sediment High 2.3 Miles 2003

Nonpoint/Point Source

Ballona Creek Wetlands 40517000

Exotic Vegetation Low 289 Acres

Nonpoint Source

Habitat alterations Low 289 Acres

Nonpoint Source

Hydromodification Low 289 Acres

Nonpoint Source

Reduced Tidal Flushing Low 289 Acres

Nonpoint Source

Trash Low 289 Acres

Nonpoint Source

Bell Creek 40521000

High Coliform Count High 8.9 Miles 2002

Nonpoint/Point Source

Big Rock Beach 40431000

Beach Closures High 0.74 Miles 2002

Nonpoint Source
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111 Io 11.7-I \Iiles

mun1piun 4r ii Ii iT

Nonpoint Source

High ohtoriii oulit High 0.74 Miles 2002

Nonpoint Source

PCBs Low 0.74 Miles

Fish Consumption Aclvisoiytàr PCBs

Nonpoint Source

Bluff Cove Beach 40511000

Beach Closures High 0.55 Miles 2002

Nonpoint Source

DDT Low 0.55 Miles

Fish Consumption Aclvisoiytàr DDT

Nonpoint Source

PCBs Low 0.55 Miles

Fish Consumption Aclvisoivtàr PCBs

Nonpoint Source

Brown Barranca/Long Canyon 40321000

Nitrate and Nitrite High 2.6 Miles 2003

Nonpoint Source

Burbank Western Channel 40521000

Algae High 13 Miles 2002

unpuiiit/Puiiit
Suurce

Ammonia High 13 Miles 2002

Nonpoint/Point Source

Cadmium Low 13 1\ffles

Nonpoint/Point Source

Odors High 13 Miles 2002

Nonpoint/Point Source

Scum/Foam unnatural High 13 Miles 2002

Nonpoint/Point Source

Trash Low 13 Miles

Nonpoint/Point Source

Cabrillo Beach Imuier LA Harbor Area 40512000

Beach Closures Coliform High 0.56 Miles 2004

Nonpoint Source
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DDT Medium 0.56 Miles

Fish consumption advisory for DDT

Nonpoint Source

PCBs Medium 0.56 Miles

Fish consumption advisory for PCBs

Nonpoint Source

Cabrillo Beach Outer 40512000

Beach Closures High 0.58 Miles 2002

Nonpoint Source

DDT Low 0.58 Miles

Fish consumption advisory for DDT

Nonpoint Source

High Coliform Count High 0.58 Miles 2002

Nonpoint Source

PCBs Low 0.58 Miles

Fish consumption advisory for PCBs

Nonpoint Source

Calleguas Creek Reach was Mugu 40311000

Lagoon on 1998 303d list

Chlordane tissue Medium 344 Acres

Nonpoint Source

Copper Medium 344 Acres

Nonpoint/Point Source

DDT tissue sediment Medium 344 Acres

Nonpoint Source

Endosulfan tissue Medium 344 Acres

Nonpoint Source

Mercury Medium 344 Acres

Nonpoint/Point Source

Nickel Medium 344 Acres

Nonpoint/Point Source

Nitrogen High 344 Acres 2002

Nonpoint/Point Source

PCBs tissue Medium 344 Acres

Nonpoint/Point Source

Sediment Toxicity Medium 344 Acres

Nonpoint/Point Source
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Sedinieiitatioii/Siltatioii \Iediuiii 3-I-I Acies

Agriculture

Natural Sources

Zinc Medium 344 Acres

Nonpoint/Point Source

Calleguas Creek Reach estuary to 40312000

Potrero Rd was Calleguas Creek Reaches

and on 1998 303d list

Ammonia High 4.3 Miles 2002

Nonpoint/Point Source

ChemA tissue Medium 4.3 Miles

Historical use ofpesticides and lubricants

Nonpoint Source

Chlordane tissue Medium 4.3 Miles

Nonpoint Source

Copper Dissolved Low 4.3 Miles

Nonpoint Source

DDT Low 4.3 Miles

Nonpoint Source

DDT tissue sediment Medium 4.3 Miles

Nonpoint Source

Endosulfan tissue Medium 4.3 Miles

Nonpoint Source

Fecal Coliform Low 4.3 Miles

Area affected is at the mouth of the creek

Nonpoint/Point Source

Nitrogen High 4.3 Miles 2002

Nonpoint/Point Source

PCBs tissue Medium 4.3 Miles

Nonpoint/Point Source

Sediment Toxicity Medium 4.3 Miles

Nonpoint/Point Source

Sedimentation/Siltation Low 4.3 Miles

Agriculture

Natural Sources

Toxaphene tissue sediment Low 4.3 Miles

Nonpoint Source
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-I 14 iIIcgiias Cicek I4caeh Potrero Road 40312000

upstream to confluence with Conejo Creek

on 1998 303d
list

Chloride Medium 3.5 Miles

Nonpoint/Point Source

Nitrate and Nitrite High 3.5 Miles 2002

Nonpoint/Point Source

Sedimentation/Siltation Low 3.5 Miles

Agriculture

Natural Sources

Total Dissolved Solids High 3.5 Miles 2003

Nonpoint/Point Source

Calleguas Creek Reach was Revolon 40311000

Slough Main Branch Mugu Lagoon to

Central Avenue on 1998 303d list

Algae High 7.2 Miles 2002

Nonpoint Source

Boron Medium 7.2 Miles

This listing was made by USEPA

Nonpoint Source

ChemA tissue Medium 7.2 Miles

Historical use ofpesticides and lubricants

Nonpoint Source

Chlordane tissue sediment Medium 7.2 Miles

Nonpoint Source

Chlorpyrifos tissue Medium 7.2 Miles

Nonpoint Source

DDT tissue sediment Medium 7.2 Miles

Nonpoint Source

Dieldrin tissue Medium 7.2 Miles

Nonpoint Source

Endosulfan tissue sediment Medium 7.2 Miles

Nonpoint Source

Fecal Coliform Low 7.2 Miles

Nonpoint/Point Source

Nitrate as Nitrate N03 Low 7.2 Miles

Nonpoint/Point Source

Nitrogen High 7.2 Miles 2002

Nonpoint Source
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ils tissue Medium 7.2 Miles

Nonpoint Source

Sedimentation/Siltation Low 7.2 Miles

Agriculture

Natural Sources

Selenium Medium 7.2 Miles

Nonpoint Source

Sulfates Medium 7.2 Miles

This listing was made by USEPA

Nonpoint Source

Total Dissolved Solids Medium 7.2 Miles

This listing was made by USEPA

Nonpoint Source

Toxaphene tissue sediment Medium 7.2 Miles

Nonpoint Source

Toxicity High 7.2 Miles 2004

Nonpoint Source

Trash Low 7.2 Miles

Nonpoint Source

Calleguas Creek Reach was Beardsley 40311000

Channel on 1998 303d
list

Algae High 4.3 Miles 2002

Nonpoint Source

ChemA tissue Medium 4.3 Miles

Nonpoint Source

Chlordane tissue sediment Medium 4.3 Miles

Nonpoint Source

Chlorpyrifos tissue High 4.3 Miles 2003

Nonpoint Source

Dacthal sediment Medium 4.3 Miles

Nonpoint Source

DDT tissue sediment Medium 4.3 Miles

Nonpoint Source

Dieldrin tissue Medium 4.3 Miles

Nonpoint Source

Endosulfan tissue sediment Medium 4.3 Miles

Nonpoint Source
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\itrogeii high -4.3 Miles 211112

Nonpoint Source

PCBs tissue Medium 4.3 Miles

Nonpoint Source

Sedimentation/Siltation Low 4.3 Miles

Agriculture

Natural Sources

Toxaphene tissue sediment Medium 4.3 Miles

Nonpoint Source

Toxicity High 4.3 Miles 2004

Nonpoint Source

Trash Low 4.3 Miles

Nonpoint Source

Calleguas Creek Reach was Arroyo Las 40362000

Posas Reaches and on 1998 303d
list

Ammonia High 15 Miles 2002

Nonpoint/Point Source

Chloride Medium 15 Miles

Nonpoint/Point Source

DDT sediment Medium 15 Miles

Nonpoint Source

Fecal Coliform Low 15 Miles

Nonpoint/Point Source

Nitrate and Nitrite High 15 Miles 2002

Nonpoint/Point Source

Nitrate as Nitrate N03 High 15 Miles 2002

Nonpoint/Point Source

Sedimentation/Siltation Low 15 Miles

Agriculture

Natural Sources

Sulfates High 15 Miles 2003

Nonpoint/Point Source

Total Dissolved Solids High 15 Miles 2003

Nonpoint/Point Source

Calleguas Creek Reach was Arroyo 40367000

Simi Reaches and on 1998 303d list

Ammonia High 14 Miles 2002

Nonpoint/Point Source
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Boron ugh II Miles 2003

Nonpoint Source

Chloride Medium 14 Miles

Nonpoint Source

Fecal Coliform Low 14 Miles

Nonpoint Source

Organophosphorus Pesticides Low 14 Miles

Municipal Point Sources

Agriculture

Sedimentation/Siltation Low 14 Miles

Agriculture

Natural Sources

Sulfates High 14 Miles 2003

Nonpoint Source

Total Dissolved Solids High 14 Miles 2003

Nonpoint Source

Calleguas Creek Reach was Tapo 40366000

Canyon Reach

Boron High 7.2 Miles 2003

Nonpoint/Point Source

Chloride High 7.2 Miles 2002

Nonpoint/Point Source

Sedimentation/Siltation Low 7.2 Miles

Nonpoint Source

Sulfates High 7.2 Miles 2003

Nonpoint/Point Source

Total Dissolved Solids High 7.2 Miles 2003

Nonpoint/Point Source

Calleguas Creek Reach 9A was lower part 40312000

of Conejo Creek Reach on 1998 303d list

Algae High 1.7 Miles 2002

Nonpoint/Point Source

ChemA tissue Low 1.7 Miles

Nonpoint Source

Chlordane tissue Low 1.7 Miles

Historical use ofpesticides and lubricants

Nonpoint Source
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DDT tissue Low 1.7 Miles

Nonpoint Source

Dieldrin tissue Low 1.7 Miles

Historical use ofpesticides and lubricants

Nonpoint Source

Endosulfan tissue Low 1.7 Miles

Nonpoint Source

Fecal Coliform Low 1.7 Miles

Nonpoint/Point Source

Hexachlorocyclohexane/HCH tissue Low 1.7 Miles

Historical use ofpesticides and lubricants

Nonpoint Source

Nitrate as Nitrate NO3 Low 1.7 Miles

Nonpoint/Point Source

Nitrate as Nitrogen Low 1.7 Miles

Nonpoint/Point Source

Nitrite as Nitrogen Low 1.7 Miles

Nonpoint/Point Source

PCBs tissue Low 1.7 Miles

Historical use ofpesticides and lubricants

Nonpoint Source

Sulfates High 1.7 Miles 2003

Nonpoint/Point Source

Total Dissolved Solids High 1.7 Miles 2003

Nonpoint/Point Source

Toxaphene tissue sediment Medium 1.7 Miles

Nonpoint Source

Calleguas Creek Reach 9B was part of 40363000

Conejo Creek Reaches and on 1998

303d list

Algae High 6.2 Miles 2002

Nonpoint/Point Source

Ammonia High 6.2 Miles 2002

Nonpoint/Point Source

ChemA tissue Low 6.2 Miles

Nonpoint Source

Chloride Medium 6.2 Miles

Nonpoint/Point Source
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111 tissue Low 6.2 Miles

Nonpoint Source

Endosulfan tissue Low 6.2 Miles

Nonpoint Source

Fecal Coliform Low 6.2 Miles

Nonpoint/Point Source

Sulfates High 6.2 Miles 2003

Nonpoint/Point Source

Total Dissolved Solids High 6.2 Miles 2003

Nonpoint/Point Source

Toxaphene tissue sediment Medium 6.2 Miles

Nonpoint Source

Toxicit High 6.2 Miles 2004

Nonpoint/Point Source

Calleguas Creek Reach 10 Conejo Creek 40364000

Hill Canyon was part of Conejo Crk

Reaches and lower Conejo

CrklArroyo Conejo Fk on 1998 303d
list

Algae High Miles 2002

Nonpoint/Point Source

Ammonia High Miles 2002

Nonpoint/Point Source

ChemA tissue Medium Miles

Nonpoint Source

Chloride Medium Miles

Nonpoint/Point Source

DDT tissue Medium Miles

Nonpoint Source

Endosulfan tissue Medium Miles

Nonpoint Source

Fecal Coliform Low Miles

Nonpoint Source

Nitrite as Nitrogen Low Miles

Nonpoint/Point Source

Sulfates High Miles 2003

Nonpoint Source

Total Dissolved Solids High Miles 2003

Nonpoint/Point Source
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IoapIieiw tissue sediment %Ied ium Miles

Nonpoint Source

Toxicity High Miles 2004

Nonpoint/Point Source

Calleguas Creek Reach 11 Arroyo Santa 40365000

Rosa was part of Conejo Creek Reach on

1998 303d list

Algae High 8.7 Miles 2002

Nonpoint/Point Source

Ammonia High 8.7 Miles 2002

Nonpoint/Point Source

ChemA tissue Medium 8.7 Miles

Nonpoint Source

DDT tissue Medium 8.7 Miles

Nonpoint Source

Endosulfan tissue Medium 8.7 Miles

Nonpoint Source

Fecal Coliform Low 8.7 Miles

Nonpoint/Point Source

Sedimentation/Siltation Low 8.7 Miles

Agriculture

Natural Sources

Sulfates High 8.7 Miles 2003

Nonpoint/Point Source

Total Dissolved Solids High 8.7 Miles 2003

Nonpoint/Point Source

Toxaphene tissue sediment Medium 8.7 Miles

Nonpoint/Point Source

Toxicity High 8.7 Miles 2004

Nonpoint/Point Source

Calleguas Creek Reach 12 was Conejo 40364000

CreeklArroyo Conejo North Fork on 1998

303d list

Ammonia High 5.5 Miles 2002

Nonpoint/Point Source

Chlordane tissue Medium 5.5 Miles

Nonpoint Source
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111 tissue Medium 5.5 Miles

Nonpoint Source

Sulfates High 5.5 Miles 2003

Nonpoint/Point Source

Total Dissolved Solids High 5.5 Miles 2003

Nonpoint/Point Source

Calleguas Creek Reach 13 Conejo Creek 40368000

South Fork was Conejo Cr Reach and

part of Reach on 1998 303d list

Algae High 17 Miles 2002

Nonpoint/Point Source

Ammonia High 17 Miles 2002

Nonpoint/Point Source

ChemA tissue Medium 17 Miles

Nonpoint Source

Chloride Medium 17 Miles

Nonpoint/Point Source

DDT tissue Medium 17 Miles

Nonpoint Source

Endosulfan tissue Medium 17 Miles

Nonpoint Source

Sulfates High 17 Miles 2003

onpoint/loint Source

Total Dissolved Solids High 17 Miles 2003

Nonpoint/Point Source

Toxaphene tissue sediment Medium 17 Miles

Nonpoint Source

Toxicity High 17 Miles 2004

Nonpoint/Point Source

Canada Larga Ventura River Watershed 40210010

Fecal Coliform Low Miles

Horse stables land use cattle and wildlife may be sources

Nonpoint Source

Low Dissolved Oxygen Low Miles

Nonpoint Source

Carbon Beach 40416000

Beach Closures High 1.5 Miles 2002

Nonpoint Source
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DDT Low 1.5 Miles

Fish consumption advisory for DDT

Nonpoint Source

PCBs Low 1.5 Miles

Fish consumption advisory for PCBs

Nonpoint Source

Castlerock Beach 40513000

Bacteria Indicators Low 0.21 Miles

Nonpoint/Point Source

Beach Closures High 0.21 Miles 2002

Nonpoint Source

DDT Low 0.21 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 0.21 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Channel Islands Harbor 40311000

Lead sediment Medium 209 Acres

Nonpoint Source

Zinc sediment Medium 209 Acres

Nonpoint Source

Channel Islands Harbor Beach 40311000

Bacteria Indicators Low 0.08 Miles

Nonpoint/Point Source

Colorado Lagoon 40512000

Chlordane tissue sediment Medium 13 Acres

Nonpoint Source

DDT tissue Medium 13 Acres

Nonpoint Source

Dieldrin tissue Medium 13 Acres

Nonpoint Source

Lead sediment Medium 13 Acres

Nonpoint Source

PAHs sediment Medium 13 Acres

Nonpoint Source

PCBs tissue Medium 13 Acres

Nonpoint Source
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Stdiiiitiit I4njejt \Itdiuiii 13 Acits

Nonpoint Source

Zinc sediment Medium 13 Acres

Nonpoint Source

Compton Creek 40515010

Copper High 8.5 Miles 2003

Nonpoint/Point Source

High Coliform Count High 8.5 Miles 2002

Nonpoint/Point Source

Lead High 8.5 Miles 2003

Nonpoint/Point Source

pH High 8.5 Miles 2002

Nonpoint/Point Source

Coyote Creek 40515010

Abnormal Fish Histology Medium 13 Miles

Nonpoint/Point Source

Algae High 13 Miles 2003

Nonpoint/Point Source

Copper Dissolved Low 13 Miles

Nonpoint Source

High Coliform Count High 13 Miles 2003

Nonpoint/Point Source

Lead Dissolved Low 13 Miles

Nonpoint Source

Selenium Total Low 13 Miles

Nonpoint Source

Toxicity Medium 13 Miles

This listing was made by USEPA

Point Source

Zinc Dissolved Low 13 Miles

Nonpoint Source

Crystal Lake 40543000

Organic Enrichment/Low Dissolved Oxygen Medium 3.7 Acres

Nonpoint Source

Dan Blocker Memorial Coral Beach 40431000

High Coliform Count High 2.1 Miles 2002

Nonpoint Source
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-I Iockneilei Beach -10512000

Beach Closures High 4.6 Miles 2002

Nonpoint Source

High Coliform Count High 4.6 Miles 2002

Nonpoint Source

Dominguez Channel above Vermont 40512000

Aldrin tissue Medium 6.7 Miles

Nonpoint/Point Source

Ammonia Medium 6.7 Miles

Nonpoint/Point Source

ChemA tissue Medium 6.7 Miles

Nonpoint/Point Source

Chlordane tissue Mediwu 6.7 VIiles

Nonpoint/Point Source

Chromium sediment Medium 6.7 Miles

Nonpoint/Point Source

Copper Medium 6.7 Miles

Nonpoint/Point Source

DDT tissue sediment Medium 6.7 Miles

Nonpoint/Point Source

Dieldrin tissue Medium 6.7 Miles

Nonpoint/Point Source

High Coliform Count High 6.7 Miles 2003

Nonpoint/Point Source

Lead tissue Medium 6.7 Miles

Nonpoint/Point Source

PAHs sediment Medium 6.7 Miles

Nonpoint/Point Source

PCBs tissue Medium 6.7 Miles

Nonpoint/Point Source

Zinc sediment Low 6.7 Miles

onpoint/Point Source

Dominguez Channel Estuary to Vermont 40512000

Aldrin tissue Medium 8.3 Miles

Nonpoint/Point Source

Ammonia Medium 8.3 Miles

Nonpoint/Point Source
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Iknthie ommu nit Etiets led ium 8.3 flies

Nonpoint/Point Source

ChemA tissue Medium 8.3 Miles

Nonpoint/Point Source

Chiordane tissue Medium 8.3 Miles

Nonpoint/Point Source

Chromium sediment Medium 8.3 Miles

Nonpoint/Point Source

DDT tissue sediment Medium 8.3 Miles

Nonpoint/Point Source

Dieldrin tissue Medium 8.3 Miles

Nonpoint/Point Source

High Coliform Count High 8.3 Miles 2003

Nonpoint/Point Source

Lead tissue Medium 8.3 Miles

Nonpoint/Point Source

PAHs sediment Medium 8.3 Miles

Nonpoint/Point Source

Zinc sediment Medium 8.3 Miles

Nonpoint/Point Source

Dry Canyon Creek 40521000

Fecal Coliform Low 3.9 Miles

Urban Runoff/Storm Sewers

Natural Sources

Selenium Total Low 3.9 Miles

Nonpoint Source

Duck Pond Agricultural Drains/Mugu 40311000

Drain/Oxnard Drain No

ChemA tissue Medium 12 Miles

Nonpoint Source

Chlordane tissue Medium 12 Miles

1\onpoint Source

DDT tissue sediment Medium 12 Miles

Nonpoint Source

Nitrogen High 12 Miles 2002

Nonpoint Source
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Sediment Toieit Medium 12 Miles

Nonpoint Source

Toxaphene tissue Medium 12 Miles

Nonpoint Source

Toxicity High 12 Miles 2004

Nonpoint Source

Echo ParkLake 40515010

Algae Low 13 Acres

Nonpoint Source

Ammonia Low 13 Acres

Nonpoint Source

Copper Low 13 Acres

Nonpoint Source

Eutrophic Low 13 Acres

Nonpoint Source

Lead Low 13 Acres

Nonpoint Source

Odors Low 13 Acres

Nonpoint Source

PCBs tissue Low 13 Acres

Nonpoint Source

pH Low 13 Acres

Nonpoint Source

El Dorado Lakes 40515010

Algae Medium 35 Acres

Nonpoint Source

Ammonia Medium 35 Acres

Nonpoint Source

Copper Medium 35 Acres

Nonpoint Source

Eutrophic Medium 35 Acres

Nonpoint Source

Lead Medium 35 Acres

Nonpoint Source

Mercury tissue Medium 35 Acres

Nonpoint Source
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pH Medium 35 Acres

Nonpoint Source

Elizabeth Lake 40351000

Eutrophic Medium 123 Acres

Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen Medium 123 Acres

Nonpoint Source

pH Medium 123 Acres

Nonpoint Source

Trash Medium 123 Acres

Nonpoint Source

Escondido Beach 40434000

Beach Closures High 1.2 Miles 2002

Nonpoint Source

DDT Low 1.2 Miles

Fish consumption advisory for DDT

Nonpoint Source

PCBs Low 1.2 Miles

Fish consumption advisory for PCBs

Nonpoint Source

Flat Rock Point Beach Area 40511000

Beach Closures High 0.11 Miles 2002

Nonpoint Source

DDT Low 0.11 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 0.11 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Fox Barranca tributary to Calleguas Creek 40362000

Reach

Boron High 6.7 Miles 2003

Nonpoint Source

Nitrate and Nitrite High 6.7 Miles 2002

Nonpoint Source

Sulfates High 6.7 Miles 2003

Nonpoint Source
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Total Dissolved Solids High 6.7 Miles 2003

Nonpoint Source

Hermosa Beach 40512000

Beach Closures High Miles 2002

Nonpoint Source

Hobie Beach Channel Islands Harbor 40311000

Bacteria Indicators Low 0.06 Miles

Nonpoint/Point Source

Hopper Creek 40341000

Sulfates Low 13 Miles

Nonpoint/Point Source

Total Dissolved Solids Low 13 Miles

Nonpoint/Point Source

Inspiration Point Beach 40511000

Beach Closures High 0.14 Miles 2002

Nonpoint Source

DDT Low 0.14 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 0.14 Miles

Fish Consumption Advisroy for PCBs

Nonpoint Source

La Costa Beach 40416000

Beach Closures High 0.74 Miles 2002

Nonpoint Source

DDT Low 0.74 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 0.74 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Lake Calabasas 40521000

Ammonia Low 18 Acres

Nonpoint Source

DDT tissue Low 18 Acres

Nonpoint Source
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Lutropliie MW 18 Acres

Nonpoint Source

Odors Low 18 Acres

Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen Low 18 Acres

Nonpoint Source

pH Low 18 Acres

Nonpoint Source

Lake Hughes 40351000

Algae Medium 21 Acres

Nonpoint Source

Eutrophic Medium 21 Acres

Nonpoint Source

Fish Kills Medium 21 Acres

Nonpoint Source

Odors Medium 21 Acres

Nonpoint Source

Trash Medium 21 Acres

Nonpoint Source

Lake Lindero 40423000

Algae High 15 Acres 2002

Nonpoint Source

Chloride Low 15 Acres

Nonpoint Source

Eutrophic High 15 Acres 2002

Nonpoint Source

Odors High 15 Acres 2002

Nonpoint Source

Specific conductivity Low 15 Acres

Nonpoint Source

Trash Medium 15 Acres

Nonpoint Source

Lake Sherwood 40426000

Algae High 135 Acres 2003

Nonpoint Source

Ammonia High 135 Acres 2002

Nonpoint Source

Page 101 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

.LS VI IR porEvrI.u MI ESI I\I.v FED IROIOSED r\IDI

REIO\fVPE \.\IE w.VrERSIIED IIJJ .\TISI RESSOR MM RCES piuoRii sIZE .UFE1ED \HLEIIO\

Eutrophic Hi2Ii 135 .eres 2002

Nonpoilit Sou lee

\Ieieur tissue High 135 .eres 2004

Nonpoint Source

Or2ailie IjirieIimeiit/Lo Dissolved Oxygen High 135 .eres 2002

Nonpoint Source

Las Flores Beach 40415000

DDT Low 1.1 Miles

Fish Consumption Aclvisoiytàr DDT

Nonpoint Source

High Coliform Count High 1.1 Miles 2002

Nonpoint Source

PCBs Low 1.1 Miles

Fish Consumption Aclvisoiytàr PCBs

Nonpoint Source

Las Tunas Beach 40412000

Beach Closures High 1.2 Miles 2002

Nonpoint Source

DDT Low 1.2 Miles

Fish Consumption Aclvisoivtàr DDT

Nonpoint Source

PCBs Low 1.2 Miles

Fish flnsumptin AclvisivtrPBs

Nonpoint Source

Las Virgenes Creek 40422010

High Coliform Count High 12 Miles 2003

Nonpoint Source

Nutrients Algae High 12 Miles 2003

Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen High 12 Miles 2002

Nonpoint Source

Scum/Foam uirnatural High 12 Miles 2002

Nonpoint Source

Sedimentation/Siltation Low 12 Miles

Source Unknown

Selenium High 12 Miles 2004

Nonpoint Source
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Trash Medium 12 Miles

Nonpoint Source

Legg Lake 40531000

Ammonia Medium 25 Acres

Nonpoint Source

Copper Medium 25 Acres

Nonpoint Source

Lead Medium 25 Acres

Nonpoint Source

Odors Medium 25 Acres

Nonpoint Source

pH Medium 25 Acres

Nonpoint Source

Trash Low 25 Acres

Nonpoint Source

Leo Carfflo Beach South of County Line 40444000

Beach Closures High 1.8 Miles 2002

Nonpoint Source

High Coliform Count High 1.8 Miles 2002

Nonpoint Source

Lincoln Park Lake 40515010

Ammonia Low 3.8 Acres

Nonpoint Source

Eutrophic Low 3.8 Acres

Nonpoint Source

Lead Low 3.8 Acres

Nonpoint Source

Odors Low 3.8 Acres

Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen Low 3.8 Acres

Nonpoint Source

Lindero Creek Reach 40423000

Algae High Miles 2003

Nonpoint Source

High Coliform Count High Miles 2003

Nonpoint Source
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Scum/Foam unnatural high \hiles 211112

Nonpoint Source

Selenium High Miles 2004

Nonpoint Source

Trash Medium Miles

Nonpoint Source

Lindero Creek Reach Above Lake 40425000

Algae High 4.5 Miles 2003

Nonpoint Source

High Coliform Count High 4.5 Miles 2003

Nonpoint Source

Scum/Foam unnatural High 4.5 Miles 2002

Nonpoint Source

Selenium High 4.5 Miles 2004

Nonpoint Source

Trash Medium 4.5 Miles

Nonpoint Source

Long Beach Harbor Main Channel SE 40518000

Basin Pier Breakwater

Benthic Community Effects Medium 1076 Acres

Nonpoint Source

DDT tissue Medium 1076 Acres

Fish Consumption Advisory

Nonpoint Source

PAHs sediment Medium 1076 Acres

Nonpoint Source

PCBs tissue Medium 1076 Acres

Fish Consumption Advisory

Nonpoint Source

Sediment Toxicity Medium 1076 Acres

Nonpoint Source

Long Point Beach 40511000

DDT Low 0.7 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

High Coliform Count High 0.7 Miles 2002

Nonpoint Source
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PCBs Low 0.7 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Los Angeles Fish Harbor 40518000

DDT Medium 34 Acres

Nonpoint Source

PAHs Medium 34 Acres

Nonpoint Source

PCBs Medium 34 Acres

Nonpoint Source

Los Angeles Harbor Consolidated
Slip

40512000

Benthic Community Effects Medium 36 Acres

Nonpoint Source

Cadmium sediment Low 36 Acres

Historical use of pesticides and lubricants stormwater runoff aerial deposition and historical discharges for metals

Nonpoint Source

Chlordane tissue sediment Medium 36 Acres

Nonpoint Source

Chromium sediment Medium 36 Acres

Nonpoint Source

Copper sediment Low 36 Acres

Nonpoint Source

DDT tissue sediment Medium 36 Acres

Fish Consumption Advisory for DDI

Nonpoint Source

Dieldrin tissue Low 36 Acres

Historical use of pesticides and lubricants stormwater runoff aerial deposition and historical discharges for metals

Nonpoint Source

Lead sediment Medium 36 Acres

Nonpoint Source

Mercury sediment Low 36 Acres

Historical use of pesticides and lubricants stormwater runoff aerial deposition and historical discharges for metals

Nonpoint Source

Nickel sediment Low 36 Acres

Nonpoint Source

PAHs sediment Medium 36 Acres

Nonpoint Source
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PCBs tissue sediment Medium 36 Acres

Fish Consumption Advisory for PCBs

Nonpoint Source

Sediment Toxicity Medium 36 Acres

Nonpoint Source

Toxaphene tissue Low 36 Acres

Nonpoint Source

Zinc sediment Low 36 Acres

Historical use of pesticides and lubricants stormwater runoff aerial deposition and historical discharges for metals

Nonpoint Source

Los Angeles Harbor Inner Breakwater 40512000

DDT Medium 74 Acres

Nonpoint Source

PAHs Medium 74 Acres

Nonpoint Source

PCBs Medium 74 Acres

Nonpoint Source

Los Angeles Harbor Main Channel 40518000

Beach Closures High 279 Acres 2004

Nonpoint/Point Source

Copper tissue sediment Medium 279 Acres

Nonpoint/Point Source

DDT tissue sediment Medium 279 Acres

Fish Consumption Advisory for DDI

Nonpoint/Point Source

PAHs tissue sediment Medium 279 Acres

Nonpoint/Point Source

PCBs tissue sediment Medium 279 Acres

Fish Consumption Advisory for PCBs

Nonpoint/Point Source

Sediment Toxicity Medium 279 Acres

Nonpoint/Point Source

Zinc tissue sediment Medium 279 Acres

Nonpoint/Point Source

Los Angeles Harbor Southwest Slip 40512000

DDT Medium 63 Acres

Fish Consumption Advisory for DDI

Nonpoint Source
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PCBs Medium 63 Acres

Fish Consumption Advisory for PCBs

Nonpoint Source

Sediment Toxicity Medium 63 Acres

Nonpoint Source

Los Angeles River Estuary Queensway 40512000

Bay

Chlordane sediment Low 261 Acres

Historical use ofpesticides and lubricants

Nonpoint Source

DDT sediment Low 261 Acres

Historical use ofpesticides and lubricants

Nonpoint Source

Lead sediment Luw 261 Acres

His torical use ofpesticides and lubricants

Nonpoint Source

PCBs sediment Low 261 Acres

Historical use ofpesticides and lubricants

Nonpoint Source

Zinc sediment Low 261 Acres

Historical use ofpesticides and lubricants

Nonpoint Source

Los Angeles River Reach Estuary to 40512000

Carson Street

Aluminum Total Low 3.4 Miles

Nonpoint/Point Source

Ammonia High 3.4 Miles 2003

Nonpoint/Point Source

Cadmium Dissolved Low 3.4 Miles

Nonpoint/Point Source

Copper Dissolved High 3.4 Miles 2003

Nonpoint/Point Source

High Coliform Count High 3.4 Miles 2003

onpoint/Point Source

Lead High 3.4 Miles 2003

Nonpoint/Point Source

Nutrients Algae High 3.4 Miles 2003

Nonpoint/Point Source
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p11 high 3.4 Miles 2003

Nonpoint/Point Source

Scum/Foam unnatural High 3.4 Miles 2003

Nonpoint/Point Source

Zinc Dissolved High 3.4 Miles 2003

Nonpoint/Point Source

Los Angeles River Reach Carson to 40515010

Figueroa Street

Ammonia High 19 Miles 2003

Nonpoint/Point Source

High Coliform Count High 19 Miles 2003

Nonpoint/Point Source

Lead High 19 Miles 2003

Nonpoint/Point Source

Nutrients Algae High 19 Miles 2003

Nonpoint/Point Source

Odors High 19 Miles 2003

Nonpoint/Point Source

Oil Low 19 Miles

Nonpoint/Point Source

Scum/Foam unnatural High 19 Miles 2002

Nonpoint/Point Source

Los Angeles River Reach Figueroa St to 40521000

Riverside Dr
Ammonia High 7.9 Miles 2003

Nonpoint/Point Source

Nutrients Algae High 7.9 Miles 2003

Nonpoint/Point Source

Odors High 7.9 Miles 2003

Nonpoint/Point Source

Scum/Foam unnatural High 7.9 Miles 2003

Nonpoint/Point Source

Los Angeles River Reach Sepulveda Dr 40521000

to Sepulveda Dam
Ammonia High 11 Miles 2003

Nonpoint/Point Source

High Coliform Count High 11 Miles 2003

Nonpoint/Point Source
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Lead High II \Iiles 2003

Nonpoint/Point Source

Nutrients Algae High 11 Miles 2003

Nonpoint/Point Source

Odors High 11 Miles 2003

Nonpoint/Point Source

Scum/Foam unnatural High 11 Miles 2003

Nonpoint/Point Source

Los Angeles River Reach within 40521000

Sepulveda Basin

Ammonia High 5.4 Miles 2003

Nonpoint/Point Source

Nutrients Algae High 5.4 Miles 2003

Nonpoint/Point Source

Odors High 5.4 Miles 2003

Nonpoint/Point Source

Oil Low 5.4 Miles

Nonpoint/Point Source

Scum/Foam unnatural High 5.4 Miles 2003

Nonpoint/Point Source

Los Angeles River Reach Above 40521000

Sepulveda Flood Control Basin

Dichloroethylene/11 DCE Low Miles

Nonpoint Source

High Coliform Count High Miles 2003

Nonpoint Source

Tetrachloroethylene/PCE Low Miles

Nonpoint Source

Trichloroethylene/TCE Low Miles

Nonpoint Source

Los Cerritos Channel 40515010

Ammonia Medium 31 Acres

Nonpoint Source

Chlordane sediment Low 31 Acres

Source Unknown

Copper Medium 31 Acres

Nonpoint Source
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II i2h ui itoriii uu lit led iii in 31 .eres

Nonpoiiit Suu ice

Lead \lediuin 31 .eres

Nonpoint Source

Zinc \lediuin 31 .eres

Nonpoint Source

Lunada Bay Beach 40511000

Beach Closures Low 0.63 Miles

Nonpoint Source

Machado Lake Harbor Park Lake 40512000

Algae Low 45 Acres

Nonpoint Source

Ammonia Low 45 Acres

Nonpoint Source

ChemA tissue Medium 45 Acres

Historical use tpesticicles and lubricants

Nonpoint Source

Chlordane tissue Low 45 Acres

Fish Consumption Aclvisoiy

Nonpoint Source

DDT tissue Low 45 Acres

Fish Consumption Aclvisoiy

onpoint Source

Dieldrin tissue Low 45 Acres

Nonpoint Source

Eutrophic Low 4S Acres

Nonpoint Source

Odors Low 45 Acres

Nonpoint Source

PCBs tissue Low 45 Acres

Nonpoint Source

Trash Medium 45 Acres

Nonpoint Source

Malaga Cove Beach 40511000

Beach Closures High 0.39 Miles 2002

Nonpoint Source
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DDT Low 0.39 \Iiles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 0.39 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Malibou Lake 40424000

Algae High 40 Acres 2002

Nonpoint Source

Eutrophic High 40 Acres 2002

Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen High 40 Acres 2002

Nonpoint Source

Malibu Beach 40421000

Beach Closures High 0.77 Miles 2002

Nonpoint Source

DDT Low 0.77 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

Malibu Creek 40421000

Fish barriers Low 11 Miles

Dam Construction

High Coliform Count High 11 Miles 2003

Nonpoint/Point Source

Nutrients Algae High 11 Miles 2003

Nonpoint/Point Source

Scum/Foam unnatural High 11 Miles 2003

Nonpoint/Point Source

Sedimentation/Siltation Low 11 Miles

Source Unknown

Trash Medium 11 Miles

Nonpoint Source

Malibu Lagoon 40421000

Benthic Community Effects Low 15 Acres

Nonpoint/Point Source

Enteric Viruses High 15 Acres 2002

Nonpoint/Point Source
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Lutropliie High 15 Ants 211112

Nonpoint/Point Source

High Coliform Count High 15 Acres 2003

Nonpoint/Point Source

pH Low 15 Acres

Possible sources might be
septic systems storm drains and birds

Source Unknown

Shellfish Harvesting Advisory High 15 Acres 2002

Nonpoint/Point Source

Swimming Restrictions High 15 Acres 2002

Nonpoint/Point Source

Malibu Lagoon Beach Surfrider 40421000

Beach Closures High Miles 2002

Nonpoint Source

DDT Low Miles

Fish Consumption Advisory for DDT

Nonpoint Source

High Coliform Count High Miles 2002

Nonpoint Source

PCBs Low Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Manhattan Beach 40512000

Beach Closures High Miles 2002

Nonpoint Source

Marina del Rey Harbor Back Basins 40517000

Chlordane tissue sediment Medium 391 Acres

Nonpoint Source

Copper sediment Low 391 Acres

Nonpoint Source

DDT tissue Medium 391 Acres

Nonpoint Source

Dieldrin tissue Medium 391 Acres

Nonpoint Source

Fish Consumption Advisory Medium 391 Acres

Nonpoint Source

High Coliform Count High 391 Acres 2003

Nonpoint Source
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Lead sediment \Iedium 391 Acres

Nonpoint Source

PCBs tissue sediment Medium 391 Acres

Historical use of pesticides storm water runoff aerial deposition from urban areas Shellfish harvesting advisory for

PCBs in tissue

Nonpoint Source

Sediment Toxicity Medium 391 Acres

Nonpoint Source

Zinc sediment Medium 391 Acres

Nonpoint Source

Marina del Rey Harbor Beach 40517000

Beach Closures High 0.29 Miles 2003

Nonpoint Source

High Coliform Count High 0.29 Miles 2003

Nonpoint Source

Matifija Creek Reach Jct With Fork 40220012

to Reservoir

Fish barriers Low 0.63 Miles

Dam Construction

Matifija Creek Reach Above Reservoir 40220010

Fish barriers Low 15 Miles

Dam Construction

Matifija Reservoir 40220012

Fish barriers Low 121 Acres

Dam Construction

McCoy Canyon Creek 40521000

Fecal Coliform Low Miles

Nonpoint Source

Nitrate Low Miles

Nonpoint Source

Nitrate as Nitrogen Low Miles

Urban Runoff/Storm Sewers

Natural Sources

Selenium Total Low Miles

Urban Runoff/Storm Sewers

Natural Sources

Page 113 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

McGrath Beach 40311000

High Coliform Count High 1.5 Miles 2003

Nonpoint Source

McGrath Lake 40311000

Chiordane sediment Medium 20 Acres

Nonpoint Source

DDT sediment Medium 20 Acres

Nonpoint Source

Dieldrin sediment Low 20 Acres

Historical use ofpesticides and lubricants storm water runoff aerial deposition from agriculturalfields

Nonpoint Source

Fecal Coliform Low 20 Acres

Agriculture

Landfills

Natural Sources

PCBs sediment Low 20 Acres

Historical use ofpesticides and lubricants storm water runoff aerial deposition from agriculturalfields

Nonpoint Source

Sediment Toxicity Medium 20 Acres

Nonpoint Source

Medea Creek Reach Lake to Confi with 40424000

Lindero

Algae High 2.6 Miles 2003

Nonpoint Source

High Coliform Count High 2.6 Miles 2003

Nonpoint Source

Sedimentation/Siltation Low 2.6 Miles

Source Unknown

Selenium High 2.6 Miles 2004

Nonpoint Source

Trash Medium 2.6 Miles

Nonpoint Source

Medea Creek Reach Abv Confi with 40423000

Lindero

Algae High 5.4 Miles 2003

Nonpoint Source

High Coliform Count High 5.4 Miles 2003

Nonpoint Source
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Soil ICC iiIiio ii

Seleiiiuin High 5.4 \Iiles 2004

Nonpoint Source

Trash Medium 5.4 \liles

Nonpoint Source

Mint Canyon Creek Reach Confi to 40351000

Rowler Cvii

Nitrate and Nitrite High 8.1 Miles 2003

Nonpoint Source

Monrovia Canyon Creek 40531000

Lead High 3.4 Miles 2003

Nonpoint Source

Munz Lake 40351000

Eutrophic Medium 6.6 Acres

Nonpoint Source

Trash Medium 6.6 Acres

Nonpoint Source

Nicholas Canyon Beach 40444000

Beach Closures High 1.7 Miles 2002

Nonpoint Source

DDT Low 1.7 Miles

Fish Consumption Aclvzsoiytàr DDT

Nonpoint Source

PCBs Low 1.7 Miles

Fish Consumption Advisoiytàr PCBs

Nonpoint Source

Ormond Beach 40311000

Bacteria Indicators Low 1.6 Miles

The areas aftcted are 50 yard area north of Oxnardlndustrza/Drazn ajida 50 yard area south of Street drain

Nonpoint/Point Source

Palo Comado Creek 40423000

High Coliform Count High 6.8 Miles 2003

Nonpoint Source

Palo Verde Shoreline Park Beach 40511000

Pathogens High 0.24 Miles 2002

Source Unknown
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Pesticides Low 0.2-I Miles

Source Unknown

Paradise Cove Beach 40435000

Beach Closures High 1.7 Miles 2002

Nonpoint Source

DDT Low 1.7 Miles

Fish consumption advisory for DDT

Nonpoint Source

High Coliform Count High 1.7 Miles 2002

Nonpoint Source

PCBs Low 1.7 Miles

Fish consumption advisory for PCBs

Nonpoint Source

Peck Road Park Lake 40531000

Chlordane tissue Low 103 Acres

Nonpoint Source

DDT tissue Low 103 Acres

Nonpoint Source

Lead Low 103 Acres

Nonpoint Source

Odors Low 103 Acres

Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen Low 103 Acres

Nonpoint Source

Peninsula Beach 40311000

Bacteria Indicators Low 0.2 Miles

Area affected is beach area north of South Jetty

Nonpoint/Point Source

Pico Kenter Drain 40513000

Ammonia Low Miles

Nonpoint Source

Copper Medium Miles

Nonpoint Source

Enteric Viruses High Miles 2002

Nonpoint Source

High Coliform Count High Miles 2002

Nonpoint Source
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Nonpoilit Sou ice

I.Hs Low \Iiles

Nonpoint Source

Toxicity Medium \liles

Nonpoint Source

Trash Low \liles

Nonpoint Source

Piru Creek tributary to Santa River Reach 40342000

pH Low 63 Miles

Nonpoint Source

Conservation Dishcarge Releases

Point Dume Beach 40435000

Beach Closures High 2.5 Miles 2002

Nonpoint Source

DDT Low 2.5 Miles

Fish consumption aclvisorvtr DDT

Nonpoint Source

PCBs Low 2.5 Miles

Fish consumtiion aclvisoivtàrPCBs

Nonpoint Source

Point Fermin Park Beach 40512000

Beach Closures High 1.6 Miles 2002

Nonpoint Source

DDT Low 1.6 Miles

Fish consumption aclvisorvtàr DDT

Nonpoint Source

PCBs Low 1.6 Miles

Fish consumption aclvisoivtàr PCBs

Nonpoint Source

Point Vicente Beach 40511000

Beach Closures High 0.63 Miles 2002

Nonpoint Source

Pole Creek trib to Santa Clara River 40331000

Reach

Sulfates Low Miles

Nonpoint Source
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Total Dissolved Solids Low Miles

Nonpoint Source

Port Hueneme Harbor Back Bain 40311000

DDT tissue Medium 65 Acres

Nonpoint Source

PCBs tissue Medium 65 Acres

Nonpoint Source

Portugese Bend Beach 40511000

Beach Closures High 1.4 Miles 2002

Nonpoint Source

DDT Low 1.4 Miles

Fish Consumption Advisory for DDI

Nonpoint Source

PCBs Low 1.4 Miles

Fish Consumption Advisory for PCB

Nonpoint Source

Promenade Park Beach 40210000

Bacteria Indicators Low 0.37 Miles

Area affected is at Oak Street Redwood Apartments and south of drain at California Street

Nonpoint/Point Source

Puddingstone Reservoir 40552000

Chlordane tissue Medium 243 Acres

Nonpoint Source

DDT tissue Medium 243 Acres

Nonpoint Source

Mercury tissue Medium 243 Acres

Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen Low 243 Acres

Nonpoint Source

PCBs tissue Low 243 Acres

Nonpoint Source

Puerco Beach 40431000

Beach Closures High 0.5 Miles 2002

Nonpoint Source

DDT Low 0.5 Miles

Fish Consumption Advisory for DDI

Nonpoint Source
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PCBs Low 0.5 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Redondo Beach 40512000

Beach Closures High 1.5 Miles 2002

Nonpoint Source

DDT Low 1.5 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

High Coliform Count High 1.5 Miles 2002

Nonpoint Source

PCBs Low 1.5 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Resort Point Beach 40511000

Beach Closures High 0.15 Miles 2002

Nonpoint Source

Rincon Beach 40100010

Bacteria Indicators Low 0.09 Miles

Area affected is 50 and 150 yards south of mouth of Rincon Creek and at the end of the footpath

Nonpoint/Point Source

Rio De Santa ClaralOxnard Drain No 40311000

ChemA tissue Medium 1.9 Miles

Nonpoint Source

Chlordane tissue Medium 1.9 Miles

Nonpoint Source

DDT tissue Medium 1.9 Miles

Nonpoint Source

Nitrogen High 1.9 Miles 2002

Nonpoint Source

PCBs tissue Medium 1.9 Miles

Nonpoint Source

Sediment Toxicity Medium 1.9 Miles

Nonpoint Source

Toxaphene tissue Medium 1.9 Miles

Nonpoint Source
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Rio Hondo Reach Confi LA River to Snt 40515010

Ana Fwy

Copper High 4.6 Miles 2003

Nonpoint/Point Source

High Coliform Count High 4.6 Miles 2002

Nonpoint/Point Source

Lead High 4.6 Miles 2003

Nonpoint/Point Source

pH High 4.6 Miles 2002

Nonpoint/Point Source

Trash Low 4.6 Miles

Nonpoint/Point Source

Zinc High 4.6 Miles 2003

Nonpoint/Point Source

Rio Hondo Reach At Spreading Grounds 40515010

High Coliform Count High 4.9 Miles 2002

Nonpoint/Point Source

Robert Meyer Memorial Beach 40441000

Beach Closures High 1.2 Miles 2002

Nonpoint Source

DDT Low 1.2 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 1.2 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Rocky Point Beach 40511000

Beach Closures High 0.49 Miles 2002

Nonpoint Source

Royal Palms Beach 40511000

Beach Closures High 1.1 Miles 2002

Nonpoint Source

DDT Low 1.1 Miles

Fish consumption advisory for DDT

Nonpoint Source

PCBs Low 1.1 Miles

Fish consumption advisory for PCBs

Nonpoint Source
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San Antonio Creek Tributary to Ventura 40220023

River Reach

Nitrogen Low 9.8 Miles

Nonpoint Source

San Buenaventure Beach 40210000

Bacteria Indicators Low 0.3 Miles

Area affected is south of drain atKalorama Street and south of drain at San Jon Road

Nonpoint/Point Source

San Gabriel River Estuary 40516000

Abnormal Fish Histology Medium 3.4 Miles

Nonpoint/Point Source

San Gabriel River Reach Estuary to 40515010

Firestone

Abnormal Fish Histology Medium 6.4 Miles

Nonpoint/Point Source

Algae High 6.4 Miles 2003

Nonpoint/Point Source

High Coliform Count High 6.4 Miles 2003

Nonpoint/Point Source

Toxicity Medium 6.4 Miles

This listing was made by USEPA

Point Source

San Gabriel River Reach Firestone to 40515010

Whittier Narrows Dam

Copper Dissolved Low 12 Miles

Nonpoint Source

High Coliform Count High 12 Miles 2003

Nonpoint/Point Source

Lead Medium 12 Miles

Nonpoint/Point Source

Zinc Dissolved Low 12 Miles

Nonpoint Source

San Gabriel River Reach Whittier 40531000

Narrows to Ramona

Toxicity Medium 7.2 Miles

This listing was made by USEPA

Point Source
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-I Saii .Jost ietk Reach St oiitlueiice to -40531111111

rI1IpIC St

.I2ae Low 2.7 \Iiks

Nonpoint/Point Source

High Coliform Count Low 2.7 liks

Nonpoint/Point Source

San Jose Creek Reach Temple to 10 at 40531000

White Ave

Algae High 17 Miles 2003

Nonpoint/Point Source

High Coliform Count High 17 Miles 2003

Nonpoint/Point Source

San Pedro Bay Near/Off Shore Zones 40512000

Chromium sediment Low 5758 Acres

Nonpoint/Point Source

Copper sediment Low 5758 Acres

Nonpoint/Point Source

DDT tissue sediment Medium 5758 Acres

Fish Consumption Aclvisoiytàr DDT

Nonpoint/Point Source

PAHs sediment Medium 5758 Acres

Nonpoint/Point Source

PCBs Medium 5758 Acres

Fish consumption aclvisoivtàr PCBs

Nonpoint/Point Source

Sediment Toxicity Medium 5758 Acres

Nonpoint/Point Source

Zinc sediment Low 5758 Acres

Nonpoint/Point Source

Santa Clara River Estuary 40311000

ChemA Medium 49 Acres

Source Unknown

High Coliform Count Medium 49 Acres

Nonpoint Source

Toxaphene Medium 49 Acres

Nonpoint Source
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-I 14 Santa bra Rier Reach Freeman 411321111111

Diversion to Street

Ammonia High 31 Miles 2003

Nonpoint/Point Source

Chloride High 31 Miles 2002

Nonpoint/Point Source

Total Dissolved Solids Low 31 Miles

Nonpoint/Point Source

Santa Clara River Reach Blue Cut to 40351000

West Pier Hwy 99 Bridge

Chloride High 9.4 Miles 2002

Chloride was relisted by USEPA

Nonpoint/Point Source

High Coliform Count Medium 9.4 Miles

Nonpoint/Point Source

Nitrate and Nitrite Low 9.4 Miles

Nonpoint/Point Source

Santa Clara River Reach Pier Hwy 99 40351000

to Bouquet Cyn Rd
Chloride High 5.2 Miles 2002

Chloride was relisted by USEPA

Nonpoint/Point Source

High Coliform Count Medium 5.2 Miles

Nonpoint/Point Source

Santa Clara River Reach Bouquet 40351000

Canyon Rd to above Lang Gaging Station

High Coliform Count Medium 21 Miles

Nonpoint/Point Source

Santa Fe Dam Park Lake 40531000

Copper Medium 20 Acres

Nonpoint Source

Lead Medium 20 Acres

Nonpoint Source

pH Medium 20 Acres

Nonpoint Source

Santa Monica Bay Offshore/Nearshore 40513000

Chlordane sediment Medium 146645 Acres

Nonpoint/Point Source
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111 tissue sediment Low 146645 Acres

Centered on Palos Verdes Shelf

Nonpoint/Point Source

Debris Low 146645 Acres

Nonpoint/Point Source

Fish Consumption Advisory Low 146645 Acres

Nonpoint/Point Source

PAHs sediment Low 146645 Acres

Nonpoint/Point Source

PCBs tissue sediment Low 146645 Acres

Nonpoint/Point Source

Sediment Toxicity Low 146645 Acres

Nonpoint/Point Source

Santa Monica Beach 40513000

Beach Closures High Miles 2002

Nonpoint Source

High Coliform Count High Miles 2002

Nonpoint Source

Santa Monica Canyon 40513000

High Coliform Count High 2.7 Miles 2002

Nonpoint Source

Lead Medium 2.7 Miles

Nonpoint Source

Sea Level Beach 40441000

Beach Closures High 0.21 Miles 2002

Nonpoint Source

DDT Low 0.21 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 0.21 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Sepulveda Canyon 405.13

Ammonia Low 0.83 Miles

Nonpoint Source

High Coliform Count High 0.83 Miles 2002

Nonpoint Source
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Lead Medium 0.83 Miles

Nonpoint Source

Sespe Creek tributary to Santa Clara River 40332020

Reach

Chloride Low 63 Miles

Nonpoint Source

pH Low 63 Miles

Nonpoint Source

Stokes Creek 40422020

High Coliform Count High 4.7 Miles 2002

Nonpoint Source

Surfers Point at Seaside 40210000

Bacteria Indicators Low 0.53 Miles

Area affected is the end of the access path via wooden gate

Nonpoint/Point Source

Topanga Beach 40413000

Beach Closures High 2.5 Miles 2002

Nonpoint Source

DDT Low 2.5 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

High Coliform Count High 2.5 Miles 2002

Nonpoint Source

PCBs Low 2.5 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Topanga Canyon Creek 40411000

Lead Medium 8.6 Miles

Nonpoint Source

Torrance Beach 40512000

Beach Closures High 1.1 Miles 2002

iNonpoint Source

High Coliform Count High 1.1 Miles 2002

Nonpoint Source

Torrance Carson Channel 40512000

Copper Medium 3.4 Miles

Nonpoint Source
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high oliform ount High 3.-I Miles 211113

Nonpoint Source

Lead Medium 3.4 Miles

Nonpoint Source

Torrey Canyon Creek 40341000

Nitrate and Nitrite High 1.7 Miles 2003

Nonpoint Source

Trancas Beach Broad Beach 40437000

Beach Closures High 1.7 Miles 2002

Nonpoint Source

DDT Low 1.7 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

High Coliform Count High 1.7 Miles 2002

Nonpoint Source

PCBs Low 1.7 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Triunfo Canyon Creek Reach 40424000

Lead High 2.5 Miles 2004

Nonpoint Source

Mercury High 2.5 Miles 2004

Nonpoint Source

Sedimentation/Siltation Low 2.5 Miles

Source Unknown

Triunfo Canyon Creek Reach 40424000

Lead High 3.3 Miles 2004

Nonpoint Source

Mercury High 3.3 Miles 2004

Nonpoint Source

Sedimentation/Siltation Low 3.3 Miles

Source Unknown

Tujunga Wash LA River to Hansen Dam 40521000

Ammonia High 9.7 Miles 2002

Nonpoint Source

Copper High 9.7 Miles 2003

Nonpoint Source
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High oliform ount High 9.7 Miles 2002

Nonpoint Source

Odors High 9.7 Miles 2002

Nonpoint Source

Scum/Foam unnatural High 9.7 Miles 2002

Nonpoint Source

Trash Low 9.7 Miles

Nonpoint Source

Venice Beach 40513000

Beach Closures High 2.5 Miles 2002

Nonpoint Source

High Coliform Count High 2.5 Miles 2002

Nonpoint Source

Ventura Harbor Ventura Keys 40311000

High Coliform Count Medium 179 Acres

Nonpoint Source

Ventura River Estuary 40210011

Algae Medium 0.2 Miles

Nonpoint/Point Source

Eutrophic Medium 0.2 Miles

Nonpoint/Point Source

Fend Coliform Low 0.2 Miles

Stables and horse property may be the sources

Nonpoint Source

Total Coliform Low 0.2 Miles

Stables and horse property may be the sources

Nonpoint Source

Trash Medium 0.2 Miles

Nonpoint/Point Source

Ventura River Reach and Estuary to 40210011

Weldon Canyon

Algae Medium 4.5 Miles

Nonpoint/Point Source

Ventura River Reach Weldon Canyon to 40210011

Confi w/ Coyote Cr

Pumping Medium 2.8 Miles

Nonpoint Source
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ater Di ersioli Medium 2.8 Miles

Nonpoint Source

Ventura River Reach Coyote Creek to 4022111121

Camino Cielo Rd

Pumping Medium 19 Miles

Nonpoint Source

Water Diversion Medium 19 Miles

Nonpoint Source

Verdugo Wash Reach LA River to 40521000

Verdugo Rd
Algae High Miles 2002

Nonpoint Source

High Coliform Count High Miles 2002

Nonpoint Source

Trash Low Miles

Nonpoint Source

Verdugo Wash Reach Above Verdugo 40524000

Road

Algae High 7.6 Miles 2002

Nonpoint Source

High Coliform Count High 7.6 Miles 2002

Nonpoint Source

Trash Low 7.6 Miles

Nonpoint Source

Walnut Creek Wash Drains from 40531000

Puddingstone Res

pH High 12 Miles 2003

Nonpoint/Point Source

Toxicity High 12 Miles 2003

Nonpoint/Point Source

Westlake Lake 40425000

Algae High 119 Acres 2003

Nonpoint Source

Ammonia High 119 Acres 2002

Nonpoint Source

Eutrophic High 119 Acres 2002

Nonpoint Source
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Lead High 119 Ants 21111-I

Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen High 119 Acres 2002

Nonpoint Source

Wheeler Canyon/Todd Barranca 40321000

Nitrate and Nitrite High 10 Miles 2003

Nonpoint Source

Sulfates Low 10 Miles

Nonpoint Source

Total Dissolved Solids Low 10 Miles

Nonpoint Source

Whites Point Beach 40511000

Beach Closures High 1.1 Miles 2002

Nonpoint Source

DDT Low 1.1 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 1.1 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

Wifi Rogers Beach 40513000

Beach Closures High Miles 2002

Nonpoint Source

High Coliform Count High Miles 2002

Nonpoint Source

Wilmington Drain 40342000

Ammonia Medium 0.56 Miles

Nonpoint Source

Copper Medium 0.56 Miles

Nonpoint Source

High Coliform Count High 0.56 Miles 2003

Nonpoint Source

Lead Medium 0.56 Miles

Nonpoint Source

Zuma Beach Westward Beach 40436000

Beach Closures High 1.6 Miles 2002

Nonpoint Source
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DDT Low 1.6 Miles

Fish Consumption Advisory for DDT

Nonpoint Source

PCBs Low 1.6 Miles

Fish Consumption Advisory for PCBs

Nonpoint Source

American River Lower Nimbus Dam to 51921000

confluence with Sacramento River

Mercury Low 27 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Unknown Toxicity Low 27 Miles

Source Unknown

Arcade Creek 51921000

Chiorpyrifos High 9.9 Miles 2003

Urban Runoff/Storm Sewers

Copper Low 9.9 Miles

Urban Runoff/Storm Sewers

Diazinon High 9.9 Miles 2003

The agricultural source of dia mon for these waterbodies is from aerial deposition

Agriculture

Urban Runoff/Storm Sewers

Avena Drain 53140000

Ammonia Low 6.4 Miles

Agriculture

Dairies

Pathogens Low 6.4 Miles

Agriculture

Dairies

Bear Creek 51320023

Mercury Medium iS Miles

Resource Extraction

Bear River Lower below Camp Far West S1S1 0000

Reservoir

Diazinon Medium 21 Miles

Agriculture
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14 Bear Rier pper 51633010

Mercury Medium 10 Miles

Resource Extraction

Berryessa Lake 51221010

Mercury Low 19083 Acres

Resource Extraction

Black Butte Reservoir 50432000

Mercury Medium 4507 Acres

Resource Extraction

Butte Slough 52030000

Diazinon Medium 8.9 Miles

Crop Related Sources

Cache Creek Lower Clear Lake Dam to 51120000

Cache Creek Settling Basin near Yolo

Bypass

Mercury Medium 96 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Unknown Toxicity Low 96 Miles

Source Unknown

Calaveras River Lower 54400000

Diazinon Low 5.8 Miles

Urban Runoff/Storm Sewers

Organic Enrichment/Low Dissolved Oxygen Low 5.8 Miles

Urban Runoff/Storm Sewers

Pathogens Low 5.8 Miles

Urban Runoff/Storm Sewers

Recreational and Tourism Activities non boating

Camanche Reservoir 53120000

Copper Low 7389 Acres

Resource Extraction

Linc Low 7389 Acres

Resource Extraction

Camp Far West Reservoir 51631013

Mercury Medium 1945 Acres

Resource Extraction
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14 hielen Ranch lough 51921111111

Chiorpyrifos High Miles 2003

Miles 2003

Urban Runoff/Storm Sewers

Diazinon High

The agricultural source of dia mon for these waterbodies is from aerial deposition

Agriculture

Urban Runoff/Storm Sewers

Azinphos methyl

CarbofuranlFuradan

Diazinon

Group Pesticides

Malathion

Methyl Parathion

Molinate/Odram

Inknown Toxicity

Agriculture grazing

Other

Agriculture

Agriculture

Agriculture

Agriculture

Agriculture

Agriculture

Agriculture irrigation tailwater

Agriculture

Mercury

All resource extraction sources are abandoned mines

Resource Extraction

Medium 49 Miles

49 Miles

49 Miles

49 Miles

49 Miles

49 Miles

49 Miles

49 Miles

Mercury

Nutrients

Fecal Coliform

Resource Extraction

Source Unknown

High

Medium

40070 Acres 2002

40070 Acres

Gear Lake 51352000

Closer Creek 50732000

Colusa Basin Drain 52010000

Combie Lake 51633011

Low 11 Miles

Low

Medium

Low

Low

Low

Low

Low

Medium 362 Acres
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Da is itch Resenoir 51332010

Mercury Low 163 Acres

Resource Extraction

Deer Creek Yuba County 51712014

pH Low 4.3 Miles

Internal Nutrient Cycling primarily lakes

Del Puerto Creek 54110000

Chlorpyrifos Low 6.5 Miles

Agriculture

Diazinon Low 6.5 Miles

Agriculture

Delta Waterways eastern portion 51000000

Chlorpyrifos High 20135 Acres 2004

Agriculture

Urban Runoff/Storm Sewers

DDT Low 20135 Acres

Agriculture

Diazinon High 20135 Acres 2004

Agriculture

Urban Runoff/Storm Sewers

Group Pesticides Low 20135 Acres

grieiiltiire

Mercury Medium 20135 Acres

All resource extraction sources are abandoned mines

Resource Extraction

Unknown Toxicity Low 20135 Acres

Source Unknown

Delta Waterways Stockton Ship Channel 54400000

Chlorpyrifos High 952 Acres 2004

Agriculture

Urban Runoff/Storm Sewers

DDT Low 952 Acres

Agriculture

Diazinon High 952 Acres 2004

Agriculture

Urban Runoff/Storm Sewers
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Group Pesticides Low 952 Acres

Agriculture

Mercury Medium 952 Acres

All resource extraction sources are abandoned mines

Resource Extraction

Organic Enrichment/Low Dissolved Oxygen High 952 Acres 2004

Municipal Point Sources

Urban Runoff/Storm Sewers

Unknown Toxicity Low 952 Acres

Source Unknown

Delta Waterways western portion 51000000

Chlorpyrifos High 22904 Acres 2004

Agriculture

Urban Runoff/Storm Sewers

DDT Low 22904 Acres

Agriculture

Diazinon High 22904 Acres 2004

Agriculture

Urban Runoff/Storm Sewers

Electrical Conductivity Medium 22904 Acres

Agriculture

Group Pesticides Low 22904 Acres

Agriculture

Mercury Medium 22904 Acres

All resource extraction sources are abandoned mines

Resource Extraction

Unknown Toxicity Low 22904 Acres

Source Unknown

Dolly Creek 51854030

Copper Low 1.5 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Zinc Low 1.5 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Don Pedro Lake 53632010

Mercury Low 11056 Acres

Resource Extraction
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Dunn Creek Mt Diablo Mine to Marsh 54300021

Creek

Mercury Low 0.7 Miles

All ewuce eatacturi uuce tue abandoned rnnie

Resource Extraction

Metals Low 0.7 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Elder Creek 51911000

Chlorpyrifos High 11 Miles 2003

Urban Runoff/Storm Sewers

Diazinon High 11 Miles 2003

The agricultural source of dia mon for these waterbodies is from aerial deposition

Agriculture

Urban Runoff/Storm Sewers

ElkGrove Creek 51911000

Diazinon High 6.9 Miles 2003

The agricultural source of dia mon for these waterbodies is from aerial deposition

Agriculture

Urban Runoff/Storm Sewers

Englebright Lake 51714013

Mercury Medium 754 Acres

All resource extraction sources are abandoned mines

Resource Extraction

Fall River Pit 52641031

Sedimentation/Siltation Low 8.6 Miles

Agriculture grazing

Silviculture

Highway/Road/Bridge Construction

Feather River Lower Lake Orovifie Dam 51922000

to Confluence with Sacramento River

Diazinon High 42 Miles 2003

Agriculture

Urban Runoff/Storm Sewers

Group Pesticides Low 42 Miles

Agriculture

Mercury Medium 42 Miles

All resource extraction sources are abandoned mines

Resource Extraction
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iikiiow
ii

Toieit Low -$2 \Iiles

Source Unknown

Five Mile Slough Alexandria Place to 54400000

Fourteen Mile Slough

Chlorpyrifos Medium 1.6 Miles

Urban Runoff/Storm Sewers

Diazinon Medium 1.6 Miles

The agricultural source of dia mon for this waterbody is from aerial deposition

Agriculture

Urban Runoff/Storm Sewers

Organic Enrichment/Low Dissolved Oxygen Low 1.6 Miles

Urban Runoff/Storm Sewers

Pathogens Low 1.6 Miles

Other Urban Runoff

Recreational and Tourism Activities non boating

French Ravine 51632011

Bacteria Low 1.7 Miles

Land Disposal

Grasslands Marshes 54120000

Electrical Conductivity Low 7962 Acres

Agriculture

Harding Drain Turlock Irrigation District 53550000

Lateral

Ammonia Low 8.3 Miles

Municipal Point Sources

Agriculture

Chlorpyrifos Low 8.3 Miles

Agriculture

Diazinon Low 8.3 Miles

Agriculture

Unknown Toxicity Low 8.3 Miles

Agriculture

Harley Gulch 51332022

Mercury Medium Miles

All resource extraction sources are abandoned mines

Resource Extraction
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Horse Creek Rising Star Mine to Shasta 50610000

Lake

Cadmium Low 0.52 Miles

All eouce e.tactori ouce ae abandoned rnnle

Resource Extraction

Copper Low 0.52 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Lead Low 0.52 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Zinc Low 0.52 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Humbug Creek 51732030

Copper Low 2.2 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Mercury Low 2.2 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Sedimentation/Siltation Low 2.2 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Zinc Low 2.2 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Ingrain/Hospital Creek 54110000

Chiorpyrifos Low Miles

Agricultural Return Flows

Diazinon Low Miles

Agricultural Return Flows

Jack Slough 51540000

Dia7iuou Medium 14 Miles

Agriculture

James Creek S1224010

Mercury Low 6.3 Miles

Resource extraction sources are abandoned mines

Resource Extraction
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Nickel Low 6.3 Miles

Resource extraction sources are abandoned mines

Resource Extraction

Kanaka Creek 51742022

Arsenic Low 9.7 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Keswick Reservoir portion downstream 52440013

from Spring Creek

Cadmium Low 135 Acres

Resource Extraction

Copper Low 135 Acres

Resource Extraction

Zinc Low 135 Acres

Resource Extraction

Kings River Lower Island Weir to Stinson 55190000

and Empire Weirs

Electrical Conductivity Low 36 Miles

Agriculture

Molybdenum Low 36 Miles

Agriculture

Toxaphene Low 36 Miles

Agriculture

Little Backbone Creek Lower 50620010

Acid Mine Drainage Low 0.95 Miles

Resource Extraction

Cadmium Low 0.95 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Copper Low 0.95 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Zinc Low 0.9S Miles

All resource extraction sources are abandoned mines

Resource Extraction
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Little Cow Creek downstream from 50733023

Afterthought Mine

Cadmium Low 1.1 Miles

Rewuce atacturi uuce cue abandoned mnie

Resource Extraction

Copper Low 1.1 Miles

Resource extraction sources are abandoned mines

Resource Extraction

Zinc Low 1.1 Miles

Resource extraction sources are abandoned mines

Resource Extraction

Little Deer Creek 51720012

Mercury Low 4.1 Miles

Resource Extraction

Little Grizzly Creek 51854031

Copper Medium 9.4 Miles

Mine Tailings

Zinc Medium 9.4 Miles

Mine Tailings

Lone Tree Creek 53140000

Ammonia Low 15 Miles

Dairies

Biological Oxygen Demand low 15 Miles

Dairies

Electrical Conductivity Low 15 Miles

Dairies

Marsh Creek Dunn Creek to Marsh Creek 54300023

Reservoir

Metals Low 11 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Marsh Creek Marsh Creek Reservoir to 54400000

San Joaquin River

Mercury Low 10 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Metals Low 10 Miles

All resource extraction sources are abandoned mines

Resource Extraction
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Marsh Creek Resenoir 5-1311111123

Mercury Low 278 Acres

Resource Extraction

Mendota Pool 55120000

Selenium Low 3045 Acres

Agriculture

Agricultural Return Flows

Groundwater Withdrawal

Other

Merced River Lower McSwain Reservoir 53550000

to San Joaquin River

Chlorpyrifos Medium 50 Miles

Agriculture

Diazinon Medium 50 Miles

Agriculture

Group Pesticides Low 50 Miles

Agriculture

Middle River 54400000

Low Dissolved Oxygen Low 9.7 Miles

Hydromodification

Source Unknown

Mokelunme River Lower 54400000

Copper Low 29 Miles

Resource Extraction

Zinc Low 29 Miles

Resource Extraction

Mormon Slough Commerce Street to 54400000

Stockton Deep Water Channel

Organic Enrichment/Low Dissolved Oxygen Low 0.93 Miles

Urban Runoff/Storm Sewers

Pathogens Medium 0.93 Miles

Lrban Runoff/Storm Sewers

Recreational and Tourism Activities non boating

Mormon Slough Stockton Diverting Canal 53130000

to Commerce Street

Pathogens Medium 5.2 Miles

Urban Runoff/Storm Sewers

Recreational and Tourism Activities non boating
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\Ioiiisoii reek 5191 lOUD

Diaziiion High 21 \Iiles 2003

he agricultural source of c/ia inontàr these waterboclies is from aerial clepos ition

Agriculture

Urban Runoff/Storm Sewers

Mosher Slough downstream of 54400000

Chiorpyrifos Medium 1.3 Miles

Urban Runoff/Storm Sewers

Diazinon Medium 1.3 Miles

The agricultural source of c/ia inontàr this waterboc/y is from aerial deposition

Agriculture

Urban Runoff/Storm Sewers

Organic Enrichment/Low Dissolved Oxygen Low 1.3 Miles

Urban Runoff/Storm Sewers

Pathogens Low 1.3 Miles

Urban Runoff/Storm Sewers

Mosher Slough upstream of 54400000

Pathogens Low 3.5 Miles

Urban Runoff/Storm Sewers

Mud Slough 5-1120000

Boron Low 13 Miles

Agriculture

Electrical Conductivity Low 13 Miles

Agriculture

Pesticides Low 13 Miles

Agriculture

Selenium Medium 13 1\ffles

Agriculture

Unknown Toxicity Low 13 Miles

Agriculture

Natomas East Main Drainage Canal aka 51921000

Steelliead Creek duwnstreain uf cunflueiice

with Arcade Creek

Diazinon Medium 3.5 Miles

The agricultural source is from aerial deposition

Agriculture

Urban Runoff/Storm Sewers
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ils Low 3.5 Miles

Industrial Point Sources

Agriculture

Urban Runoff/Storm Sewers

Natomas East Main Drainage Canal aka 51921000

Steelhead Creek upstream of confluence

with Arcade Creek

PCBs Low 12 Miles

Industrial Point Sources

Agriculture

Urban Runoff/Storm Sewers

Newman Wasteway 54120000

Chlorpyrifos Low 8.3 Miles

Agriculture

Diazinon Low 8.3 Miles

Agriculture

Oak Run Creek 50733000

Fecal Coliform Low 5.6 Miles

Combined Sewer Overflow

Agriculture

Grazing Related Sources

Pasture Grazing Upland

Natural Sources

Old River San Joaquin River to Delta 54400000

Mendota Canal

Low Dissolved Oxygen Low 15 Miles

Hydromodification

Source Unknown

Orestimba Creek above Kilburn Road 54110000

Azinphos methyl Medium 9.1 Miles

Agriculture

Chlorpyrifos Medium 9.1 Miles

Agriculture

DDE Low 9.1 Miles

Historical agricultural use

Agriculture

Diazinon Medium 9.1 Miles

Agriculture
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14 Orestimba reek below Kilbuni Road 5-Il 111111111

Azinphos methyl Medium 2.7 Miles

Agriculture

Chlorpyrifos Medium 2.7 Miles

Agriculture

DDE Low 2.7 Miles

Historical agricultural use

Agriculture

Diazinon Medium 2.7 Miles

Agriculture

Unknown Toxicity Low 2.7 Miles

Agriculture

Panoche Creek Silver Creek to Belmont 55112000

Avenue

Mercury Low 18 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Sedimentation/Siltation Low 18 Miles

Agriculture

Agriculture grazing

Highway/Road/Bridge Construction

Selenium Low 18 Miles

Agriculture

Agriculture grazing

Highway/Road/Bridge Construction

Pit River 52661080

Nutrients Low 123 Miles

Agriculture

Agriculture grazing

Organic Enrichment/Low Dissolved Oxygen Low 123 Miles

Agriculture

Agriculture grazing

Temperature Low 123 Miles

Agriculture

Agriculture grazing
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14 Putah reek ow ci 51120000

Mercury Low 28 Miles

Impairment due to Mercury is on lower reach below Lake Solano

Resource Extraction

Source Unknown

Rollins Reservoir 51634033

Mercury Medium 774 Acres

Resource Extraction

Sacramento River Keswick Dam to 52440014

Cottonwood Creek

Unknown Toxicity Low 15 Miles

Source Unknown

Sacramento Riser Cottonwood Creek to 50810000

Red Bluff

Unknown Toxicity Low 16 Miles

Source Unknown

Sacramento River Red Bluff to Knights 50420070

Landing

Unknown Toxicity Low 82 Miles

Source Unknown

Sacramento River Kthghts Landing to the 51000000

Delta

Diazinon High 16 Miles 2003

Agriculture

Mercury Medium 16 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Unknown Toxicity Low 16 Miles

Source Unknown

Sacramento Slough 51922000

Diazinon Medium 1.7 Miles

Agriculture

Urban Runoff/Storm Sewers

Mercury Low 1.7 Miles

Source Unknown
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14 Salt Slough ii pstnam tiom contluenee ith 51120000

San Joaquin River

Boron Low 17 Miles

Agriculture

Chiorpyrifos Low 17 Miles

Agriculture

Diazinon Low 17 Miles

Agriculture

Electrical Conductivity Low 17 Miles

Agriculture

Unknown Toxicity Low 17 Miles

Agriculture

San Carlos Creek downstream of New 55911085

Idria Mine

Mercury Low 5.1 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Acid Mine Drainage

San Joaquin River Bear Creek to Mud 53570000

Slough

Boron High 14 Miles 2003

Agriculture

Chlorpyrifos High 14 Miles 2004

Agriculture

DDT Low 14 Miles

Agriculture

Diazinon High 14 Miles 2004

Agriculture

Electrical Conductivity High 14 Miles 2003

Agriculture

Group Pesticides Low 14 Miles

Agriculture

Mercury Medium 14 Miles

Resource Extraction

Unknown Toxicity Low 14 Miles

Source Unknown
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14 San .Joaquin Ri ci \Iendota Pool to Bear 53570000

Creek

Boron High 67 Miles 2003

Agriculture

Chiorpyrifos High 67 Miles 2004

Agriculture

DDT Low 67 Miles

Agriculture

Diazinon High 67 Miles 2004

Agriculture

Electrical Conductivity High 67 Miles 2003

Agriculture

Group Pesticides Low 67 Miles

Agriculture

Unknown Toxicity Low 67 Miles

Source Unknown

San Joaquin River Merced River to South 54400000

Delta Boundary

Boron High 43 Miles 2003

Agriculture

Chlorpyrifos High 43 Miles 2004

Agriculture

DDT Low 43 Miles

Agriculture

Diazinon High 43 Miles 2004

Agriculture

Electrical Conductivity High 43 Miles 2003

Agriculture

Group Pesticides Low 43 Miles

Agriculture

Mercury Medium 43 Miles

Resource Extraction

Unknown Toxicity Low 43 Miles

Source Unknown

San Joaquin River Mud Slough to Merced 53570000

River

Boron High Miles 2003

Agriculture
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hIorp ritus ugh Miles 21111-I

Agriculture

DDT Low Miles

Agriculture

Diazinon High Miles 2004

Agriculture

Electrical Conductivity High Miles 2003

Agriculture

Group Pesticides Low Miles

Agriculture

Mercury Medium Miles

Resource Extraction

Selenium Low Miles

Agriculture

Unknown Toxicity Low Miles

Source Unknown

Scotts Flat Reservoir 51720011

Mercury Medium 660 Acres

Resource Extraction

Shasta Lake area where West Squaw 50620010

Creek enters

Cadmium Low 20 Acres

Resource Extraction

Copper Low 20 Acres

Resource Extraction

Zinc Low 20 Acres

Resource Extraction

Smith Canal 54400000

Organic Enrichment/Low Dissolved Oxygen Low 2.4 Miles

Urban Runoff/Storm Sewers

Organophosphorus Pesticides Medium 2.4 Miles

Urban Runoff/Storm Sewers

Pathogens Low 2.4 Miles

Urban Runoff/Storm Sewers

Recreational and Tourism Activities non boating
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South Cow Creek 50731000

Fecal Coliform Low 7.9 Miles

Agriculture

Grazing Related Sources

Other

Spring Creek Lower Iron Mountain Mine 52440010

to Keswick Reservoir

Acid Mine Drainage Low 2.6 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Cadmium Low 2.6 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Copper Low 2.6 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Zinc Low 2.6 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Stanislaus River Lower 53530000

Diazinon Medium 59 Miles

Agriculture

Group Pesticides Low 59 Miles

Agriculture

Mercury Low 59 Miles

Resource Extraction

Unknown Toxicity Low 59 Miles

Source Unknown

Stockton Deep Water Channel Upper Port 54400000

Turning Basin

Dioxin Low 3.3 Miles

This listing was made by USEPA

Point Source

Furan Compounds Low 3.3 1/Iites

Contaminated Sediments

Pathogens Medium 3.3 Miles

Urban Runoff/Storm Sewers

Recreational and Tourism Activities non boating
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PCBs Low 3.3 Miles

This listing was made by USEPA

Point Source

Strong Ranch Slough 51921000

Chiorpyrifos High 6.4 Miles 2003

Urban Runoff/Storm Sewers

Diazinon High 6.4 Miles 2003

The agricultural source of dia mon for these waterbodies is from aerial deposition

Agriculture

Urban Runoff/Storm Sewers

Sulphur Creek Colusa County 51320024

Mercury Medium 14 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Suffer Bypass 52030000

Diazinon Medium 19 Miles

Agriculture

Temple Creek 53140000

Ammonia Low 10 Miles

Dairies

Electrical Conductivity Low 10 Miles

Dairies

Town Creek 50620010

Cadmium Low 0.98 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Copper Low 0.98 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Lead Low 0.98 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Zinc Low 0.98 Miles

All resource extraction sources are abandoned mines

Resource Extraction

Tuolunme River Lower Don Pedro S3SS0000

Reservoir to San Joaquin River

Diazinon Medium 60 Miles

Agriculture

Page 149 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Group Pesticides Low 60 Miles

Agriculture

Unknown Toxicity Low 60 Miles

Source Unknown

Walker Slough 53140000

Pathogens Medium 2.3 Miles

Urban Runoff/Storm Sewers

Recreational and Tourism Activities non boating

West Squaw Creek below Balaklala Mine 50620010

Cadmium Low Miles

All resource extraction sources are abandoned mines

Resource Extraction

Copper Low Miles

All resource extraction sources are abandoned mines

Resource Extraction

Lead Low Miles

All resource extraction sources are abandoned mines

Resource Extraction

Zinc Low Miles

All resource extraction sources are abandoned mines

Resource Extraction

Whiskeytown Reservoir areas near Oak 52463010

Bottom Brandy Creek Campgrounds and

Whiskeytown

High Coliform Count Low 98 Acres

Septage Disposal

Wifiow Creek Shasta County below 52463010

Greenhorn Mine to Clear Creek

Acid Mine Drainage Low Miles

All resource extraction sources are abandoned mines

Resource Extraction

Copper Low Miles

All resource extraction sources are abandoned mines

Resource Extraction

Zinc Low Miles

All resource extraction sources are abandoned mines

Resource Extraction
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Wolf Creek 51632010

Fecal Coliform Low 23 Miles

Agriculture

Urban Runoff/Storm Sewers

Recreational and Tourism Activities non boating

Aspen Creek 63210080

Metals Low 0.93 Miles

Affected by acid mine drainage from Leviathan Mine TMDL to be coordinated with Regional Board CERCLA

remediation programs

Mine Tailings

Acid Mine Drainage

Inactive Mining

Natural Sources

Nonpoint Source

Aurora Canyon Creek 63030040

Habitat alterations Low 8.1 Miles

Since creek is not impaired by pollutants TMDL may not be required under pending revisions to federal regulations

Range Grazing Riparian and/or Upland

Bear Creek Placer County 63520010

Sedimentation/Siltation Medium Miles

Creek affected by hydrologic modification for ski resort snow making pond

Hydromodification

Nonpoint Source

Big Meadow Creek 63410011

Pathogens Low 1.4 Miles

Range Grazing Riparian and/or Upland

Natural Sources

Recreational and Tourism Activities non boating

Blackwood Creek 63420021

Iron Low 5.9 Miles

Erosion/Siltation

Natural Sources

Nonpoint Source
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Nitrogen Low 5.9 Miles

Nitrogen loading from creek to be addressed during development ofLake Tahoe TMDL but more specific TMDL may

be needed for Blackwood Creek

Silviculture

Resource Extraction

Hydromodification

Streambank Modification/Destabilization

Erosion/Siltation

Atmospheric Deposition

Natural Sources

Nonpoint Source

Phosphorus Low 5.9 Miles

Phosphorus loading from creek to be addressed during development ofLake Tahoe TMDL but more specific TMDL for

creek may be needed

Grazing Related Sources

Silviculture

Resource Extraction

Hydromodification

Streambank Modification/Destabilization

Erosion/Siltation

Natural Sources

Nonpoint Source

Sedimentation/Siltation Medium 5.9 Miles

Creek affected by past gravel quarry operations and other watershed disturbance including gra ing and timber harvest

Range Grazing Riparian and/or Upland

Silviculture

Construction/Land Development

Surface Runoff

Resource Extraction

Hydromodification

Streambank Modification/Destabilization

Erosion/Siltation

Atmospheric Deposition

Natural Sources

Recreational and Tourism Activities non boating

Nonpoint Source
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14 Hod it Creek 630211031

Metals Medium 11 Miles

Affected by drainage from inactive mines mine tailings in creek

Resource Extraction

Mine Tailings

Inactive Mining

Nonpoint Source

Bridgeport Reservoir 63030050

Nitrogen Medium 2614 Acres

Grazing Related Sources

Pasture Grazing Riparian and/or Upland

Other Urban Runoff

Highway/Road/Bridge Runoff

1% astewater land disposal

Flow Regulation/Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Marinas and Recreational Boating

Atmospheric Deposition

Internal Nutrient Cycling primarily lakes

Sediment Resuspension

Natural Sources

Recreational and Tourism Activities non boating

Phosphorus Medium 2614 Acres

Grazing Related Sources

Pasture Grazing Riparian and/or Upland

Other Urban Runoff

Highway/Road/Bridge Runoff

Wastewater land disposal

Flow Regulation/Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Frosion

Erosion/Siltation

Marinas and Recreational Boating

Atmospheric Deposition

Internal Nutrient Cycling primarily lakes

Natural Sources

Recreational and Tourism Activities non boating
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Bronco Creek 63520053

Sedimentation/Siltation Medium 1.3 Miles

fFatershec/ c/is turbance in naturally highly erosive waters heci

Silviculture

Natural Sources

Nonpoint Source

Bryant Creek 63210080

Metals Low 5.2 Miles

Aftcted by acid mine drai nage from Leviathan J\ line Problem being addressed through RI FOCB and CERCLA

remediation programs

Mine Tailings

Acid Mine Drainage

Inactive Mining

Nonpoint Source

Buckeye Creek 63040022

Pathogens Low 17 Miles

Grazing Related Sources

Pasture Grazing Riparian and/or Upland

Range Grazing Riparian and/or Upland

Natural Sources

Recreational and Tourism Activities non boating

Carson River West Fork Headwaters to 63320014

Woodfords

Nitrogen Low 18 Miles

Silviculture

Onsite Wastewater Systems Septic Tanks

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Atmospheric Deposition

Highway Maintenance and Runoff

Natural Sources

Recreational and Tourism Activities non boating
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Phosphorus MW 18 \Iiles

Revision of standard may be considered

Silviculture

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Atmospheric Deposition

Highway Maintenance and Runoff

Natural Sources

Recreational and Tourism Activities non boating

Sodium Low 18 Miles

Onsite Wastewater Systems Septic Tanks

Atmospheric Deposition

Highway Maintenance and Runoff

Natural Sources

Recreational and Tourism Activities non boating

Carson River West Fork Paynesvffle to 63310013

State Line

Pathogens Low 3.3 Miles

Pasture Gnizing Riparian and/or Upland

Agriculture storm runoff

Agriculture irrigation tailwater
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REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Carson River West Fork Woodfords to 63310012

Paynesvile

Nitrogen Low 3.6 Miles

Reviiuri uftaridaJs may be cumdeeJ

Pasture Gnizing Riparian and/or Upland

Range Grazing Riparian and/or Upland

Agriculture storm runoff

Agriculture subsurface drainage

Agriculture irrigation tailwater

Silviculture

Wastewater land disposal

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Atmospheric Deposition

Highway Maintenance and Runoff

Natural Sources

Recreational and Tourism Activities non boating

Pathogens Low 3.6 Miles

Pasture Grazing Riparian and/or Upland

Agricultural Return Flows

Natural Sources

Recreational and Tourism Activities non boating

Sodium Low 3.6 Miles

Agriculture storm runoff

Agriculture irrigation tailwater

Agriculture grazing

Wastewater land disposal

Onsite Wastewater Systems Septic Tanks

Atmospheric Deposition

Highway Maintenance and Runoff

Natural Sources

Recreational and Tourism Activities non boating

Cinder Cone Springs 63520010

Nutrients Medium Acres

Springs tributary to Truckee River affected by subsurface drainage from former wastewater disposal area disposal

discontinued 19 Further monitoring may support delisting

Wastewater land disposal
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Saliuity/TDS/Chlorides Medium Acres

Subsurface drainage from former wastewater disposal area Has not been monitored routinely in recent years further

monitoring may support delis ting

Vastewater land disposal

Clark Canyon Creek 63030041

Habitat alterations Low Miles

Creek may be placed on list of waters impaired by pollution and not requiring TMDLs under pending changes in federal

regulations

Range Grazing Riparian and/or Upland

Clearwater Creek 63040051

Sedimentation/Siltation Medium 12 Miles

Listed on basis of limited information additional monitoring may support delisting

Range Grazing Riparian and/or Upland

Construction/Land De% elopment

Highway Maintenance and Runoff

Cottonwood Creek below LADWP 60330000

diversion

Flow alterations Low 1.8 Miles

Creek may be placed on list of waters impaired by pollution and not requiring TMDLs under pending changes to federal

regulations

Water Diversions

Crowley Lake 60310090

Nitrogen Medium 4861 Acres

TMDL expected to use data from ongoing Section 319 funded study of nutrient loading and salary savings funded study

of internal nutrient cycling

Grazing Related Sources

Atmospheric Deposition

Internal Nutrient Cycling primarily lakes

Natural Sources

Nonpoint Source

Phosphorus Medium 4861 Acres

TMDL expected to use data from ongoing Section 319 funded study of nutrient loading and salary savings funded study

of internal nutrient cycling

Grazing Related Sources

Erosion/Siltation

Internal Nutrient Cycling primarily lakes

Natural Sources

Nonpoint Source
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Donner Lake 63520021

Priority Organics Low 819 Acres

PCBs in fish
and sediment exceed Maximum Tissue Residue Level criteria unknown nonpoint sources Additional

morutoirig study riececuy to detemrie oucas cleariuppoteritialfo pioity ogaruc TV ogaruc to be

addressed during years 613 of 13 years of the TMDL development process resources permitting

Source Unknown

Eagle Lake Lassen County 63732000

Nitrogen Low 20704 Acres

Agriculture

Grazing Related Sources

Silviculture

Other Urban Runoff

Highway/Road/Bridge Runoff

Wastewater

Onsite Wastewater Systems Septic Tanks

Marinas and Recreational Boating

Atmospheric Deposition

Internal Nutrient Cycling primarily lakes

Sediment Resuspension

Natural Sources

Recreational and Tourism Activities non boating

Nonpoint Source

Phosphorus Low 20704 Acres

Grazing Related Sources

Silviculture

Other Urban Runoff

Highway/Road/Bridge Runoff

Wastewater

Onsite Wastewater Systems Septic Tanks

Marinas and Recreational Boating

Atmospheric Deposition

Internal Nutrient Cycling primarily lakes

Sediment Resuspension

Natural Sources

Recreational and Tourism Activities non boating

Nonpoint Source
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14 East 11w Ri ci ho Biitl gcport 63030050

Reservoir

Pathogens Low 7.2 Miles

Pasture Gnizing Riparian and/or Upland

Other Urban Runoff

Natural Sources

Recreational and Tourism Activities non boating

East Walker River below Bridgeport 63030050

Reservoir

Nitrogen Low Miles

Grazing Related Sources

Pasture Grazing Riparian and/or Upland

Range Grazing Riparian and/or Upland

Highway/Road/Bridge Runoff

Upstream Impoundment

Flow Regulation/Modification

Streambank Modification/Destabilization

Erosion/Siltation

Atmospheric Deposition

Natural Sources

Phosphorus Low Miles

Pasture Grazing Riparian and/or Upland

Range Grazing Riparian and/or Upland

Other Urban Runoff

Highway/Road/Bridge Runoff

Upstream Impoundment

Flow Regulation/Modification

Streambank Modification/Destabilization

Erosion/Siltation

Atmospheric Deposition

Natural Sources

Sedimentation/Siltation Low Miles

Grazing Related Sources

Highway/Road/Bridge Runoff

rban Runoff Erosion and Sedimentation

Upstream Impoundment

Erosion/Siltation

General Creek 63420030

Iron Low 9.1 Miles

Silviculture

Natural Sources
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Phosphorus Low 9.1 Miles

Erosion/Siltation

Atmospheric Deposition

Natural Sources

Goodale Creek 60330112

Sedimentation/Siltation Low 12 Miles

Potential for delistingfollowingfurther monitoring

Range Grazing Riparian and/or Upland

Gray Creek Nevada County 63520052

Sedimentation/Siltation Medium 2.8 Miles

Sediment from disturbance of naturally highly erosive watershed

Silviculture

Natural Sources

Nonpoint Source

Green Creek 63030050

Habitat alterations Low 16 Miles

Creek listed due to impacts of hydromodifi cation by Dynamo Pond
facility May be placed on separate list of waters

impai red by pollution and not requiring TMDLs ifpending revisions to TMDL regulations take effect

Range Grazing Riparian and/or Upland

Hydromodification

Green Valley Lake Creek 62820000

Priority Organics Medium 3.8 Miles

Priority organics source unknown were detected in stream in 1980s no monitoring since Stream needs reevaluation

to determine need for listing

Source Unknown

Haiwee Reservoir 62410071

Copper High 1703 Acres 2003

Copper problems related to algicide used to prevent taste odor probl ems in drinking water supplies TMDL

development in progress determination of whether or not this water body is water of the United States will be

made by the Regional Water Quality Control Board

Other

Heavenly Valley Creek source to USFS 63410031

boundary

Chloride Low Miles

Chloride standard may be revised

Highway/Road/Bridge Runoff

Atmospheric Deposition

Natural Sources

Source Unknown
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Phosphorus Low Miles

Erosion/Siltation

Atmospheric Deposition

Natural Sources

Recreational and Tourism Activities non boating

Heavenly Valley Creek USFS boundary to 63410031

Trout Creek

Chloride Low 1.4 Miles

Highway/Road/Bridge Runoff

Atmospheric Deposition

Natural Sources

Source Unknown

Sedimentation/Siltation Low 1.4 Miles

Construction/Land Development

Land Development

Hydromodification

Habitat Modification

Recreational and Tourism Activities non boating

Nonpoint Source

Honey Lake 63710060

Arsenic Low 57756 Acres

Arsenic is ultimately from natural sources but lake is affected by geothermal discharges Further study needed to

determine need for TMDL

Geothermal Des elopment

Flow Regulation/Modification

Natural Sources

Nonpoint Source

Saliuity/TDS/Chlorides Low 57756 Acres

Further study needed to determine extent of impairment and need for TMDL

Agriculture

Agricultural Return Flows

Geothermal Development

Agricultural Water Diversion

Sediment Resuspension

Natural Sources

Nonpoint Source

Page 161 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

Honey Lake Area Wetlands 63710060

Metals Low 62590 Acres

Additional monitoring needed to determine extent of impairment and need for TMDL

Agriculture

Geothermal Development

Natural Sources

Nonpoint Source

Honey Lake Wildfowl Management Ponds 63720095

Flow alterations Low 665 Acres

Ponds may be placed on separate list of waters impaired by pollution and not needing TMDLs under pending changes to

federal regulations

Agricultural Water Diversion

Metals Low 665 Acres

Further monitoring needed to determine extent of impairment and need for TMDL

Agriculture

Geothermal Development

Natural Sources

Saliiuity/TDS/Chlorides Low 66S Acres

Further monitoring needed to determine extent of impairment and need for TMDL

Agriculture

Geothermal Development

Natural Sources

Trace Elements Low 665 Acres

Further monitoring needed to determine extent of impairment and need for TMDL

Geothermal Development

Nurseries

Horseshoe Lake San Bernardino County 62820000

Sedimentation/Siltation Medium 31 Acres

Further monitoring may permit delis ting

Construction/Land Development

Hot Springs Canyon Creek 63030042

Sedimentation/Siltation Medium 2.9 Miles

Listed on basis of limited data further monitoring may support delisting

Range Grazing Riparian and/or Upland
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Indian Creek Alpine County 63220010

Habitat alterations Low 13 Miles

Creek may be placed on list of water bodies impaired by pollution and not requiring TMDLs
ifpending revisions to

egulatiuris take effect

Agriculture

Pasture Gnizing Riparian and/or Upland

Agriculture irrigation tailwater

Upstream Impoundment

Flow Regulation/Modification

Agricultural Water Diversion

Pathogens Low 13 Miles

Grazing Related Sources

Pasture Grazing Riparian and/or Upland

Indian Creek Resenoir 63220010

Phosphorus High 164 Acres 2002

Reservoir is eutrophic Most
significant source of nutrient loading is release of phosphorus from sediment Draft

phosphorus TMDL first released in 2000 is planned for revision and recirculation with Regional Board consideration

in July 2002 Reductions in phosphorus loading are expected to ameliorate other problems associated with

eutrophication

Pasture Grazing Riparian and/or Upland

Wastewater

Flow Regulation/Modification

Erosion/Siltation

Internal Nutrient Cycling primarily lakes

Lassen Creek 63720082

Flow alterations Low Miles

Under pending revisions to regulations creek could be p1 aced on separate list of waters impaired by pollution rather

than pollutants and no TMDL would be developed

Flow Regulation/Modification

Lee Vining Creek 60100035

Flow alterations Low Miles

Under pending revisions to regulations creek could be p1 aced on separate list of waters impaired by pollution but not

requiring TMDLs

Flow Regulation/Modification
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Leviathan Creek 63210080

Metals Low 3.2 Miles

TMDL development to be coordinated with ongoing Regional Board and CERCLA remediation activities at Leviathan

Irie te

Mine Tailings

Acid Mine Drainage

Inactive Mining

Erosion/Siltation

Mammoth Creek 60310053

Metals Low 12 Miles

Needs monitoring to determine current extent of impairment and need for TMDL

Other Urban Runoff

Natural Sources

Nonpoint Source

Mill Creek Modoc County 64130011

Sedimentation/Siltation Low 4.2 Miles

Creek needs monitoring to determine current extent of impairment and need for TMDL

Range Grazing Riparian and/or Upland

Mill Creek Mono County 60100080

Flow alterations Low 12 Miles

Under pending revisions to regulations creek could be placed on separate list of water bodies impaired by pollution

and not requiring TMDLs

Water Diversions

Monitor Creek 63210070

Aluminum Low Miles

TMDL to be coordinated with CERCLA remediation

Mill Tailings

Mine Tailings

Acid Mine Drainage

Inactive Mining

Natural Sources

Nonpoint/Point Source

Iron Low Miles

TMDL to be coordinated with CERCLA remediation

Mill Tailings

Mine Tailings

Acid Mine Drainage

Inactive Mining

Natural Sources

Nonpoint/Point Source
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Manganese Low Miles

TMDL to be coordinated with CERCLA remediation

Mill Tailings

Mine Tailings

Acid Mine Drainage

Inactive Mining

Natural Sources

Nonpoint/Point Source

Silver Low Miles

TMDL to be coordinated with CERCLA remediation

Mill Tailings

Mine Tailings

Acid Mine Drainage

Inactive Mining

Natural Sources

Nonpoint Source

Sulfates Low Miles

TMDL to be coordinated with CERCLA remediation

Mill Tailings

Mine Tailings

Acid Mine Drainage

Inactive Mining

Nonpoint/Point Source

Total Dissolved Solids Low Miles

TAJDL he crdinated with CERCLA rener/irjtin

Mill Tailings

Mine Tailings

Acid Mine Drainage

Inactive Mining

Natural Sources

Nonpoint/Point Source

Owens River Long HA 60310090

Habitat alterations Low 26 Miles

River may be placed on separate list of waters impaired by pollution and not needing TMDLS under pending changes to

federal regulations

Agriculture

Grazing Related Sources

Hydromodification

Flow Regulation/Modification
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Owens River Lower 60330000

Habitat alterations Low 53 Miles

River may be placed on separate list of waters impaired by pollution and not needing TMDLs under pending changes in

fedeal egulatiori

Agriculture

Hydromodification

Owens River Upper 60320000

Habitat alterations Low 69 Miles

River may be placed on separate list of waters impaired by pollution and not needing TMDLs under pending changes to

federal regulations

Agriculture

Hydromodification

Pine Creek Lassen County 63720010

Sedimentation/Siltation Low 55 Miles

Creek may be p1 aced on seperate list of waters impaired by pollution and not needing TMDLs under pending changes in

federal regulations

Grazing Related Sources

Silviculture

Highway/Road/Bridge Construction

Hydromodification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Erosion/Siltation

Pleasant Valley Reservoir 60320000

Organic Enriclunent/Low Dissolved Oxygen Medium 99 Acres

Flow Regulation/Modification

Nonpoint Source

Robinson Creek Hwy 395 to Bridgeport 63030050

Res

Pathogens Low 1.8 Miles

Pasture Grazing Riparian and/or Upland

Agricultural Return Flows

Onsite Wastewater Systems Septic Tanks

Natural Sources

Recreational and Tourism Activities non boating
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Robinson Creek Twin Lakes to Hwy 395 63030050

Pathogens Low 9.1 Miles

Pasture Gnizing Riparian and/or Upland

Onsite Wastewater Systems Septic Tanks

Natural Sources

Recreational and Tourism Activities non boating

Rough Creek 63020013

Habitat alterations Low 15 Miles

Creek may be p1 aced on list of waters impaired by pollution and not needing TMDLs under pending changes to federal

regulations

Range Grazing Riparian and/or Upland

Skedaddle Creek 63710054

High Coliform Count Medium 18 Miles

USBLLv program to mitigate gra ing impacts has been implemented Further study may lead to delis ting

Range Grazing Riparian and/or Upland

Squaw Creek 63520011

Sedimentation/Siltation Medium 5.8 Miles

Construction/Land Development

Other Urban Runoff

Hydromodification

Drainage/Filling Of Wetlands

Highway Maintenance and Runoff

Natural Sources

Recreational and Tourism Activities non boating

Nonpoint Source

Susan River 63720095

Unknown Toxicity Low 58 Miles

Source Unknown

Swauger Creek 63040012

Pathogens Low 14 Miles

Pasture Grazing Riparian and/or Upland

Range Grazing Riparian and/or Upland

Onsite Wastewater Systems Septic Tanks

Natural Sources

Recreational and Tourism Activities non boating
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Phosphorus MW I-I \Iihes

Pasture Grazing Itiparian and/or Upland

Range Grazing Riparian and/or Upland

Highway/Road/Bridge Runoff

Surface Runoff

Streambank Modification/Destabilization

Erosion/Siltation

Atmospheric Deposition

Natural Sources

Nonpoint Source

Tahoe Lake 63430010

Nitrogen Medium 85364 Acres

Grazing Related Sources

Silviculture

Construction/Land Development

Land Development

Urban Runoff/Storm Sewers

Urban Runoff Non industrial Permitted

Other Urban Runoff

Highway/Road/Bridge Runoff

Surface Runoff

Urban Runoff Erosion and Sedimentation

Hydromodification

Habitat Modification

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Drainage/Filling Of Wetlands

Channel Erosion

Erosion/Siltation

Marinas and Recreational Boating

Atmospheric Deposition

Highway Maintenance and Runoff

Internal Nutrient Cycling primarily lakes

Natural Sources

Recreational and Tourism Activities non boating

Golf course activities

Groundwater Loadings
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Phosplionis \Itdiuiii 85364 Acres

Grazing Related Sources

Silviculture

Highway/Road/Bridge Construction

Land Development

Urban Runoff/Storm Sewers

Urban Runoff Non industrial Permitted

Other Urban Runoff

Highway/Road/Bridge Runoff

Urban Runoff Erosion and Sedimentation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Atmospheric Deposition

Highway Maintenance and Runoff

Internal Nutrient Cycling primarily lakes

Sediment Resuspension

Natural Sources

Recreational and Tourism Activities non boating

Nonpoint Source

Sedimentation/Siltation Medium 85364 Acres

Grazing Related Sources

Silviculture

Highway/Road/Bridge Construction

Land Development

Urban Runoff/Storm Sewers

Other Urban Runoff

Highway/Road/Bridge Runoff

Urban Runoff Erosion and Sedimentation

Hydromodification

Chaimelization

Removal of Riparian Vegetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Atmospheric Deposition

Sediment Resuspension

Natural Sources

Recreational and Tourism Activities non boating

Nonpoint Source
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Tallac Creek below Hwy 89 63410041

Pathogens Low 1.3 Miles

Grazing Related Sources

Pasture Grazing Riparian

Tmemaha Reservoir 60320000

Metals Medium 984 Acres

concern related to use of copper sufate algicide Further monitoring and assessment needed to determine extent

of impairment

Other

Topaz Lake 63110010

Sedimentation/Siltation Medium 928 Acres

Additional monitoring and assessment needed to document extent of impairment

Agriculture

Streambank Modification/Destabilization

Erosion/Siltation

Nonpoint Source

Trout Creek above Hwy 50 63410020

Iron Low 10 Miles

Standards revision to be considered

Urban Runoff Non industrial Permitted

Erosion/Siltation

Natural Sources

Nitrogen Low 10 Miles

\urogen loading jrom creek be addressed during developmern ojLake Tahoe Pv bu more
specijic

Pv may
be needed for Trout Creek

Pasture Grazing Riparian and/or Upland

Urban Runoff Non industrial Permitted

Erosion/Siltation

Atmospheric Deposition

Pathogens Low 10 Miles

Source Unknown

Phosphorus Low 10 Miles

Phosphorus loading from creek to be considered during development of Lake Tahoe TMDL but more specific TMDL

may be needed for Trout Creek

Pasture Grazing Riparian and/or Upland

Urban Runoff Non industrial Permitted

Erosion/Siltation

Atmospheric Deposition
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Trout Creek below Hwy 50 63410042

Iron Low 0.78 Miles

Urban Runoff Non industrial Permitted

Erosion/Siltation

Natural Sources

Nitrogen Low 0.78 Miles

Nitrogen loading from creek to be addressed during development ofLake Tahoe TMDL but more specific TMDL may

be needed for Trout Creek

Urban Runoff Non industrial Permitted

Erosion/Siltation

Atmospheric Deposition

Pathogens Low 0.78 Miles

Pasture Grazing Niparian

Natural Sources

Recreational and Tourism Activities non boating

Transient encampments

Phosphorus Low 0.78 Miles

Phosphorus loading from creek to be addressed during development of Lake Tahoe TMDL but more specific
TMDL

may be needed for Trout Creek

Urban Runoff Non industrial Permitted

Erosion/Siltation

Atmospheric Deposition

Truckee River 63510010

Sedimentation/Siltation Medium 39 Miles

Watershed disturbance including ski resorts silvicultural activities urban development reservoir construction and

management highly erosive subwatersheds

Range Grazing Riparian and/or Upland

Silviculture

Construction/Land Development

Highway/Road/Bridge Construction

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Natural Sources

Recreational and Tourism Activities non boating

Snow skiing activities

Nonpoint Source

Truckee River Upper above Christmas 63410010

Valley

Iron Low 4.5 Miles

Natural Sources
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Pathogens Low 4.5 Miles

Grazing Related Sources

Natural Sources

Recreational and Tourism Activities non boating

Phosphorus Low 4.5 Miles

Phosphorus loading from river to be addressed during development of Lake Tahoe TMDL but more specific
TMDL

may be needed for the Upper Truckee River

Grazing Related Sources

Silviculture

Natural Sources

Truckee River Upper below Christmas 63410042

Valley

Iron Low 11 Miles

Erosion/Siltation

Natural Sources

Unknown Nonpoint Source

Phosphorus Low 11 Miles

Phosphorus loading from river to be addressed in development of Lake Tahoe TMDL but more specific TMDL may be

needed for the Upper Truckee River

Silviculture

Construction/Land Development

Hydromodification

Chaimeliiation

Removal of Riparian Vegetation

Streambank Modification/Destabllhiation

Erosion/Siltation

Atmospheric Deposition

Highway Maintenance and Runoff

Natural Sources

Unknown Nonpoint Source

Tuttle Creek 60330140

Habitat alterations Low 13 Miles

Creek may be p1 aced on separate list of waters impaired by pollution and not needing TMDLs under pending changes in

federal regulations

Range Grazing Riparian and/or Upland
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Twin Lakes Owens HU 60310051

Nitrogen Low 26 AcresLv needed to confirm extent of impairment and need for TMDL

Agriculture

Grazing Related Sources

Construction/Land Development

Land Development

Other Urban Runoff

Atmospheric Deposition

Phosphorus Low 26 AcresLv needed to confirm degree of impairment and need for TMDL

Agriculture

Grazing Related Sources

Construction/Land Development

Land Development

Other Urban Runoff

Ward Creek 63420020

Iron Low 5.7 Miles

Silviculture

Other Urban Runoff

Highway/Road/Bridge Runoff

Channel Erosion

Erosion/Siltation

Natural Sources

Nitrogen Low 5.7 Miles

Nitrogen loading from creek to be addressed during development ofLake Tahoe TMDL but more specific TMDL may

be needed for Ward Creek

Silviculture

Other Urban Runoff

Highway/Road/Bridge Runoff

Channel Erosion

Erosion/Siltation

Atmospheric Deposition

Natural Sources
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Phosphorus Low 5.7 Miles

Phosphorus loading from creek to be addressed during development of Lake Tahoe TMDL but more specific TMDL

may be needed for Ward Creek

Silviculture

Other Urban Runoff

Highway/Road/Bridge Runoff

Urban Runoff Erosion and Sedimentation

Channel Erosion

Erosion/Siltation

Atmospheric Deposition

Natural Sources

Sedimentation/Siltation Medium 5.7 Miles

The University of California Davis Tahoe Research Group is currently researching sediment sources in the Ward Creek

watershed

Silviculture

Land Development

Urban Runoff/Storm Sewers

Highway/Road/Bridge Runoff

Channel Erosion

Nonpoint Source

West Walker River 63110060

Sedimentation/Siltation Low 49 Miles

Agriculture

Pasture Gnizing Riparian and/or Upland

Remonil of Ripaiian egetation

Streambank Modification/Destabilization

Channel Erosion

Erosion/Siltation

Nonpoint Source

Wolf Creek Alpine County 63210031

Sedimentation/Siltation Low 12 Miles

Range Grazing Riparian and/or Upland

Silviculture

Nonpoint Source

Alamo River 72310000

Pesticides Low 57 Miles

Pesticides may be contained in agricultural return flows Elevated fish tissue levels Toxic bioassay results

Agricultural Return Flows

Selenium Low 57 Miles

Selenium originates from Upper Basin Portion of Colorado River Elevatedfish tissue levels

Agricultural Return Flows
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oaeliella \aIIe Storm haiuiel 719-17000

IItI1O2eI1S \ied iwn 69 \Ides

Source nknown

Imperial Valley Drains 72310000

Pesticides Low 1222 Miles

EIevatecltsh tissue levels and toxic bioassay results

Agricultural Return Flows

Sedimentation/Siltation High 1222 Miles 2004

Agricultural Return Flows

Selenium Low 1222 Miles

Selenium originates from Upper basin Portion of colorado River Elevatecltsh tissue levels

Agricultural Return Flows

New River Imperial 72310000

124 triinethvlbenzene Low 66 Miles

Industrial Point Sources

Out of state source

Chloroform Low 66 Miles

Industrial Point Sources

Out of state source

Inp Xvlenes Low 66 Miles

Industrial Point Sources

Out of state source

utiients Low 66 Miles

Regi onalBoard proposes to establish IMDL in cooperation with US EPA and Mcxi co

Major Municipal Point Source dry and/or wet

weather discharge

Agricultural Return Flows

Out of state source

Organic Enrichment/Low Dissolved Oxygen Medium 66 Miles

Wastewater

Inappropriate Waste Disposal/Wildcat Dumping

Out of state source

Unknown point source

Xylenes Low 66 Miles

Industrial Point Sources

Out of state source

Cymene Low 66 Miles

Industrial Point Sources

Out of state source
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Dichlorobenzene DCB Low 66 Miles

Industrial Point Sources

Out of state source

Pesticides Low 66 Miles

Agricultural Return Flows

Out of state source

Sedimentation/Siltation High 66 Miles 2002

Agricultural Return Flows

Toluene Low 66 Miles

Industrial Point Sources

Out of state source

Trash Medium 66 Miles

Out of state source

Palo Verde Outfall Drain 71540000

Pathogens High 7.4 Miles 2003

Source Unknown

Salton Sea 72800000

Nutrients High 233340 Acres 2004

Major Industrial Point Source

Agricultural Return Flows

Out of state source

Salinity Low 233340 Acres

JMDL development will not be effective in addressing this problem which will require an engineering solution with

federal local and state cooperation

Agricultural Return Flows

Out of state source

Point Source

Selenium Medium 233340 Acres

Agricultural Return Flows

Anaheim Bay 80111000

Copper Low 402 Acres

This listing was made by USEPA

Source Lnknown

Dieldrin tissue Low 402 Acres

This
listing was made by USEPA

Source Unknown

Nickel Low 402 Acres

This
listing was made by USEPA

Source Unknown
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PCBs tissue Low 402 Acres

This listing was made by USEPA

Source Unknown

Big Bear Lake 80171000

Copper Medium 2865 Acres

Resource Extraction

Mercury Medium 2865 Acres

Resource Extraction

Metals Medium 2865 Acres

Resource Extraction

Noxious aquatic plants High 2865 Acres 2004

Construction/Land Development

nknown point source

Nutrients High 2865 Acres 2004

Construction/Land Development

Snow skiing activities

Sedimentation/Siltation High 2865 Acres 2004

Construction/Land Development

Snow skiing activities

Unknown Nonpoint Source

Bolsa Chica State Beach 80111000

Copper Low 2.6 Miles

Th1 listing wa made by USEPA

Source Unknown

Nickel Low 2.6 Miles

This listing was made by USEPA

Source Unknown

Buck Gully Creek 80111000

Fecal Coliform Low 0.3 Miles

Listing is downstream ofPacific Coast Highway

Source Unknown

Total Coliform Low 0.3 Miles

listing
is downstream of Pacihe Coast l-lighway

Source Unknown

Canyon Lake Railroad Canyon Reservoir 80211000

Nutrients Low 453 Acres

Nonpoint Source

Pathogens Low 453 Acres

Nonpoint Source
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14 limo reek Reach 811121111111

Nutrients Medium 7.8 Miles

Agriculture

Dairies

Pathogens High 7.8 Miles 2004

Agriculture

Dairies

Urban Runoff/Storm Sewers

ChinoCreekReach2 80121000

High Coliform Count Medium 2.5 Miles

Unknown Nonpoint Source

Cucamonga Creek Valley Reach 80121000

High Coliform Count High 9.6 Miles 2004

Unknown Nonpoint Source

Elsinore Lake 80231000

Nutrients High 2431 Acres 2003

Unknown Nonpoint Source

Organic Enrichment/Low Dissolved Oxygen High 2431 Acres 2004

Unknown Nonpoint Source

Sedimentation/Siltation High 2431 Acres 2003

Urban Runoff/Storm Sewers

Lnknown Toxicity High 2431 Acres 2004

Unknown Nonpoint Source

Fulmor Lake 80221000

Pathogens Low 4.2 Acres

Unknown Nonpoint Source

Grout Creek 80171000

Metals Medium 3.5 Miles

Unknown Nonpoint Source

Nutrients High 3.5 Miles 2004

Lnknown 1\onpoint Source

Huntington Beach State Park 80111000

Enterococci Low 5.8 Miles

Impaired 50 yards around drain at Magnolia

Source Unknown
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Huntington Harbour 80111000

Copper Low 221 Acres

This
listing was made by USEPA

Source Unknown

Dieldrin tissue Low 221 Acres

This listing was made by USEPA

Source Unknown

Nickel Low 221 Acres

This listing was made by USEPA

Source Unknown

Pathogens Low 221 Acres

Urban Runoff/Storm Sewers

PCBs tissue Low 221 Acres

Tbi
listing

mv1e hy TISEPA

Source Unknown

Knickerbocker Creek 80171000

Metals Medium Miles

Unknown Nonpoint Source

Pathogens High Miles 2004

Unknown Nonpoint Source

Los Trancos Creek Crystal Cove Creek 80111000

Fecal Coliform Low 0.19 Miles

Listing is downstream ofPacific Coast Highway

Source Unknown

Total Coliform Low 0.19 Miles

Listing is downstream ofPacific Coast Highway

Source Unknown

Lytle Creek 80141000

Pathogens Low 41 Miles

Unknown Nonpoint Source

Mill Creek Prado Area 80121000

Nutrients Medium 1.6 Miles

Agriculture

Dairies

Pathogens High 1.6 Miles 2004

Dairies

Suspended solids Medium 1.6 Miles

Dairies
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14 Miii reek Reach 80156000

Pathogens Low 12 Miles

Unknown Nonpoint Source

Mill Creek Reach 80158000

Pathogens Low 12 Miles

Unknown Nonpoint Source

Mountain Home Creek 80158000

Pathogens Low 3.7 Miles

Unknown Nonpoint Source

Mountain Home Creek East Fork 80158000

Pathogens Low 5.1 Miles

Unknown Nonpoint Source

Newport Bay Lower 80114000

Metals Medium 767 Acres

Urban Runoff/Storm Sewers

Contaminated Sediments

Boatyards

Pesticides High 767 Acres 2003

Agriculture

Contaminated Sediments

Priority Organics Medium 767 Acres

Contaminated Sediments

Unknown Nonpoint Source

Newport Bay Upper Ecological Reserve 80111000

Metals Medium 653 Acres

Urban Runoff/Storm Sewers

Pesticides High 653 Acres 2003

Agriculture

Unknown Nonpoint Source

Prado Park Lake 80121000

Nutrients Low 90 Acres

Nonpoint Source

Pathogens High 90 Acres 2004

Nonpoint Source
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14 Rath 101W Rathhuii reek 811171 111111

Nutrients High 4.7 Miles 2004

Snow siding activities

Unknown Nonpoint Source

Sedimentation/Siltation High 4.7 Miles 2004

Snow skiing activities

Unknown Nonpoint Source

San Diego CreekReachl 80111000

Fecal Coliform Low 7.8 Miles

Urban Runoff/Storm Sewers

Other Urban Runoff

Pesticides High 7.8 Miles 2003

ukuown Nonpoint Source

San Diego CreekReach2 80111000

Metals Medium 6.3 Miles

Urban Runoff/Storm Sewers

Unknown Toxicity Low 6.3 Miles

Unknown Nonpoint Source

Santa Ana River Reach 80121000

Pathogens High 26 Miles 2004

Dairies

Santa Ana Riser Reach 80127000

Pathogens Low 14 Miles

Nonpoint Source

Santiago Creek Reach 80112000

Salinity/TDS/Chlorides Low 9.8 Miles

Source Unknown

Seal Beach 80111000

Enterococci Low 0.53 Miles

Impaired 50 yards around drain at 1st Street

Source Unknown

Silverado Creek 80112000

Pathogens Low 11 Miles

Unknown Nonpoint Source

Saliuity/TDS/Chlorides Low 11 Miles

Unknown Nonpoint Source
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14 Summit reek 80171000

Nutrients High 1.5 Miles 2004

Construction/Land Development

Agua Hedionda Creek 90431000

Total Dissolved Solids Low Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Agua Hedionda Lagoon 90431000

Bacteria Indicators Low 6.8 Acres

Nonpoint/Point Source

Sedimentation/Siltation Low 6.8 Acres

onpoint/loint Source

Aliso Creek 90113000

Bacteria Indicators Medium 19 Miles

Urban Runoff/Storm Sewers

Unknown point source

Nonpoint/Point Source

Phosphorus Low 19 Miles

Impairment located at lower miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Lnknown point source

Toxicity Low 19 Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Aliso Creek mouth 90113000

Bacteria Indicators Medium 0.29 Acres

Nonpoint/Point Source

Buena Vista Lagoon 90421000

Bacteria Indicators Low 202 Acres

Nonpoint/Point Source

Nutrients Low 202 Acres

Estimated si of impairment is 150 acres located in upper portion of lagoon

Nonpoint/Point Source

Sedimentation/Siltation Medium 202 Acres

Nonpoint/Point Source
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14 hollas Creek 908220110

Bacteria Indicators Medium 1.2 Miles

Nonpoint/Point Source

Cadmium High 1.2 Miles 2004

Nonpoint/Point Source

Copper High 1.2 Miles 2004

Nonpoint/Point Source

Diazinon High 1.2 Miles 2002

Nonpoint/Point Source

Lead High 1.2 Miles 2004

Nonpoint/Point Source

Zinc High 1.2 Miles 2004

Nonpoint/Point Source

Iloverdale Creek 90532000

Phosphorus Low 1.2 Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Total Dissolved Solids Low 1.2 Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Dana Point Harbor 90114000

Bacteria Indicators Medium 119 Acres

Impairment located at Baby Beach

Urban Runoff/Storm Sewers

Marinas and Recreational Boating

Unknown Nonpoint Source

Unknown point source

Famosa Slough and Channel 90711000

Eutrophic Low 32 Acres

Nonpoint Source

Page 183 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

.LW VI ER POTE\TI.th MDI ESI I\I.TED PROPOSED TsIDI

RECI0\TVPE \.\IE WATERSIIEI P0111 A\TISI RESSOR sot I4CEs PRIORITY SIZE .FFECTEI 0\IPIE.fI0\

14 Felicita reek 90523000

Total Dissolved Solids Low 0.92 Miles

Agricultural Return Flows

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Unknown Nonpoint Source

Unknown point source

Forester Creek 90712000

Fecal Coliform Medium 6.4 Miles

Impairment Located at lower mile

Urban Runoff/Storm Sewers

Spifis

Unknown Nonpoint Source

Lnknown point source

pH Low 6.4 Miles

Impairment Located at upper miles

Industrial Point Sources

Habitat Modification

Spifis

Unknown Nonpoint Source

Unknown point source

Total Dissolved Solids Low 6.4 Miles

Impairment Located at lower mile

Agricultural Return Flows

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Unknown Nonpoint Source

Unknown point source

Green Valley Creek 90511000

Sulfates Low 1.2 Miles

Urban Runoff/Storm Sewers

Natural Sources

Unknown Nonpoint Source

Unknown point source

Guajome Lake 90311000

Eutrophic Low 33 Acres

Nonpoint/Point Source
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hodges Lake 90521000

Color Low 1104 Acres

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Nitrogen Low 1104 Acres

Agriculture

Dairies

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Phosphorus Low 1104 Acres

Agriculture

Dairies

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Total Dissolved Solids Low 1104 Acres

Agricultural Return Flows

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Natural Sources

Unknown Nonpoint Source

Unknown point source

Kit Carson Creek 90521000

Total Dissolved Solids Low 0.99 Miles

Agricultural Return Flows

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Unknown Nonpoint Source

Unknown point source

Loma Alta Slough 90410000

Bacteria Indicators Low 8.2 Acres

Nonpoint Source

Eutrophic Low 8.2 Acres

Nonpoint Source

Los Penasquitos Lagoon 90610000

Sedimentation/Siltation Low 469 Acres

Nonpoint/Point Source
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Mission Bay 90640000

Bacteria Indicators Medium 2032 Acres

Impairment located along entire bay shoreline

Nonpoint/Point Source

Eutrophic Low 2032 Acres

Estimated area of impairment of 0.5 acres located at mouth of Rose Creek and 0.5 acres located at mouth of Tecolote

Creek

Nonpoint/Point Source

Lead Low 2032 Acres

Estimated area of impairment of 0.5 acres located at mouth of Rose Creek and 0.5 acres located at mouth of Tecolote

Creek

Nonpoint/Point Source

Murrieta Creek 90252000

Phosphorus Low 12 Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Pacific Ocean Shoreline Aliso HSA 90113000

Bacteria Indicators Medium 0.65 Miles

Impairment located at Laguna Beach atLagunita Place Blue Lagoon Place Aliso Beach

Nonpoint/Point Source

Pacific Ocean Shoreline Buena Vista Creek 90421000

IL

Bacteria Indicators Low 1.2 Miles

Impairment located at Buena Vista Creek Carls bad City Beach at Carls bad Village Drive Carls bad State Beach at Pine

Avenue

Nonpoint/Point Source

Pacific Ocean Shoreline Dana Point HSA 90114000

Bacteria Indicators Medium Miles

Impairment located at Aliso Beach at West Street Aliso Beach at Table Rock Drive 1000 Steps Beach at Pacific Coast

Hwy Hospital 9th Aye Salt Creek large outlet Salt Creek Beach at Salt Creek service roac Salt Creek Beach at

Dana Strand Road

Nonpoint/Point Source

Pacific Ocean Shoreline Escondido Creek 90461000

IL

Bacteria Indicators Low 0.44 Miles

Impairment located at San Elo Lagoon outlet

Nonpoint/Point Source
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Pacific Ocean Shoreline Laguna Beach 90112000

HSA

Bacteria Indicators Medium 1.8 Miles

Impair merit located at /Iairi Laguria Beach Laguria Beach at Ocean Avenue Laguria Beach at Laguria Avenue Laguria

Beach at Cleo Street Arch Cove at Bluebird Canyon Roac Laguna Beach at Dumond Drive

Nonpoint/Point Source

Pacific Ocean Shoreline Loma Alta HA 90410000

Bacteria Indicators Low 1.1 Miles

Impairment located at Loma Alta Creek Mouth

Nonpoint/Point Source

Pacific Ocean Shoreline Lower San Juan 90120000

HSA

Bacteria Indicators Medium 1.2 Miles

Tmpairnwnt Iucatd at 7\Jurth Rach Crpph San Juan Crk Iarg uutlt Capistranu Rach Suuth Capistranu Rach at

Beach Road

Nonpoint/Point Source

Pacific Ocean Shoreline Miramar 90610000

Reservoir HA

Bacteria Indicators Low 0.39 Miles

Impairment located at Torrey Pines State Beach at Del Mar Anderson Canyon

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Pacific Ocean Shoreline San Clemente HA 90130000

Bacteria Indicators Medium 3.7 Miles

Impairment located at Poche Beach large outlet Ole Hanson Beach Club Beach at Pico Drain San Clemente City

Beach at El Portal St Stairs San Clemente City Beach atMariposa St San Clemente City Beach at Linda Lane San

Clemente City Beach at South Linda Lane San Clemente City Beach at Lifeguard Headquarters Under San Clemente

Pier San Clemente City Beach at Trafalgar Canyon Trafalgar Ln San Clemente State Beach atRivi era

Beach San Clemente State Beach at Cypress Shores

Nonpoint/Point Source

Pacific Ocean Shoreline San Diego HU 90711000

Bacteria Indicators Medium 0.37 Miles

Impairment located at San Diego River Mouth aka Dog Beach

Nonpoint/Point Source

Pacific Ocean Shoreline San Diequito HU 90511000

Bacteria Indicators Low 0.86 Miles

Impairment located at San Dieguito Lagoon Mouth Solana Beach

Nonpoint/Point Source
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Pacific Ocean Shoreline San Joaquin Hifis 90111000

HSA

Bacteria Indicators Low 0.63 Miles

Irnpairnerit located at Cameo Cove at vi vie Cove Ri vea Way Heile Park oth

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Pacific Ocean Shoreline San Luis Rey HU 90311000

Bacteria Indicators Low 0.49 Miles

Impairment located at San Luis Rey River Mouth

Nonpoint/Point Source

Pacific Ocean Shoreline San Marcos HA 90451000

Bacteria Indicators Low 0.5 Miles

Impairment located at Moonlight State Beach

Nonpoint/Point Source

Pacific Ocean Shoreline Scripps HA 90630000

Bacteria Indicators Medium 3.9 Miles

Impairment located at La Jolla Shores Beach at El Paseo Grande La Jolla Shores Beach at Caminito Del Oro La Jolla

Shores Beach at Vallecitos La Jolla Shores Beach at Ave de la Playa Casa Beach Childrens Pool South Casa Beach

at Coast Blvd Whispering Sands Beach atRavina St Windansea Beach at Vista de la Playa Windansea Beach at

Bonair St Windansea Beach at Playa del Norte Windansea Beach at Palomar Ave Tourmaline Surf Park Pacific

Beach at Grand Ave

Nonpoint/Point Source

Pacific Ocean Shoreline Tijuana HU 91111000

Bacteria Indicators Low Miles

Impairment located from the border extending north along the shore

Nonpoint/Point Source

Pine Valley Creek Upper 91141000

Enterococci Medium 2.9 Miles

Grazing Related Sources

Concentrated Aininal Feeding Operations

permitted point source

Transient encampments

Prima Deshecha Creek 90130000

Phosphorus Low 1.2 Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source
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iiirhidit MW 1.2 Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Rainbow Creek 90222000

Nitrogen High Miles 2003

Agricultural Return Flows

Other Urban Runoff

Nurseries

Onsite Wastewater Systems Septic Tanks

Nonpoint/Point Source

Phosphorus High Miles 2003

Agricultural Return Flows

Other Urban Runoff

Nurseries

Onsite Wastewater Systems Septic Tanks

Nonpoint/Point Source

San Diego Bay Shoreline 32nd St San 90822000

Diego Naval Station

Benthic Community Effects Medium 103 Acres

Nonpoint/Point Source

Sediment Toxicity Medium 103 Acres

Nonpoint/Point Source

San Diego Bay Shoreline between Sampson 90822000

and 28th Streets

Copper High 55 Acres 2003

Nonpoint/Point Source

Mercury High 55 Acres 2003

Nonpoint/Point Source

PAHs High 55 Acres 2003

Nonpoint/Point Source

PCBs High 55 Acres 2003

1\ onpoint/Point Source

Zinc High 55 Acres 2003

Nonpoint/Point Source
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San Diego Ba Shoreline hula Vista 909120110

Marina

Bacteria Indicators Low 0.41 Miles

Urban Runoff/Storm Sewers

Marinas and Recreational Boating

Boatyards

Boat Discharges/Vessel Wastes

San Diego Bay Shoreline Downtown 90821000

Anchorage

Benthic Community Effects Medium 7.4 Acres

Nonpoint/Point Source

Sediment Toxicity Medium 7.4 Acres

Nonpoint/Point Source

San Diego Bay Shoreline Street Pier 90821000

Bacteria Indicators Low 0.42 Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

San Diego Bay Shoreline near Chollas 90822000

Creek

Benthic Community Effects Medium 15 Acres

Nonpoint/Point Source

Sediment Toxicity Medium 15 Acres

Nonpoint/Point Source

San Diego Bay Shoreline near Coronado 90822000

Bridge

Benthic Community Effects Medium 37 Acres

Nonpoint/Point Source

Sediment Toxicity Medium 37 Acres

Includes Crosby Street Cesar Chave Park area that will receive additional monitoring

Nonpoint/Point Source

San Diego Bay Shoreline near sub base 90810000

Benthic Community Effects Medium 16 Acres

Nonpoint/Point Source

Sediment Toxicity Medium 16 Acres

Nonpoint/Point Source
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II San Diego Ba Shoreline rica Sw itier 91182 111111

Creek

Chiordane Medium 5.5 Acres

Urban Runoff/Storm Sewers

Other

Boatyards

Nonpoint/Point Source

Lindane Medium 5.5 Acres

Urban Runoff/Storm Sewers

Other

Boatyards

Nonpoint/Point Source

PAHs Medium 5.5 Acres

Lrban Runoff/Storm Sewers

Other

Boatyards

Nonpoint/Point Source

San Diego Bay Shoreline North of 24th 90832000

Street Marine Terminal

Benthic Community Effects Medium 9.5 Acres

Nonpoint/Point Source

Sediment Toxicity Medium 9.5 Acres

Nonpoint/Point Source

San Diego Bay Shoreline Seventh Street 90831000

Channel

Benthic Community Effects Medium Acres

Nonpoint/Point Source

Sediment Toxicity Medium Acres

Nonpoint/Point Source

San Diego Bay Shoreline Shelter Island 90810000

Shoreline Park

Bacteria Indicators Low 0.42 Miles

Unknown Nonpoint Source

Unknown point source

San Diego Bay Shoreline Tidelands Park 91010000

Bacteria Indicators Low 0.38 Miles

Unknown Nonpoint Source

Unknown point source
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CALWATER POTENTIAL TMDL ESTIMATED PROPOSED TMDL
REGION TYPE NAME WATERSHED POLLUTANT/STRESSOR SOURCES PRIORITY SIZE AFFECTED COMPLETION

San Diego Bay Shoreline Vicinity of St 90821000

and Broadway Piers

Bacteria Indicators Low 9.9 Acres

Etirnated ofirnpaimerit 0.4 rnile aouruJ the hoelirie of the bay

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Benthic Community Effects Medium 9.9 Acres

Nonpoint/Point Source

Sediment Toxicity Medium 9.9 Acres

Nonpoint/Point Source

San Diego Bay Shelter Island Yacht Basin 90810000

Copper Dissolved High 153 Acres 2003

Nonpoint/Point Source

San Diego River Lower 90711000

Fecal Coliform Low 12 Miles

Lower miles

Urban Runoff/Storm Sewers

Wastewater

Nonpoint/Point Source

Low Dissolved Oxygen Low 12 Miles

Impairment transcends adjacent Calwater wtareshed 90 12

Urban Runoff/Storm Sewers

Lnknown Nonpoiiit Source

Unknown point source

Phosphorus Low 12 Miles

Impairment transcends adjacent Calwater watershed 90 12

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Total Dissolved Solids Low 12 Miles

Impairment transcends adjacent Calwater watershed 90 12

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Natural Sources

Unknown Nonpoint Source

Unknown point source

Page 192 of 196



2002 CWA SECTION 303d LIST OF WATER QUALITY LIMITED SEGMENTS

.LW VI ER P0TE\TI.L MDI ESI I\I.TED PROPOSED T\IDI

RECI0\TVPE \.flIE WATERSIIEI P0111 fl/SI RESSOR sot IUEs PRIORITY SIZE .FFECTEI 0\IPIE.fI0\

Mali
Flipo Lagoon 90461000

Bacteria Indicators Low 566 Acres

Estimated si of impairment is 150 acres

Nonpoint/Point Source

Eutrophic Low 566 Acres

Estimated si of impairment is 330 acres

Nonpoint/Point Source

Sedimentation/Siltation Medium 566 Acres

Estimated si of impairment is 150 acres

Nonpoint/Point Source

San Juan Creek 90120000

Bacteria Indicators Medium Miles

Nonpoint/Point Source

San Juan Creek mouth 90120000

Bacteria Indicators Medium 6.3 Acres

Nonpoint/Point Source

San Luis Rey River 90311000

Chloride Low 19 Miles

Impairment located at lower 13 miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Total Dissolved Solids Low 19 Miles

Industrial Point Sources

Agriculture storm runoff

Urban Runoff/Storm Sewers

Surface Mining

Flow Regulation/Modification

Natural Sources

Golf course activities

Unknown Nonpoint Source

Unknown point source

Sandia Creek 90222000

Total Dissolved Solids Low 1.5 Miles

Urban Runoff/Storm Sewers

Flow Regulation/Modification

Natural Sources

Unknown Nonpoint Source

Unknown point source
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Santa \Iargarita Lagoon 902110110

Eutrophic Low 28 Acres

Nonpoint/Point Source

Santa Margarita River Upper 90222000

Phosphorus Low 18 Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Segunda Deshecha Creek 90130000

Phosphorus Low 0.92 Miles

Urban Runoff/Storm Sewers

Unknown Nonpoint Source

Lnknown point source

Turbidity Low 0.92 Miles

Construction/Land Development

Urban Runoff/Storm Sewers

Chaimelization

Flow Regulation/Modification

Unknown Nonpoint Source

Unknown point source

Sutherland Reservoir 90553000

Color Low 561 Acres

Lrban Runoff/Storm Sewers

Unknown Nonpoint Source

Unknown point source

Tecolote Creek 90650000

Bacteria Indicators Medium 6.6 Miles

Nonpoint/Point Source

Cadmium Low 6.6 Miles

Nonpoint/Point Source

Copper Low 6.6 Miles

Nonpoint/Point Source

Lead Low 6.6 Miles

Nonpoint/Point Source

Toxicity Low 6.6 Miles

Nonpoint/Point Source

Zinc Low 6.6 Miles

Nonpoint/Point Source
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Tijuana River 91111000

Bacteria Indicators Low 5.8 Miles

Nonpoint/Point Source

Eutrophic Low 5.8 Miles

Nonpoint/Point Source

Low Dissolved Oxygen Low 5.8 Miles

Nonpoint/Point Source

Pesticides Low 5.8 Miles

Nonpoint/Point Source

Solids Low 5.8 Miles

Nonpoint/Point Source

Synthetic Organics Low 5.8 Miles

Nonpoint/Point Source

Trace Elements Low 5.8 Miles

Nonpoint/Point Source

Trash Low 5.8 Miles

Nonpoint/Point Source

Tijuana River Estuary 91111000

Bacteria Indicators Low 1319 Acres

Estimated si of impairment is 150 acres

Nonpoint/Point Source

Eutrophic Low 1319 Acres

Estimated si of impairment is acre

Nonpoint/Point Source

Lead Low 1319 Acres

Estimated si of impairment is acre

Nonpoint/Point Source

Low Dissolved Oxygen Low 1319 Acres

Urban Runoff/Storm Sewers

Wastewater

Unknown Nonpoint Source

Unknown point source

Nickel Low 1319 Acres

Estimated si of impairment is acre

Nonpoint/Point Source

Pesticides Low 1319 Acres

Estimated si of impairment is acre

Nonpoint/Point Source
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AIW FR iorrvri.i \III I\I lED 1ROIOFI r\IDI

RFIO\ r\ PE \.\lF fFRIIFD IIJJ .\T/I IUOR O1 IU PRIORI IfI .FFF lED O\IPI.F IiO\

rIiiIIiiiiii 1319 .eit

Iiflhk in1/iInki1I

oiipoint/Point Source

TraIi Low 1319 Acres

Iiflhk in1/iInki1I

onpoint/Point Source

ABBREVIATIONS

REGIONAL WATER OUALITY CONTROL BOARDS WATER BODY TYPE

North Coast Bays and Harbors

San Francisco Bay Coastal Shorelines/Beaches

Central Coast Estuaries

-I Los Angeles Lakes/Reserviors

Central Valley Rivers and Streams

Lahontan Saline Lakes

Colorado River Basin Wetlands Tidal

Santa Ana Wetlands Freshwater

San Diego

CALWATER WATERSHED
Calwater Watershed is the State Water Resources Control Board hydrological subunit area or an even smaller area delineation

GROUP PESTICIDES OR CHEM

aldrin dieldrrn chlordane endrrn heptachlor heptachlor epoxide

hexachlorocyclohexane including lindane endosulfan and toxaphene
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STRATEGIC ENVIRONMENTAL RESEARCH AND DEVELOPMENT PROGRAM
STATEMENT OF NEED FOR FY 05

POLLUTION PREVENTION NEW START

ALTERNATIVES FOR PERCHLORATES IN INCENDIARY MIX AND
PYROTECHNIC FORMULATIONS FOR PROJECTILES

OBJECTIVE OF PROPOSED WORK

The objective of this Statement of Need SON is to develop environmentally benign

perchlorate- free incendiary and pyrotechnic mix technologies for projectiles Proposals

for both near-term alternatives and for longer-term development efforts are acceptable

The focus of this SON is to eliminate potential future perchlorate soil surface water and

groundwater contamination from training and testing of munitions as well as from

production and disposal of these munitions Proposed technologies must be capable of

meeting or exceeding current DoD-required safety and performance criteria This

includes but is not limited to toxicity stability sensitivity ignitability hygroscopicity

candle power and burn time Human health and ecological considerations during the

lifecycle of the incendiary mix and during ingredient manufacture must be addressed

As secondary objective the proposed alternative must still be visually scoreable but

should reduce the propensity for hot spots and brush fires on training ranges Current

formulations have an average heat value of 2Kcal/gram

In additior the following guidelines must also be considered

The production of the alternative pyrotechnic system must have the potential to be

more environmentally benign than the current perchlorate-based production

processes

The presence of unburned residues such as may be found in test and impact areas

must be environmentally benign

The combustion products must be environmentally benign

Anticipated future tmcer cost should be competitive with current systems

Proposals offering alternatives that reduce the propensity of the device to cause

brush fires will be judged favorably

EXPECTED PAYOFF OF PROPOSED WORK

The benefit of this work will be the reduction or elimination of soil surface and

groundwater contamination due to perchlorate oxidizers used in projectile systems and

increased training opportunities especially during conditions susceptible to fire starting

conditions



BACKGROUND

Perchlorates are used as an oxidizing component in some of the incendiary mix

formulations and flash compositions used in projectiles These formulations are used as

markers to produce an incandescent flash and smoke to mark the impact point as

ignition sources for flammable liquids and as igniters to initiate explosive trains on

impact Some of the more commonly used mixes are

IM-28 40% barium nitrate 10% potassium perchlorate 50%

magnesium/aluminum alloy is an incendiary flash composition used in the .50

caliber M8API .50 caliber M2OAPE- Tracer and the Mk 257 Mod

cartridges Incendiary flash performance requirements may be found in MTh-C

3066C 3.14 Test procedures are defined in TECP 700-700 Vol III

RS-41 49% magnesium/aluminum alloy 49% potassium perchlorate 2%
calcium resinate is used in the 20mm PGU 28/B and the PGU-28A/B SAPHEI

R541 is used as the nose incendiary and initiates the explosive train when the

projectile impacts target Per MIL-I-85756 the Heat of Explosion HOE for

RS-41 shall be between 1900 and 2500 calories /gram

40mm Flash Composition 64% Potassium Perchlorate 22.5% Aluminum

Powder 10% Sulfur 3.5% Antimony Sulfide is used in the 40mm M918 Target

Practice round The flash composition is initiated by the M55 stab detonator upon

projectile impact with the target and emits flash and smoke to simulate high

explosive HE function

Sample usage rates for military include the following

Navy Approximately 3.5 million rounds of .50 caliber M8API and .50 caliber

M2OAPI-T allocated per year for training on Navy ranges

Camp Pendleton Approximately 1.1 million rounds of .50 caliber M8API and .50

caliber M2OAPI-T allocated per year for training at Camp Pendleton ranges

Army Approximately million rounds of 40mm M9 18 TP allocated per year for

training on Army ranges

Perchlorates are extremely soluble in water mobile in subsurface aqueous systems and

may readily contaminate surface and ground waters in and around manufacturing

processing and testing facilities if released Perchlorates are chemically stable and may

persist for decades under typical ground water and surface water conditions

In early 1997 the Californias Department of Health Services DHS Drinking Water

Program first found inorganic perchlorate in some drinking water wells in northern

California Since then inorganic perchlorates have been discovered in the ground waters

and surface waters in several states including northern and southern California Nevada

Arizona Utah and Texas The majority of the locations is in California and may be

associated with formerly active facilities that manufactured tested or demilitarized solid

rocket fuels and other ordnance items for the Defense energetic materials community



It has been estimated the perchlorate contamination of groundwater impacts 12 million

people in the states of Nevada California and Arizona Perchlorate contamination is of

great concern because of its ability to disrupt the endocrine system by inhibiting iodide

anion uptake by the thyroid The mounting weight of the evidence of the extent of

perchlorate contamination and the potential human health effects have prompted EPA to

propose the addition of perchlorate to its Contaminant Candidate List State regulators

have also acted with the California Department of Health Services adopting an action

level for perchlorate in drinking water of 18 g/liter or ppb The member countries of

the European Community have adopted maximum admissible guide level of 20 g/liter

for sodium perchlorate for drinking water corresponding to approximately 16 g/liter for

ammonium perchlorate

Perchlorate contamination can occur during several phases of the munition lifecycle It

can occur during the manufacturing of ingredients the mixing of formulations the

assembly of products the use of the product during testing or training or during the

demilitarization of the product The development of alternative formulations without

perchlorates can address all modes of contamination for specific ordnance item life

cycle

Related SERDP-Funded Projects

SERDP has significant investment in energetics projects Proposers are encouraged to

familiarize themselves with the projects to avoid proposing duplicative efforts

Information about these projects may be found on the SERDPs website

http//www.serdp.or2 listed under Research Projects Pollution prevention projects

may be accessed directly by going to http//www.serdp.org/researchfPrevention.html

ESTIMATED COST AND DURATION OF PROPOSED WORK

The cost and time to meet the requirements of this SON are at the discretion of the

proposer The proposer should incorporate the appropriate time schedule and cost

requirements to accomplish the scope of work proposed SERDP staff will evaluate the

cost and duration of the project plan in light of the scope of work proposed SERDP

projects normally run from two to four years in length and vary considerably in cost

consistent with the scope of the effort Proposers are encouraged to and may submit

smaller proposals that offer technical or cost advantages that only address one or more

portions of the SON

Proposers with innovative approaches to the SON that entail high technical risk and/or

have minimal supporting data may submit proposal for limited amount of funding

less than $100000 for single year to develop the data necessary to provide for risk

reduction or/or proof of concept Such proposals if successful may be eligible for

follow-on funding



The government reserves the right to fund more than one proposal either to meet this

requirement fully or to pursue more than one innovative approach

POINT OF CONTACT

Mr Charles Pellerin

Program Manager for Pollution Prevention

Strategic Environmental Research and Development Program SERDP
901 North Stuart Street Suite 303

Arlington VA 22203

Phone 703 696-2128

FAX 703 696-2114

E-Mail charles.pellerin@osd.mil

References

Military and Civilian Pyrotechnics By Dr Herbert Ellern Chemical Publishing

Company Inc New York 1968

or Submission Instructions go to http//www.serdp.org/funding/funding



State of California

Regional Water Quality Control Board

San Diego Region

EXECUTIVE OFFICER SUMMARY REPORT
August 13 2003

ITEM

SUBJECT Modification to Waste Discharge Requirements

Northrop Grumman Space Technology and Mission

Systems Corporation

Capistrano Test Site

Orange County change in owner

Tentative Addendum No to Order No 94-78

Jeremy Haas

PURPOSE To formally transfer responsibility of Order No 94-78 to

Northrop Grumman Space Technology and Mission

Systems Corporation

PUBLIC NOTICE The Regional Board Agenda Notice was mailed on July 24
2003 and has been posted on the Regional Board web page
This notification satisfies the requirements pursuant to

State Government Code Section 11125 for 10-day notice

DISCUSSION Order No 94-78 adopted on October 13 1994 specifies

requirements for Northrop Grumman Space Technology

and Mission Systems Corporation NGST for the disposal

of treated domestic sewage from the Capistrano Test Site

Septic tank effluent is discharged to an aeration pond and

the treated water from the aeration pond is disposed of by

spray irrigation at the Capistrano Test Site which is located

in the San Juan Hydrologic Unit

letter from Richard Asher dated January 312003
notified this Regional Board that ownership of the

Capsitrano Test Site was transferred from TRW to the

Northrop Grumman Space Technology and Mission

Systems Corporation



-- --.--.--...-..... ....-.-.--.------

Tentative Addendum No to Order No 94-78 would if

adopted identify Northrop Grumman Space Technology
and Mission Systems Corporation as the discharger

responsible for compliance with Order No 94-78

LEGAL CONCERNS None

SUPPORTING
DOCUMENTS Location Map

Regional Board Tentative Addendum No to Order

No 94-7 and transmittal letter

Letter regarding change in ownership dated January 31
2003 from Richard Asher

COMPUANCE
RECORD The Semiannual Monitoring Reports submitted from 1994

to 2002 had no significant noncompliance issues

RECOMMENDATION Adoption of Tentative Addendum No to Order No 94-78

is recommended



SUPPORTING DOCUMENT
NORTHROP GRUMMAN SPACE TECHNOLOGY AND MISSION SYSTEMS
CORPORATION



California Reona1Water Qutlit3fC Atroi Board

San Diego Region
Internet A54Ss httpflwww.swrcb.ca.gov/rwqcb9

Winston Hlckox 9174 Sky Park Cowt Suite 100 San Diego Califcnia 921234340

5ecretafir Phone 858 467-2952 FAX B58 571-6972
Governor

Environmental

Protection

July 22 2003

CEkED
70022410000043982428

Jo reply refer to

Mr Richard Asher WPN02-0034.Ot.02hansj

Environmental Cootdihator

NGST/Capistraæo Tat Site

Post Office Box 10

San Clemente California 92674

Dear Mr Asher

SUBJECTt TENTATIVE ADDENDUM NO TO ORDER NO.9418 FOR
NORmxOP GRUMMAN SPACE TECHNOLOGY AND MISSION

SYSTEMS CORPORATION CAPISTRANO TEST SITE ORANGE

COUNTY

This will acknowledge your letter dated January 31 2003 It is our understanding that ownership

of the Capistrano Test Site was transferred to Northrop Onim.man Space Technology and

Mission Systems Corporation HOST on December 13 2002 ...

My staff has prepared tentative Addendum No which4 if adopted wIll formally transfer

responsibility of Order No 94-78 to NGST

Enclosed for your review and comment is copy of tentative Addendum No Please submit

any written comments no later than August 2003 so that your coimnents and responses can be

provided to the Regional Board members prior to the day of the meeting

The Regional Board will consider adoption of this tentative addendum at its August 13 2003

Regional Board meeting The August 13 2003 Regional Board meeting will be open to public

participation and will begin promptly at 900 a.m at the following address

San Diego Regional Water Quality Control Board

9174 Sky Park Court

SuiteIOO

San Diego California

Cahfonua Environmental Protection Agency

The energy challenge Jhclng CJfornta 11 reaL Evety Calfomiwt needs to take invnedfnte action to reduce energy consumption 1or flu

simple ways you can reduce demand and cat your energy costs see oar Web.slte at ht4/A4ww.swrcb.ctgoi

Recycled Paper



Mr Richard Asher -2- 07/22/03

NCIST/Capistrano Test Site

You and/or somçone from your staff are encouraged to be present at thq Regional Board meeting

in the event your participation is nceded

The heading portion of this letter includes Regional Board code üwnber noted after in reply

refer to In order to assist us in the precessing of your correspondence pleasç include this code

number in the heading or subject line portion of all correspondence and reports to the Regional

Board pertaining to this matter

If you have any questions regarding tentative Addendum No please contact Jeremy Haas of

my staff at 858 467-2735

Sincerely

Robert Morris

Senior Water Resource Control Engineer

RWMjhsth

Enclosures Tentative Addendum No

California Envi$nmenuii Protection Agency

Recycled Paper



CALIFORMA REGIONAL WATER QUALITY CONTROL BOARD
SAN DIEGO REGION

TENTAT1VE ADDENDUM NO TO ORDER NO 94-78

AN ADDENDUM TRANSFERRING RESPONSIBILITY TO

NORTRROP GRUMMAN SPACE TECHNOLOGY AND MISSION SYSTEMS

CORPORATION CAPISTRANO TEST SITE ORANGE COUNTY

The California Regional Water Quality Control Board San Diego Region hereinafter Regional

Board finds that

On October 13 1994 this Regional Board adopted Order No 94-78 Waste Discharge

Requirements for the Disposal of Treated Domestic Sewage at TRW Capistrano Test

Site Orange County

letter from Mr Richard Asher Environmental Coordinator for NGSTF Capistrano

Test Site dated January 31 2003 notified this Regional Board that ownership of the

Capistrano Test Site was transferred from TRW to Northrop umman Space Technology

and Mission Systems Corporation NGST on December 13 2002

The Regional Board has notified all known interested parties of its intent to modify Order

No 94-78 to reflect the transfer of responsibility

The Regional Board in public hearing heard and considered all comments pertaining

to the modification of Order No 94-78

This facility is an existing facility and as such is exempt from the provisions of the

California Environmental Quality Act in accordance with Title 14 California Code of

Regulations Article 19 Section 15301

IT IS HEREBY ORDERED THAT Order No 94-78 is modified as follows

Order No 94-78 shall henceforth be referred to as Waste Discharge Requirements for

Northrop mnmman Space Technology and Mission Systems Corporation Capistrano Test

Site

The waste discharge requirements contained in Order No 94-78 shall be applicable to

Northrop Gumman Space Technology and Mission Systems Corporation Capistrano Test

Site

The discharger as it appears in Order No 94-78 shall hereinafter be construed to refer to

Northrop Gumman Space Technology and Mission Systems Corporation

John Ii Robertus Executive Officer do hereby certy the foregoing is full true and correct

copy of an Addendum adopted by the Cahfornia Regional Water Quality Control Boar4 San

Diego Region on August 13 2003

TENTATIVE

JOHN ROBERTUS
Executive Officer



NORTIlAOP ChJFffl4fl

Production Supply Chain Management

Integration TOt Launch Directorate

Capistrano Test Site

P.O Box 10

San ClementO Ca 92674

949.361.7000

Dear Mr Phillips

Enclosed is copy of the effluent monitoring report for the July 2002 through

December 31 2002 reportIng peilod

Due to lack of rain decreased level of activity and associated reduction in employee

population the total discharge the aeration pond Was 1llonaintenance
operations

alsO want to make you aware of the Northrop Grumman acquisition of TRW as of

December 13 2002 If your agency requires any specific documentation regarding the

change of ownership please forward the appropnate forms and/or format to me and will

Oomplete otherwise this shall serve as formal notification The new company name is

Northrop Grumman Space Technology and Mission Systems Corporation

If you have any questions concerns or additional information is needed please contact

me at 949 361-7106

Sincerely

tt
Richard Asher CHMM
Environmental Coordinator

NGST/Caplstrano Test Site

enclosure

Oaotsq-.oI 819k

1131/03

Califomia BegionatWatecQuakty.Qontrol Board

egion -----...
9771 Clairemont Mesa Boulevard

San Diego CA 92124-1331

Attn Mr John Phillips

t$ubject Semi-Annual Monitoring Report for Order No 94-78

aD

4-

__4rtSr
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Tools for Regional Sediment Management
US Army Corps
of Engineers by Jennifer Wozencraft Lynn Hardegree

Lynn Bocamazo Julie Rosati and Jack Davis

PURPOSE This Coastal and Hydraulic Engineering Technical Note CHETN describes tools

that have been adapted to assist with Regional Sediment Management RSM activities at the

U.S Army Engineer Districts Mobile and New York Geographic Information Systems GIS
designed for RSM in the Mobile District and numerical models that have been adapted for

regional studies within the New York District are discussed

BACKGROUND Rosati et al 2001 contains background information on RSM goals and

procedures Some of this information is briefly reproduced for continuity herein

RSM refers to the effective utilization of littoral estuarine and riverine sediment resources in an

environmentally effective and economical manner RSM strives to maintain or enhance the

natural exchange of sediment within the boundaries of the physical system RSM changes the

focus of engineering activities within the coastal estuarine and riverine systems from the local

or project-specific scale to broader scale that is defined by the natural sediment processes and

may include the entire watershed Implementation of RSM recognizes that the physical system

and embedded ecosystems are modified and respond beyond the formal dimensions and time

frames of individual projects The larger spatial and longer temporal perspectives of RSM as

well as the broad range of disciplines with stake in RSM projects require partnerships with and

co-leadership of RSM initiatives by the stakeholders Decisions concerning the timing and scope

of projects that move or utilize sediment must be made within an understanding of the regional

system

The Corps National RSM Demonstration Program began in the Mobile District in October 1999

Separately the grassroots movement for RSM grew with Corps Districts pursuing RSM
initiatives with State and local partnerships In late 2000 the National RSM Demonstration

Program expanded to include five additional demonstration sites in U.S Army Engineer

Districts Jacksonville Philadelphia New York Detroit and the South Pacific Division The

National Demonstration Program has initially been focused on coastal sediment management as

discussed in this CHETN although RSM encompasses the entire watershed

GEOGRAPHICAL INFORMATION SYSTEMS FOR RSM The Spatial Data Branch

Operations Division of the Mobile District created GIS to address the data management and

data analysis requirements of the RSM Demonstration Program undertaken by the District The

resulting GIS provides those interested in and working towards RSM an interface to

hydrographic topographic photogrammetric and historic dredge material data for the RSM
Demonstration Region as well as custom applications designed to facilitate engineering

analyses The RSM GIS serves as the link between engineering analyses and regional numerical

models To date development of the RSM GIS has included input of spatial data for the RSM
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region use of built-in ArcView applications to enhance data manipulation and display and

creation of custom applications to extend the utility of ArcView for RSM specific goals This

section will give an overview of the effort to create the RSM GIS including data preparation for

inclusion in the GIS data display using ArcView creation of custom applications for RSM and

other capabilities currently under development

Spatial Data Input Spatial data that are currently included in the RSM GIS include

hydrographic and topographic survey data aerial and oblique photography dredge material

records digital nautical charts and generic GIS information

Hydrographic and topographic survey data Hydrographic and topographic survey

data are required for the RSM Demonstration Program in two forms First unique data set

must be created for each survey collected in the region Second the data sets must be merged

into single most recent or baseline data set that covers the entire region The RSM GIS data

sets include three types of hydrographic and topographic data singlebeam echosounder data

multibeam echosounder data and airborne Light Detection and Ranging LIDAR bathymetry

and topography

The most extensive data set used to create the RSM baseline data set was obtained from

National Geophysical Data Center NGDC These data are the data that appear on National

Oceanographic and Atmospheric Administration NOAA nautical charts and are the result of

several years of hydrographic surveying The NGDC data are referenced to mean lower low

water mllw based on NOAA specifications that require transfer of tidal datum based on

comparisons of simultaneous tide measurements collected at gauge near the survey site and an

established gauge MapTech 2000 In most areas the distance between adjacent points ranges

from 300 near shore to 1500 farther offshore Exceptions are the navigation channels at

Mobile Pass AL Pensacola Pass FL and the Panama City Entrance Channel FL In these areas

the data density approaches 30

The Mobile Districts Irvington Site Office provided the second type of data included in the

RSM baseline data set The data take the form of navigation channel condition surveys collected

using single-beam echosounder This type of data was included in the baseline for Mobile Pass

and Perdido Pass both located in Alabama These data were originally referenced to mllw using

tidal gauges at the passes The survey coverage includes only the authorized navigation channel

with data points collected in profile lines spaced approximately 100 apart along the length of

the navigation channel Data spacing along the profile lines is sub-meter These data were

collected in the spring of 2000

The final type of data included in the RSM baseline is that collected by the Corps SHOALS

Scanning Hydrographic Operational Airborne Lidar Survey system Lillycrop Parson and

Irish 1996 These data were collected at density of horizontally for project condition

surveys at East Pass Pensacola Pass Panama City and Perdido Pass The project condition

surveys were collected for the Mobile District Survey coverage included the navigation

channel ebb and flood shoals and adjacent shorelines and offshore areas For these surveys

depth data were collected relative to the water surface and were referenced to tidal gauges in

each of the inlets The tidal gauges were set relative to NOAA tidal benchmarks in the area
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In addition to the SHOALS project condition surveys SHOALS shoreline surveys were also

included in the RSM baseline data set SHOALS data have been collected for the entire

coastline of the RSM demonstration region The Florida Department of Environmental

Protection FLDEP commissioned SHOALS data extending from the Panama City Entrance

Channel to Apalachicola Bay FL to support coastal erosion monitoring The data were

collected relative to short baseline of NOAA benchmarks relative to National Geodetic Vertical

Datum 1929 using kinematic GPS The remaining coastline was surveyed by SHOALS as part

of the RSM baseline initiative These data were collected relative to the water surface and were

referenced to tidal benchmarks in the area by interpolation between the benchmarks These last

two data sets were collected at density of The surveys followed the coastline covering

300 of inshore dry beach and 800 of offshore bathymetry

Each of the data sets previously listed were converted to the same horizontal and vertical datums

The horizontal datum chosen by the user is Universal Trans Mercator UTM projection defined

by the North American Datum 1983 NAD83 The vertical datum chosen by the user is North

American Vertical Datum 1988 NAVD88

The baseline data set represents the most recent data for each part of the demonstration region

These data supercede all other data for that area For example near East Pass FL the baseline

data set includes NGDC data the RSM SHOALS shoreline data set collected in 2000 and

SHOALS project condition survey collected in 1997 The NGDC data is superceded by the

more recent SHOALS surveys So the NGDC data retained for the RSM baseline data set only

covers the offshore areas beyond the extent of the SHOALS surveys The SHOALS project

condition survey of 1997 includes data for the flood and ebb shoals adjacent beaches and inlet

throat at East Pass The RSM SHOALS shoreline data set collected in 2000 covers an area along

the shoreline extending from 300 onshore to 800 offshore The 2000 data set supercedes

the 1997 data set in this alongshore swath The 1997 data for the flood and ebb shoals and inlet

throat that lie outside of this swath are retained for the baseline data set

graphical representation of the data retained in the RSM baseline data set near East Pass FL
is shown in Figure The triangles shown in Figure represent individual NGDC data points

while the 4- to 8-m density SHOALS data sets are represented by filled polygons

Aerial and oblique photography Both aerial and oblique photos are included in the RSM
GIS All aerial photography currently included in the RSM GIS was provided to the Spatial Data

Branch ortho-rectified and of various geographic projections See Figure The individual

images were tiled together creating mosaic using the Image Analysis extension of ArcView

Mosaics were then imported into ArcINFO converted into grids and reprojected to the desired

projection of the RSM GIS project The projected grids were converted back into image files

and compressed using Multiresolution Seamless Image Database MrSID software

Oblique photographs along with corresponding descriptions were provided to the Spatial

Data Branch in hard copy form The photos were scanned and saved in JPEG file interchange

formats Photo descriptions were typed and saved as text files Through the Historical Photos

application inside the RSM GIS oblique photos are viewed and printed with corresponding

descriptive data
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Figure East Pass FL Graphical representation of data retained RSM baseline data

set Triangles represent actual NGDC data points SHOALS 4- to 8-rn density data sets

are represented by filled polygons

Dredged material records Historical dredged material records are stored in

customized database The database stores information regarding dredging history for each of the

nine Federal navigation projects in the region Every known dredging event is included in the

RSM GIS dredge material database along with associated removal sites dredge material

kilometers
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Figure Aerial photo rnosaic built for the area near Perdido Pass AL
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quantities placement sites dredge contractors and costs associated with the dredging contract

This information was collected from the Mobile Districts Operations Divisions Irvington and

Panama City Site Offices The original form of the information was as 3- 5-in note cards

Digital nautical charts NOAA nautical charts serve as the background for all other

graphic entities built into the RSM GIS These nautical charts were obtained from MapTech
distributed CD Three steps were required to prepare the digital nautical charts for inclusion in

the RSM GIS First the charts were reprojected from MapTechs proprietary .kap format into

UTM83 projection using the Chart Reproject DOS utility available through the NOAA Web

page Second the .kap files and their associated .bsb files were imported into ArcView and

converted into the Tagged Image File Format TIFF with corresponding world files This

process was achieved using the Chart Reproject extension to ArcView also provided by NOAA
Finally the TIFF charts were cleaned to remove extraneous graphics and text as well as

colorized to produce an accurate depiction of nautical chart This last step was achieved using

the Paint Shop Pro image editor

Generic GIS data The U.S Census Bureau releases extracts from the Census

Topologically Integrated Geographic Encoding and Referencing TIGER database The

database is built on county-by-county basis For each county TIGER/Line files include roads

railroads hydrography transportation information power lines pipelines municipal boundaries

landmarks schools churches parks and cemeteries and key geographic locations such as

shopping centers and factories U.S Census Bureau 2000 These data are released in GIS

format and are directly importable into the RSM GIS provided that they are in the proper

projection In the case of the RSM GIS generic GIS data was projected into UTM83 through the

Proj ection Utility of ArcView

Data Manipulation and Display Using ArcView ArcView and its extensions provide

great deal of data manipulation capability This section outlines the use of built-in ArcView

functionality for the creation of new coastal entities like the mean high water line and

bathymetric contours

Shorelines Shorelines were created directly in ArcView The shoreline was determined

from the position of the debris line on the ortho-rectified aerial photographs The debris line

often denotes the location of mean high water mhw which is the desired shoreline for most

coastal applications The shoreline was delineated using heads-up digitizing in ArcView The

position of the debris line on the ortho-rectified aerial photographs was marked approximately

every 15.24 50 ft Through the tools extension in ArcView linear interpolation was

performed between each point to create the mhw shoreline

Triangulated irregular network Using an ArcView extension called 3D Analyst

triangulated irregular network TIN was created from each of the hydrographic and topographic

data sets included in the RSM GIS including the baseline data set TINs allow RSM data users

to use these data sets as surfaces rather than as two-dimensional data points with an elevation

attribute The surfaces allow for more accurate volume computations between data layers and are

included as data layer in the GIS
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Grids 3D Analyst was also used to create grid of each data set grid is set of

regularly spaced data points created from set of irregularly spaced data points like the

topographic and hydrographic data sets In the RSM GIS grids were created from TINs to

accurately represent elevation changes about the surface Grids are used to facilitate calculations

between data sets and volume computations At each XY grid point an elevation is interpolated

based on the elevation of the TIN at that same XY grid point Each grid has been assigned

color scale based on elevation of the grid points This colorizing of the grid points has the effect

of creating color-filled contours for each data set The grids are included as data layer in the

GIS

Contours Linear contours are also included as layer in the RSM GIS The contours were

created using 3D Analyst The contours are spaced at 1.5-m intervals The contours are drawn

based on the elevations given by the grid surfaces

Creating Custom Applications for ArcView Several custom applications have been

written to extend the capability of ArcView to meet RSM specific goals These applications are

generally written in AVENUE script and Visual Basic and take advantage of ArcView and

ArcView extension functionality AVENUE is ESRIs programming language

Oblique photo tool Aerial photography and oblique photography often contain valuable

qualitative information regarding the condition of beaches dunes offshore shoals and other

coastal features Oblique photography generally taken with standard camera from the beach

itself from nearshore buildings or sometimes from the air cannot be integrated into GIS

because it lacks positioning information Aerial photography can be integrated with GIS if

necessary rectification information is available such as camera angles which are related to

aircraft roll and pitch However especially with older aerial photography often the only

information available is the contact print itself

To include these valuable photos in the GIS even though no positioning information is available

an oblique photo tool was created that hotlinks these photos to the areas in which they were

taken For example several photos have been collected at East Pass FL that cannot be rectified

for input into the GIS The oblique photo tool allows the RSM GIS user to select location

Available photography for that location is displayed with relevant information

An example of the oblique photo tool is shown in Figure In the dialog small or thumbnail

version of photo taken at East Pass FL is displayed By clicking the Full Size button users

can access larger version of the photo All relevant information stored in the photo database is

displayed to the right of the photo This includes the date of the photo the file the photo is

stored in and caption describing the photo
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Dredge data reporthig tool The dredge rnateriai database is acoessed throngh the

dredge data repofling tool lhe repcrtrng tool caI1 up aU knomi dredgrng events from the

dredge niaten ditabe She user may Drcdgmy Rp.nI by eedrng an even4 from

the scrolldown list The user may also select
particiilar navigation channel from the

spatial

domain of the RSM OTS and view reports for every eventwithin that panicuhir channel

An example oraae4ge data repcd thwnip Fiflre .Figure 4a tows the spatial domain of

the RSM oi near MØbile Pa AL ViŁible in the domS are the thoreliti wd navigation

cithnnel Athi area Thº.d giriŁvSt .highiihS in the dEede .dtiepoiiing thol shown
blacked oi.ff is linked to the chajuie section higidighted in the main window of Figure 4a

denoted by arrows The dredge data
reporting

tool then uses data extracted from the dredge

material dSbaselo filh dredging teporL Aportiôaof dredging repo1 houmn .Fige dli
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The profile tool allows the user to extract profiles froin the higher density data sets The profiles

may be extracted along hand drawn line objects 11w profile tool creates set of elevations

along aliS lined cia thE grid surthoes inEhtded.intheGlS.

An xampie .proulletool nhown ff.F1gwe Figure 5a shows ihe spatial domain .of the RSM
ITS near East Pass FL Visible in the domain are the shoreline in this area the grid surface for

SHOALS data et collected at East Pass ut Q% and ohd hue for .hTch profile wIH be

re Cu oblique viewing tool SM The left si of

dIalagshvsa alvkwo atot natEa He
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Dredging Statistics
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Pioeline Size In

Net CYDS Per FT

15.71

Gross CYDS Per FT

23.55

Max Floating Poe Ft

Nh Floating Pioe Ft

RSM GIS spatial domain near Mobile Pass AL This view includes the shoreline

and navigation channels in this area

Dredging Report Historical Record Regional Sediment GIS

Project Key MLOO4
Printed 30 Mar 2001

Project Data
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______________ ___________ Grcss Hculy Digcirj OtS _________________
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________________ ________________
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______________________
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___________ _______________ Total Dioing Time
zJPiJ

________________ __________________ Max shcre rc
to print

_____________ _______________ Mn Shore RSNI Dredging History MLOO4

portion of the dredging report filled with data from the dredge material

database

Figure Dredging Report tool created for RSM GIS
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extracted Figure 5b shows the profile viewing window where profile is shown for both the

November 1995 SHOALS data set and the 1996 SHOALS data set

Compute volumes tool The compute volumes tool gives RSM engineers and scientists

the capability to compute volumes between data sets The volumes are computed based on the

grids created from the original data sets The user may compute volume by drawing an area

polygon for which volume is desired At each grid point an elevation difference is calculated

between the two data sets The volume is determined by integrating the differences over the

areas they represent The volume for the designated area is reported in pop-up window The

differences are stored as data layer in the RSM GIS

An example showing the computed differences is shown in Figure This view shows the

spatial domain for the RSM GIS near East Pass FL Visible in the domain are the shoreline and

the difference grid computed during volume calculation The difference grid is shown in the

lower central portion of the view The black and dark gray grid cells are areas of positive

difference or accretion The lighter gray areas are areas of negative difference or erosion

Figure Volume tool created for RSM GIS This figure shows the spatial domain for

the RSM GIS near East Pass FL The view includes the shoreline and the difference

grid computed during volume calculation The black and dark gray grid cells are

areas of positive difference or accretion The lighter gray grid cells are areas of

negative difference or erosion

tiI Edit Vi Ih lipV Wid HIp BSM.Sdit
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Additional RSM tools Five additional tools created specifically for the RSM are the

RSM theme tool dynamic search tool coordinate conversion tool and two printing tools

The theme tool allows users to select group of themes or data layers to add to view at

single time For instance all the themes in the area surrounding East Pass FL may be added as

single group The dynamic search tool allows the user to search for specific feature within

single theme The coordinate conversion tool allows the user to convert between UTM and

geographic coordinates The printing tools allow the user to automatically print the current view

or select feature attributes to output to the printer

Conclusions The RSM GIS provides engineers and scientists with tools to both visualize

spatial data and perform engineering analyses Data visualization improves understanding of

potential sediment transport pathways Engineering analyses provide exact quantities of change

in shoreline position and sand volumes These two pieces of information are required to

calibrate the numerical models upon which regional sediment management concepts depend

NUMERICAL MODELS FOR RSM RSM requires identifying and quantifying pathways and

patterns of sediment movement and using best management practices to preserve sediment and

financial resources Regional numerical models are tools to aid decision-makers in alternative

selection for future activities to minimize or improve impacts on all elements of the littoral

system An understanding of regional geomorphology and prediction of long-term regional

climatic changes and their impacts on the watershed and coastal processes are also necessary for

determining the best RSM practices

This section gives general overview of the regional setting on the south shore of Long Island

NY and of the numerical models that can be used in the evaluation of regional sediment

management With the exception of one model the ADvanced CIRCulation Multi-Dimensional

Hydrodynamic Model ADCIRC these models were developed for local project-level

application and they have been extended to the regional scale as an interim prediction tool until

regional models are developed Examples of how these models are being used at the New York

District are discussed

The south shore of Long Island faces the Atlantic Ocean Net transport of material is to the west

toward New York Harbor but there are strong seasonal and localized reversals of transport

especially at the inlets The Long Island south shoreline consists of 152.88 km 95 miles of

barrier island eroding headlands on the eastern 98.78 km 30 miles and productive estuarine

bays There are six Federal navigation inlets on the south shore The area has farms and

parklands and the cities of Long Beach and New York The shoreline over the last 100 years has

been impacted by both storms which caused barrier island breaching and overwash and human

activities such as inlet stabilization and groin construction

On south shore of Long Island the Corps maintains six navigation channels that are each

dredged every to years from 152911 cu 200000 cu yd per operation at Rockaway Inlet

to 764554.9 cu million cubic yards at Fire Island Inlet There are number of storm

protection projects in various stages of study including the 133.57-km 83-mile Fire Island Inlet

to Montauk Point project The entire shoreline is covered by Federally authorized storm

protection projects Since 1995 intensive data collection efforts and an Ecosystem Restoration

11
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program for the bays have been undertaken Over the last 40 years an average of approximately

229366.5 cu 300000 cu yd of material has been placed annually in the area between Fire

Island Inlet and Montauk Point

The geography of Long Island consists of headlands supplying sediment to barrier islands which

is transported to navigation inlets The need to maintain longshore transport of material and the

need to provide material for storm damage protection projects created need for regional

studies The navigation inlets shoreline protection projects and the ecosystem concerns are

interconnected Other agencies are also concerned about regional impacts The U.S
Environmental Protection Agency and U.S Fish and Wildlife Service have asked the New York

District to examine the cumulative impacts of the beach-fill placement and dredging activities

There are also concerns about endangered species and prevention of overwash fan development

The task now facing the New York District is to connect the project areas into regional system

using the coastal processes tools and models available

For regional numerical modeling on Long Island regional sediment budgets regional ocean

circulation model regional shoreline change models circulation models for inlets and bays and

regional wave model with nested grids at the inlets have been implemented requirement

for the validity of the regional models is accurate input data The New York District has been

able to collect repeated high quality bathymetry of some of the inlets long-range profiles and

aerial photography Through an authorized data collection program in collaboration with the

Coastal Inlets Research Program CIRP the District collected very large data set of wave
wind current and water level data Also in conjunction with these studies the District

assembled long-term history of the shoreline and the bays which is used to check the

reasonableness of the models Models are needed to answer the questions of wave energy and

height shoreline evolution ocean and bay hydrodynamics inlet sedimentation patterns and

effects on adjacent beaches and the stability of the barrier islands

The District has used the following numerical models to develop regional understanding of

natural processes and as tools for evaluating engineering alternatives sediment budgets and the

Sediment Budget Analysis System SBAS Rosati and Kraus 1999 2001 Steady Wave

STWAVE Smith Resio and Zundel 1999 GENEralized model for SImulating Shoreline

change GENESIS Hanson and Kraus 1989 Gravens Kraus and Hanson 1991 the ADvanced

CIRCulation Multi-Dimensional Hydrodynamic Model ADCIRC Luettich Westerink and

Scheffner 1994 an inlet stability analysis based on Escoffier 1940 van de Kreeke 1992 the

Reservoir model Kraus 2000 and the Cascade model Larson in preparation discussion of

each of the models follows

Sediment Budgets and SBAS regional sediment budget is an accounting of gains and

losses within littoral system for specific period of time over both local and regional scales

Sediment budgets can range from conceptual to very detailed depending on the quantity and

quality of the littoral system change data available Sediment budgets can be used to measure

the impacts of engineering actions along regional coastal area as well as measure the effects of

natural processes such as long-term erosion and barrier island breaching

12
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Rosati Gravens and Smith 1999 developed regional sediment budget for the Fire Island Inlet

to Montauk Point study area The area was divided into five morphologic zones and evaluated

over number of time periods The net longshore transport rates for various conditions and

uncertainties in sources and sinks such as bluff erosion were integrated into the budgets

developed for historical and existing conditions regional sediment budget for all of Long

Island is being developed as part of RSM demonstration project This Fire Island to Montauk

Point sediment budget will be used to evaluate storm protection alternatives for that project The

Sediment Budget Analysis System SBAS Rosati and Kraus 1999 2001 is PC-based system

for formulating sediment budgets and has been applied at Shinnecock Inlet including all the

sources and sinks and the sediment pathways SBAS can be as general or specific as needed

Steady Wave STVVAVE STWAVE is steady-state spectral wave model It is nearshore

wave transformation model used to describe changes in wave parameters such as wave height

period direction and spectral shape between the offshore and the nearshore STWAVE
simulates many wave transformation characteristics including breaking refraction and shoaling

diffraction wave-current interaction and wave growth due to wind input The nearshore wave

output from STWAVE is used to develop estimates of sediment transport and then with

GENESIS shoreline change An STWAVE wave grid has been developed for the 133.57-km

83-mile Fire Island Inlet to Montauk Point reformulation study Gravens Rosati and Wise

1999 The wave grid was developed from recent bathymetry applied using WIS Wave
Information Study wave data and verified using nearshore and offshore wave gauge data

Three computational grids were used for this nearshore model Accounting for changes in

bathymetry and coastal features variations of net sediment transport over the domain were

developed The model was applied to evaluate the changes in transport caused by dredging

offshore borrow sites

The LISHORE project has implemented STWAVE regionally along the Long Island coast

Grosskopf et al 2001 LISHORE is supporting wave gauges that provide validation data for

numerical modeling and real-time documentation of wave conditions The model is configured

on coarse resolution grid nautical mile along the entire island that provides boundary wave

spectra for the finer nested grids with resolution of 50 to 100 at Shinnecock and Jones Inlet

The application of STWAVE along the entire regional domain provides insight into wave-driven

processes at variety of spatial scales which are critical to defining the regional sediment budget

and impacts of engineering on that budget

GENESIS GENESIS is one-contour-line beach evolution model GENESIS calculates

longshore sand transport rates and resulting planform shape of the modeled coast at short time

intervals over prescribed simulation period The effects of coastal structures and other

planform changes to the beach can be evaluated by the model For the Fire Island to Montauk

Point study the GENESIS model was configured for application to three analysis reaches within

the study area each from 24.14 to 48.28 km 15 to 30 miles long The area includes three inlets

as well as field of 16 groins at Westhampton Project alternatives for the Fire Island to

Montauk Point study such as widened beaches and the addition or removal of coastal structures

will be evaluated based on the configured GENESIS model Having regional shoreline change

model will provide answers to questions of the regional impacts of the project alternatives

13
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ADCIRC ADCIRC is two-dimensional depth-integrated finite-element hydrodynamic model

developed with the capability of operating over wide range of grid element sizes Fine

resolution can be defined for accurate calculation of flow-through channels and around coastal

structures The New York District has applied ADCIRC in large- and small-scale studies

regional tidal circulation grid has been developed that includes the Atlantic Ocean Long Island

Sound and New York Harbor and the six inlets and the associated bays located on the south

shore of Long Island Resolution is increased from the ocean toward the coast with greatest node

density in the bays and inlets The regional propagation of the tidal wave around Long Island

was modeled using ADCIRC Differences in water-surface elevations play key role in the

circulation of water through the south shore estuary system which in turn impacts inlet

hydrodynamics and inlet sediment transport patterns

Because of concerns regarding borrow area sources for shoreline protection proj ect just west of

Shinnecock Inlet in coordination with the CIRP model was developed to predict impacts of

using the flood shoal as borrow source Militello and Kraus 2001 Fine detail was

implemented in the ADCIRC model mesh for the Shinnecock study area for resolution of the

channels jetties and shoals Sixteen alternative configurations of flood shoal mining were

modeled ADCIRC has robust wetting and drying algorithms to simulate the inundation and

exposure of the flood shoal Based on the impacts calculated by the model final recommended

plan for the flood shoal mining was developed By having this tool the District was able to

show the local land trustees how changes in the bathymetry would change the current patterns

Without this tool the District would not have been able to recommend using the flood shoal as

borrow source

Inlet Stability Analysis multiple inlet stability analysis was used for the evaluation of

barrier island breaching to determine whether stabilized inlet or newly formed inlet would

remain open after breaching event Headland et al 1999 The condition of the inlet/bay

system can have great impacts on local and regional sediment transport including displacement

of barrier island sediments burial of bay habitat interruption of littoral drift and increased

shoaling or closure of inlet navigation channels The analysis was based on inlet closure theory

as described by Escoffier 1940 and van de Kreeke 1992 For each of the barrier-bay systems

closure surfaces considering the areas of the inlet and the breach and corresponding flow

velocities were developed The overlapping of the two equilibrium flow curves is plotted

separately to determine if both the inlet and the breach will close if the inlet will close if the

breach will close or both will remain open Empirical data of historical breaches on Long Island

especially breach cross-sectional area were very important to this analysis

Reservoir Model The Reservoir model Kraus 2000 is mathematical model for calculating

the volume and sand-bypassing rate at ebb-tidal shoals The analytical solution for volume

changes and bypassing rates depends on the ratio of input longshore sand transport rates and the

equilibrium volume of morphological features of the ebb shoal the bypassing bar and the

attachment bar The model gives explicit expressions for the time delays in sand bypassing

associated with creation and growth of inlet features The Reservoir model was applied at

Shinnecock Inlet to evaluate consequences of mining the flood shoal Militello and Kraus 2001
An extended generalized model that is solved numerically also includes the flood shoal the inlet

entrance channel and the exchange of sediment between these and other sand bodies
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Cascade The Cascade model is an emerging numerical simulation model aimed to bridge the

gap between sediment budget over regional extent and the application of GENESIS over the

individual reaches comprising the region GENESIS cannot directly span over inlets Within

Cascade sediment storage and bypassing are represented at the inlets between reaches through

the Reservoir model Cascade explicitly represents sediment-transporting motion on different

spatial and temporal scales cascading sediment transport processes to and from regional to local

scales The regional and local contours are represented as are the ebb shoals for calculation of

waves and longshore sediment transport

Conclusions Regional applications of numerical models can help define the littoral system

and can be used to evaluate natural and engineering impacts to the system Regional numerical

modeling can be initiated by gathering all available accurate data on waves shoreline change

engineering activities natural events such as breaching sediment type and circulation patterns

The next step is to develop conceptual sediment budget From that base SBAS can be applied

to develop flexible spatially variable sediment budgets to determine areas where more data are

needed If there is adequate funding and good regional data including wave and tidal

information the models described in this section can assist in RSM responsibilities and

obj ectives
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SEBASTIAN INLET MANAGEMENT STUDY
IMPLEMENTATION PLAN

CERTIFICATE OF ADOPTION

WHEREAS the Department of Environmental Protection Department in conjunction

with the Sebastian Inlet Tax District Commission Brevard County and Indian River

County established Technical Review Committee TRC to review information and

make recommendations as to the adequacy of supporting studies and reports under the

provisions of Section 161.161 Florida Statutes for the purposes of evaluating the erosive

impact of Sebastian Inlet on adj acent beaches and

WHEREAS the Department has developed an implementation plan to meet the

Requirements of Chapter 161 Florida Statutes and

WHEREAS the implementation plan is consistent with the Departments program objectives

under Chapter 161 Florida Statutes

The Department does hereby adopt the following implementation actions

Continue to bypass suitable sediment to the downdrift beaches

Periodic maintenance dredging activities including dredging of the

channel and sand trap will be conducted with placement of all beach

compatible material on the downdrift beaches Supplemental material

from alternative sources will be used to meet or exceed an average

annual placement objective of 70000 cubic yards cy As first

priority material should be placed on the beach in areas of greatest need

based upon plan approved by the Department Areas of placement may
be further refined based upon results from long term monitoring of the

inlet and adjacent beaches The bypassing objective of 70000 cy is

adopted as an interim measure and will be formally validated or redefined

in subsequent revisions of the plan based on comprehensive monitoring

plan within years of adoption of the Inlet Management Plan

Restore the downdrift beaches designated by the Department as

experiencing critical erosion Downdrift beach restoration will be

pursued in conjunction with implementation of shore protection activities

under the Indian River County Beach Preservation Plan IRCBPP and be

considered an integral part of both plans The restoration of these beaches

as stated in the IRCBPP will be considered to meet state objectives for

restoration of any possible adverse effects of the inlet The activities under

both plans will jointly maintain the restored shorelines

Evaluate possible alternatives to facilitate sediment bypassing

Specific alternatives to be investigated include modifications to the



trapping capacity of the sand trap structural changes to the south jetty to

minimize backpassing of material into the inlet and identification and use

of possible sources of trapped littoral sediments i.e floodshoal and north

shore for bypassing to the downdrift beaches

Implement comprehensive beach and offshore monitoring program
Monitor inlet shoals and shoreline change identify beach placement

locations for future bypassing efforts and revalidate the sediment budget

The program will be coordinated with monitoring activities associated

with the Indian River County shore protection projects

This plan is based on the findings and recommendations of the Sebastian Inlet Technical

Review Committee and comments provided by public agencies and the citizenry of

Brevard and Indian River counties Each implementation action contained in this plan

is subject to further evaluation and subsequent authorization as part of the Departments

environmental permitting and authorization process

It is the intent of the Department to assist in the implementation of the plan through the

provision of funds granted under the Florida Beach Erosion Control Program

The Departments financial obligations shall be contingent upon sufficient legislative

appropriations The level of state funding shall be determined based upon the

activity being conducted and Department policy The Department may choose not to

participate financially ifthe proposed method for implementation is not cost effective or

fails to meet the intent of Section 161.142 Florida Statutes

Nothing in this plan precludes the evaluation and potential adoption of other alternatives

or strategies for management at Sebastian Inlet

APPROVED FOR ADOPTION

Kirby Cccn Dcpucy ScrLary Date

DeprEmen1 or jrnnmcn1I PrLc.En



SEBASTIAN INLET MANAGEMENT STUDY
SUMMARY OF FINDINGS REPORT

and

RECOMMENDED IMPLEMENTATION PLAN

Introduction

The Department of Environmental Protection in conjunction with the Sebastian Inlet Tax

District Commission Brevard County and Indian River County established Technical

Review Committee TRC to review information and make recommendations as to

the adequacy of supporting studies and reports for adoption of an Inlet Management Plan

pursuant to Section 161.161 Florida Statutes The TRC reviewed the 1988 Sebastian

Inlet District Comprehensive Management Plan as amended and the 1997 Survey-Based

Sediment Budget Analysis for Sebastian Inlet

The findings and recommendations of the TRC have been evaluated by the staff of the

Office of Beaches and Coastal as they relate to the Offices statutory

responsibilities and program objectives As result of that evaluation the Office has

developed recommended implementation plan to meet those responsibilities and

objectives Adoption of the plan will enable governmental entities to seek financial

assistance from the Department for the conduct of management activities authorized in

the plan

This report contains abrief history of Sebastian Inlet summary of the TRCs findings

and recommendations and the recommended implementation plan

History of Sebastian Inlet

Sebastian Inlet forms the border between Brevard and Indian Counties The first

attempt to cut man-made inlet in the Sebastian area was made in 1886 but hurricane

closed the inlet Since that time numerous efforts to establish and stabilize the inlet for

navigation have occurred over the years resulting in the construction ofjetties and sand

trap The current structural configuration consists of north jetty approximately 1600

feet in length and southern jetty of approximately 1200 feet The sand trap has

design capacity of 180-19000 cubic yards cy

The inlet channel sand trap and associated structures are maintained by the Sebastian

Inlet Tax District Commission Maintenance dredging of the channel and sand trap occur

periodically with placement of suitable material on the downdrift beaches located south

of the inlet

Previous studies of the inlet suggest the need to bypass between 70000 and 75000 cy of

material annually to offset the impacts of the inlet In an effort to meet the bypassing
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objective the District places material from an upland source on the downdrift beaches

when sufficient material is not available from the sand trap

Technical Review Committee Findings and Recommendations

Annual Bypassing Volume Several reference sources reported annual bypassing

volumes There is some variation in the reported bypassing volumes but most of

them consistently report values of 70-75000 cy/yr The TRC agreed that

minimum of 70000 cy/yr should be adopted in the inlet management plan with

further refinement to be made following adoption of the Inlet Management Plan

IMP

Flood Shoal The TRC agreed that further study of long-term effects of the flood

shoal on the inlet-related sediment budget should be performed The position of

the TRC was that existing studies do not provide sufficient information to answer

questions regarding sand losses to the flood shoal However it was agreed that

the 11VIP should move forward for adoption before additional studies are

considered

Historic Impacts The consensus position of the TRC is that identification of the

long-term impacts associated with the inlet in terms of impoundment of sand and

sediment volume deficit to downdrift areas is incomplete and should be given

priority in the implementation phase of the IMP The TRC acknowledged that

there is high degree of interest from areas downdrift of the inlet with regard to

the long-term impact of the inlet The TRC agreed that there is lack of

sufficient information currently available to establish the long-term inlet impact

The TRC agreed that the long-term impact determination would require further

study following adoption of the IMP

Area of Inlet Influence This item is closely linked to item three above The

TRC position is that there is variation in existing numbers and that there is lack

of sufficient analysis and information existing to establish consensus position on

the area of influence The TRC agreed that this item should be given high priority

for determination following adoption of the IMP

Methods of Calculating Sand Budget The consensus position of the TRC was

that continued refinement of the sand budget formulation methodology is desired

Sources of Supplemental Fill Supplemental sand fill is sand that is placed in

addition to the annual sand bypassing needed to maintain the annual sand budget

The supplemental sand would be placed in order to restore eroded beaches

downdrift of the inlet Indian River County is initiating sand search activities for

supplemental sand for restoration work with focus on offshore sand sources

The TRC agreed that cooperative sand search studies should be conducted for the

supplemental sand following adoption of the IMP



Sand Bypassing and Placement Sand bypassing has been performed at Sebastian

nlet by either dredging of sand from the Inlets sand
trap

and transfer by pipeline

or by truck haul to downdrift beaches within the Sebastian Inlet State Recreation

Area The bypassing is per-formed generally on 2-year cycle rather than on an

annual basis so that larger sand volumes can be transferred in more economical

manner Currently the inlet sand trap has 180-190000 cy capacity and is

dredged when the sand volume reaches 150000 cy The TRC agreed that any

further consideration of modifications to the inlet sand trap should be sub ect of

future study Sand placement utilizing material from the sand trap starts at

distance of 3000 feet south of the inlet and extends southward The TRC agreed

that sand placement should be in the downdrift area of greatest need within the

area of influence of the inlet and be placed in an environmentally sensitive

manner

Environmental The TRC identified and discussed number of environmental

issues relevant to sand management and sand bypassing at Sebastian Inlet

Environmental concerns discussed by the TRC included impacts to nearshore

hardbottom areas nesting marine turtles dune vegetation sea grasses beach

mouse habitat and turbidity impacts The TRC acknowledged that further

environmental studies would likely be required in relation to larger mitigative fill

projects or other components of the IMP in the permitting process for those

projects The TRC agreed that no further environmental studies should be

required prior to adoption of the IMP

Structural Technical studies conducted to analyze structural improvements at

Sebastian Inlet particularly studies conducted by the University of Florida for the

District included recommendations to extend the south jetty jetty extension

would prevent bypassed sand placed on the downdrift beaches from being

transported back into the inlet and promote more efficient bypassing north

jetty extension was also addressed in the studies The TRC does not support

north jetty extension

10 Public Resources The Sebastian Inlet area is heavily used for number of

recreational and public interest activities including boating fishing surfing etc

The TRC concurred that all public resources associated with the inlet should not

be addressed by the TRC or be included in the IMP but be considered prior to

implementation of any IMP components

Recommended Implementation Plan

The Office of Beaches and Coastal Systems recommends the following implementation

plan be adopted to meet the requirements of Chapter 161 Florida Statutes

Continue to bypass suitable sediment to the downdrift beaches Periodic

maintenance dredging activities including dredging of the channel and sand trap

will be conducted with placement of all beach compatible material on the



downdrift beaches Supplemental material from alternative sources will be used to

meet or exceed an average annual placement objective of 70000 cy As first

priority material should be placed on the beach in areas of greatest need based

upon plan approved by the Department Areas of placement may be further

refined based upon results from long term monitoring of the inlet and adjacent

beaches The bypassing objective of 70000 cy is adopted as an interim measure

and will be formally validated or redefined in subsequent revisions of the plan

based on comprehensive monitoring plan within years of adoption of the Inlet

Management Plan

Restore the downdrift beaches designated by the Department as experiencing

critical erosion Downdrift beach restoration will be pursued in conjunction with

implementation of shore protection activities under the Indian River County Beach

Preservation Plan IRCBPP and be considered an integral part of both plans The

restoration of these beaches as stated in the IRCBPP will be considered to meet

state objectives for restoration of any possible adverse effects of the inlet The

activities under both plans will jointly maintain the restored shorelines

Evaluate possible alternatives to facilitate sediment bypassing Specific

alternatives to be investigated include modifications to the trapping capacity of the

sand trap structural changes to the south jetty to minimize backpassing of material

into the inlet and identification and use of possible sources of trapped littoral

sediments i.e floodshoal and north shore for bypassing to the downdrift beaches

Implement comprehensive beach and offshore monitoring program
Monitor inlet shoals and shoreline change identify beach placement locations for

future bypassing efforts and revalidate the sediment budget The program will be

coordinated with monitoring activities associated with the Indian River County

shore protection projects

This plan is based on the findings and recommendations of the Sebastian Inlet Technical

Review Committee and comments provided by public agencies and the citizenry of

Brevard and Indian River counties Each implementation action contained in this plan is

subject to further evaluation and subsequent authorization as part of the Departments

environmental permitting and authorization process

It is the intent of the Department to assist in the implementation of the plan through the

provision of funds granted under the Florida Beach Erosion Control Program The

Departments financial obligations shall be subject to Department approval and sufficient

legislative appropriations The level of state funding shall be determined based upon the

activity being conducted and Department policy The Department may choose not to

participate financially if the proposed method for implementation is not cost effective or

fails to meet the intent of Section 16 1.142 Florida Statutes



Nothing in this plan precludes the evaluation and potential adoption of other alternatives

or strategies for management at Sebastian Inlet



RCRA Corrective Action Environmental Indicator Forms Addendum

SMP Review Completed by Jennifer Downey Ron Date April 18 2000

Leach Ray Saracino

RWQCB Review Completed by Ray Saracino and Date January 18 2000

Frank Dellechaie

all that apply

Facility Name USMC Camp Pendleton NPL Site

include ak.a

Street Address BRAC Site

City State MCB Camp Pendleton CA 92055
GPRA Baseline

EPA ID CA2 170 023 533

EJ Site

Near-bankrupt

Facility Contact Name Jayne Joy Program Manager

Company USMC Camp Pendleton

Street Address P0 Box 555008

City State MCB Camp Pendleton CA 92055-5008

Phone 760 725-975

E-mail

Agencies Involved in Remedial Oversight Mark an at the left of the boxes that apply

DTSC Site Mitigation Region RWQCB Region

DTSC Permit Unit Region Federal RCRA Other speci

Project Manager Interviewed Sheryl Lauth

Agency USEPA-CERCLA

Phone 415 744-2387

email lauth.sheryl@epagov

Project Manager Interviewed John Odermatt and Jody Ebsen

Agency RWQCB San Diego

Phone 858637-5595
email oderjrb9.swrcb.ca.gov ebsejrb9.swrcb.ca.gov

Federal CERCLA



Site Summary

USMC Camp Pendleton USMC is the primary amphibious training center on the west coast and

is also used as an ammunition depot The base conducted fuel handling for vehicles and

helicopters various mechanical repair operations that utilized fuels and solvents and incineration

operations The site is listed on the federal Superfund National Priority List NPL Sheryl Lauth

is the Superfund remedial project manager Manny Alonzo is the California Department of

Toxic Substances Control Site Mitigation Program SMP project manager John Odemiatt is the

California Regional Water Quality Control Board RWQCB project manager

The base has Federal Facility Agreement FFA between the DTSC RWQCB USEPA and the

U.S Navy that is dated October 1990 The facility had an operating Resource Conservation and

Recovery Act RCRA permit that was effective up through June 27 1990 The base consists of

125000 acres much of which is very remote Many areas are closed to traffic because of war

game activities and because of the risk from unexploded ordinance UXO The base had

hundreds of underground storage tanks USTs and leakage was the cause of the majority of

hydrocarbon contamination Fuel polychlorinated biphenyls PCB pesticides herbicides

solvents and metals are the major contaminants of concern in soils There are 45 Comprehensive

Environmental Response Compensation and Liability Act CERCLA sites on the base that have

been identified as requiring further investigations CERCLA Records of Decision RODs have

been approved for Operable Units OU and The remedial activities for 0U3 are cunently

underway Removal actions have been completed at Sites and Site and were documented in

the 0U2 ROD Contaminated soils were moved to the former base landfill the Box Canyon

landfill Site which has been designated as CAMU for all contaminated soils at the base

ROD amendment is expected for 0U3 because the DOD has closed the landfill to remediation

waste There are multiple endangered species resident on the base including the gnat catcher

least Belles vireo and pacific pocket mouse There are also endangered habitats and rare plant

areas The Santa Margarita River runs through the base

The fourth and fifth Operable Units are for all Installation Restoration IR sites with

contaminated ground water on base Remediation in Operable Units and has not begun The

ground water is encountered from to 70 feet below ground surface at most locations on base

volatile organic compounds VOCs methyl-tert-buty-ether MTBE total petroleum

hydrocarbons TPH and benzene toluene ethyl-benzene and xylene BTEX are the major

contaminants of concern in ground water There are dual phase removal systems operating in

certain areas of UST releases Otherwise there are no other active ground water remedies in

operation The most recent ground water monitoring reports indicate the presence of several feet

of free TPH product in areas of UST leakage with up to thousands of parts per billion of VOCs

within the CERCLA remediation areas All drinking water on base is produced from the four

ground water basins located within the base

There are 233 UST sites that are known to be contaminated and are in various stages of

investigation and remediation Approximately 538 USTs have been removed under the oversight

of the RWQCB Releases from USTs have significantly impacted ground water Contaminated



ground water is known to be impacting one surface water body Las Flores Creek
Contaminants of concern include BTEX MTBE and TPH Several UST locations have had

several feet of free floating product



CA 725 Current Human Exposures Under Control

Current Human Exposures Under Control If determination is NO or IN the likelihood

Determination
appropriate box of achieving Els by 2005 is

appropriate box

YES Likely by 2003 insert year

NO Unlikely

IN Insufficient information Difficult to determine

No determination was made

If determination is YES it falls under the If determination is NO or IN it falls under the

following categories all that apply following categories all that apply

Final
stages

of C/A Early stages
of C/A

Stabilization measures implemented Indoor air issues

No groundwater contamination Abandoned near-bankrupt

Undergoing redevelopment Technical limitations Please specify complex

hydrogeology contaminants large area large

area

Other Uncooperative

Administrative delays

Other

For sites with NO or IN determinations provide description of the next steps which will

be taken to achieve the Current Human Exposures El

The review team recommends that USMC address the potential for people to be exposed to

areas of surface soil contamination In addition we recommend that USMC adopt basewide

provisions to control exposures to construction workers from contaminated soils and

groundwater



CA750 Migration of Contaminated Groundwater Under Control

Migration of Contaminated Groundwater If determination is NO or IN the likelihood of

Under Control
appropriate box achieving Els by 2005 is

appropriate box

YES Likely by_ insert year

NO Unlikely

IN Insufficient information Difficult to determine

No determination was made

If determination is YES it falls under the If determination is NO or IN it falls under the

following categories all that apply following categories all that apply

Final stages of CIA Early stages of C/A

Stabilization measures implemented GWISW issues

No groundwater contamination Abandoned near-bankrupt

Undergoing redevelopment Technical limitations Please specify complex

hydrogeology contaminants large area dispute over

natural attenuation of ground water as remedy

Other Uncooperative

Administrative delays

Other

For sites with NO or IN determinations provide description of the next steps
which will be taken to

achieve the Migration of Contaminated Groundwater Under Control El

ROD for OUs and groundwater is anticipated to be signed in 2003 Although this issue

has been disputed it is anticipated that the OU ROD will include some form of containment

for the plumes which are located in drinking water basins Implementation of this ROD is

anticipated by 2004 To eventually meet the GPRA goals the base must complete the

characterization of ground water contamination investigate the full spectrum of remedies and

implement the approved agency remedy for the OU and OU sites It may be difficult for

the base to achieve the GPRA goals by 2005 We recognize that there are 233 leaking UST sites

and that the USMC is addressing them in prioritized sequence
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Record of Decision
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EPA ID CA2170023533
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02/11/1999
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1.0 Declaration

This Record of Decision ROD addresses 28 sites that constitute Operable Unit OU at

Marine Corps Base MCB Camp Pendleton California

1.1 Site Name and Location

MCB Camp Pendleton is located along the Pacific coast about halfway between Los Angeles and

San Diego Figure 1-1 The vast majority of the base is within San Diego County and small

portion of the northwest corner of the base is in Orange County

Installation Restoration Program IRP sites at MCB Camp Pendleton were assigned to one of

four groups and during the investigation phase according to potential impact to

human health and the environment Group sites were believed to have the highest potential for

such impact Group sites have the lowest 0U3 includes the following sites from Groups

and

Group Site soil and groundwater

Group Sites 1D 1E 2A 10 and 35 soil and groundwater Sites 16 and 27 soil

and Site 17 sediment and surface water

Group Sites 1A 1B 1C iF 11 2C 2D 2F 2G 18 32 34 36 37 38 39 40

41 and 42 soil and groundwater

The base is divided into 35 major area designations for location of base activities The 0U3 sites

are located in various areas throughout the base as shown in Figure 1-2 The 0U3 site names are

as follows

Site 1A Refuse Burning Ground in 14 Area

Site lB Refuse Burning Ground in 11 Area

Site 1C Refuse Burning Ground in 13 Area

Site 1D Refuse Burning Ground in 20 Area

Site 1E Refuse Burning Ground in 32 Area
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Site iF Refuse Burning Ground in 43 Area

Site 11 Refuse Burning Ground in 63 Area

Site 2A Grease Disposal Pit in 14 Area

Site 2C Grease Disposal Pit in 33 Area

Site 2D Grease Disposal Pit in 43 Area

Site 2F Grease Disposal Pit in 62 Area

Site 2G Grease Disposal Pit in 31 Area

Site Box Canyon Landfill

Site 10 26 Area Sewage Sludge Composting Yard

Site 16 22 Area Buildings 22151 and 22187 Ditch Confluence and Ditch

Site 18 22 Area Building 22187 Marsh and Ditch

Site 19 13/16 Area Building 1687 Spill and Ditch

Site 27 22 Area Ditches Behind Building 22210

Site 32 Drum Storage Area and Drainage Between Buildings 41303 and 41366

Site 34 Combat Engineers Maintenance Facility Buildings 62580-62583

Site 35 Former Sewage Treatment Plant Facility in 25 Area

Site 36 Debris Pile Area Behind Ponds at Sewage Treatment Plant II

Site 37 Pesticide- and POL-Handling Areas at San Clemente Ranch

Site 38 52 Area Sewer Line Building 52188

Site 39 41 Area Sewer Line Buildings 41300 and 41346

Site 40 13 Area Sewer Line Building 13103

Site 41 13 Area Sewer Line Building 13128

Site 42 13 Area Sewer Line Building 13129

Sites 1G 2E 29 1H and 30 were also originally included in 0U3 in accordance with the Federal

Facility Agreement FFA U.S Environmental Protection Agency 990a as amended

Site 1G is part of Site 14 San Onofre Landfill an active disposal facility that was removed from

the Comprehensive Environmental Response Compensation and Liability Act CERCLA

process Therefore Site IG was also removed from the CERCLA process and will be addressed

with Site 14 under the States landfill program Site 2E Grease Disposal Pit in 53 Area could

not be located during surveying historical aerial photograph surveys or during field

reconnaissance If in the future Site 2E is located it will be addressed as new site Site 29 25

Area Skeet Range is an active facility and no plans have been made for its closure Site 29 has

been excluded from CERCLA in an amendment to the FFA EPA 1998 and will be addressed in

accordance with the Department of Defense range rule which is in draft form and is currently

available for public comment Site 1H Refuse Burning Ground in 62 Area and Site 30 Firing

SCI/1-98/WPC/Pend1eto/ROD12199.d
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Range Soil Fill in 31 Area have been moved to 0U4 in order to further address site-specific

technical issues

1.2 Statement of Basis and Purpose

This decision document presents the selected remedial actions for Sites 1A 1D 1E iF 2A and

In addition this document sets forth the basis for the no action decisions for Sites 1B 1C 11

2C 2D 2F 2G 10 16 17 18 27 32 34 35 36 37 38 39 40 41 and 42 The actions

selected for these sites were chosen in accordance with CERCLA 1980 as amended by the

Superfund Amendments and Reauthorization Act SARA of 1986 and to the extent practicable

the National Oil and Hazardous Substances Pollution Contingency Plan NCP

The decisions for these sites are based on the information contained in the administrative record

file for MCB Camp Pendleton The primary documents used for the basis of the decisions are the

remedial investigation RI report for Group sites November 1996 the RI for Group sites

16 July 1997 and the RI and feasibility study FS report for 0U3 12 December 1997

The U.S Marine Corps the EPA the Department of Toxic Substances Control DTSC and the

San Diego Regional Water Quality Control Board RWQCB of the California Environmental

Protection Agency CaIIEPA concur with the selected remedy for each 0U3 site

1.3 Assessment of Operable Unit Sites

In accordance with the EPAs Interim Final Guidance on Preparing Superfund Decision

Documents EPA 1989a this assessment section applies only to Sites 1A 1D 1E iF 2A and

and not to the sites in this ROD requiring no further action

If Sites 1A 1D 1E iF 2A and are not addressed by implementing the response actions

selected in this ROD actual or threatened releases of hazardous substances from these sites could

present current or potential future threats to the public health welfare or the environment
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1.4 Description of the Selected Remedy

RI sites at MCB Camp Pendleton were separated into four groups Groups and for

investigation based on potential impact to human health and the environment As investigations

were completed sites were grouped into OUs for selection of cleanup alternatives The ROD for

OU1 was signed in December 1995 and addresses the selected remedies for soil and groundwater

at Site soil at Site 4/4A and soil and groundwater at Site 24 all of which are Group Sites

The ROD for 0U2 was signed in September 1997 and includes 13 Group Group and Group

sites These sites include Sites 2B and 31 soil Sites 28 and 43 groundwater Site soil

sediment and surface water Site soil and groundwater Sites 19 20 and 22 soil sediment

groundwater and surface water Sites 8A and 44 sediment and surface water and Sites and 45

soil sediment and surface water

This ROD addresses the remedies for 0U3 which includes sites from Groups and as

listed in Section 1.1 Descriptions of the selected remedies for 0U3 sites are presented in the

following sections

1.4.1 Description of Selected Remedy for Sites IA ID IE IF and 2A

The same remedy excavation and on-base disposal was selected for Sites 1A 1D 1E iF and

2A The major components of the selected remedy are as follows

Excavation of contaminated soils for ecological concerns the maximum excavation

depth is feet and for human health concerns the maximum excavation depth is

10 feet

Confirmation sampling on bottom and side walls of excavation in accordance with

EPA guidance Methods for Evaluating the Attainment of Cleanup Standards

Volume Soils and Media PB89-234959

Transportation to and disposal of soil that meets the technical and legal

requirements i.e specified in 40 CFR 264.552 at an on-basc landfill IR Site

Box Canyon Landfill designated CAMU

SCI/1-98/WPC/Pend1eto/ROD12199.d
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Backfilling of the excavation with clean soil upon confirmation that cleanup goals

have been met if goals have not been met at the maximum excavation depths i.e

feet for ecological concerns and 10 feet for human health concerns or 10 feet

of clean fill will be placed as relevant

Site regrading and revegetating

The low-level threats posed by the contaminants at the sites specified are addressed by removing

the contaminated soils and/or eliminating the exposure pathway

1.4.2 Description of Selected Remedy for Site

An evapotranspiration ET cover was selected as the final remedy for the Site landfill closure

The major components of the selected remedy are as follows

Installation of an ET cover consisting of vegetated topsoil layer minimally

compacted soil layer and compacted low-permeability bottom layer

Installation of lined ditches between the landfill benches on the north face of the

landfill

Long-term monitoring

Land use restrictions

The low-level threats posed by the contaminants at Site are addressed through containment of

the wastes elimination of exposure pathways and continued monitoring and maintenance

1.4.3 Description of Selected Action for Sites IB IC II 2C 2D 2F 2G 10

10 16 17 18 27 32 34 35 36 37 38 39 40 41 and 42

No action was selected for soil and groundwater at Sites 1B 1C 11 2C 2D 2F 2G 10 18 32

34 35 36 37 38 39 40 41 and 42 No action was also selected for soil sediment and surface

water at Site 16 and for sediment and surface water at Sites 17 and 27

SCI/1-98/WPC/Pend1eto/ROD12199.d
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1.5 Statutory Determinations for Sites IA ID IE IF 2A and

The remedies selected for Sites 1A 1D 1E iF 2A and use permanent solutions to the

maximum extent practicable The remedy for Sites 1A 1D 1E iF and 2A will not result in

hazardous substance remaining on site because contaminated soil will be removed Therefore no

5-year reviews are required At Site landfilled wastes remain in place and 5-year reviews will be

conducted to ensure protection of human health and the environment

The selected remedies are protective of human health and the environment comply with Federal

and State requirements that are legally applicable or relevant and appropriate to the remedial

actions and are cost-effective

1.6 Declaration Statement No Action Necessary for Protection for Sites IB
IC II 2C 2D 2F 2G 10 16 17 18 27 32 34 35 36 37 38 39 40 41 and

42

No unacceptable human health or ecological risks are presented by soil and groundwater at

Sites 1B 1C 11 2C 2D 2F 2G 10 18 32 34 35 36 37 38 39 40 41 and 42 soil surface

water and sediment at Sites 16 or sediment and surface water at Sites 17 and 27 Therefore no

remedial action is necessary to ensure protection of human health and the environment

Consequently 5-year reviews are not required for these sites

SCI/1-98/WPC/Pend1eto/ROD12199.d
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2.0 Decision Summary

General information about MCB Camp Pendleton and information common to the individual sites are

presented first in this section followed by information specific to each site The general discussion includes

general site description site history and enforcement activities the scope and role of OU3 and the history

of community participation

2.1 Site Name Location and Description

MCB Camp Pendleton is the primary Marine Corps amphibious training center on the west coast Located

between the cities of Los Angeles and San Diego California MCB Camp Pendleton covers approximately

125000 acres almost entirely in San Diego County Figure 1-1 Camp Talega in the 64 Area near the

northwestern border of the base extends into Orange County Surrounding communities include San

Clemente to the northwest Fallbrook to the east and Oceanside to the south The base is bordered on the

west by the Pacific Ocean and encompasses 17 miles of coastal area rolling hills and valleys stretch inland

from the coast an average of 10 to 12 miles

Site History and Enforcement

Construction of MCB Camp Pendleton started in March 1942 and the base was dedicated as permanent

base in October 1944 The base currently supports more than 36000 military personnel and employs

approximately 4600 civilians limis-Teimebaum Architects Inc 1990

On 15 November 1989 MCB Camp Pendleton was added to the National Priorities List NPL primarily

because herbicide was detected in two base drinking water production wells

2.2 Highlights of Community Participation

The proposed plan for 0U3 was released to the public on May 1998 This document and supporting

documents were made available to the public in the information repositories at the Base Library and the

Oceanside Public Library The public was also made aware of the availability of these documents in the

Administrative Record file which is maintained at the Southwest Division Navy offices in San Diego The

notice of availability for the proposed plan and supporting documents was published in thNorth County

Times both Inland and Coastal Editions the Sun Post News and the Scout newspapers on May 1998

In addition public meeting was held on
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14 May 1998 Base EPA San Diego RWQCB and Southwest Division Navy representatives attended the

public meeting No members of the public attended the meeting verbatim transcript of the pubic meeting

was prepared in compliance with CERCLA Section 11 7a2 and is presented in Appendix No

comments were received during the public comment period or the public meeting

2.3 Scope end Role of Operable Unit

For investigative purposes the sites at MCB Camp Pendleton were assigned to groups based on their

potential impact to human health and the environment Those sites that pose the highest threat were

addressed first and were designated Group sifts OU1 consists of Group Sites and 24 soil and

groundwater and Site 4/4A soil The final ROD for OU1 Southwest Division Naval Facilities Engineering

Command 1995a was signed on 12 December 1995

Other sites with lesser degrees of potential threat were investigated as Group or sites The 0U2

ROD includes sites from Groups and as follows

Group Sites Site soil sediment and groundwater Site soil and groundwater Site

soil sediment and surface water

Group Sites Site 8A sediment and surface water Sites 19 20 and 22 soil sediment

groundwater and surface water

Group sites Sites 2B and 31 soil Sites 28 and 43 groundwater Site 44 sediment and

surface water Site 45 soil sediment and groundwater

The final 0U2 ROD was signed and issued on 30 September 1997 SWDIV 1997a

0U3 includes 29 sites as listed in Section 1.1 0U4 includes groundwater at the 22/23 Area sites plus Sites

1H 21 30 33 and 1111 The final ROD for 0U4 is scheduled for December 1999

2.4 Remedial Action Selected for Site IA ID IE IF and 2A

This section addresses five of the six 0U3 sites requiring remedial action Sites 1A 1D 1E iF and 2A

are discussed together due to the similar nature of the remedial actions proposed for each site Site the

other 0U3 site requiring remedial action is presented separately in Section 2.5 description of each site

is provided followed by summaiy of site characteristics and potential site risks In general only those

parameters that exceed screening criteria are shown in the site
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specific figures because the decision was made to pursue remedial action for these sites description of

the alternatives evaluated for each site summaiy of the evaluation and the rationale for selection of the

remedies follow the site descriptions characteristics and risks Four of the sites Sites 1A 1D 1E and iF

are former refuse burning grounds and one site Site 2A is former grease disposal pit

2.4.1 Site 1-Refuse Burning Grounds

Four refuse burning grounds located throughout the base Sites 1A 1D 1E and iF require remedial

action These four burning grounds are discussed concurrently

2.4.1.1 Site Name Location and Description Site IA ID IE and IF

Site Refuse Burning Grounds consists of nine different areas that were used as burning grounds for

base refuse The nine burning grounds are labeled through 11 Figure 1-2 following the convention

used in the initial assessment study lAS Naval Energy and Environmental Support Activity

1984 One of the burning grounds Site 1G is part of the San Onofre landfill Site 14 which has been

removed from the CERCLA process and is addressed under the States landfill program Four of the

burning grounds require remediation and are discussed in this section No action has been selected for the

other four burning grounds as discussed in Section 2.5

Site is located in densely vegetated undeveloped training region in 14 Area immediately northeast of

base sewage treatment plant No Figure 2-1 The 14 Area burning ground is no longer in operation and

land surrounding the site is covered with natural vegetation The nearest troop housing is approximately

0.25 mile west of the site and the nearest family housing De Luz Housing is approximately miles north

of the site

Site is located in 20 Area immediately north of the intersection of Vandegrift Boulevard and Stuart

Mesa Road Figure 2-2 The burning ground covers an area of approximately 400 by 220 feet

Surrounding the site on the east and south are plateaus that rise 150 feet above the burning ground The site

is bordered on the north and west by relatively flat land containing moderate to dense vegetation the Santa

Margarita River flows through this area To the northeast is the Box Canyon landfill to the south across

Stuart Mesa Road is the Twin Lake Sewage Disposal Plant An unpaved road runs along the northern

boundary of the site
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Site 1E is located in 32 Area along MACS Road approximately 0.75 mile northwest of Stuart Mesa

Road and approximately 3000 feet from the Santa Margarita River Figure 2-3 The burning ground

covers an area of approximately 200 by 120 feet

Site iF is located in 43 Area approximately 250 feet northeast of Basilone Road and immediately

northwest of its intersection with Las Pulgas Road Figure 2-4 The burning ground covers an area of

approximately 275 by 280 feet The site is bordered on the southeast by Sites 2D and 20 on the north and

east by moderate to dense vegetation and on the west and south by vegetation and Basilone Road The site

slopes gently to the southeast and eventually drains into Pulgas Creek The surrounding area generally

consists of low rolling hills

2.4.1.2 Site History and Enforcement Activities Sites IA ID IE and IF

The refuse burning grounds were used from 1942 through the early 970s to bum refuse generated by base

operations The areas were not necessarily operated concurrently NEESA 1984 No information is

available on the specific years of operation or the volume of refuse disposed of by burning at each burning

ground Until 1970 refuse at the base was disposed of by burning The entire base generated an estimated

20000 to 28000 tons of solid wastes annually the entire volume of which is assumed to have been

distributed to the nine burning grounds

Although them are no confirmed reports of hazardous waste disposal at these sites the burning grounds

were the primary on-base disposal areas and thus could have been used for disposal of hazardous wastes

The refuse burning grounds were closed sometime between the late 960s and 1971 The burning grounds

were covered with native soil and allowed to revert to natural vegetation Visual inspection of the sites

during 1994 revealed no evidence of environmental contamination NEESA 1984 However the cover

material has since eroded thereby exposing refuse at some of the sites Areas of stressed vegetation and

stains have also been observed

2.4.1.3 Summary of Site Characteristics

This section describes the investigations performed at Sites 1A 1D 1E and iF and summarizes the

geology/hydrogeology and sampling results for each
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2.4.1.3.1 Site IA Refuse Burning Ground in 14 Area

Phase RI was conducted during June and July 1996 and Phase RI was conducted from May

through June 1997 at Site 1A Characterization of the site involved surface and subsurface soil and

groundwater sampling to evaluate potential contamination from the burning ground and impact to human

health and ecological receptors Detailed results of the Phase RI are presented in the draft final Group

RI report SWDIV 1997b and results of the Phase RI are presented in Appendix of the draft final

RI/FS for 0U3 SWDIV 998a The results of these investigations are summarized in this section

total of 18 soil samples including duplicates were collected from six soil boring locations during

Phase Sample locations am shown on Figure 2-1 Samples were analyzed for target analyte list TAL

metals molybdenum chromium VI volatile organic compounds VOCs semivolatile organic compounds

SVOCs pesticides and polychlorinated biphenyls PCBs and dioxins and furans During Phase

composite surface soil sample was collected from locations lAB-Ui 1AB-02 and 1AB-03 and surface

sample was collected from location lAB-US These samples were split for TAL metals plus molybdenum

analyses and lettuce and earthworm bioassay studies

One temporary well was drilled adjacent to boring location AB-U as part of the Phase investigation

groundwater sample was collected at the water table about 5.5 feet below ground surface and analyzed

for TAL metals molybdenum chromium VI VOCs SVOCs and general chemistry

Habitat receptor surveys and habitat mapping were conducted at Site 1A during June 1996 and May 1997

Dominant vegetation types and corresponding wildlife were identified and mapped Wildlife surveys and

small mammal trapping were also conducted in May 1997 Sherman live-traps were used Trapped animals

were identified marked with nontoxic marker and released in the location where they were trapped

Special-status species surveys for the arroyo toad the California gnatcatcher and the least Bells vireo

were conducted at Site lAin late spring and early summer 1997 Also during May 1997 terrestrial

invertebrate samples plant samples and small mammal samples were collected in the vicinity of sample

locations lAB-Ui 1AB-U2 1AB-U3 and lAB-US Nine plant tissue samples
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two invertebrate samples and two mammal tissue samples were analyzed for TAL metals plus

molybdenum Sample locations are shown in Figure 2-1

Geology and Hydro2eoloy

Geologic data were derived from the site boring logs Shallow geology consists of unconsolidated to poorly

consolidated alluvium overlying granitic rock The alluvium consists of silty sand from ground surface to

maximum depth of 18 feet The remainder of the alluvium consists of fine- to medium-grained sand

Groundwater was encountered between 5.4 and 18.6 feet No pereimial surface water is present
in the

vicinity of the Site 1A burning ground

Soil Results

The analytical results for soil samples collected during the Phase and Phase RI am summarized in

Figure 2-1

Or2anics

With the exception of benzoapyrene no organic compounds were detected at concentrations exceeding

preliniinaiy remediation goals PRGs in soil samples from Site 1A Benzoapyrene was detected at

concentration of 0.3 milligramper kilogram mg/kg in the duplicate sample from depth of 10 feet in

boring 1AB-02 this concentration is below the contract-required detection limit CRDL but exceeds the

PRG of 0.061 mg/kg

Acetone was detected at depth of feet in two borings the maximum concentration was 0.005 mg/kg

Trichloroethene TCE was detected at concentration of 0.01 mg/kg at feet in boring 1AB-02 Benzoic

acid was detected in the surface sample from boring lAB-OS at concentration of 0.094 mg/kg Low

concentrations of eight polycyclic aromatic hydrocarbons PAHs were detected in the duplicate sample at

the 10-foot interval of boring 1AB-02 the highest PAR concentration detected was 0.5 mg/kg for

benzokfluoranthene Chlorinated pesticides 4.4-DDD 44-DDE and 44-DDT were generally detected

at low concentrations from ground surface to 10 feet the maximum concentration was 0.2 mg/kg

Concentrations of 44-DDE in soil samples collected from lAB-Ui 1AB-02 and lAB-OS and 44-DDT in

soil samples collected from lAB-Ui exceeded preliminaiy limits of exposure PLEs No other organic

compounds exceeded PLEs
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Inor2anics

Six metals were detected at concentrations exceeding PRGs arsenic beiyllium copper lead manganese

and thallium In general arsenic concentrations were near background levels and were higher in the

northern portion of the site Five arsenic detections exceeded the background concentration Lead exceeded

the PRG and background in 10 samples Lead concentrations were generally higher in the northeastern

portion of the site The remaining four parameters exceeded PRGs only once each at depths from ground

surface to feet Of these four parameters beryllium was below background

The following 16 inorganic constituents were detected at concentrations exceeding PLEs antimony

arsenic barium boron cadmium chromium copper iron lead manganese mercury molybdenum

selenium thallium vanadium and zinc Inorganic constituents were detected in all six soil sampling

locations AB-0 through AB-06 at concentrations exceeding PLEs The maximum concentrations of

the 16 metals detected also exceeded background concentrations

Groundwater Result

Groundwater results from the sample collected from temporary well AGWT-0 are summarized in the

following paragraphs Only detections above PRGs or MCLs are shown in Figure 2-1

No organic compounds exceeded maximum contaminant levels MCLs or tap-water PRGs Two organic

compounds acetone and benzoic acid were detected at concentrations of and micrograms per liter

tg/l respectively

With the exception of manganese no inorganics were detected at concentrations exceeding the evaluation

criteria Manganese was detected at concentration of 2200 tg/l which exceeds the tap-water PRG of

1700 tg/l

Manganese has been detected in groundwater throughout MCB Camp Pendleton In general manganese

concentrations have been higher in hydropunch samples than in samples from permanent monitoring wells

possibly because silts and total suspended solids TSS am not as efficiently filtered in undeveloped

temporary wells and hydropunch samples compared with fully developed permanent wells Because

temporary well and hydropunch samples typically contain more suspended solids more nondissolved

particles pass through the filter Some manganese
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particles may be small enough to pass through the 0.45-micron filter used in the field Hem 1985

2.4.1.3.2 Site ID Refuse Burning Ground in 20 Area

RI work was conducted at Site 1D between December 1993 and October 1995 and between May and July

1997 The RI involved surface and subsurface soil groundwater and biological sampling to evaluate

potential contamination from the burning ground and impact to human health and the environment Details

of the investigations and results are presented in the Group report SWDIV 996a and the draft final

RI/FS for 0U3 SWDIV 998a In October and November 1996 supplemental field investigation was

conducted by Kleinfelder to refine the vertical and lateral extent of soil contamination Kleinfelder 1997

During the Phase RI 22 soil samples were collected from four soil boring locations and four separate

surface soil locations to characterize soil contamination in the vicinity of the burning ground at Site

The soil samples were analyzed for TAL metals molybdenum VOCs SVOCs pesticides and PCBs

gasoline diesel dioxins furans and chlorinated herbicides During the supplemental Kleinfelder

investigation an additional 19 shallow soil samples were collected and analyzed for metals Sample

locations are shown in Figure 2-2

Biological surveys were conducted at Site during March through June 1995 and May through July

1997 Habitat receptor surveys included mapping of dominant vegetation types and corresponding wildlife

Wildlife surveys included bird mammal and herpetile amphibian and reptile surveys and photographic

surveys to document site use by nocturnal mammals During October 1995 biota sampling was conducted

Plant and invertebrate samples were collected as well as soil samples for bioassay testing Figure 2-2

Samples were analyzed for TAt metals plus molybdenum Special-status species surveys for the California

gnatcatcher least Bells vireo and Pacific pocket mouse were conducted at Site 1D during May June and

July 1997

Three shallow groundwater wells were drilled at Site to evaluate the potential for and lateral extent of

groundwater contamination Three rounds of groundwater sampling were conducted in March July and

October 1994 Samples were analyzed for TAL metals and molybdenum VOCs SVOCs gasoline diesel

and general chemistry
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Geology and Hydro2eoloy

Site 1D is located on the south edge of the alluvial plain in the lower portion of the Santa Margarita Basin

approximately miles upstream from the Pacific Ocean The geology of the basin consists of

stream-deposited younger and older Quatemary alluvium overlying bedrock of the San Mateo Formation

Site is underlain by older alluvium consisting of interbedded fine-to-coarse-grained unconsolidated to

poorly consolidated sand silt and gravel interspersed with clay lenses The regional groundwater flow

direction in the valley-fill aquifer is to the west The current main chaimel of the Santa Margarita River is

approximately 150 feet north of Site 1D

Soil Results

Analytical results for soil samples collected during the RI and the supplemental investigation are presented

in Figure 2-2 Only detections that exceeded PRGs or PLEs and background as applicable are shown

Or2anics

No organic compounds were reported at concentrations exceeding PRGs or PLEs

Toluene was detected at concentration of mg/kg in boring 1DB-Ui The maximum concentration of

bis2-ethylhexylphthalate was 640 mg/kg in surface soil sample 1D55003 Chlorinated pesticides were

detected in the upper feet of soil across the site with the highest concentrations reported in surface soil

samples Total petroleum hydrocarbons TPH as diesel and as gasoline were detected in two surface soil

samples at maximum concentrations of 90 and 910 mg/kg respectively

Inor2anics

Of the 19 metals detected in Site soil five antimony arsenic beiyllium chromium and lead were

reported at concentrations exceeding PRGs

The antimony concentration in DB-03 exceeded the PRG and background Beryllium was detected in

1DB-Ui at concentration exceeding the PRG but below background Arsenic and chromium

concentrations exceeding PRGs were reported for all soil boring and surface sample locations Surface soil

samples 1DSSOO1 1D55002 and 1D55003 contained arsenic chromiumand lead at concentrations

exceeding PRGs and background
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Inorganic constituents detected at concentrations exceeding background levels were reported at all sampling

locations with the exception of 1DB-Ui 1DB-03 and 1DSSOO4 Of the inorganic constituents exceeding

background concentrations antimony arsenic boron chromium copper iron lead manganese and zinc

also exceeded the respective PLEs The majority of the constituents exceeding background and PLEs were

reported in surface samples 1DSSOO1 1DSSOO2 and 1DSSOO3

The soil investigation conducted by Kleinfelder 1997 confirmed that elevated concentrations of antimony

boron cadmium lead mercury and zinc are present
in site soil Abundant metal and glass debris was

observed scattered on the ground surface at or between locations of most of the exploratory borings

advanced by Kleinfelder Most of the detected contamination is in surface or near-surface soil Inorganic

concentrations exceeding PRGs and/or PLEs and background were reported at locations Ki DB-0

K1DB-03 K1DB-06 K1DB-09 K1DB-i0 K1DB-12 K1DB-15 K1DB-16 K1DB-17 K1DB-18 and

K1DB-19

Groundwater Results

Groundwater results are summarized in Figure 2-2 Only constituents exceeding MCLs or PRGs are

shown During July 1994 3rd quarter 2-dichloroethane DCA was detected in well DW-0 at

concentration of 0.6 tg/l which exceeds both the MCL and PRG Benzoic acid butylbenzylphthalate

di-n-butylphthalate diethylphthalate and bis2-ethylhexylphthalate were detected in Site wells during

the July and October 1994 sampling events Three PAM compounds were detected in well DW-0 during

October 1994 each at maximum concentration of tg/l Each of these detections were below respective

MCLs or PRGs

Three metals were detected at concentrations exceeding tap-water PRGs arsenic beryllium and

manganese Arsenic exceeded background in well 1DW-03 during May 2nd quarter and October 1994

4th quarter Beryllium exceeded the PRG but not the MCL in wells 1DW-02 and 1DW-03 during July

1994 3rd quarter The manganese concentration in well 1DW-03 during October 1994 exceeded the PRG

and background

2.4.1.3.3 Site IE Refuse Burning Ground in 32 Area

RI work at Site involved surface/subsurface soil sampling and biological sampling to investigate

potential contamination from the burning ground and impact to human health and ecological receptors No

groundwater investigation was performed because groundwater is
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estimated to be more than 100 feet below ground surface in the vicinity of the site At the completion of the

RI supplemental investigation was conducted by Kleinfelder 1997 during October and November 1996

to refine the extent of soil contamination

During the RI 23 soil samples were collected from seven soil borings five surface soil locations and one

background surface soil location to characterize potential soil contamination in the vicinity of the burning

ground at Site 1E Sample locations am shown in Figure 2-3 The samples were analyzed for TAL metals

VOCs SVOCs gasoline diesel pesticides PCBs dioxins furans and chlorinated herbicides During the

supplemental investigation in 1996 11 additional soil samples were collected and analyzed for TAL metals

These sample locations am also shown in Figure 2-3

Ecological investigations were also performed during the RI habitat and receptor survey was conducted

in March 1995 and dominant vegetation habitats were mapped Bird and general wildlife surveys were

conducted to evaluate the potential presence of special-status species Mammal trapping using Sherman

live-traps was conducted to identiFy small mammal use of the site All small mammals caught in the traps

were identified and released

During June 1995 one plant sample and one invertebrate composite sample were collected from the three

soil locations having the highest detections of pesticides and metals 1EB-02 1EB-03 and 1EB-06 Figure

2-3 These samples were analyzed for TAI metals plus molybdenum pesticides and PCBs Special-status

species surveys for the California gnatcatcher least Bells vireo and Pacific pocket mouse were conducted

at Site 1E during May June and July 1997

Geo1oy and Hydro2eo1oy

Site 1E is within the Santa Margarita Basin The geology of this basin consists of stream-deposited

younger and older Quaternary alluvium overlying bedrock of the San Mateo Formation Site is

underlain by older alluvium which consists of interbedded fine- to coarse-grained unconsolidated to

poorly consolidated sand silt and gravel interspersed with clay lenses

Based on the site geology groundwater is assumed to flow to the southwest following the surface

topography
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No perennial surface water is present in the vicinity of the burning ground area however surface-water

flow is present in lagoon downgradient from the site During the winter the tributary canyon derives

some of its water from runoff originating from the burning ground Ephemeral water from this canyon

flows to an effluent lagoon and ultimately reaches the Santa Margarita River

Soil Results

Soil analytical results are summarized in Figure 2-3 Only detections that exceed background if available

and PRGs or PLEs are presented

Or2anics

No organic compounds were reported at concentrations exceeding PRGs or PLEs

Inor2anics

Of the 19 metals detected in Site soil the following exceeded PRGs antimony arsenic beryllium

cadmium chromium and lead The majority of the metals that exceeded PRGs were reported in shallow

to feet soil from borings 1EB-01 1EB-02 1EB-03 1EB-04 and 1EB-06

Antimony was detected at concentrations exceeding the PRG and background at locations ES S002 and

1EB-05 Lead concentrations exceeded the PRG and background in surface samples 1E5002 and

1E55003 Concentrations of arsenic and chromium exceeded PRGs and background at locations 1E55002

1E55003 and 1EB-03 Beryllium cadmium and chromium exceeded PRGs sporadically in several

borings

Inorganic constituents detected at concentrations exceeding PLEs i.e aluminum antimony barium

boron cobalt copper iron lead molybdenum silver and zinc were reported at sampling locations

1EB-01 1EB-03 1E5502 and 1E5003 With the exception of boron the maximum concentrations of

these constituents also exceeded background concentrations background concentration is not available

for boron

The soil investigation conducted by Kleinfelder 1997 focused on the area near the bottom of an existing

canyon to evaluate potential impact from surface runoff and contaminant transport Overall this

investigation confirmed that antimony arsenic boron cadmium chromium cobalt lead and zinc

concentrations in Site soil are elevated Inorganic concentrations exceeding
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PRGS and/or PLEs and background concentrations were reported at K1EB-O1 K1EB-06 and K1EB-07

2.4.1.3.4 Site IF Refuse Burning Ground in 43 Area

Phase of the RI was conducted at Site iF in June and July 1996 and Phase was conducted in May

June and July 1997 Details of the investigation and results are provided in the draft final Group RI

report SWDIV 1997b and the draft final RI/FS for 0U3 SWDIV 1998a and are summarized here The

RI work involved surface/subsurface soil sampling groundwater sampling and biological surveys and

sampling

total of 23 samples including duplicate samples were collected from four soil borings and one surface

soil location during Phase to characterize potential soil contamination in the vicinity of the burning

ground at Site Sample locations are shown in Figure 2-4 Samples were analyzed for TAL metals

molybdenum chromium VI VOCs SVOCs pesticides and PCBs In addition temporary well

1FGWT-O1 common to site boring 1FB-03 was installed and sampled during Phase Figure 2-4 The

groundwater sample was analyzed for TAL metals molybdenum chromium VI VOCs SVOCs and

general chemistry habitat and receptor survey was also conducted and dominant vegetation types and

corresponding wildlife habitats were identified and mapped

During the Phase RI special-status species surveys were conducted for the California gnatcatcher and

least Bells vireo

Geo1oy and Hydro2eo1oy

Based on the soil borings advanced at the site shallow geology consists of unconsolidated and

semiconsolidated alluvium overlying the La Jolla Group The alluvium is fine- to medium-grained sand

silty sand and clayey sand with thin discontinuous lenses of clay Groundwater is assumed to flow to the

southeast following surface topography

No perennial surface water is present in the vicinity of Site iF Surface water at the site is ephemeral and

follows the gently sloping ground surface to the southeast
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Soil Results

Analytical results for soil samples collected from Site are summarized in Figure 2-4 Only constituents

that exceed both background and PRGs or PLEs are shown

Or2anics

No organic compounds were detected in Site soil samples at concentrations exceeding PRGs or PLEs

Chlorinated pesticides 44-DDD 44-DDE and 44-DDT were detected at low concentrations at the 5-

and 10-foot intervals in borings FB-03 and FB-04 the maximum chlorinated pesticide concentration was

0.026 mg/kg for 44-DDE

Inor2anics

Six metals were detected at concentrations exceeding PRGs antimony arsenic beiyllium cadmium lead

and copper All but three of the arsenic concentrations and all of the beryllium concentrations that exceeded

PRGs were below background levels Antimony cadmium copper and lead concentrations that exceeded

PRGs also exceeded background levels These detections occurred in the 5-foot interval samples from

borings 1FB-03 and 1FB-04

Concentrations of antimony arsenic boron chromium cobalt copper iron lead manganese

molybdenum silver and zinc at sample locations 1FB-03 and 1FB-04 exceeded PLEs With the exception

of boron for which no background concentration is available the maximum concentrations of these

inorganic constituents also exceeded background concentrations The iron concentration reported at depth

of 20 feet at location 1FB-02 exceeded the PLE and background However this iron detection is not of

ecological concern because of its depth

Groundwater Results

No organics were detected in the groundwater sample collected at Site Arsenic was detected at

concentration of 23.4 tg/l which exceeds the tap-water PRG but is below the MCL The detected

concentration is consistent with concentrations observed in groundwater throughout the base and is most

likely representative of background water quality

2.4.1.4 Summary of Site Risks

The human health and ecological risk methodologies used for the 0U3 sites are summarized in this section

The assessments are presented in detail in the draft final RI
report for Group sites and the draft final RI

report for Group sites SWDIV 1996a and 1997b
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Human Health Risk Assessment Methodology

The environmental sampling data were collected in accordance with knowledge-based purposive sampling

decision logic with additional samples to provide data in areas of high medium and low contamination

All RI data were validated and evaluated in accordance with the EPAsRisk Assessment Guidance for

Superfund RAGS EPA 989b

Exposure scenarios were developed based on available media at the site and current and future land use

The reasonable maximum exposure RME receptor was assumed to be present on site for all exposure

scenarios

Toxicity values for the chemicals of concern COCs were compiled from thelnte grated Risk Information

System IRIS EPA 992a Health Effects Assessment Summary Tables HEAST EPA 992b

Cal/EPA memorandum on criteria for carcinogens Cal/EPA 992a and tetrachloroethene PCE and

TCE profiles from the Superfund Health Risk Technical Support Center EPA 1994 For the more recent

risk assessments conducted after the EPA PRG tables EPA 1995 and 1996a were developed toxicity

values were cited from the above sources as well as from the National Center for Environmental

Assessment

Cancer slope factors SFs have been developed by the EPA for estimating excess lifetime cancer risks

associated with exposure to potentially carcinogenic chemicals SF values expressed in milligrams per

kilogram per day mg/kg-day1 are multiplied by the estimated intake of potential carcinogen expressed

in mg/kg-day to provide an upper-bound estimate of the excess lifetime cancer risk associated with

exposure at that intake level The term upper bound reflects the conservative estimate of the risks

calculated from the SF This approach makes underestimation of the actual cancer risk highly unlikely

Cancer SF values am derived from the results of human epidemiological studies or chronic animal

bioassays using animal-to-human extrapolation and uncertainty factors

Reference doses RfDs have been developed by the EPA to indicate the potential for adverse health effects

from exposure to chemicals exhibiting noncarcinogenic effects RfDs expressed in mg/kg-day are

estimates of lifetime daily exposure levels for humans including sensitive individuals Estimated intakes of

chemicals from environmental media e.g the amount of chemical ingested from contaminated drinking

water can be compared with the RfD RfDs are derived from human epidemiological studies or animal

studies and incorporate uncertainty factors
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e.g to account for the use of animal data to predict effects on humans These uncertainty factors help

ensure that the RfDs will not underestimate the potential for adverse effects

Excess lifetime cancer risks are determined by multiplying the intake level with the cancer SF value These

risks are probabilities that are generally expressed in scientific notation e.g lxi 06 An excess lifetime

cancer risk of lxi 06 indicates that as plausible upper bound an individual has one in one million

chance of developing cancer as result of site-related exposure to carcinogen over 70-year lifetime

under the specific exposure conditions at site

Potential concern for noncarcinogenic effects of single contaminant in single medium is expressed as the

hazard quotient HQ or the ratio of the estimated intake derived from the contaminant concentration in

given medium to the RfD for the contaminant The hazard index HI can be derived by adding the HQs

for all contaminants within medium or across all media to which given population could reasonably be

exposed The HI provides useful reference point for gaging the potential significance of multiple

contaminant exposures within single medium or across media

Lead was evaluated separately using both the Federal EPA 1991 and State Cal/EPA 1992b lead

models Evaluation of soil and groundwater lead concentrations using Federal and State blood lead models

indicated that blood lead concentrations would meet health protection target criteria The target criteria are

less than 10 micrograms per deciliter mg/dl for 95 percent of children age range to years using the

Federal model and for 99 percent of children using the State model

The EPA has developed list of media-specific concentrations PRGs that represent ixitI risk level

EPA 1995 and 996a Soil and groundwater pathways were evaluated using the methodology described

above to calculate excess lifetime cancer risk and noncarcinogenic effects The target risk level of ixi

and upper-bound intake parameters were used to calculate concentrations Site concentrations were then

compared against these concentrations to calculate risks and hazard

The quantitative results of the baseline risk assessments were compared against target risk criteria An

RME excess lifetime cancer risk of is considered the point of departure above which risk management

should be considered according to Title 40 Code of Federal Regulations CFR
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Section 300.430e2iA2 An excess lifetime cancer risk exceeding 10 generally requires

remediation Risk management should also be considered for an RME exposure with an HI greater than

1.0

Risks/hazards associated with chemicals of potential concern COPCs were evaluated using maximum and

representative 95 percent upper confidence limit concentrations for residential land use and

commercial industrial exposure scenarios

Ecolo2ical Risk Assessment Methodo1oy

The baseline ecological risk assessment EcoRA methodology is presented in detail in the RI reports and

work plans for the sites included in this ROD SWDIV 1991 1993a 1993b 1995b 1996a and 1998

This section summarizes the approach and methodology for the baseline EcoRA

To address the EcoRA objectives phased approach is used as suggested by the EPA 1992c This

approach consists of three phases site characterization and screening initial determination of ecological

impact and bioassessment

Phase Site Characterization and Screening involves identiFying the presence and concentrations

of chemicals of potential ecological concern COPECs at the sites and evaluating whether

exposure pathways to ecological receptors exist

Phase II Initial Determination of Ecological Impact involves conducting ecological comparisons

between potentially impacted and nonimpacted areas The comparison can include parameters such

as the presence or absence of species health of plants and animals community structure and

contaminant concentrations in the tissues of plants and animals in order to assess potential

food-chain exposure This phase includes habitat and wildlife surveys and collection of biota to

measure bioaccumulation in plants terrestrial invertebrates and small mammals

Phase III Bioassessment involves further laboratory studies to determine what COPEC

concentrations result in measurable effects Information collected as part of this phase is used to

help make decisions about potential remediation

Quantification of potential risks to representative species was conducted using an HQ approach An HQ

was calculated for each preliminary COPEC soil and biota or sample location sediment and surface

water The HQ was calculated by dividing the maximum detected concentration by
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the PLE for each representative species Because there is uncertainty in the PLE derivation process the

magnitude of the HQ is used as an indication of potential ecological effects and is discussed in broad terms

i.e an HQ 1.0 represents no or low risk 1.0 to 10 represents low to medium risk 10 to 100 represents

medium to high risk and 100 represents high to very high risk This results of the HQ approach are

evaluated in conjunction with qualitative site-specific factors such as the extent of contamination or

frequency of detection habitat quality and the home range of representative mammals and birds which

indicates the amount of time each representative species would potentially spend at each site

complete EcoRA requires several components Although each is essential to the risk assessment not all

contribute equal weight to the development of conclusions In addition limitations and uncertainties are

associated with each component The conclusions of the EcoRA are based on an assessment of the

following

Field surveys of receptor populations and habitats

Home range of representative species

Chemical concentrations in various media including biota

Potential toxicity to primary receptors as determined through comparisons with reported and

calculated effect levels PLEs

Potential bioaccumulation of contaminants in primary receptors as determined through

accumulation measurements using site-collected plants aquatic and terrestrial invertebrates and

comparison with concentrations measured in biota from reference locations

Potential bioaccumulation of contaminants in aquatic invertebrates to secondary receptors as

determined through quantitative comparisons with PLEs for dietary intake

Potential bioaccumulation of detected chemicals by primary and secondary receptors was also evaluated

during the COPEC selection process Bioaccumulation in primary receptors terrestrial plants and aquatic

and terrestrial invertebrates was evaluated by comparing chemical concentrations detected in

field-collected biota with concentrations detected in similar biota collected from several reference locations

in the vicinity of the sites or at upstream locations Bioaccumulation in secondary receptors representative

mammals and birds was evaluated by
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calculating bioaccumulation factors from field-collected plants terrestrial invertebrates and mice These

bioaccumulation factors were combined with toxicity information and dietary composition to derive soil

PLEs for mammals and birds Bioaccumulation in secondary receptors was also evaluated by calculating

dietary PLEs for mammalian ingestion of aquatic invertebrates

Potential chemical migration and exposure pathways were evaluated for each site Current land use

scenarios were used in the assessment Results of the exposure assessment indicated that exposure to

terrestrial plants and wildlife could occur through the following major pathways

Ingestion of soil

Ingestion of surface water

Root absorption of chemicals in soil plants

Exposures to aquatic plants and organisms could occur through the following pathways

Ingestion of sediment

Ingestion of surface water

Inhalation across gill surfaces of dissolved chemicals in surface water

Dermal absorption of chemicals in surface water or sediment

Root absorption of chemicals in sediment or surface water plants

Results of the field surveys COPEC selection process exposure assessment and ecological effects

assessment were evaluated in the risk characterization to identiFy final COPECs for each site The

recommendations for each site are based on both the quantitative and qualitative evaluations

The PLEs for bird and mammal representative species were modified during the risk estimation based on

site-use factor calculated from the area of contamination for each COPEC and the foraging area for each

representative bird or mammal species The size of the area of concern was divided by the foraging range

for each representative species to estimate the site-use factor PLEs were modified only for COPECs that

exceeded PLEs in the initial screening

2.4.1.4.1 Site IA Refuse Burning Ground in 14 Area

This section summarizes the results of the human health risk assessment HHRA and EcoRA for Site
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Human Health Risk Characterization

The probable sources of contamination at Site 1A am the refuse burning ground surface soils and

subsurface soils Potential transport and/or retention medium are surface-water runoff air and surface and

subsurface soils The potential receptors are residents or site workers and the primary exposure points are

air and surface/subsurface soils secondary exposure point for potential future residents is groundwater

Because only the residential land use scenario was used to determine whether site was recommended for

further action this is the only land use scenario discussed in this section

Analytical results from the Group RI SWDIV 997b were used as basis for the HHRA The HHRA

was conducted using only the results from the Phase investigation because additional soil samples for

Phase were collected from Phase locations and the results were similar

The risk screening for soil exposure using maximum concentrations of COPCs results in cumulative

residential risk of .4x1 and is primarily attributable to arsenic Excluding that portion of the risk

attributable to naturally occurring metals the EPA Region IX and CaIIEPA incremental lifetime cancer

risk ILCR values are 9.7x105 and 9.9x105 respectively Both values are within the risk management

range

Replacing the maximum concentrations with the 95 percent UCL concentrations of the COPCs and

excluding the portion of the risk attributable to naturally occurring metals results in EPA Region IX and

Cal/EPA ILCRs of 9.1x105 and 9.2x105 respectively These values are also within the risk management

range

The cumulative residential HI for maximum detected COPCs is 19.0 Using the representative

concentrations the cumulative residential HI is 14.0 Background metals contribute an incremental hazard

of 1.7 The primary contributors to the HI are arsenic copper and thallium each of which has an

individual HI exceeding 1.0 The maximum lead concentration is 8800 mg/kg This exceeds the

background concentration for the San Luis Ray Basin 10.2 mg/kg and is at least one order of magnitude

greater than the EPA residential soil PRG of 400 mg/kg and the Cal/EPA residential soil PRG of 130

mg/kg

As presented in the Group RI report SWDIV 1997b Site 1A soil represents an acceptable cancer risk

under the residential exposure but may present an unacceptable noncarcinogenic
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hazard the HI exceeds the threshold value of 1.0 Final human health COCs for soils are arsenic copper

thallium and lead

Excess cancer risk and noncarcinogenic health hazard for the future residential exposure scenario were

evaluated for the groundwater pathway No cancer risk was estimated because no carcinogenic

contaminants were detected in groundwater The HI is 1.6 and is primarily attributable to manganese

approximately 81 percent of the total hazard For individual target organs only the central nervous

system exceeds the noncarcinogenic hazard criterion of 1.0 HQ 1.3

Uncertainty in the RfD used to calculate the PRG for manganese could result in an overestimation of

hazard In addition uncertainty is associated with the results for the groundwater sample which was

collected from temporary well Temporary well groundwater samples usually have higher TSS the

sample is usually muddy than samples from permanent wells because of the disturbance associated with

the sampling method Because samples from temporary wells contain more particles more nondissolved

particles could pass through the filter used in the field Hem 1985 and could result in higher

concentration of manganese in temporary well samples Manganese is also naturally occurring and some of

the manganese in groundwater at Site 1A is assumed to be within the background concentration

Groundwater at Site 1A is considered protective of human health for the following reasons

No carcinogenic chemicals were detected in groundwater

The HI only slightly exceeds 1.0 HQ 1.3 for one target organ the central nervous system and the

uncertainty associated with toxicity of manganese could result in an overestimation of hazard

portion of the manganese concentration is likely background rather than site related

Summed Groundwater and Soil Human Health Risk and Hazard

If it is conservatively assumed that under the future unrestricted residential use scenario hypothetical

resident could be exposed to soil contaminants and groundwater through domestic use the incremental site

risks and hazards for soil and groundwater can be summed for an overall residential exposure Because no

carcinogenic COPCs were detected in groundwater at Site 1A
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the incmmental site risk 9x1 0-i is completely attributable to soil primarily due to arsenic The

incremental site hazard from soil HI 12.3 combined with groundwater HI 1.6 results in total

residential hazard of approximately 14.0 As discussed previously the only target organ exceeding hazard

of 1.0 for groundwater was the central nervous system as result of manganese Consequently the

noncarcinogenic health hazard for Site 1A is primarily associated with site soil specifically with metals

Individually the potential exposure to either soil or groundwater represents the upper-bound RME when

combined the potential exposure is likely much more conservative than the RME The combined exposure

should be considered worst-case exposure scenario especially given the low likelihood of residential use

of this site combined with low likelihood of placing drinking water well at the point of the plume

corresponding to maximum groundwater concentrations

Ecolo2ical Risk Assessment

Site 1A consists primarily of area of California sagebrush series habitat with some disturbed areas Some

downstream portions of the site and its drainage pathway have riparian habitat Representative species

were selected for this site based on habitat types and expected occurrence of special-status species The

representative species include plants terrestrial invertebrates California gnatcatcher California quail least

Bells vireo Beldings savannah sparrow California mouse and deer mouse Although portions of the site

are disturbed several wildlife species were observed onsite including the California gnatcatcher The

California gnatcatcher is listed Federal threatened species and State special-status species

Soil concentrations for 17 preliminary inorganic COPECs exceeded background values These inorganics

and all detected organic COPECs were retained for the initial ecological risk screening The results of the

initial risk screening indicated that several inorganic constituents and few organic compounds exceeded

PLEs COPECs exceeding PLEs were identified at all six soil sampling locations

final risk screening was conducted by modiFying the PLEs for birds and mammals based on the foraging

range and the size of the area of concern These screening results indicated that modified PLEs were

exceeded for plants invertebrates California quail California gnatcatcher least Bells vireo Belding

savannah sparrow California mouse and deer mouse The following contaminants exceeded modified

PLEs antimony arsenic barium boron cadmium chromium
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copper iron lead manganese mercury molybdenum nickel selenium thallium vanadium zinc

44-DDE and 44-DDT

Subsequent to the risk screenings biota tissue collected from site plants invertebrates and mice were

compared against reference concentrations to evaluate adverse effects to ecological receptors due to

bioaccumulation Comparisons against reference concentrations for plants showed that site tissue

concentrations of arsenic chromium copper iron lead manganese molybdenum and zinc exceeded

reference tissue concentrations The tissue quotients are close to 1.0 for chromium 1.1 copper 1.2 and

iron 1.6 However tissue quotients for arsenic lead manganese molybdenum and zinc indicated that

these COPECs are bioaccumulating and could result in adverse effects directly to plants or to receptors

feeding on the plants Comparison against reference concentrations for invertebrates were similar to those

for plants and indicated that arsenic copper lead manganese and zinc are bioaccumulating in

invertebrates and could result in either direct toxicity or food-chain transfer

Comparison against reference concentrations for mice indicated that only manganese and nickel were

present at concentrations greater than reference location concentrations However nickel did not exceed

PLEs in the final screening and the tissue quotient is close to 1.0 1.2 indicating the potential

bioaccumulation risk from nickel is low The tissue quotient for manganese is 2.9 indicating that

manganese is bioaccumulating and could result in adverse effects directly to mice or to receptors feeding on

them

All COPECs that exceeded modified PLEs were retained as chemicals of ecological concern COECs with

the exception of cadmium molybdenum selenium 44-DDE and 4.4-DDT The HQs for cadmium

molybdenum 44-DDE and 44-DDT are very close to 1.0 indicating low potential risk Selenium

exceeded PLEs in only one sample lAB-Ui and had HQs close to 1.0 also indicating low potential risk

The results of the EcoRA indicate that several inorganic chemicals are present
in Site 1A soils at

concentrations that could be directly toxic to ecological receptors or could bioaccumulate in the wildlife

food chain The final COECs for Site 1A are antimony arsenic barium boron chromium copper iron

lead manganese mercury thallium vanadium and zinc
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2.4.1.4.2 Site ID Refuse Burning Ground in 20 Area

This section summarizes the results of the HHRA and EcoRA for Site 1D

Human Health Risk Characterization

The conceptual site model for Site indicates that current/future workers and future residents could be

exposed to soil contaminants through incidental ingestion dermal contact and inhalation of VOCs and soil

particulates The model also shows that future workers and residents could be exposed to groundwater

contaminants through inhalation of VOCs ingestion of groundwater and dermal contact with groundwater

The primary source of contaminan is burned and/or partially burned refuse and the secondary source is

underlying or adjacent soils Analytical results collected during the Group RI SWDIV 1996a were

used for the risk assessment

The risk screening for soil exposure using maximum detected chemical concentrations for residential land

use results in cumulative residential risk of 2x Subtracting the portion of risk contributed by

background concentrations the ILCR is 3x1 The HI for the same scenario i.e removing the

contribution from background is 10.1 The primary contributors to risk and/or hazard are antimony

arsenic and chromium In addition the maximum lead concentration 1100 mg/kg exceeds background

the EPA residential soil PRG of 400 mg/kg and the CaIIEPA residential soil PRG of 130 mg/kg The

site-related risk and hazard indicate that further action is necessary

To evaluate potential risks due to groundwater exposure maximum concentrations were used for

residential scenario The site-related carcinogenic risk ILCR is 2x1 and the HI is 1.2 The potential risk

was evaluated further using representative concentrations and resulted in an ILCR of 4x1 and an HI of

less than 1.0 Beryllium detected in only of 10 samples contributes more than 99 percent of the 4x1t

ILCR Although beryllium is risk contributor in soil at Site no on-base activities are known or

suspected of generating beryllium wastes The average site concentration of beryllium is 1.27 tg/l and the

background concentration is tg/l As such the beryllium concentration is likely representative of

background Based on the reasons presented potential groundwater risks at Site are considered

acceptable

Ecolo2ical Risk Assessment

The predominant habitat at Site is California sagebrush series interspersed with areas of open

disturbed habitat Various herpetiles birds and mammals were observed during general wildlife
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surveys of the site Coastal California gnatcatchers special-status species were also observed

Representative species were selected for this site based on predominant habitat types and include plants

terrestrial invertebrates California mouse California quail and California gnatcatcher

Concentrations of inorganic chemicals at Site were compared with background values for the Santa

Margarita Basin Concentrations of 13 preliminary inorganic COPECs exceeded available background

values and were retained for the initial ecological risk screening along with all preliminary organic

COPECs plus boron The results of the initial screening indicated that the maximum concentrations of 10

inorganic constituents exceeded PLEs None of the detected organics exceeded PLEs

Biota tissue collected from plants and invertebrates were compared against reference concentrations to

evaluate adverse effects to ecological receptors due to bioaccumulation Comparisons against reference

concentrations for plants indicated that site tissue concentrations of arsenic manganese and zinc were

close to the reference concentrations and indicate that exposure to these COPECs will not result in any

increased risk to plants No site invertebrate tissue concentrations exceeded reference concentrations

final risk screening was conducted by modiFying PLEs COPECs and HQs greater
than 1.0 were grouped

into areas of concern based on sample locations where PLEs were exceeded for any representative species

The size of the areas were estimated and the PLEs for birds and mammals were modified based on the

foraging range for each representative species and the size of the area of concern The final risk screening

results indicated that modified PLEs were exceeded for plants invertebrates California quail California

gnatcatcher and California mouse The COPECs exceeding modified PLEs were antimony arsenic boron

chromium copper iron lead manganese mercury and zinc Antimony copper iron lead and zinc were

retained as COECs Arsenic boron chromium and manganese were not retained because HQs for each

species with the exception of birds were less than 1.0 The HQs for birds were close to 1.0 indicating low

potential risk In addition incremental risk above background concentrations resulted in HQs less than 1.0

indicating that the majority of risk is due to background levels Mercury was not retained because it was

detected only once at location 1D55003 and HQs were less than 1.0 for all species except the California

mouse which had an HQ of 1.2 which is close to 1.0
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The results of the EcoRA indicate that antimony copper iron lead and zinc are present in Site soils at

concentrations that could be directly toxic to ecological receptors or could bioaccumulate in the wildlife

food chain

2.4.1.4.3 Site IE Refuse Burning Ground in 32 Area

This section summarizes the results of the HHRA and EcoRA for Site 1E

Human Health Risk Characterization

The conceptual site model for Site indicates that current/fbture workers and potential fbture residents

could be exposed to soil contaminants through incidental ingestion dermal contact and inhalation of VOCs

and soil particulates There are no complete groundwater exposure pathways at this site The primaiy

source of contaminants is burned and/or partially burned refbse the secondary source is underlying or

adjacent soils Analytical results collected during the Group RI SWDIV 996a were used for the risk

assessment

The risk screening for soil exposure using maximum detected concentrations for residential land use results

in cumulative residential risk of 6x1 and an HI of 20.1 Subtracting the portion of risk and hazard

contributed by background concentrations the ILCR is 4x1 Q4 and the HI is 18.4 The site-related primary

contributors to risk and/or hazard are antimony arsenic and chromium In addition the maximum lead

concentration of 1610 mg/kg exceeds background the EPA residential PRG of 400 mg/kg and the

Cal/EPA residential soil PRG of 130 mg/kg

The ILCR and the HI both exceed EPA acceptable levels and evaluation of remedial actions was

recommended

Ecolo2ical Risk Assessment

Habitat at Site consists primarily of California sagebrush series habitat Various herpetiles birds and

mammals were observed on site during general wildlife surveys Pairs of coastal California gnatcatchers

special-status species were also observed at Site lB Representative species were selected for this site

based on habitat types and include plants terrestrial invertebrates Pacific pocket mouse California quail

and California gnatcatcher

Concentrations of inorganic chemicals at Site were compared with background values for the Santa

Margarita Basin Concentrations of 17 preliminary inorganic COPECs exceeded available
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background values and were retained for the initial ecological risk screening along with all detected

preliminary organic COPECs and boron The results of this screening indicated that the maximum

concentrations of 15 inorganic constituents exceeded PLEs

Biota tissue collected from site plants and invertebrates were compared against reference concentrations to

evaluate adverse effects to ecological receptors due to bioaccumulation Comparisons against reference

concentrations for plants indicated that site tissue concentrations of arsenic and mercury were greater than

reference location concentrations The tissue quotient for arsenic 1.6 indicated that concentrations are

close to reference concentrations and are not expected to result on any increased risk to plants or receptors

feeding on plants at the site The tissue quotient for mercury is 2.3 however this COPEC did not exceed

PLEs for plants in either the initial or final screening indicating only small potential risk to receptors

Comparisons against reference concentrations for invertebrates indicated that site tissue concentrations of

cadmium copper and zinc were slightly greater than reference location concentrations Tissue quotients

were 1.6 for cadmium 7.0 for copper and 1.3 for zinc Cadmium and zinc concentrations are close to the

reference concentrations and indicate that exposure to these COPECs by invertebrates at the site would not

result in increased risk The tissue quotient for copper indicates that copper concentrations may pose an

increased risk to invertebrates and receptors feeding on invertebrates at the site

final risk screening was conducted by modiFying the PLEs for birds and mammals based on the foraging

range for each representative species and the size of the area of concern The final risk screening results

indicated that modified PLEs were exceeded for plants invertebrates California quail California

gnatcatcher and Pacific pocket mouse COPECs exceeding modified PLEs are aluminum antimony

barium boron cobalt copper iron lead molybdenum silver and zinc With the exception of barium

boron molybdenum and silver these contaminants were retained as COECs

Barium was not considered to pose risk because HQs above 1.0 were due largely to background

concentrations Although the HQ for the representative Pacific pocket mouse still exceeds 1.0 excluding

background small mammals using this site are not expected to spend all of their time at Site In

addition no Pacific pocket mice were observed on site during surveys Boron was not retained because the

HQs were close to 1.0 1.2 to 1.5 Molybdenum was not retained because
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plants were the only representative species for which PLEs were exceeded and the HQs are close to 1.0

Silver was detected at locations 1ES S002 and 1ES S003 only At 1E55002 the HQs for silver only slightly

exceeded the plant PLE HQ of 1.04 At 1E55003 only one of the detected results exceeded the plant and

invertebrate PLEs the HQs for the other detected silver concentrations were less than 1.0

The results of the EcoRA indicate that several inorganic chemicals are present in Site soils at

concentrations that could be directly toxic to ecological receptors or could bioaccumulate in the wildlife

food chain

2.4.1.4.4 Site IF Refuse Burning Ground in 43 Area

This section summarizes the results of the HHRA and EcoRA for Site iF

Human Health Risk Characterization

The conceptual site model for Site iF indicates that current/future residents could be exposed to soil

contaminant through incidental ingestion dermal contact and inhalation The model also indicates that

potential future residents could be exposed to groundwater contaminants through ingestion inhalation of

VOCs and dermal contact The primary source of contaminants is burned or partially burned refuse and

the secondary source is underlying or adjacent soils Analytical results from samples collected during the

Group RI SWDIV 1997b were used for the risk assessment

The risk screening for soils using the maximum detected chemical concentrations results in cumulative

residential risk of 3x1 Subtracting the portion of total risk attributable to naturally occurring metals or

background the ILCR is 2.2x1 The cumulative residential HI for maximum detected contaminants is

8.7 Subtracting the portion attributable to background metals the incremental HI is 7.5 The maximum

lead concentration 1260 mg/kg exceeds the EPA residential soil screening value of 400 mg/kg and the

Cal/EPA residential soil PRG of 130 mg/kg

Because the HI exceeds the threshold criterion of 1.0 further risk evaluation for soil was conducted using

more reasonable value the 95 percent UCL of the average concentration Using the 95 percent UCL the

ILCRs for the residential scenario based on Region IX and Cal/EPA PRGs are 9.9x106 and i.2x iO The

incremental HI is 7.3 The HI results primarily from single high detection of copper at 12500 mg/kg

This detection is duplicate of the original sample
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which had reported concentration of 821 mg/kg As such degree of uncertainty is associated with the

copper results Lead and antimony are the other main contributors to hazard

Potential residential carcinogenic risks for soil are within the risk management range and are considered

acceptable for this site However potential noncarcinogenic hazard exceeds the acceptable criterion of 1.0

thus requiring further action

To evaluate potential risks due to groundwater exposure maximum concentrations were used for

residential scenario The ILCR is 5.2x1 U- and is completely attributable to arsenic However the

maximum reported value of arsenic 23.4 micrograms per liter tg/l is less than the MCL of 50 tg/l The

noncarcinogenic HI is 3.9 and is primarily attributable to arsenic and boron As stated the maximum

arsenic concentration is less than the MCL and would not likely represent threat to human health via

ingestion Boron is not likely result of site-related activities For the above stated reasons groundwater at

Site is considered protective of human health

Ecolo2ical Risk Assessment

Two brushfires have disturbed the habitat at Site iF One fire occurred in June 1996 just prior to the

initial site habitat evaluation The second brushfire occurred in early summer 1997 between site visits to

evaluate special-status species Prior to the second fire the site was sparsely vegetated with California

sagebrush series habitat Various birds the black-tailed hare house mice and deer mice were observed at

the site No coastal California gnatcatchers or least Bells vireos both special-status species were

observed at the site prior to the 1997 brushfire However least Bells vireos were identified in riparian

vegetation along Pulgas Crock adjacent to the site The representative species selected for evaluation of this

site include plants terrestrial invertebrates Beldings savaimah sparrow and deer mouse

Potential ecological risks at Site were evaluated using the RI data and sampling locations presented in

the draft final Group RI
report SWDIV 1997b

Concentrations of inorganic chemicals detected at the site were compared with background values for the

Las Flores Basin background area Background values were available for all inorganic chemicals detected

except boron Concentrations of 14 preliminary inorganic COPECs exceeded available background values

and were retained for the initial ecological risk screening along with boron and all detected preliminary

organics The results of the initial screening indicated that the

SCII1O-98/WPC/Pendleto/ROD 1O-27.wpd 2-29



maximum concentrations of 13 inorganic constituents exceeded PLEs None of the detected organics

exceeded PLEs

In accordance with the work plan biota samples i.e plants terrestrial invertebrates and small mammals

were not collected for tissue analysis at this site during the Phase sampling conducted in May 1997 The

site is similar to Site 1A in historical use habitat types and potential ecological receptors Because of their

similarities the biota sampling and bioassays conducted at Site 1A were extrapolated to Site iF Both sites

are historical refuse burning grounds that consist of coastal sage scrub and disturbed habitat The

representative species for Site included plants terrestrial invertebrates Beldings savaimah sparrow

and deer mouse These species were also among those selected for Site 1A

Biota tissue collected at Site 1A included plants invertebrates and mice These tissue concentrations were

also compared against reference concentrations for the chemicals detected at Site Comparisons for

plants indicated that tissue concentrations of arsenic tissue quotient of chromium 1.1 copper 1.2

iron 1.6 lead 10 manganese 2.9 molybdenum 3.4 and zinc 9.2 were elevated compared with

reference plants Soil concentrations of arsenic chromium manganese and molybdenum at Site did not

exceed plant PLEs but only zinc slightly exceeded the PLE 1.2 at one sampling location B-3 Copper

iron and lead exceeded plant PLEs at two sampling locations B-3 and B-4 Results of soil and biota

evaluations indicate that copper and iron may bioaccumulate to limited degree but are of more concern

with regard to direct toxicity to plants Zinc is bioaccumulating and could result in adverse effects directly

to plants or to those receptors feeding on them

Comparisons against reference concentrations for invertebrates were generally similar to those for plants

Resulting tissue quotients for arsenic 3.4 copper 10 lead 12 manganese 5.1 and zinc indicated

that these chemicals were accumulating in invertebrates collected from Site 1A However none of these

chemicals exceeded soil PLEs for invertebrates in Site indicating that any potential risk at the site

would be through food-chain transfer rather than direct toxicity

Comparisons against reference concentrations for mice indicated that only manganese and nickel were

present at concentrations exceeding reference values Tissue quotients were 2.9 and 1.2 respectively

Manganese did not exceed small mammal PLEs in the final screening and nickel did not exceed small

mammal PLEs in either the initial or final screening These results indicate that
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soil concentrations of manganese and nickel at Site are of limited concern to mammals through either

direct toxicity or food-chain transfer

COPECs with HQs greater than 1.0 were grouped into areas of concern based on sample locations where

PLEs were exceeded for any representative species The size of the areas were estimated and the PLEs for

birds and mammals were modified based on size of the area of concern relative to the foraging area for

each representative species The modified PLEs were then used for the final risk screening

The final risk screening results indicated that modified PLEs were exceeded for plants invertebrates

Beldings sparrow and deer mouse COPECs with HQs exceeding 1.0 are antimony arsenic boron

chromium cobalt copper iron lead manganese molybdenum silver and zinc Arsenic boron chromium

cobalt manganese molybdenum and silver were not retained as COECs because of their low potential risk

indicated by low HQs near background concentrations and/or low frequency of detections

The results of the EcoRA indicate that several inorganic chemicals are present in Site soils at

concentrations that could be directly toxic to ecological receptors or could bioaccumulate in the wildlife

food chain

2.4.2 Site 24 Grease Disposal Pit in 14 Area

This section addresses Site 2A and summarizes site history and characteristics and associated risks

2.4.2.1 Site Name Location and Description

Site 2A Grease Disposal Pit in 14 Area is located off Pilgrim Creek East Trails Road Figure 2-5 and is

one of seven mess hall grease pits scattered throughout the base The grease disposal pit boundary is

approximately 200 feet long and 300 feet wide The site is bordered on the west and southwest by Site 1A

and on the north east and south by areas of light to moderate vegetation Site 2A slopes gently to the

southwest and eventually drains into stream-cut canyon adjacent to Site 1A The surrounding area is

characterized by low rolling hills
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2.4.2.2 Site History and Enforcement Activities

Grease disposal pits typically less than 10 feet deep were used throughout the base from 1942 to 1980 for

disposal of mess hall grease Petroleum oil and lubricants POLs may have also been placed in the pits

No information is available on the specific years of operation or the amount of grease disposed of in the pit

at Site 2A burn area is adjacent to the disposal pit at 2A

The pit at Site 2A was closed by allowing the disposed materials to decay to semisolid state and then

backfilling with native soil

2.4.2.3 Summary of Site Characteristics

RI work at Site 2A involved surface/subsurface soil sampling and ecological surveys No groundwater or

surface-water sampling was performed The investigation was conducted in two phases Phase was

conducted in June 1996 and Phase was conducted in May through July 1997 Detailed results of Phase

are presented in the draft final Group RI report SWDIV 1997b and results of the Phase RI are

presented in Appendix of the draft final RI/FS for 0U3 SWDIV 1998a summaiy is presented in

this section

total of 19 samples including duplicate were collected from five soil boring locations as part of Phase

Sample locations are shown in Figure 2-5 The borings were terminated when granitic material was

encountered at depths between 15 and 20 feet below grade The soil samples were analyzed for TAL

metals molybdenum chromium VI VOCs SVOCs dioxins and furans

habitat and receptor survey was conducted in June 1996 Dominant vegetation types and corresponding

wildlife habitats were identified During the 1997 Phase investigation small mammal trapping was

conducted using Sherman live-trap Trapped animals were identified marked with nontoxic marker and

released in the location where they were trapped Surveys for special-status species the California

gnatcatcher and least Bells vireo were also conducted as part of the Phase effort Soil plant tissue and

animal tissue were collected during Phase for chemical analyses and bioassay studies to refine the

conclusions of the EcoRA Five plant samples two invertebrate samples and two mice samples were

collected at Site 2A One surface soil sample and one duplicate were collected from sample location

2AB-05 Soil and tissue samples were analyzed for TAL metals plus molybdenum and for organochlorine

pesticides
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2.4.2.3.1 Geology and Hydrogeology

Geologic data were derived from the five soil borings advanced at the site Shallow geology at the site is

characterized by semiconsolidated to consolidated alluvium consisting of fine-to medium-grained poorly

graded sand silt and sand with silt The alluvium overlies massive granitic basement rock Basement

granitic rock was encountered in all five soil borings at depths ranging from 3.5 to 18 feet Based on site

geology groundwater is assumed to flow to the southwest following surface topography Using

groundwater elevations from nearby site and ground surface elevations the depth to groundwater at site

2A is estimated to be nearly 100 feet below grade No pereimial surface water is present in the vicinity of

Site 2A

2.4.2.3.2 Soil Results

The analytical results for soil are summarized in Figure 2-5 Only results that exceed background and

PRGs or PLEs are shown

Or2anics

Two chlorinated pesticides were detected at concentrations at or exceeding PRGs at Site 2A 44-DDD in

the 5-foot interval sample and 44-DDE in the 5- and 10-foot interval samples from boring 2AB-05 In

addition 15 other organic contaminants were detected at concentrations below PRGs Four VOCs were

detected at low concentrations acetone 2-butanone ethylbenzene and total xylenes The highest VOC

concentration detected at Site 2A was 0.047 mg/kg for acetone The SVOCs benzoic acid 3.8 mg/kg

bis2-ethylhexylphthalate 0.13 mg/kg and phenanthrene 0.18 mg/kg were each detected once in borings

2AB-03 2AB-05 and 2AB-01 respectively Eight dioxinlfurans were detected in the 5- and 10-foot

samples from boring 2AB-05 at concentrations of 0.001 mg/kg or less

234678-Heptachlorodibenzo-p-dioxin 234678-HpCDD 44-DDE 44-DDT and total

heptachlorodibenzo-p-doxins total HpCDD exceeded PLEs in soil samples collected from boring 2AB-05

during June 1996 The sampling conducted during May 1997 confirmed the presence of these pesticides

Inor2anics

total of metals were detected at concentrations exceeding PRGs antimony arsenic beiyllium

cadmium copper lead manganese thallium and zinc Although all arsenic detections exceeded the PRG

the concentrations were at or near background All beryllium concentrations
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were below the calculated background level Antimony cadmium copper lead manganese thallium and

zinc concentrations exceeded PRGs and background concentrations in samples from boring 2AB-05 In

addition the lead concentration for the 5-foot sample from boring 2AB-03 exceeded the PRG and

background

Concentrations of aluminum antimony barium boron cadmium chromium cobalt copper iron lead

manganese mercury molybdenum nickel silver thallium vanadium and zinc exceeded PLEs in various

boring locations The maximum concentrations of these inorganic constituents also exceeded background

concentrations Boring location 2AB-O5 had the greatest number of inorganic constituents with

concentrations exceeding PLEs The results for the surface samples collected near boring location 2AB-O5

in 1997 are similar to the results for soil samples collected from the same location in June 1996

2.4.2.4 Summary of Risks Associated with Site 2A

The HHRA was completed using data from the Phase RI SWDIV 997b Because the samples for the

Phase RI SWDIV 998a were collected from the same locations as Phase samples and the results

were similar for both phases the HHRA was not revised The EcoRA was completed using both Phase

and Phase results

2.4.2.4.1 Human Health Risk Characterization

Based on the conceptual site model developed in the RI current/future residents could be exposed to soil

contaminants through incidental ingestion dermal contact and inhalation of VOCs and particulates

Groundwater was not considered complete exposure pathway for current/future workers or residents

Data collected during the Group RI were used for the risk assessment

The cancer risk and noncarcinogenic hazard for the residential and industriallcommercial scenarios were

evaluated using maximum detected contaminant concentrations in soils Only the residential scenario is

summarized here because decisions for the site were based on this scenario The cumulative residential risk

is Sxl and is attributable primarily to arsenic Subtracting the portion of total risk attributable to

background metals the ILCRs based on Region IX and CaIIEPA PRGs are 5.6x106 and 1.2x1ft5

respectively The cumulative residential HI is 150 The primary hazard contributors are manganese

thallium and zinc Manganese and zinc concentrations exceed background concentrations by more than

three orders of magnitude
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The highest detections of contaminants driving both the cancer risk and the noncancer hazard were found

at boring location 2AB-05 which is located in the adjacent burn area Therefore the site was viewed as

two separate area the grease disposal pit area and the burn area and the risks were reassessed

The maximum concentrations for the grease disposal pit excluding the samples from the burn area at

boring 2AB-05 were compared against EPA Region IX soil PRGs The results were cumulative ILCR of

8x 06 and an HI of 1.8 The only contributors are arsenic and beiyllium both of which are within the

range of background concentrations Subtracting the contribution from background the ILCR for the

residential scenario using EPA Region IX and Cal/EPA PRGs are less than lxlQ8 and 1x106 respectively

The HI is 1.0 Based on this assessment soil in the grease disposal pit area is considered protective of

human health However the area surrounding boring 2AB-05 appears to present both an unacceptable

carcinogenic risk and noncarcinogenic hazard The human health COCs in this area are 4.4-DDD

4.4-DDE antimony arsenic cadmium copper lead manganese thallium and zinc

2.4.2.4.2 Ecological Risk Assessment

Vegetation at Site 2A burned during brushfire in June 1997 Most of the existing California sagebrush

series habitat and disturbed habitat were destroyed Bird species observed prior to the fire included cliff

swallow California quail California towhee and song sparrow Mammals observed included black-tail

hare cactus mouse California mouse deer mouse desert woodrat dusky-footed woodrat and house

mouse Surveys for the California gnatcatcher and the arroyo toad both special-status species were

conducted in May 1997 but none were observed Surveys conducted in 1996 identified least Bells vireos

also special-status species in riparian vegetation adjacent to the site The representative species selected

for evaluation at this site based on habitat types present are plants terrestrial invertebrates California

gnatcatcher Beldings savaimah sparrow California mouse and deer mouse

Concentrations of inorganic chemicals detected at Site 2A were compared against background

concentrations for the San Luis Rey Basin Inorganic contaminants that exceeded background boron and

all organic contaminants detected were retained for the initial ecological risk screening Results of the initial

ecological risk screening indicated that 18 inorganics organochlorine pesticides and dioxin analytes

hadHQs exceeding 1.0
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Biota tissue collected from plants invertebrates and mice were compared against reference concentrations

to evaluate adverse effects to ecological receptors due to bioaccumulation Comparisons against reference

concentrations for plants indicated that several metals are present at concentrations exceeding reference

samples The plant tissue quotients for aluminum 1.9 cobalt 1.2 iron 1.7 lead 1.7 molybdenum

1.3 and silver 1.3 are close to 1.0 indicating only slightly increased accumulation Tissue quotients

for copper 2.3 manganese 2.8 and zinc 8.8 indicated that these chemicals are accumulating in plant

tissue and could result in either direct toxicity or food-chain transfer

Comparisons against reference concentrations for invertebrates were similar to those for plants and

indicated that cadmium 1.04 and manganese 1.6 concentrations are similar to those for reference

invertebrates Copper 2.7 lead and zinc 2.1 are accumulating in invertebrates at higher levels than

in reference invertebrates and could result in either direct toxicity or food-chain transfer

Comparisons against reference concentrations for mice indicated that manganese concentrations slightly

exceed reference values The tissue quotient is very close to 1.0 1.4 indicating relatively low potential

increase in accumulation over reference levels

For the final risk screening COPECs with HQs greater than 1.0 were grouped into two areas of concern

based on sample locations where PLEs were exceeded for any representative species The PLEs for birds

and mammals were then modified based on the size of the area of concern and the foraging range for each

representative species Based on the modified PLEs COPECs with HQs exceeding 1.0 are aluminum

antimony barium boron cadmium chromium cobalt copper iron lead manganese mercury

molybdenum nickel silver thallium vanadium zinc 4.4-DDE and 44-DDT

Qualitative factors such as habitat quality severity of potential adverse effects frequency of PLE

exceedances frequency of detection and uncertainty were used to evaluate COPECs further and to select

COECs The following compounds were retained as COECs antimony barium cadmium chromium

cobalt copper iron lead manganese mercury molybdenum thallium silver and zinc Aluminum nickel

vanadium 4.4-DDF and 4.4-DDT were not retained based on qualitative factors
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2.4.3 Description of Alternatives Sites IA ID IE IF and 2A

As recommended by EPA guidance and the NCP EPA 1989a and 1990b acceptable engineering

practices that relate to site-specific conditions were considered during development of the remedial action

alternatives for Sites 1A 1D 1E iF and 2A The selected alternatives satisfy the requirements of 40 CFR

300.430e which specify that alternatives be developed to include no action institutional actions little or

no treatment alternatives and alternatives that reduce toxicity mobility or volume of contaminants

Soils at 0U3 Sites 1A 1D 1E iF and 2A contain metals at concentrations that pose potential threat to

human health and the environment and could potentially impact groundwater The soils that pose these

potential risks are at depths of up to 10 feet below ground surface over areas approximated using historical

information geophysical survey data sample results and natural site boundaries The remedial action

objectives RAOs consist of media-specific goals for protecting human health and the environment

including groundwater RAOs generally consider COCs exposure pathways and receptors and acceptable

contaminant levels or range of levels for each exposure route In addition to being protective of human

health and the environment the objective of the remedial action is to ensure that no further action is

required in the future The remedial action goals for Sites 1A 1D 1E iF and 2A are listed in Table 2-1

The remedial action goals are based on the human health ecological or background levels

The following alternatives were developed for remediation of soil at Sites 1A 1D 1E iF and 2A

No action

Excavationlremoval and on-base disposal

Excavationlremoval and off-base disposal

2.4.3.1 Alternative No Action

The no action alternative provides no remediation monitoring or security activities at the sites to reduce

risk to human health or the environment The NCP 40 CFR 300.430 requires that the no action

response be carried through the detailed analysis of alternatives This response action is further evaluated

as baseline for comparison with other remedial alternatives developed for contaminated soil
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2.4.3.2 Alternative Excavation/Removal and On-Base Disposal

This alternative includes removal of contaminated soils via mechanical excavation Upon removal the

impacted soils from Sites 1A 1D 1E iF and 2A would be transported to Site Box Canyon Landfill

which is designated corrective action management unit CAIVIU The process for CAIVIU designation is

described in Appendix and was also included in the 0U3 RI/FS SWDIV 1998a and 0U3 proposed

plan for public review

Heavy earthmoving equipment such as track-mounted excavators bulldozers graders and front-end

loaders will be used to remove impacted soils For excavations greater than feet deep excavation

sidewalls will be maintained at an approximate 21 horizontalvertical engineered slope Maintenance of

the side slopes will provide stability and reduce the need for shoring During inactive periods excavation

and stockpile areas will be secured with barrier tape and warning signs will be posted Potential exposure

and protection procedures for site workers will be addressed in the site-specific health and safety plan

Risks associated with exposure of site personnel to dust emissions and direct contact with impacted soil

during excavation will be minimized by spraying water on stockpiled soil and the excavation areas using

appropriate personal protective equipment PPE and observing proper decontamination procedures

Detailed field procedures for management and maintenance of open excavation areas and temporary storage

stockpiles will be provided in the remedial design documents

The impacted soil will be loaded onto dump trucks for disposal at Site Box Canyon Landfill All loads

will be covered with secured tarp to prevent fugitive dust emissions during transport Because volatile

compounds are not of primary concern any potential risk to the public in case of traffic accident would

involve release of particulates and dust and/or physical injuries

Following completion of excavation to the target depths confirmation sampling will be performed for CLP

metals analysis to meet remedial action standards for sod specified in Table 2- For costing purposes in

the FS the confirmation sampling frequency was estimated at one sample per 10000 square feet this

frequency will be finalized during remedial design in accordance with the EPAGu/dance Methods for

Evaluating the Attainment of Cleanup Standards Volume Soils and Media PB89-234959.Clean fill

will then be obtained from suitable nearby source and transported to the site for backfilling compaction

and grading The site will be graded to original contours to the extent possible and the final grade will be

confirmed via land surveying The site will then be revegetated to restore habitat and limit erosion
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The time to complete this alternative varies for each of the six sites based on the volume of contaminated

soil This alternative would be completed in approximately 10 weeks for Site 1A weeks for Sites 1A and

iF weeks for Site 2A and weeks for Site 1E

2.4.3.3 Alternative Excavation/Removal and Off-Base Disposal

This alternative involves excavation of contaminated soil transportation to an off-base disposal facility

and backfilling of the excavated area using clean imported soil All of the components of this alternative are

identical to Alternative with the exception of the disposal location

For costing purposes in the FS excavated soil is expected to be managed as hazardous waste and would

require Class landfill disposal because total metals concentrations exceed 20 times the toxicity

characteristic leaching potential TCLP criteria Leachability testing is plaimed prior to disposal

Excavated soils will be transported off base to an approved hazardous waste facility The Kettleman Hills

landfill hazardous waste landfill operated by Waste Management Inc in King County California was

selected as the probable disposal facility The contaminated soil would be transported in covered trucks on

interstate highway systems The Kettleman Hills landfill is approximately 250 miles north of MCB Camp

Pendleton and 55 miles south of Fresno California The route to the landfill is along Interstate which

passes through central Orange County the Los Angeles metropolitan area and the northwestern part of

Los Angeles County The route continues through western portions of Kern and Kings Counties

Confirmation sampling and backfilling of clean imported soil will be performed in the same manner as for

Alternative Safeguards measures and management and maintenance procedures discussed for

Alternative will also be implemented for this remedial action alternative The time frames to complete

cleanup for each site varies based on soil volumes and would be greater than described for Alternative

due largely to the greater transportation distances involved Time frames are approximately 20 weeks for

Site 1D 18 weeks for Site iF 16 weeks for Site 1A 10 weeks for Site 2A and weeks for Site 1E

2.4.4 Summary of Comparative Analysis of Alternatives Sites IA ID IE IF and 2A

This section summarizes the comparison of alternatives based on the nine evaluation criteria provided in the

NCP The nine criteria are grouped into three categories threshold criteria
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primary balancing criteria and modiFying criteria The evaluation is the same for Sites

and 2A and the summaly therefore applies to each of the five sites

2.4.4.1 Threshold Criteria

These two criteria relate directly to statutory findings that must ultimately be made in the ROD selected

alternatives must meet these criteria

2.4.4.1.1 Overall Protection of Human Health and the Environment

The no action alternative includes no treatment and no control of exposure pathways The contaminated

soil would be left in place Under this alternative the potential long-term risks would be the same as those

calculated in the baseline HHRA and EcoRA This alternative is not protective of human health and the

environment and does not prevent potential leaching of soil contamination to groundwater

Alternatives and would provide protection of human health and the environment by removing and

disposing of contaminated soils in on-base or off-base facilities The excavated areas would be backfilled

with clean soil under both alternatives Both alternatives would eliminate the threat to groundwater because

the contaminated soil would be removed and could not leach to groundwater at the sites

2.4.4.1.2 Compliance with ARAR5

No applicable or relevant and appropriate requirements ARARs were identified for Alternative since no

action is taken Both Alternatives and comply with ARARs On-site disposal under Alternative is in

compliance with RCRA CAMU requirements because the excavated soil would be placed at Site Box

Canyon Landfill designated CAMU Appendix Soil would be screened using the designated level

methodology DLM to model leachability and DI WET leachability testing would be conducted as required

to comply with groundwater ARARs for Site The excavation for Alternatives and would meet

Federal and State endangered species ARARs Mitigation could be required for some of the sites after

consultation with the U.S Fish and Wildlife Service Excavation and transportation of sod to Site would

comply with San Diego Air Pollution Control District APCD ARARs by limiting fugitive dust emissions

using engineering controls
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2.4.2 Primary Balancing Criteria

These criteria represent the primary criteria upon which the analysis is based and take into account

technical cost institutional and risk concerns

2.4.4.2.1 Long-Term Effectiveness and Permanence

The risks associated with the Alternative No Action were evaluated in the baseline HHRA and the

EcoRA SWDIV 997b and 1998 Alternative would not provide additional actions or controls to

reduce existing contaminant concentrations and the associated risks to human health and the environment

As result the reliability and adequacy of such actions or controls caimot be assessed In addition

Alternative would leave contaminated material undisturbed at the site Therefore Alternative provides

no long-term effectiveness and permanence

Alternatives and would enhance long-term effectiveness through permanent removal of contaminated

soil from the sites resulting in adequate and reliable reduction of exposure pathways and potential human

health and ecological risks Alternatives and would satisFy all RAOs including the objective for no

future action at the site following implementation of the remedial action Any remaining detections of

COCs or COECs would be below acceptable levels for human health and ecological risks Alternatives

and would provide high degree of long-term effectiveness and permanence

2.4 .4.2.2 Reduction of Toxicity Mobility and Volume Through Treatment

Alternatives and do not entail on-site treatment of contaminated soil Accordingly no reduction in

toxicity mobility or volt would occur due to treatment

2.4 .4.2.3 Short-Term Effectiveness

No remedial actions would be implemented under Alternative and therefore effectiveness during

implementation cannot be evaluated

Potential exposure and protection procedures for workers during implementation of Alternatives and

would be addressed in the site-specific health and safety plan Risks associated with exposure of site

personnel and nearby receptors to dust emissions and direct contact with contaminated soil during

excavation would be minimized using dust suppressants and appropriate PPE
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Heavy equipment operated at the 0U3 sites would conform with California Occupational Safety and

Health Administration CaIIOSHA 1979 specifications and would be operated only by authorized trained

personnel Traffic accidents associated with routine driving on base roads could occur during transport of

soil off base or to Site If traffic accident were to occur the risk to the public would be from exposure

to dust from contaminated soil in addition to the risk of physical harm due to the accident

Environmental impacts to direatened or endangered species or migmtory birds would be minimal Only

small portions of currently undisunbed habitat would be impacted during implementation of Alternatives

and and the sites would be revegetated upon completion of remedial activities The time required for

completion of Alternative varies from to 10 weeks based on the volume of soil at each site the time

required for completion of Alternative ranges from to 20 weeks

2.4.4.2.4 Implementability

No implementability concerns are posed by Alternative because no action would be taken

For Alternatives and excavation and disposal of contaminated soil at an existing on-base or off-base

facility is readily implementable and several vendors are available Alternative on-base disposal would

be easier to implement because the transportation distance is less than for Alternative Equipment

materials and labor for both Alternatives and are available

2.4 .4.2.5 Cost

No cost is associated with Alternative No Action The cost for Alternative is lower than the cost for

Alternative for each of the five sites

Alternative Alternative

Site millions millions

1A $1.3 $8.2

1D $1.4 $10.4

1E $0.1 $1.0

iF $1.5 $9.4

2A $0.7 $4.6
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2.4.4.3 Modifying Criteria

ModiFying criteria include State and community acceptance and were evaluated following the comment

period for the FS and the proposed plan

2.4.4.3.1 State Acceptance

The CaIIEPA San Diego RWQCB and DTSC have approved the 0U3 RI/FS and proposed plan and agree

with the selection of Alternative as the preferred alternative for Sites and 2A

2.4 .4.3.2 Community Acceptance

public meeting was held on 14 May 1998 to present the preferred alternative to the public No comments

were received during the public meeting or public comment period

2.4.5 Selected Remedy for 0U3 Sites IA ID IE 1F and 2A

The selected remedy for 0U3 Sites iF and 2A is Alternative Excavationl Removal and

On-Base Disposal Soil will be excavated and transported to Site Box Canyon landfill for disposal

The full description of Alternative is presented in Section 2.4.3.2 The approximate areas of excavation

are delineated in Figures 2-6 through 2-10 The excavation areas are based on sample results physical

attributes of the site geophysical surveys conducted at the sites and historical aerial surveys The area

designations are dashed where there are no sample data representing levels below remedial goals

Excavation depths range from to 10 feet as shown in Figures 2-6 through 2-10 The estimated volumes of

soil to be removed from each site are listed below

Estimated Excavated

Soil Volume

Site cubic yards

1A 31700

1D 40000

1E 4000

iF 36300

2A 17700
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Additional data was collected in May 1998 as part of the preconstruction effort to refine the extent of

contamination While estimated boundaries and volumes of soils to be excavated changed for individual

sites based on the additional data the combined site soil volume remained essentially the same Results are

provided in the Energy Dispersive X-ray Fluorescence Field Investigation Report dated August 1998

The additional data results will be incorporated into the remedial design report for these sites

The excavation strategy for each site is to minimize the excavation depth while meeting the remedial

objectives In areas driven by ecological risk only the maximum excavation depth will be feet During the

site restoration phase this area will be covered with minimum of feet of clean soil to eliminate fbture

risk of ecological exposure to any residual contamination remaining below 5-foot depth The same

strategy will apply to areas driven by human health risks The maximum excavation depth will be limited to

10 feet The area will be backfilled with minimum of 10 feet of clean soil if contaminant concentrations at

10 feet still exceed remedial goals

The excavated soil will be transported to Site Box Canyon Landfill which has been designated as

CAMU for these remedial actions The Site landfill has been inactive since May 1984 removal action

has been implemented at Site for phased installation of landfill cap The second phase of the landfill

cap was designed to use the excavated soil from the 0U3 sites as part of the fill SWDIV 1997c The

CAMU designation of Site was publicly reviewed as part of the 0U3 proposed plan The criteria as

specified in 40 CFR 264.552c and rationale for designation follow

The CAMU shall facilitate the implementation of reliable effective protective and cost-effective

corrective action measures

The use of Site as CAMU for the disposal of excavated soil from 0U3 sites is reliable

effective and protective remedy landfill cap will be placed over the excavated soil to limit

mobilization of contaminants and minimize potential exposure The use of Site as CAMU is

more cost-effective than other alternatives evaluated such as off-site disposal

Waste management activities associated with the CAMU shall not create unacceptable risks to

humans or to the environment resulting from exposure to hazardous wastes hazardous substances

or hazardous constituents
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The excavated soils from 0U3 sites are not expected to result in any unacceptable risks at Site

The landfill cap will prevent direct future exposure to humans and the environment In addition

site data has been evaluated to assess if soils from Sites 1A 1D 1E iF and 2A would impact

groundwater beneath Site Results of the DLM using RI data and leachability testing of site soils

show that placement of the wastes at Site from these five sites would not have detrimental

impact on groundwater Further evaluation of existing soil and groundwater data soil pH landfill

gas generation features of the plaimed cap at Site and local rainfall data was performed to

assess the leaching potential from the site soils Each of the factors evaluated indicate that metals

present in the soils to be placed at Site will not adversely impact groundwater Details of this

evaluation are presented in the Technical Memorandum for Leaching Potential of Sites

1E iF and 2A dated October 1998 SWDIV 1998c Review of this evaluation by the EPAs

Office of Research and Development found the evaluation to be technically acceptable and found

little risk of metals mobilization from the consolidated/capped contaminated soils EPA 998b

The CAMU shall include uncontaminated areas of the facility only if including such areas of the

purpose of managing remediation waste is more protective than management of such wastes at

contaminated areas of the facility

Excavated soil from 0U3 sites will only be located within the existing footprint of the Site

landfill and will not include uncontaminated areas

Area within the CAMU where wastes remain in place after closure of the CAMU shall be

managed and contained so as to minimize future releases to the extent practicable

The Site landfill will be capped to contain the excavated soil and minimize the potential for

future releases from the soil to groundwater

The CAMU shall expedite the timing of corrective action activity implementation when

appropriate and practicable

Using Site for disposal of excavated soil from 0U3 sites will expedite the remedial action

because it will take less time than off-site disposal

The CAMU shall enable the use when appropriate of technologies including innovative

technologies to enhance the long-term effectiveness of corrective actions by reducing the toxicity

mobility or volume of wastes that will remain in place after closure of the CAMU

The mobility of contaminants in the soil excavated from the 0U3 sites will be reduced when placed

at Site because the depth to groundwater at Site is greater than the 0U3 remedial action sites

and the landfill cap will be placed over the excavated soil
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The CAMU shall to the extent practicable minimize the land area of the facility upon which

wastes will remain in place after closure of the CAMU

The consolidation of soil wastes from 0U3 sites at Site will aid in minimizing the land area of

MCB Camp Pendleton upon which wastes will remain in place

Additional information regarding the CAMU designation of Site is provided in Appendix

Costs for the selected alternatives for the 0U3 sites are as follows

Site Cost for Removal/Excavation

and On-Base Disposal

millions

1A $1.3

1D $1.4

1E $0.1

iF $1.5

2A $0.7

Groundwater at 0U3 Sites and 2A was recommended for no further action in the Group

and Group RI reports SWDIV 996a and 997b Excavation of contaminated soil at these sites will

eliminate the potential for soil contaminants to leach to groundwater Based on the DLM excavated soil

from Sites and will not have the potential to impact groundwater at Site SWDIV

998a Soil from Site 2A exceeded the designated levels although only slightly therefore the soil from

Site 2A was tested for leachability using DI WET analysis The DI WET results were compared against

soluble designated level predicted by the DLM DI WET results were less than the soluble designated

levels indicating that Site 2A soils would not pose threat to groundwater SWDIV 998b Additional

detail regarding potential leachability of Sites 1A 1D iF iF and 2A soils is presented in the technical

memorandum dated October 1998 SWDIV 1998c

2.4.6 Statutory Determinations

This section discusses how the selected remedy for Sites 1A 1D 1E iF and 2A meets the statutory

requirements of CERCLA Section 121 Under CERCLA Section 121 the selected remedy at Superfund

site must entail remedial actions that achieve adequate protection of human health and the environmental In

addition CERCLA Section 121 establishes several other statutory
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requirements and preferences specifying that when complete the selected remedial action must comply

with ARARs established under Federal and State environmental laws unless statutory waiver is justified

The selected remedy must also be cost-effective and must entail permanent solutions and alternative

treatment technologies or resource recovery technologies to the maximum extent practicable Finally the

statute includes preference for remedies that employ as their principal element treatment technologies

that permanently and significantly reduce the volume toxicity or mobility of hazardous wastes

2.4.6.1 Protection of Human Health and The Environment

Under current conditions human health risks associated with Sites and 2A are within the

EPA cancer risk management range of 06 to however the noncancer HQ for humans is greater than

1.0 for each site and lead exceeds acceptable criteria set by the EPA and DTSC for most sites The risk to

ecological receptors also exceeds acceptable levels The selected remedy was chosen because soil

contamination will be reduced to acceptable levels for both human and ecological receptors Removal of

contaminated soil will also eliminate the potential for migration of soil contaminants to groundwater The

potential risk for workers implementing the remedial actions for these five sites will be addressed in

site-specific health and safety plan

2.4.6.2 Compliance with Applicable or Relevant and Appropriate Requirements

The selected remedy will comply with all Federal and State ARARs The ARARs for Alternative at Sites

1A 1D 1E iF and 2A are discussed in Appendix

2.4.6.3 Cost-Effectiveness

The selected remedy was evaluated for cost-effectiveness in comparison with the other two alternatives

The no action alternative is less expensive than the selected alternative but does not reduce risk at the sites

to acceptable levels The selected alternative is the least expensive alternative that will be protective of

human health and the environment and comply with ARARs

2.4.6.4 Use of Permanent Solutions and Alternative Treatment Technologies to

the Extent Practicable

The selected remedy uses permanent solutions and treatment technologies to the maximum extent possible

for Sites 1A 1D 1E iF and 2A Because of the nature and concentration of contaminants treatment was

not found to be practical solution However capping will reduce the mobility of contaminants by

reducing infiltration
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The selected alternative provides the best balance between effectiveness and cost of the three alternatives

considered with respect to the five EPA balancing criteria i.e long-term effectiveness reduction of

toxicity mobility or volume through treatment short-term effectiveness implementability and cost

Alternative would leave contaminated soil in place The selected alternative and Alternative both

provide high degree of long-term effectiveness and permanence because contaminated soil would be

removed Under the selected alternative the contaminated soil will be excavated placed into CAMU and

covered with an engineered cap

None of the alternatives would reduce mobility toxicity or volume of the waste because treatment was

found to be neither practical nor feasible Treatment technologies evaluated were not considered feasible

because they did not meet RAOs were energy-intensive and costly or were not effective for the COCs The

selected alternative was the greatest short-term effectiveness Although excavation and earthmoving

activities we the same for Alternatives and potential exposure during implementation is greater for

Alternative because transportation distances and implementation schedules are longer

Alternative is slightly easier to implement than Alternative Alternative includes longer transportation

distances and compliance with permitting requirements for off-base disposal

For each of the five sites Alternative is less expensive than Alternative Because Alternatives and

are considered approximately equal with regard to three of the other four balancing criteria the least costly

alternative has been selected

2.5 Remedial Action Selection for Site 7- Box Canyon Landfill

2.5.1 Side Name Location and Description Site

Site Box Canyon Landfill is located near the southwest corner of the base in 20 Area to the east of

Vandegrift Boulevard less than mile northeast of Stuart Men Road Figure 2-11

The inactive landfill covers an area of approximately 28 acres The majority of Box Canyon in which

landfilling activities were conducted has been filled with landfill material to the surface of the surrounding

marine terrace which is approximately 140 feet above the Santa Margarita
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riverbed Near the canyon entrance the landfill slopes steeply down to the north and terminates

approximately 1000 feet from the Santa Margarita River

2.5.2 Site Historyand Enforcement Activities

The site was used for quany operations from approximately 1946 to 1970 The site began Class III landfill

operations in May 1974 which ended in 1984 The landfill has been inactive since 1984 Typical wastes

accepted for landfilling reportedly included household and construction refuse consisting of tree and lawn

clippings scrap
lumber and metal appliances furniture paper fill dirt asphalt concrete tile cans

containers magazines and boxes The site also reportedly received dry cleaning sludges containing

stoddard solvent contaminated soil and dumpster waste containing fuels POLs solvents thiimers

strippers epoxies sealants paint wastes and chemical cleaners

Based on the nature of wastes disposed at Site removal action to cap the landfill following the EPA

Presumptive Remedy guidance EPA 1993 was proposed in the Group RI SWDIV 1995b Because

of the large volume and heterogeneity of the contents of municipal landfills treatment usually is

impracticable and the EPA considers containment to be the appropriate response action or the presumptive

remedy for the source areas of municipal landfill sites

An engineering evaluation/cost analysis EE/CA was prepared to evaluate closure of Site SWDIV

995d An addendum to the EE/CA was prepared in 1997 to evaluate an additional cap option SWDIV

1997c Capping alternatives were evaluated as discussed in Section 2.5.5 Since Site is landfill and the

presumptive remedy approach was used in the EE/CA the level of detail provided in the EE/CA is

considered adequate to meet the requirements of an FS and is used as such for this ROD Phase of the

cap was completed in October 1997 Phase is planned to coincide with disposal of soils from the 0U3

remedial action sites

2.5.3 Summary of Site Characteristics

The initial RI work at Site was conducted during March 1993 through March of 1994 Four soil samples

were collected from the surface of the landfill and one soil sample was collected from the surface just

outside the northwest edge of the landfill Figure 2-11 Soil samples were analyzed for VOCs SVOCs

gasoline diesel pesticides PCBs and herbicides Twenty new groundwater monitoring wells were installed

and sampled at Site Three groundwater monitoring wells installed during previous investigation at the

site were also sampled Figure 2-11 Three rounds
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of groundwater monitoring were conducted during the initial RI Samples were analyzed for metals VOCs

SVOCs gasoline diesel pesticides PCBs herbicides and general chemistiy Three additional rounds of

groundwater sampling of the 23 wells were conducted between June 1994 and July 1995 An ecological

survey was conducted to identiFy potential special-status species habitats and trappings were conducted to

determine presence of the Pacific pocket mouse No special-status species were identified at Site

Samples were analyzed for metals VOCs SVOCs gasoline diesel pesticides PCBs herbicides and

general chemistiy

24-hour meteorological survey was conducted on and September 1993 Based on the results of the

meteorological survey four 24-hour ambient air samples were collected from to 10 September 1993

Ambient air and air traps e.g stairwells crawl spaces confined spaces vents and vaults were sampled

for methane and hydrogen sulfide

The results of the initial RI at Site are reported in the Group RI report SWDIV 1995b The results of

additional sampling and
surveys are presented in the technical addendum to the Group RI report

SWDIV 1996c These results are summarized in the following sections

2.5.3.1 Geology and Hydrogeology

This section summarizes the geology and hydrogeology for Site from the Group RI SWDIV 1996c

Five distinct geologic units were encountered during the RI at Site These are from youngest to oldest

the younger alluvium of the Santa Margarita River Pleistocene marine terrace deposits the

Plio-Pleistocene San Mateo Formation post-mid-Miocene/pre-Pleistocene sandy and gravelly alluvial

deposits and the mid-Miocene San Onofre Breccia

The San Onofre Breccia is unconformably overlain by Pleistocene terrace deposits on the west side of the

landfill and by the sandy and gravelly alluvial deposits on the north and cast sides of the landfill Field

measurements indicate that the San Onofre Breccia strikes to the northwest and dips 10 to 15 degrees to the

southwest

The San Onofre Breccia is not expected to contain or transmit substantial quantities of groundwater

Palmer 1990 Although this formation is considered an aquitard because of its poor sorting and high

percentage of fine-grained materials Palmer 1990 two aquifers were encountered in the lower member of

the San Onofre Breccia No significant groundwater was observed in the upper member of the San Onofre

Breccia
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The sandy and gravelly alluvium unconformably overlies the San Onofre Breccia and has several

characteristics that make it potential preferential pathway for leachate migration from the Box Canyon

landfill Thus leachate from the Box Canyon landfill could potentially migrate downgradient through the

sandy and gravelly alluvium to the Santa Margarita Basin

The Plio-Pleistocene San Mateo Formation is exposed in cliffs along Ash Road approximately 1500 feet

southwest of the Box Canyon landfill and unconformably overlies the San Onofre Breccia The contact

between the two units is concealed This unit was not encountered during well installation or soil sampling

activities it is offset by normal fault that may be related to other faults in the vicinity of Site

The Pleistocene marine terrace deposits unconformably overlie the San Onofre Breccia on the south west

and north sides of the Box Canyon landfill and the sandy and gravelly alluvium on the cast side of the

landfill

The younger alluvium was encountered only in the wells installed in the Santa Margarita Basin adjacent to

the Box Canyon landfill The alluvium thickens northward and westward toward the Santa Margarita River

away from the landfill

Evidence of at least two sets of faults was observed in the vicinity of Site One set strikes northeast and

the other strikes northwest The evidence of faulting includes offset bedding drag folding slickensides

fault gouge and lineations in aerial photographs

Monitoring wells at Site were installed in three geologic units having distinct hydrogeologic

characteristics Pleistocene marine terrace deposits San Onofre Breccia Formation and sandy and gravelly

alluvium

The Pleistocene marine terrace deposits are generally restricted to the uppermost 60 feet of strata and do

not appear to act as separate aquifer These deposits locally may act as perched aquifer however the

presence of sandstone and cobble conglomerate at the base of the deposits probably allows percolation of

surface waters to the underlying formations

Nine groundwater monitoring wells were installed in the San Onofre Breccia Formation Groundwater was

encountered in two distinct zones shallow zone that extends from 110 to
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150 feet below grade and deep zone that extends from approximately 150 to 190 feet below grade The

two saturated zones appear to be separated by an aquitard of variable thickness and moisture content dry

to moist

Six groundwater monitoring wells were installed in the sandy and gravelly alluvium Groundwater was first

encountered within the alluvium at depths of approximately 144 and 160 feet below ground surface and

was found to be continuous to at least 220 feet in wells 7W-03 and 7W-06C In monitoring wells 7W-08B

and 7W-08C the sandy and gravelly alluvium extends from approximately 45 to 117 feet below ground

surface and again appears to be continuous aquifer

No confining zones or changes in water content were observed during drilling which further indicates that

the alluvium acts as one continuous aquifer The unit is expected to be highly permeable because of its

relatively coarse overall grain size and low percentage of fine grains

Groundwater recharged through the sandy and gravelly alluvium near well cluster 7W-03 would tend to

flow toward the landfill The northwesterly groundwater flow direction through the sandy and gravelly

alluvium near well cluster 7W-06 suggests
that pathway may exist for leachate migration from the

landfill toward the Santa Margarita River The plaimed cover will minimize the potential for rainfall

infiltration and the generation of leachate at concentrations above acceptable criteria

Five groundwater monitoring wells were installed in the alluvium of the Santa Margarita Basin

Groundwater was encountered 12 to 21 feet below ground surface Observations during drilling and aquifer

testing indicate that the alluvium acts as continuous aquifer from an elevation of 10 feet msl to its

intersection with consolidated bedrock This depth varies and generally increases with distance to the

north from the marine terrace

The groundwater flow direction at the site is southwest to northwest The hydraulic gradient as determined

from water levels measured on 20 April 1994 and 21 August 1995 ranges from approximately 0.076 fl/ft

northwest of the landfill to approximately 0.40 ft/ft southwest of the landfill

The direction of the horizontal hydraulic gradient in the deeper water-bearing units generally is similar to

that of the first-encountered groundwater with the exception of the area in the vicinity
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of well 7W- 11 Site lies within recharge area as indicated by lower head readings in deep monitoring

wells compared with shallow wells

2.5.3.2 Soil Results

Soil sample locations are shown in Figure 2-11 Low concentrations ranging from approximately 10 to

100 xg/kg of several polycyclic aromatic hydrocarbon PAM compounds were detected in sample

075D004 Two other organics toluene and bis2-ethylhexylphthalate were detected in four of the five

surface soil samples Toluene was detected at concentration of 1J tg/kg in samples 075D002-LABQC

and 075D005 Bis2-ethylhexylphthalate concentrations ranged from 150J to i800B tg/kg

2.5.3.3 Groundwater Results

Figure 2-11 presents groundwater analytical results for organic contaminants detected at concentrations

exceeding MCLs or PRGs in at least one Site well The figure also presents the breakdown products

associated with these organics even though they did not exceed MCLs or PRGs Metals were all below

background and/or MCLs during the last four quarters of monitoring Therefore no inorganics are shown

in the figure

Groundwater analytical results for the RI are briefly described below

i2-DCA was detected during the second quarter 1993 above the MCL in one well 7W-11B at

2.OJ tg/l The MCL for i2-DCA is at the detection limit 0.5 tg/l i2-DCA was detected in

7W-i 1C during the third quarter 1993 at 0.5 jtg/l and in well 7W-i 1A during the first quarter

1994 at 0.6 tg/l It was detected in wells 7W-i iA 7W-i lB and 7W-i iC during the fourth quarter

1994 at 0.7 1.0 and 0.6 tg/l respectively i2-DCA was not detected in any of these three wells

during the first and second quarters 1995

i2-DCA was detected in well 7W-06A in duplicate sample during the fourth quarter 1994 at 0.5

tg/l but not in the two subsequent rounds of sampling It was not detected in the other well of the

2-well cluster 7W-06B

PCE was detected below its MCL tg/l in well 7W-06A during the second and third quarters

1993 and during the first and fourth quarters 1994 at 1.0 2.0 2.0 and 1.0 tg/l respectively It

was not detected in subsequent quarters
in well 7W-06A or in the other well of the 2-well cluster

7W-06B
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PCE was detected once below its MCL tg/l in well 7W-07 during first quarter 1994 at 2.0

tg/l but was not detected in three subsequent quarters

PCE was not detected in well 7W-11C It was detected in wells 7W-hA and 7W-11B but did not

exceed MCLs PCE was detected in well 7W-11B during the second and third quarters 1993 and

the first quarter 1994 at 0.5 0.9 and 0.7 tg/l respectively It was not detected in 7W-11B during

the fourth quarter 1994 it was detected in the first quarter 1995 at 0.7 tg/l but was not detected

during the second quarter 1995 PCE was detected in 7W-hA during the second and third quarters

1990 the first and fourth quarters 1994 and the first and second quarters 1995 at 1.5 1.2 1.0

1.0 1.0 and 0.7 tg/l respectively

ii-DCA was detected below its MCL 5.0 pig/i in wells 7W-06A 7W-i hA 7W-i iB and 7W-

hiC It was detected in well 7W-06A during the first and fourth quarters 1994 maximum 1.0 tg/l

but not during the two subsequent quarters It was detected in 7W-hA 7W-iiB and 7W-iiC

during the first and fourth quarters 1994 and the first and second quarters 1995 at maximum

concentration of tg/l

TCE was detected once above its MCL 5.0 .xg/l at its maximum concentration in well 7MW-02

at 5.2 tg/l during the third quarter 1990 but was not detected during six subsequent quarters TCE

was detected below its MCL 5.0 tg/l in wells 7W-06A 7W-07 7W-i hA 7W-i iB and

7W-iiC It was only detected once at 3.0 tg/l in 7W-07 during the first quarter of 1994 but it was

not detected in this well during three subsequent quarters TCE was detected twice in 7W-06A at

0.9 tg/l during the third quarter 1993 and the first quarter 1994 but not during three subsequent

quarters TCE was detected in well 7W-i hA during the second and third quarters 1990 the first

and fourth quarters 1994 and the first quarter 1995 at 2.0 1.6 2.0 1.0 and 0.9 tg/l respectively

but was not detected during the second quarter 1995 TCE was detected in well 7W-i lB during the

second and third quarter 1993 the first and fourth quarters 1994 and the first and second quarters

1995 at 0.8 0.9 1.0 0.7 0.9 and 0.9 tg/l respectively TCE was detected once in well 7W-iiC

during the second quarter 1993 at 0.4 tg/l but was not detected during five subsequent quarters

Benzene was only detected once in Site groundwater It was detected below its MCL in well

7W-07 at tg/l during the first quarter 1994 but was not detected during three subsequent

quarters

Carbon tetrachloride was detected twice in Site groundwater It was detected above its MCL 0.5

tg/l in wells 7W-07 at 7.0 tg/l during the first quarter 1994 and at its MCL in 7W-i iC at 0.5

tg/l during the third quarter 1993 It has not been detected since in at least three quarters after

each detection

4-dichlorobenzene was detected below its MCL tg/l in 7W-i hA during the fourth quarter

1994 and the first quarter 1995 at 0.5 and 2.0 tg/l respectively but was not
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detected during the second quarter 1995 It was also detected in well 7W-11B during the first and

second quarters 1995 at 2.0 and 0.6 tg/l

Dibromochloromethane 3-dichlorobenzene bromodichloromethane phenol benzoic acid

bromoform and chloromethane were detected once or twice in the last four quarters of

groundwater sampling but did not exceed MCLs or did not have MCLs The maximum detected

concentrations were 2.0 0.6 3.0 19 5.0 3.0 and 5.0 tg/l respectively

Antimony barium chromium manganese molybdenum nickel selenium thallium and vanadium

were detected at maximum concentrations that exceeded upgradient background concentrations

However the 95 percent upper confidence limit of the mean site concentrations of these metals did

not exceed background except for barium The maximum concentrations of other metals detected

were less than background There was no background for antimony or thallium available Barium

was detected in 48 of 85 groundwater samples at Site The maximum barium concentration was

362 tg/l which is less than its MCL 1000 ig/1 Antimony was detected in of 85 groundwater

samples It was detected at 13.3 tg/l in wells 7W-4A and 7W-5A during the second quarter of

1993 The detected antimony concentrations exceed the MCL tg/1 Antimony was not detected

during the last four quarters of sampling in 1994 and 1995 Thallium was detected in of 85

groundwater samples The maximum thallium concentration was 26 tg/l which exceeds its MCL

tg/l All other detections were less than the MCL Thallium was not detected during the last

four quarters of sampling in 1994 and 1995

Nitrate was detected at concentration exceeding its MCL 10 tg/1 only once in an upgradient

well 7W-O1A during the first quarter 1994 at 14.3 tgl

2.5.3.4 Ambient Air and Soil Gas Results

Ambient air monitoring consisted of 24-hour meteorological survey of wind speed and direction

collection of 24-hour ambient air samples and direct testing of hydrogen sulfide and methane

concentrations Four soil-gas samples were collected in duplicate at the Santa Margarita School and the

Wire Mountain Housing Area The presence of an impenetrable caliche-type soil layer limited sampling

depths to 1.5 feet instead of the proposed to feet The areal extent of the caliche layer is not well

defined Based on the four soil-vapor sample locations it may extend about 800 feet in north/south

direction This unit could act as capping layer that would restrict the upward migration of soil vapors
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Air sampling results are summarized below

Four ambient air samplers were placed at the Box Canyon landfill in accordance with CARB

requirements Low levels 1.2 to 2.0 ppb of 111-TCA were detected in all four samples The

presence of 111 -TCA in the upwind samples indicates that the landfill is probably not the source

for this compound It is difficult to determine the source of these low levels of 111 -TCA

However sampling locations were relatively close to roads and developed areas

Hydrogen sulfide and methane were not detected in any of the tests at the specified instrument

detection limits

No halogenated volatile compounds were detected in the soil-gas samples Complete analytical

results for the soil-gas samples are presented in Appendix of the technical memorandumfor

Group sites SWDIV 1993d

2.5.4 Summary of Site Risks Site

2.5.4.1 Human Health Risk Characterization

The HHRA for Site soil was an interim screening assessment because of the plaimed capping of

the landfill capping of this landrill began in 1997 and Phase was completed 17 November 1997

PAH compounds in one sample 075D004 were the primary contributors to risk and resulted in

maximum total site-related risk residential scenario of for soil at Site No individual

PAH exceeded the incremental lifetime cancer risk ILCR of for ingestion and

benzoapyrene toxicity values were used for PAH compounds of probable lesser toxicity The

total maximum hazard index HI for soil was less than the target criterion of 1.0 Because of the

small number of soil samples collected and the placement of the landfill cap no further risk

assessment evaluation was conducted for Site soil

The landfill material is assumed to be contaminated and sampling of the fill material was not

conducted consistent with the EPA presumptive remedy guidance The site was investigated to

determine the potential for off-site gas migration and the potential impact to groundwater during

the remedial investigation The potential for gas migration was determined not to be concern

based on results of air monitoring at the site and at the neighboring residential area and elementary

school
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There were groundwater contaminants detected intermittently in some of the 23 monitoring wells at the site

The noncancer hazard index was 3.2 due to antimony 1.7 HQ and thallium 1.4 HQ Neither thallium

nor antimony were detected during the latest rounds of sampling The main contributors to the

groundwater cancer risk were 2-dichloroethane 2-DCA tetrachloroethene and trichloroethene The

cancer risk was calculated to be within the risk management range ltP The results of the latest

rounds of sampling first and second quarter of 1995 were nondetect for 2-DCA and the other risk

contributors were less than their MCLs The risk/hazard for groundwater is within the NCP risk

management range and is determined to be acceptable

2.5.4.2 Ecological Risk Assessment

No ecological risk assessment was conducted for Site because no special-status species or habitat were

identified and landfill cap was planned to be installled

2.5.5 Description of Alternatives Site

The landfdl presumptive remedy approach was used to assess alternatives for Site The components of

the landfill presumptive remedy include landfill cap source area groundwater control to contain the

plume leachate collection and treatment landfill gas collection and treatment and institutional controls

An BE/CA was prepared to evaluate capping options for Site SWDIV 1995d Four cap alternatives

were evaluated for Site All four alternatives include drainage controls gas monitoring groundwater

monitoring and land use restrictions No landfill gas collection/control system is required because it has

been determined that the landfill does not have the potential to generate significant amounts of gas Three of

the alternatives Alternatives and consisted of the four layers of prescriptive cap but the barrier

layer material was varied The prescriptive cap layers are as follows

Foundation layer minimum 2-foot-thick layer of soil over the waste compacted to provide

adequate structural support for successive layers

Barrier layer infiltration barrier layer composed of low-permeability material

Drainage layer soil or geocomposite layer with high permeability to permit drainage of infiltration

through the topmost protective soil layer
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Protective soil layer minimum 12-inch soil layer to protect the barrier layer control surface

erosion and provide medium for vegetation

The different barrier layers for Alternatives and respectively are as follows

Low permeability clay layer

Native soil mixed with bentonite to reduce permeability

textured high-density polyethylene HDPE flexible membrane liner FML

One additional cap alternative an evapotranspiration ET cover Alternative was evaluated in the

Technical Addendum to the EE/CA SWDIV 1997d This cap includes vegetated topsoil layer foot

thick over minimally compacted 3- to 4-foot soil layer The bottom layer consists of 1-foot compacted

low-permeability centimeters per second soil layer

2.5.6 Summary of Comparative Analysis ofAlternatives Site

The four cap alternatives were evaluated on the basis of effectiveness implementability cost and

compliance with ARARS summaiy of the evaluation is provided in the following sections

2.5.6.1 Overall Protection of Human Health and the Environment and

Compliance With ARARs

Each of the four alternatives would provide adequate overall protection of human health and the

environment For each alternative the major threat is addressed through containment and

appropriate continued monitoring and maintenance Each of the alternatives also comply with

ARARs Details are provided in Appendix

2.5.6.2 Long-Term Effectiveness and Permanence

Each of the alternatives provide high degree of long-term effectiveness and permanence The cap and

monitoring activities provide adequate and reliable reduction of exposure pathways and potential human

health and ecological risks The ET cover however will require less maintenance than the other cap

options since the cover is inherently self-renewing and not damaged by long-term wetting and drying Also

the ET cover will not include synthetic materials and therefore will not be prone to potential deterioration

over time
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2.5.6.3 Reduction of Toxicity Mobility and Volume Through Treatment

Alternatives and do not include treatment therefore no reduction in toxicity mobility or volume

would occur due to treatment

2.5.6.4 Short-Term Effectiveness

Potential exposure and protection procedures for workers during implementation of the capping alternatives

would be addressed in the site-specific health and safety plans Potential exposure of site persoimel and

nearby receptors to windborne particulates would be minimized through the use of dust suppressants and

appropriate personal protective equipment

Each alternative would provide for protection of surface water and groundwater Alternative provides for

restoration of the site to accommodate future habitat to support endangered species Alternative also

preserves
additional areas of habitat along the north slope thus eliminating mitigation measures required by

the other three alternatives

Alternative requires the least amount of construction time approximately months The other

alternatives range between to 12 months for implementation

2.5.6.5 Implementability

Equipment materials and labor for each alternative are available The ET cover Alternative will be

relatively easy to construct since only general earthwork is needed with no requirement for strict

compaction control Additionally no seaming of synthetic materials is required

2.5.6.6 Cost

The overall cost and cost per acre for Alternative are less than the costs for Alternatives and The

estimated costs for each alternative are as follows

Cost Cost per Acre

Millions Millions

Alternative $5.9 0.22

Alternative $6.2 0.22

Alternative $5.7 0.21

Alternative $3.1 0.11
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2.5.6.7 State Acceptance

The DTSC and San Diego RWQCB agree with the selection of the ET cap and associated actions for Site

2.5.6.8 Community Acceptance

No comments were received from the public during the review for the Site EE/CA

2.5.7 Selected Remedy for Site

The selected remedy for Site is Alternative Evapotranspiration Cover This alternative includes

construction of an ET cover system for the top dock of Box Canyon landfill No additional cover material

for the north slope of the landfill is planned The north slope is approximately acres in size with densely

vegetated slopes of 2.0-2.5 horizontal on 1.0 vertical and includes approximately feet of existing cover

material Since this slope is considerably steep majority of rainfall runs off the slope with very little

actually infiltrating the slope The TR-55 runoff model developed by the Soil Conservation Service SCS

indicates that for 24-hour 100-year storm event 3.3 inches of rain approximately 2.54 inches runs off

and only 0.75 inch infiltrates into the slope Due to the dense vegetation on the north slope ET processes

are effective at controlling the low percentage of infiltration on the steep slopes However lined drainage

ditches will be installed at the benches to eliminate infiltration along the relatively flat terraces

The ET cover utilizes the natural process of surface runoff storage evaporation and transpiration to

control infiltration of water through the landfill cover The basic profile of an ET cover includes

vegetated top soil layer minimally compacted soil layer and an optional low-permeability layer The

purpose of the topsoil layer is to promote vigorous plant growth and the purpose of the underlying

minimally compacted soil layer is to provide substantial water storage for removal by the natural process of

evapotranspiration The basic purpose of the low permeability bottom layer is to act as barrier between

the cover and the waste Soils most suitable for ET covers are those with high available water retention

capacity and an adequate supply of nutrients to support vigorous plant growth Vegetations most suitable

for ET covers are generally wide mixture of native grass species so that high transpiration is maintained

even under adverse growing conditions and during long-term climatic changes
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ET covers in general require less maintenance than traditional covers since this type of cover system is

inherently self renewing Also ET covers are generally more easily constructed since only general

earthwork is required and strict compaction control is generally not required Additionally labor intensive

details associated with synthetic materials are not required

The ET cover selected for Site includes vegetated topsoil layer 1-foot-thick underlain by minimally

compacted 3- to 4-foot soil layer with 1- to 3-foot compacted low-permeability bottom layer

schematic diagram of this cross-section is shown in Figure 2-12 The cap will cover 28 acres This

alternative would include grading the existing surface transporting on-base borrow soils as necessary and

importing topsoil On-base borrow soil will be obtained from the Lemon Grove area of MCB Camp

Pendleton Lemon Grove is located approximately mile southwest of Site The borrow soil sites have

been screened for biological and archaeological concerns vernal pool area was identified near the borrow

sites The vernal pool will be fenced prior to removal activities No archaeological concerns were identified

To ensure that human health and the environment are protected in the future no breaching of the soil cap at

Site through trenching excavation or any other similar activity may occur unless prior approval of the

FFA signatories is obtained This restriction does not apply to maintenance activities for purposes of

preservation or restoration of the physical integrity of the cap Maintenance activities may include cleaning

of drainage chaimels and pipes replacement of erosion control materials regrading of channels and

replacement of pipes inlets or catch basins Also if significant erosion results from heavy rain episodes

partial excavation of the cover soil and import and placement of additional cover soil as well as reseeding

of the cover would be conducted Access roads and the landfill perimeter road will be maintained and

improved as necessary Signs and fencing will also be repaired or replaced as part of the maintenance

activities If maj or land use changes are planned including any change that is inconsistent with the

exposure assumptions in the risk assessment that is specifically prohibited to protect human health or the

environment that may disrupt the effectiveness of the remedy or that might alter or negate the need for the

land use restriction the FFA signatories must be provided with written notification of such proposed

action at least 60 days prior to the beginning of the implementation of the proposed action MCB Camp

Pendleton shall prepare and include an evaluation of the risk to human health and the environment and an

evaluation of any need for additional remedial action resulting from the proposed action and shall propose

any necessary changes to the remedial action selected in the 0U3 ROD in the written notification of

proposed
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change The EPA will advise whether ROD amendment or an explanation of significant difference is

required The FFA signatories must provide written concurrence with MCB Camp Pendletons evaluation

of risk and proposal regarding any necessary changes in the remedial action if required within 30 days of

receipt of the written notification from MCB Camp Pendleton

MCB Camp Pendleton shall notiFy the FFA signatories of any plan to lease or transfer Site real property

to non-Federal or Federal entity Such notification shall be provided at least 30 days in advance of the

lease or transfer conveyance The land use restriction shall be incorporated as part of the lease or transfer

agreement including FOSL and FOST procedures MCB Camp Pendleton shall comply with Section

20h3 of CERCLA in any such transfers to non-Federal entity

The MCB Camp Pendleton Base Master Plan will be amended to incorporate the abovementioned use

limitations and notice requirements for Site The Master Plan amendments will also include language that

describes the risk to human health and the environment that exists at Site will reference the MCB Camp

Pendleton Group and Group RI reports the Site EE/CA the 0U3 FS report and the 0U3 ROD

and will provide legal description metes and bounds of the boundaries of Site The language in the

Master Plan amendments will also include the title and dates of the above-listed documents and their

storage location These amendments to the Master Plan will be completed by MCB Camp Pendleton within

year of signing the MCB Camp Pendleton 0U3 ROD The FFA signatories will be provided with copy

of the amendments to the Master Plan reflecting the land use limitations at Site The land use restriction

will be reviewed and verified during the CERCLA 5-year review process

Long-term groundwater monitoring will also be conducted Selected groundwater monitoring wells will be

analyzed biaimually for years The collected groundwater monitoring wells will be analyzed for volatile

and semivolatile organics metals and general chemistry These groundwater monitoring results will be

assessed at the end of years or sooner if appropriate to determine if any additional sampling is required

No remediation for groundwater at Site is necessary The carcinogenic human health risk is within the

EPAs risk management range

The estimated cost for this alternative is $3.1 million The cost per acre is $109300
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2.5.8 Statutory Determinations

This section discusses how the selected remedy for Site meets the statutory requirements of CERCLA

Section 121 Under CERCLA Section 121 the selected remedy at Superfund site must entail remedial

actions that achieve adequate protection of human health and the environment In addition CERCLA

Section 121 establishes several other statutory requirements and preferences speciFying that when

complete the selected remedial action must comply with ARARs established under Federal and State

environmental laws unless statutory waiver is justified The selected remedy must also be cost-effective

and must entail permanent solutions and alternative treatment technologies or resource recovery

technologies to the maximum extent practicable Finally the statute includes preference for remedies that

employ as their principal element treatment technologies that permanently and significantly reduce the

volume toxicity or mobility of hazardous wastes

2.5.8.1 Protection of Human Health and the Environment

The remedy selected for Site will provide protection of human health and the environment by eliminating

direct contact of landfilled wastes or inhalation of particulates by humans and animals The cap will also

minimize infiltration of water and leaching of contaminants to the groundwater Cleanup levels were not

established because the type of cap selected and associated actions were determined by ARARs Short-term

potential risks to workers and nearby receptors will be addressed in the site-specific health and safety plan

dust suppression measures and protective clothing will be specified

2.5.8.2 Compliance with Applicable or Relevant and Appropriate Requirements

The selected remedy will comply with all Federal and State ARARs The ARARs for Alternative at Site

are discussed in Appendix

2.5.8.3 Cost-Effectiveness

The selected remedy was evaluated for cost-effectiveness in comparison with the other three alternatives

The selected alternative is the least expensive alternative that will be protective of human health and the

environment and comply with ARARs
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2.5.8.4 Use of Permanent Solutions and Alternative Treatment Technologies to

the Extent Practicable

The selected remedy uses permanent solutions and treatment technologies to the maximum extent possible

Because the site is an inactive landfill the presumptive remedy was considered appropriate for Site

The selected alternative provides the best balance between effectiveness and cost of the four alternatives

considered with respect to the five EPA balancing criteria i.e long-term effectiveness reduction of

toxicity mobility or volume through treatment short-term effectiveness implementability and cost

The selected alternative and Alternatives and provide high degree of long-term effectiveness and

permanence because wastes would be appropriately contained Under the selected alternative the wastes

would be covered with an engineered ET cap

None of the alternatives would reduce mobility toxicity or volume of the waste because treatment was

found to be neither practical nor feasible Treatment technologies were not specifically evaluated because

based on presumptive remedy guidance they are routinely and appropriately screened out on the basis of

effectiveness feasibility and cost The selected alternative provided the greatest short-term effectiveness

due to the shorter timeframe required for implementation

Alternative is easier to implement than the other alternatives because seaming and placement of synthetic

materials are not components of the ET cap

Alternative is less expensive than Alternatives and Because Alternative provides greater

long-term and short-term effectiveness the most cost-effective alternative has been selected

2.6 No Action Selected for Sites IB IC IG II 2C 2D 2F 2G 10 16 17 18

27 32 34 35 36 37 38 39 40 41 and 42

This section presents descriptions histories characteristics and risks associated with the 0U3 no

action sites For the no action sites all inorganics exceeding screening criteria and any detected

organics are typically shown in the site-specific figures
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2.6.1 Site Refuse Burning Ground in 11 Area

Site lB is former refuse burning ground in the 11 Area

2.6 Site Name Location and Description

Site lB Refuse Burning Ground in 11 Area is located in the San Luis Rey Basin on an unpaved road

intersecting 14th Street approximately 0.5 mile southeast of Vandegrift Boulevard Figure 1-2 The

former burning ground is approximately 340 feet long and 100 feet wide The site is bordered on the east

and south by densely vegetated stream-cut canyon To the north and west of Site are low rolling hills

with light to moderate vegetation

No perennial surface water is present in the vicinity of the site During significant rainfall events surface

water percolates into the subsurface evaporates or mns off the site and eventually discharges into Pilgrim

Creek approximately 0.5 mile to the east

The burning ground is no longer in use and military and civilian personnel are not on site on regular

basis The nearest residential housing is approximately 0.25 mile southwest of the site No base production

wells are located within 1-mile radius of Site There are no water production wells in the San Luis

Rey Basin

2.6.1.2 Site History and Enforcement Activities

Site history and enforcement activities for refuse burning grounds are described in Section 2.4.1.2

2.6.1.3 Summary of Site Characteristics

Site was investigated in June and July 1996 during the RI for Group sites Five soil samples were

collected from two borings and were analyzed for metals VOCs SVOCs and pesticides and PCBs No

sediment or surface-water samples were collected because no surface water was present on site No

groundwater samples were collected because drilling refusal occurred at less than 50 feet below ground

surface before encountering sufficient groundwater for sampling
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2.6.1.3.1 Geology and Hydrogeology

Shallow geology at Site 13 consists of Quatemary alluvium overlying granitic rock bedrock basement

complex Groundwater is assumed to flow to the east following surface topography The depth to

groundwater is estimated to be more than 80 feet below grade

2.6.1.3.2 Soil Results

This section discusses analytical results from soil sampling at Site lB Results are summarized in Figure

2-13 which presents detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

No organic compounds were detected at Site at concentrations exceeding PRGs Figure 2-13

Chlorinated pesticides 44-DDD 44-DDE and 44-DDT were detected at low concentrations in the

surface sample from boring 1BB-02 the highest concentration was 0.0 11 mg/kg In addition 44-DDT

was detected at concentration of 0.003 mg/kg in the 5-foot sample from the same boring No organics

were detected at concentrations exceeding ecological risk screening criteria

Inor2anics

Two metals arsenic and beiyllium were detected at concentrations exceeding PRGs in two of five and four

of five samples respectively Figure 2-1 All detections were below background levels Only lead

exceeded ecological risk screening criteria

Summary

No organics were detected in soil at concentrations exceeding PRGs arsenic and beryllium were the only

inorganics detected but concentrations were below background Because only few low-level detections of

inorganics were reported and the depth to groundwater at the site is about 80 feet below ground surface

groundwater is not expected to be impacted No significant site-related contamination exists at Site

2.6.1.4 Summary of Risks Associated with Site lB

Human health and ecological risk assessments were conducted for Site using data collected during the

Group RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment

summaries for Site are presented in this section
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2.6.1.4.1 Human Health Risk Characterization

COPCs in Site lB soil include metals and pesticides Based on the conceptual site model current/future

workers and future residents could be exposed to soil contaminants through incidental ingestion dermal

contact and inhalation of particulates

The total residential cancer risk for maximum reported COPCs is 1.1 The primary contributors to

risk are arsenic approximately 76 percent of the total risk and beryllium approximately 24 percent of the

total risk However arsenic and beryllium concentrations at Site are below the respective background

concentrations Excluding arsenic and beryllium as naturally occurring the incremental site risks calculated

using EPA and Cal/EPA PRGs are both 1.4 08 which is below the lower end of the risk management

range The cumulative residential hazard noncarcinogenic for maximum detected COPCs is 0.51

The Site residential cancer risk and noncarcinogenic hazard are less than the risk and hazard criteria In

addition the maximum lead concentration in soil 26.8 mg/kg at Site is below the EPA and Cal/EPA

residential PRGs of 400 and 130 mg/kg respectively Therefore Site soil is considered protective of

human health

Groundwater is not considered complete exposure pathway for either current/future workers or future

residents Groundwater sampling was not performed at Site because drilling refusal occurred before

encountering sufficient groundwater for sampling Site lB is not located above shallow aquifer associated

with any of the four major groundwater basins at MCB Camp Pendleton i.e San Mateo San Onofre Las

Flores or Santa Margarita Basin The site is topographically higher than and isolated from the aquifers

associated with these major basins Therefore groundwater at Site lB was not evaluated further in the

HHRA

2.6.1.4.2 Ecological Risk Assessment

Lead was the only preliminary COPEC with an HQ exceeding 1.0 Figure 2-13 The HQ for lead 1.5

exceeds but is close to 1.0 for deer mouse indicating that the potential for toxicity is relatively low HQs

are less than 1.0 for the other representative species evaluated

Site lB includes noimative grasslands and coastal sage scrub habitat Several wildlife species were

observed and special-status species could be present on site
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None of the preliminary COPECs were retained as final COPECs The potential for exposure and effects is

considered low The HQs for all but one of the representative species are less than 1.0 indicating little or

no potential for toxicity In addition because of its small size approximately 1.3 acres and proximity to

developed areas this site would provide only limited proportion of the habitat available for the

representative wildlife species Therefore ecological receptors would not likely be sufficiently exposed to

potentially harmfull contaminant concentrations to cause adverse effects

2.6.1.5 Description of the No Action Alternative

The no action alternative selected for Site lB includes no institutional controls Site lB is considered

protective of human health and the environment for the following reasons

Under the future residential exposure scenario maximum soil concentrations resulted in an ILCR

less than 106 and an HI less than 1.0

The maximum lead concentration is below the screening values

Groundwater is not considered complete exposure pathway for either current/future

workers or future residents

The refuse burning ground is no longer in operation and military and civilian

persoimel are on site infrequently

Evaluation of potential ecological risks from exposure to soil indicated that the

potential for exposure and effects is low and will not likely pose risk to ecological

receptors

2.6.2 Site IC Refuse Burning Ground in 13 Area

Site is former refuse burning ground in the 13 Area

2.6.2.1 Site Name Location and Description

Site 1C Refuse Burning Ground in 13 Area is located along Street and Reservoir Road

approximately 0.5 mile southwest of Rattlesnake Canyon Road Figure 1-2 The refuse burning ground is

approximately 300 feet long and 200 feet wide The site is bordered on the east by Street on the north

by Reservoir Road and on the west and south by light to moderate vegetation Site slopes gently to the

south and eventually drains into stream-cut canyon

SCI/1-99/WPC/Pend1eto/ROD12199.d
268



An unpaved dirt road runs directly through the middle of the site and low rolling hills surround the site

No perennial surface water is present in the vicinity of the Site burning ground During significant

rainfall events surface water percolates into the subsurface evaporates or runs off the site and discharges

into the Santa Margarita River approximately mile to the east

No development is located in the immediate vicinity of the site The refuse burning ground is no longer in

operation and militaiy and civilian personnel are present on site infrequently The undeveloped area

surrounding the site is classified as maneuver area with gently sloping topography covered by natural

vegetation limis-Teimebaum Architects Inc 1990 The nearest troop housing is approximately 0.25 mile

southeast of the site The nearest family housing the Ranch House is located about mile west of the site

No base production wells are located within -mile radius of Site

The dominant habitat at Site is nonnative grassland consisting primarily of wild oat and mustard

Coastal sage scrub habitat consists of coyote bush and castor bean with few sage interspersed

Special-status wildlife species potentially present at this site include California gnatcatcher Bird species

observed during the reconnaissance survey include western meadowlark and cliff swallow

2.6.2.2 Site History and Enforcement Activities

Site history and enforcement activities for refuse burning grounds are described in Section 2.4.1.2

2.6.2.3 Summary of Site Characteristics

Site 1C was investigated in June and July 1996 during the RI for Group sites Eight soil samples were

collected from two borings and were analyzed for metals VOCs SVOCs and pesticides and PCBs No

sediment or surface-water samples were collected because no surface water was present on site No

groundwater samples were collected because drilling refusal occurred before encountering sufficient

groundwater for sampling

SCI/1-99/WPC/Pend1eto/ROD12199.d
269



2.6.2.3.1 Geology and Hydrogeology

Shallow geology at this site consists of Quatemary alluvium that was deposited by broad surface erosion

The alluvium is fine- to medium-grained unconsolidated to poorly consolidated sand and interbedded silty

sand The alluvium is underlain by interbedded sandstone and siltstone bedrock of the La Jolla Group

Based on site geology groundwater is assumed to flow to the south following surface topography Soil

borings were drilled to maximum depth of 35 feet below ground surface at Site Groundwater was

encountered at depth of 34.5 feet in boring 1CB-02 but is interpreted to represent localized

discontinuous perched layer of groundwater rather than major water-bearing zone aquifer because Site

is located in topographically elevated area and is isolated from the alluvial aquifer at the basin floor

Groundwater was consistently encountered at depth of about 20 feet below grade in boreholes drilled for

underground storage tank UST studies at the adjacent 12 and 13 Areas approximately 0.75 mile northeast

of Site 1C SWDIV 1996b Because topographically the 12 and 13 Areas are about 100 feet lower than

Site the groundwater table at Site is estimated to be nearly 120 feet below ground surface

2.6.2.3.2 Soil Results

This section discusses analytical results from soil sampling at Site Results are summarized in Figure

2-14 which presents detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

No organic compounds were detected in soil at Site at concentrations exceeding PRGs Figure 2-14

Low concentrations of acetone were detected in samples from both borings at Site the highest

concentration was 0.024 mg/kg In addition 2-butanone and Aroclor-1 254 were detected at concentrations

of 0.003 and 0.0 19 mg/kg respectively in the 10-foot sample from boring 1CB-01 None of the detected

organics exceeded ecological screening levels

Inor2anics

Beryllium was the only inorganic compound detected in Site soil at concentrations exceeding PRGs

Although beryllium exceeded the PRG in all nine samples concentrations were below the background

concentration of 1.42 mg/kg and below the ecological screening value
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Summary

No organics were detected in soil at concentrations exceeding PRGs or PLEs beryllium was the only

inorganic compound detected but concentrations were below background Groundwater is estimated to be

120 feet below ground surface and is not expected to be impacted No significant site-related contamination

exists at Site

2.6.2.4 Summary of Risks Associated with Site IC

Human health and ecological risk assessments were conducted for Site using data collected during the

Group RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment

summaries for Site are presented in this section

2.6.2.4.1 Human Health Risk Characterization

COPCs detected in Site 1C soil include metals VOCs and PCBs Aroclor-1242 Current/future workers

and future residents could be exposed to soil contaminants through incidental ingestion dermal contact and

inhalation of VOCs or particulates

The cumulative residential cancer risk for maximum detected COPCs in soil is 5.1 Q6 The primary

contributor to risk is beryllium approximately 94 percent of the total risk The maximum concentration of

beryllium detected at Site is less than the background concentration for the San Luis Rey Basin

Excluding beryllium as naturally occurring the incremental cancer risk is less than 106

The cumulative residential HI for maximum detected COPCs is 0.78 and is attributable primarily to metals

Excluding the portion of total hazard attributable to background metals the incremental site HI is 0.2

which is below the threshold criterion of 1.0

The Site residential cancer risk and noncarcinogenic hazard do not exceed risk and hazard criteria In

addition the maximum lead concentration 6.2 mg/kg is below the EPA and CaIIEPA residential soil

PRGs of 400 and 130 mg/kg respectively Therefore Site 1C soil is considered protective of human health

Groundwater is not considered complete exposure pathway for either current/future workers or future

residents Groundwater sampling was not performed at Site during the RI because drilling refusal

occurred in weathered bedrock less than 50 feet below ground surface before
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encountering sufficient groundwater for sampling Site is not located above shallow aquifer associated

with any of the four major groundwater basins at MCB Camp Pendleton i.e San Mateo San Onofre Las

Flores or Santa Margarita Basin The site is topographically higher than and isolated from the aquifers

associated with these major basins Therefore groundwater at Site was not evaluated further in the

HHRA

2.6.2.4.2 Ecological Risk Assessment

None of the preliminary inorganic COPECs exceeded available background values All preliniinaiy organic

COPECs were evaluated for potential toxicity None of the preliminary COPECs had HQs exceeding 1.0

therefore no final COPECs were identified for this site Site is considered protective of ecological

receptors

2.6.2.5 Description of the No Action Alternative

The no action alternative selected for Site includes no institutional controls Site is considered

protective of human health and the environment for the following reasons

Under the future residential exposure scenario maximum soil concentrations resulted in an ILCR

less than 106 and an HI less than 1.0

The maximum lead concentration is less than the screening values

Groundwater is not considered complete exposure pathway for either current/future

workers or future residents

The refuse burning ground is no longer in operation and military and civilian

personnel are on site only infrequently

Evaluation of potential ecological risks from exposure to soil indicated that the

potential for exposure and effects is low and will not likely pose risk to ecological

receptors

2.6.3 Site II- Refuse Burning Ground in 63 Area

Site 11 consists of former refuse burning ground in the 63 Area

2.6.3.1 Site Name Location and Description

Site 11 Refuse Burning Ground in 63 Area is located approximately 1250 feet east of

Cristianitos Road Figure 1-2 northeast of its intersection with San Mateo Road The refuse
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burning ground is approximately 425 feet long and 125 feet wide The site is bordered on the north and

south by steep hills that rise 200 feet above the site and are covered with moderate to dense vegetation on

the south by paved access road and on the west and east by vegetated stream-cut canyon Site 11 is in

the center of stream-cut canyon that slopes to the west and eventually drains into Cristianitos Creek

approximately 1500 feet west of the site The surrounding area is characterized by low rolling hills

No pereimial surface water is present in the vicinity of Site 11 Surface water at the site is ephemeral and

follows the gently sloping ground surface to the west During significant rainfall events surface water

percolates into the subsurface evaporates or runs off the site and discharges into Cristianitos Creek

The Site 11 burning ground is no longer in operation and military and civilian personnel are present on site

only infrequently The undeveloped area to the north east and south of the site is classified as maneuver

area and consists of steep slopes covered by moderate to dense vegetation To the west of the site is the

Cristianitos Area which contains fire station two clubs and fleet hospital training complex The

nearest troop housing is approximately mile southwest of the site in the 62 Area No family housing is

located within several miles of the site and none is planned The nearest base production well is

approximately 0.5 mile south of Site 11

The dominant habitats at Site 11 are coastal sage scrub and nonnative grassland The site is densely

vegetated with sage coyote bush fennel laurel sumac and mulefat Special-status species potentially

present on site include California gnatcatcher and least Bells vireo Bird species observed during the

reconnaissance survey include California towhee mourning dove American kestrel red-tailed hawk scrub

jay and rufous-sided towhee Evidence of coyote use scat was observed along with active small mammal

burrows and holes

2.6.3.2 Site History and Enforcement Activities

Site history and enforcement activities for refuse burning grounds are described in Section 2.4.1.2
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2.6.3.3 Summary of Site Characteristics

Site 11 was investigated in June and July 1996 during the RI for Group sites Six soil samples were

collected from two borings and were analyzed for metals VOCs SVOCs and pesticides and PCBs No

sediment or surface-water samples were collected because no surface water was present on site No

groundwater samples were collected because groundwater was not encountered during sampling

Groundwater is estimated to occur in bedrock at depth of more than 100 feet

2.6.3.3.1 Geology and Hydrogeology

Shallow geology at this site is characterized by unconsolidated to poorly consolidated alluvium consisting

of very fine grained to fine-grained sand with silt and clay The alluvium overlies bedrock of the La Jolla

Group

Based on site geology groundwater is assumed to flow to the southwest following surface topography

Soil borings were drilled to maximum depth of 10 feet below ground surface at Site 11 without

encountering groundwater

The nearest RI site at which groundwater was encountered is Site 34 which is approximately 1.5 miles

south of Site 11 Groundwater was encountered in gravel unit at depth of about 12 feet below grade at

Site 34 Because Site 11 is topographically higher than Site 34 by about 100 feet the groundwater table at

Site 11 is expected to be deeper than 100 feet below ground surface

No other site-specific groundwater level data were collected in the San Mateo Basin near Site 11 However

the alluvial units at Site 11 and the bedrock underneath the alluvium are not expected to receive or retain

significant or beneficial amount of groundwater Groundwater in the San Mateo Basin is concentrated

primarily in the alluvium along the basin floor where Site 34 is located and not in the adjacent

topographically higher areas where Site 11 is located

2.6.3.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 11 Results are summarized in Figure

2-15 which presents detected organics and any inorganics that exceed risk/hazard criteria
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Or2anics

No organic compounds were detected in soil samples from Site 11 Figure 2-15

Inor2anics

Arsenic was detected in four of seven samples and beryllium was detected in all seven samples from both

site borings at concentrations exceeding PRGs but below background concentrations Figure 2-15 No

inorganics were detected at concentrations exceeding PLEs The maximum arsenic and beryllium

concentrations were 2.9 and mg/kg respectively

Summary

No organics were detected in soil arsenic and beryllium were the only inorganic compounds detected but

concentrations were below background Groundwater is estimated to be deeper than 100 feet below ground

surface at Site 11 and is not expected to be impacted No site-related contamination exists at Site 11

2.6.3.4 Summary of Risks Associated with Site II

Human health and ecological risk assessments were conducted for Site 11 using data collected during the

Group RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment

summaries for Site 11 are presented in this section

2.6.3.4.1 Human Health Risk Characterization

COPCs in Site 11 soil are limited to metals Current/future workers and future residents could be exposed

to soil contaminants through incidental ingestion dermal contact and inhalation of particulates

The cumulative residential risk for maximum detected COPCs in soil is .2x1 Q5 The primary risks drivers

are arsenic approximately 63 percent of the total risk and beryllium approximately 37 percent of the total

risk However arsenic and beryllium concentrations are below background Excluding arsenic and

beryllium as naturally occurring no site-related carcinogenic COPCs are present at Site 11

The cumulative residential hazard for maximum detected COPCs is 0.57 Excluding the portion of total

hazard attributable to background metals the incremental residential site hazard is less than 0.01

Excluding arsenic and beryllium as naturally occurring background levels the Site 11
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residential cancer risk and noncarcinogenic hazard are less than the risk and hazard criteria In addition the

maximum lead concentration 9.6 mg/kg is less than the EPA and CaIIEPA residential PRGs of 400 and

130 mg/kg respectively Therefore Site 11 soil is considered protective of human health

Groundwater is not considered complete exposure pathway for either current/future workers or future

residents Groundwater sampling was not performed at Site 11 during the Group RI because drilling

refusal occurred in weathered bedrock less than 50 feet below ground surface before encountering

sufficient groundwater for sampling purposes Site 11 is not located above shallow aquifer associated

with any of the four major groundwater basins at MCB Camp Pendleton i.e San Mateo San Onofre Las

Flores or Santa Margarita Basin The site is topographically higher than and isolated from the aquifers

associated with these maj or basins Therefore groundwater at Site 11 was not evaluated further in the

HHRA and is considered protective of human health

2.6.3.4.2 Ecological Risk Assessment

None of the preliminary inorganic COPECs exceeded background values and no organic chemicals were

detected Therefore no final COPECs were identified for Site 11 the site is considered protective of

ecological receptors

2.6.3.5 Description of the No Action Alternative

The no action alternative selected for Site 11 includes no institutional controls Site 11 is considered

protective of human health and the environment for the following reasons

No carcinogenic chemicals were detected at concentrations exceeding background

Under the future residential exposure scenario maximum soil concentrations resulted

in an HI less than 1.0

The maximum lead concentration is below the screening values

Groundwater is not considered complete exposure pathway for either current/future workers or

future residents

The refuse burning ground is no longer in operation and military and civilian

personnel are on site only infrequently
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Evaluation of potential ecological risks from exposure to soil indicated that no COPECs exceeded

background concentrations and the site is protective of ecological receptors

2.6.4 Site 2C Grease Disposal Pit in 33 Area

Site 2C consists of former grease disposal pit in the 33 Area

2.6.4.1 Site Name Location and Description

Site 2C Grease Disposal Pit in 33 Area is located approximately 1800 feet southwest of the intersection

of Basilone and Stagecoach Roads Figure 1-2 The grease pit is approximately 80 feet long and 70 feet

wide The site is bordered on the east by an unpaved road and is on plateau surrounded by light to

moderate vegetation The site slopes gently to the northwest and drains into flat land at an elevation

approximately 65 feet lower than the site The surrounding area consists of low rolling hills

No pereimial surface water is present in the vicinity of Site 2C During the rainy season surface-water

runoff originating from the
grease disposal pit percolates into the subsurface evaporates runs off the site

or drains northwesterly into the flatland and tributary canyon that eventually discharges into the Santa

Margarita River

The
grease pit is no longer in operation and military and civilian persoimel are present on site only

infrequently Land surrounding Site 2C is covered with natural vegetation The area farther northwest is

used primarily for training and contains temporary biotreatment facility The area north east and south

of the site is undeveloped and is classified as maneuver area this area consists of gently rolling hills

covered by natural vegetation limis-Tennebaum Architects Inc 1990 The nearest family housing the

Ranch House is about mile southeast of the site The nearest designated troop housing is in the Vado Del

Rio 25 Area approximately mile northeast of the site No other family housing is located within several

miles of the site and none is planned The nearest base production well is approximately 1700 feet

northwest of Site 2C

The dominant habitats at Site 2C are nonnative grassland and coastal sage scrub Dominant plant species

in the nonnative grassland include turkey mullein annual grass wild oat brome fivehook bassia and

yellow star-thistle Black and white sage and coyote brush dominate the coastal sage scrub habitat

wildlife survey of Site 2C was conducted in October 1995 after the main breeding period for many bird

species Nine species of birds were observed No small
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mammal trapping was conducted however active runways and holes associated with small mammals were

observed Bottas pocket gopher mounds were also present on site No reptiles or amphibians were

observed

2.6.4.2 Site History and Enforcement Activities

Grease disposal pits were used between 1942 and 1980 for disposal of mess hall grease the exact operation

dates for most of the sites are unknown No information is available on specific volumes of
grease disposed

of in the pits Although there are no confirmed reports of hazardous waste disposal in these pits the

potential for such disposal practices caimot be altogether discounted The pits were closed by allowing the

greasy materials to decay to semisolid state and then backfilling with native soil NEESA 1984 Visual

inspection during the RI indicated that POLs may also have been disposed of in some pits Field

reconnaissance of the pits did not reveal any obvious stress to local vegetation

2.6.4.3 Summary of Site Characteristics

Site 2C was initially investigated in 1993 and 1994 during the RI for Group sites Phase RI was

conducted at Site 2C in June and July 1996 during the RI for Group sites total of 13 soil samples

were collected from two borings and six surface sample locations Sample locations arc shown in Figure

2-16 Samples were analyzed for metals VOCs and SVOCs pesticides and PCBs TPH as diesel and

gasoline and leachability of lead and diesel No sediment or surface-water samples were collected because

no surface water was present on site No groundwater samples were collected because groundwater was not

encountered during sampling Groundwater is estimated to occur in bedrock at depth of more than 50 feet

below ground surface

2.6.4.3.1 Geology and Hydrogeology

Subsurface geology at Site 2C consists of artificial fill to about 9.5 feet below ground surface and older

Quatemary alluvium from about 9.5 to 13.5 feet The artificial fill was originally native soil used to

backfill the grease disposal pit upon closure The alluvium was deposited by both stream and broad surface

erosion and consists of undifferentiated fine- to coarse-grained unconsolidated to poorly consolidated

sand silt gravel and minor clay The alluvium overlies massive granitic basement rock Weathered

granitic rock was encountered at 11 feet below ground surface in boring 2CB-0 and extended to refusal at

16 feet below ground surface Similar granitic material forced termination of boring 2CB-02 at 13 feet

Figure 2-16
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Based on site topography local groundwater is assumed to flow to the northwest Soil borings were drilled

to maximum depth of 16 feet below ground surface without encountering groundwater Groundwater was

encountered at about 10 feet below grade in wells installed in the nearby Santa Margarita Basin which is

about 100 feet lower in elevation than Site 2C Based on this difference in topography the groundwater

table at Site 2C is estimated to be deeper than 100 feet below ground surface The alluvium and bedrock at

the site are not expected to receive or retain significant or beneficial amount of groundwater

Groundwater in the Santa Margarita Basin is concentrated primarily in the alluvium along the basin floor

and not in the adjacent topographically higher areas where Site 2C is located

2.6.4.3.2 Sod Results

This section discusses analytical results from soil sampling at Site 2C Results are summarized in Figure

2-16 which presents detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

No organic compounds were detected at concentrations exceeding PRGs in Site 2C soil Figure 2-16

Diesel was detected at concentrations of 120 and 2500 mg/kg in the 9-foot sample from boring 2CB-1 and

surface sample 2C55001 respectively these concentrations exceed the 100-mg/kg screening level for

diesel recommended by the UFT Field Manual guidance California State Water Resources Control

Board 1989

In addition 15 other organics were detected at Site 2C at concentrations below evaluation criteria

ethylbenzene TCE total xylenes 111 -trichloroethane TCA benzoic acid bis2-ethylhexylphthalate

di-n-butylphthalate butylbenzylphthalate benzobfluoranthene chrysene pyrene 44-DDE dieldrin

Aroclor- 1254 and gasoline The maximum concentration detected was 12 mg/kg for toluene TCE was

detected once at 0.11 mg/kg in the 9-foot sample from 2CSB-01 but was not detected in the two samples

collected at deeper intervals in the same boring or in any other soil samples collected at the site

The 2C55001 location was resampled Sample ID 2CSSOO1A for leachability testing during the Phase

RI The sample was analyzed for TPH-diesel but no diesel was detected The duplicate sample analysis

from the same location 2C55201A-01 yielded diesel concentration of 1800 mg/kg but was qualified

indicating that the detection did not match the diesel
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calibration standard The sample was further analyzed for volatiles using the synthetic precipitation

leaching procedure SPLP the only detection was toluene at concentration of 4.6 pg/l Based on the

SPLP results volatiles are not expected to leach at unacceptable concentrations

To evaluate the leachability of diesel the 2CSS001 location was sampled for third time sample

2CSS001B and subjected to TPH-diesel analysis and SPLP analysis for diesel The total analysis

indicated diesel concentration of 260 mg/kg and the SPLP analysis indicated concentration of 2.6

milligrams per liter mg/i The same sample was reanalyzed once more as sample 2CSS001C by an

independent laboratory to confirm the leachability The total analysis showed diesel concentration of 718

mg/kg whereas the SPLP analysis for diesel indicated concentration of 51.3 mg/l These results indicated

that diesel would not adversely impact groundwater

Inor2anics

Beryllium was detected in of 12 samples and lead was detected in sample at concentrations exceeding

PRGs Figure 2-16 Beryllium concentrations were below background 1.42 mg/kg The lead

concentration in surface sample 2CSSOO1 exceeded the PRG and background

The 2CSSOO1 location was resampled sample 2CSSOO1A during the Phase RI and was analyzed for

total lead and leachable lead the corresponding results were 4.7 mg/kg and nondetect detection limit of 0.5

mg/i respectively To confirm the lead analytical results location 2CSSOO1 was sampled for third time

sample 2CSSOO1B Lead was detected at concentration of 65 mg/kg but was not detected in the

leachable lead analysis Based on these results lead is not expected to impact groundwater

Summary

No organics were detected in soil at concentrations exceeding PRGs Diesel was detected in two locations

at concentrations exceeding the 100-mg/kg screening level Beryllium and lead were detected at

concentrations exceeding PRGs All beryllium concentrations were below background As discussed

previously the high lead detection was not confirmed during subsequent resampling efforts TCE was

detected in soil at concentration below the PRG but was not detected in deeper samples at the same

location or in any other samples collected at the site Because no organic or inorganic compounds in Site

2C soil pose concern impacts to
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groundwater from site-specific contamination are unlikely In addition leachability testing indicated that

diesel concentrations in soil would not adversely impact groundwater

2.6.4.4 Summary of Risks Associated with Site 2C

Human health and ecological risk assessments were conducted for Site 2C using data collected during the

Group and Group RIs Risk assessment methodologies are summarized in Section 2.4.1.4 Risk

assessment summaries for Site 2C are presented in this section

2.6.4.4.1 Human Health Risk Characterization

COPCs in Site 2C soil include metals VOCs SVOCs pesticides and PCBs Current/future workers and

future residents could be exposed to soil contaminants through incidental ingestion dermal contact and

inhalation of VOCs or particulates

The cumulative residential risk from the maximum detected COPCs is 8.0x1 06 and is primarily

attributable to beryllium approximately 88 percent of the total risk The maximum reported concentration

of beryllium 0.98 mg/kg is below the associated background concentration 1.42 mg/kg and was

excluded from the risk evaluation as naturally occurring Excluding the portion of total risk attributable to

background metals the incremental residential risk from maximum detected COPCs is 9.5x1

The cumulative residential HI from maximum detected COPCs is 0.32 and is primarily attributable to

metals approximately 81 percent of the total hazard Excluding the portion of total hazard attributable to

background metals the incremental residential site hazard is 0.06 which is below the threshold criterion of

1.0

The results of the HHRA indicate that the incremental residential site risk 9.5x1 for Site 2C is below

the lower end of the risk management range and the incremental residential site hazard 0.06 is below the

threshold criterion of 1.0 The maximum reported lead concentration 421 mg/kg exceeds the EPA and

CaIIEPA residential PRGs of 400 and 130 mg/kg respectively but is below the EPA and CaIIEPA

industrial soil PRGs of 1000 and 3289 mg/kg respectively The duplicate sample for the maximum lead

concentration was substantially lower 114 mg/kg and the remaining nine detections of lead were below

the background concentration of 21.7 mg/kg Therefore no adverse health impacts are expected Based on

the results of the HHRA Site 2C soil is considered protective of human health
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Groundwater is not considered complete exposure pathway for either current/future workers or future

residents Groundwater sampling was not performed at Site 2C during the RI because drilling refusal

occurred in weathered bedrock less than 50 feet below ground surface before encountering sufficient

groundwater for sampling Site 2C is not located above shallow aquifer associated with any of the four

major groundwater basins at MCB Camp Pendleton i.e San Mateo San Onofre Las Flores or Santa

Margarita Basin The site is topographically higher than and isolated from the aquifers associated with

these major basins Therefore groundwater at Site 2C was not evaluated further in the HHRA and is

considered protective of human health

2.6.4.4.2 Ecological Risk Assessment

The HQs for two preliminary COPECs lead and diesel exceed 1.0 Figure 2-16 HQs were calculated for

representative species for each of six soil samples which were analyzed for 119 inorganic and organic

chemicals With one exception the HQs that exceed 1.0 are less than 10 indicating that the potential for

toxicity is relatively low one HQ for lead exceeds 10 23 for deer mouse indicating medium potential for

toxicity Lead HQs for all other representative species are less than 1.0 The frequencies of detection for

lead and diesel were 100 and 67 percent respectively

Site 2C consists of noimative grassland and disturbed habitat Birds were observed at the site but

special-status species are not expected to be present because of the lack of suitable habitat Representative

species for this site with HQs exceeding 1.0 include terrestrial invertebrates deer mouse and Savannah

sparrow

None of the preliniinaiy COPECs were retained as final COPECs because the potential for exposure and

effects is considered low The toxicity estimates for lead are based on single detection at high

concentration all other lead concentrations are within background The toxicity estimates for diesel are also

based on single high value the remaining diesel concentrations are less than the PLEs for representative

species The site is less than 0.1 acre in size which is considerably smaller than the home range size for

representative bird and mammal species The habitat quality at the site is somewhat less suitable than the

surrounding areas For these reasons wildlife receptors are not likely to spend significant proportion of

time at the site Therefore the level of exposure to preliminaiy COPECs at the site is not expected to result

in adverse effects to wildlife receptors
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2.6.4.5 Description of the No Action Alternative

The no action alternative selected for Site 2C includes no institutional controls Site 2C is considered

protective of human health and the environment for the following reasons

Under the future residential exposure scenario maximum site-related soil concentrations resulted in

an ILCR less than 1x106 and an HI less than 1.0

Lead concentrations in soil are not expected to pose threat to human health

Groundwater is not considered complete exposure pathway for either current/future

workers or future residents

The
grease pit is no longer in operation and militaiy and civilian persoimel are on site

infrequently

Evaluation of potential ecological risks from exposure to soil indicated that the site is

protective of ecological receptors

2.6.5 Site 2D Grease Disposal Pit in 43 Area

Site 2D consists of former grease disposal pit in the 43 Area

2.6.5.1 Site Name Location and Description

Site 2D Grease Disposal Pit in 43 Area is located approximately 300 feet northeast of Basilone Road

immediately northwest of its intersection with Las Pulgas Road Figure 1-2 The grease disposal pit is

approximately 110 feet long and 90 feet wide The site is bordered on the southeast by Site 20 on the

northeast by Site and on the west and south by light to moderate vegetation and Basilone Road Site 2D

slopes gently to the southeast and eventually drains into Pulgas Creek approximately 500 feet southeast of

Site 20 The surrounding area is characterized by low rolling hills

No perennial surface water is present
in the vicinity of Site 2D Surface water at the site is ephemeral and

follows the gently sloping ground surface to the southeast During significant rainfall events surface water

percolates into the subsurface evaporates or runs off the site and discharges into Pulgas Creek

The grease pit is no longer in operation and militaiy and civilian personnel are present on site only

infrequently West of Site 2D 43 Area contains several hundred buildings that are used for
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variety of purposes including persoimel training troop housing mess recreation administration vehicle

fueling and storage maintenance and repair and artillery storage and repair The undeveloped area

southeast of the site beyond Basilone Road is classified as maneuver area limis-Teimebaum Architects

Inc 1990 No family housing is located within several miles of the site and none is plaimed Base

production wells in the Las Flores Basin are located approximately miles south-southwest of Site 2D

2.8.5.2 Site History and Enforcement Activities

Site history and enforcement activities for
grease disposal pits are described in Section 2.6.4.2

2.6.5.3 Summary of Site Characteristics

Site 2D was investigated in June and July 1996 during the RI for Group sites total of 12 soil samples

were collected from three borings and were analyzed for metals VOCs SVOCs No sediment or

surface-water samples were collected because no surface water was present on site Groundwater sampled

at Site is considered representative of Site 2D because the sites are directly adjacent to one another No

additional groundwater samples were collected at Site 2D

Site 2D was included in additional ecological surveys as part of Site iF conducted during May and June

1997 The surveys included habitat receptor surveys wildlife surveys small mammal trapping and

special-status species surveys Sites iF and 2D were combined for the surveys because of their proximity

The surveys for special-status species included the California gnatcatcher and least Bells vireo

2.6.5.3.1 Geology and Hydrogeology

Shallow geology at this site is characterized by unconsolidated to semiconsolidated alluvium consisting of

interbedded fine- to medium-grained sand sand with silt and sand with clay overlying the La Jolla Group

Based on site geology groundwater is assumed to flow to the southeast following surface topography Soil

borings were drilled to maximum depth of 30 feet below ground surface at Site 2D without encountering

groundwater Groundwater was encountered at depth of about 17 feet below grade at adjacent Site iF

and about 19 feet below grade at nearby Site 20 The surface elevation at Site 2D is approximately 260 feet

above mean sea level mslwhich is approximately the same elevation as the groundwater sample location

at Site iF The surface
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elevation at the Site 20 groundwater sample location was approximately 245 feet msl Site 2D is located within

450 feet of both groundwater sampling locations Although groundwater was not encountered to depth of30

feet at Site 2D the depth to groundwater at the site is estimated to be fairly close to 30 feet based on the depth

to groundwater at Sites iF and 20 The same aquifer encountered at Sites iF and 20 is expected to underlie

Site 2D

2.6.5.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 2D Results are summarized in Figure 2-17

which presents detected organics and any inorganics exceeding risk/hazard criteria

Or2anics

No organic compounds were detected in soil samples from Site 2D Figure 2-17

Inor2anics

Arsenic was detected in 11 of 12 samples and beryllium was detected in of 12 samples at

concentrations exceeding PRGs but generally below or near background Arsenic and beryllium

each exceeded background once

2.6.5.3.3 Groundwater Results

One groundwater sample was collected from temporary groundwater well FGWT-0 at Site to represent

conditions at both Sites iF and 2D Analytical results are discussed in Section 2.4.1.3.4 and are summarized

in Figures 2-4 and 2-17

2.6.5.3.4 Ecological Results

Vegetation on Site 2D burned in brushfire in June 1997 prior to the fifth survey visit Most of the original

habitat coastal sage scrub was burned Prior to the fire disturbed habitat was found on the site and was

sparsely vegetated with feimel coyote brush thistle mustard and wild oat

No coastal California gnatcatchers were observed on Site 2D during surveys prior to the fire Habitat destroyed

by the fire was considercd marginal Although no least Bells vireos were observed on site surveys conducted

in 1996 identified least Bells vireos in riparian vegetation along Pulgas Creek approximately 1000 feet

downstream from the site
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2.6.5.3.5 Summary

No organics were detected in soil arsenic and beryllium were the only inorganic compounds detected but

concentrations were near background Groundwater data for Site are also representative of Site 2D

groundwater No site-specific contamination was detected in groundwater Accordingly no evidence of

site-related contamination was observed at Site 2D

2.6.5.4 Summary of Risks Associated with Site 2D

Human health and ecological risk assessments were conducted for Site 2D using data collected during the

Group RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment summaries

for Site 2D are presented in this section

2.6.5.4.1 Human Health Risk Characterization

COPCs in Site 2D soil are limited to metals Current/future workers and future residents could be exposed to

soil contaminants through incidental ingestion dermal contact and inhalation of particulates

The cumulative residential risk for maximum detected COPCs is 3.1 The primary risk drivers are

arsenic approximately 66 percent of the total risk and beryllium approximately 44 percent of the total risk

both of which exceeded background concentrations for the Las Flores Basin once but are not considered

COPCs for the expected waste streams at this site Excluding the portion of total risk attributable to

background metals the ILCR is 1.1 i0 The 95 percent UCL soil concentration for arsenic is 4.3 mg/kg

The 95 percent UCL concentration for arsenic and the maximum concentration for beryllium are close to the

95th percentile background concentrations 4.25 and 1.2 mg/kg respectively From ground surface to 10 feet

the depth of interest for the HHRA beryllium was detected in only one of nine samples at concentration of

1.5 mg/kg Although arsenic was detected in nine of nine samples within the same depth interval 10 feet it

exceeded background in only one sample Excluding the portion of total risk attributable to background the

incremental residential risk is 2x 06 and is solely attributable to beryllium this risk value is at the lower end

of the risk management range

The cumulative residential hazard for maximum detected COPCs in soil is 1.1 This estimated hazard is

primarily attributable to aluminum approximately 43 percent of the total hazard arsenic approximately 23

percent of the total hazard manganese approximately 10 percent of the total hazard and vanadium

approximately 17 percent ofthe total hazard Excluding the portion of total hazard attributable to background

metals the incremental residential site hazard
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is 0.5 which is below the threshold criterion of 1.0 The maximum lead concentration 103 mg/kg is less than

the EPA and CaIIEPA residential PRGs of 400 and 130 mg/kg respectively

The cumulative industrial risk and hazard for maximum detected COPCs are 4.7 06 and 0.55 respectively

Arsenic and beryllium are the main contributors Excluding background concentrations the risk is 1.8 06

Using the 95 percent UCL soil concentrations and excluding background the industrial risk is The

industrial risk is below the lower end of the risk management range and the hazard is less than the threshold

criterion of 1.0

Soil at Site 2D is considered protective of human health for the following reasons

The HI is less than 1.0 and the maximum lead concentration is less than the EPA screening value

The incremental cancer risk for the residential scenario 2x1 G6 is at the lower end of the risk

management range

The only significant contributors to cancer risk are arsenic and beryllium which were detected at

concentrations that are very close to background concentrations

Arsenic was detected in nine of nine samples to depth of 10 feet but only once at concentration

exceeding background and beryllium was detected only once at 10 feet

Site 2D is adjacent to Site and the groundwater contaminants characterized for Site are used as the

groundwater COPCs for Site 2D The COPCs detected in groundwater at Site iF are limited to metals Future

residents could be exposed to groundwater contaminants through ingestion

The residential ILCR from ingestion of groundwater is 5.2 and is completely attributable to arsenic

However the maximum reported groundwater concentration of arsenic 23.4 jig/l is below the MCL 50 jig/l

which corresponds to an incremental cancer risk of

The total noncarcinogenic health hazard is 3.8 and is primarily attributable to arsenic 55 percent of the total

hazard and boron 26 percent of the total hazard Although the HI exceeds 1.0 the maximum groundwater

concentration of arsenic is below the MCL and would not likely represent threat to human health via

ingestion Furthermore boron is not expected to be
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present in groundwater as result of site-related activities Therefore groundwater at Site 2D is considered

protective of human health

2.6.5.4.2 Ecological Risk Assessment

The EcoRA for Site 2D was revised based on additional data collected in May and June 1997 SWDIV

1998a Most of the HQs that exceed 1.0 are in the to 10 range indicating low potential for toxicity All

preliniinaiy COPECs detected are metals and most had relatively high frequencies of detection greater than

80 percent

Site 2D is presumed to have been primarily coastal sage scrub but had been disturbed by burning prior to the

habitat evaluations Birds were observed but special-status species are not expected to be present on site

because of the site disturbance The final risk screeningresults indicated that modified PLEs were exceeded

for plants invertebrates Belding savannah sparrow and deer mouse Preliminary COPECs with HQs

exceeding 1.0 are shown in Figure 2-17

HQs for aluminum exceeded 1.0 for plants 5.9 invertebrates 3.9 and mammals 7.4 however only one

detection of aluminum exceeded background and thus the overall risk from aluminum was determined to be

low The HQ for cobalt exceeded 1.0 for mammals 1.7 at one location and was partially due to background

The overall risk from cobalt was determined to be low HQs for iron exceeded 1.0 for plants 3.8 invertebrates

1.03 birds 3.6 and mammals 16 Most of the risk was due to background concentrations the overall risk

due to iron was determined to be low HQs for lead exceeded 1.0 for mammals 1.5 to 8.7 The average

concentration of site-related lead resulted in an HQ less than 1.0 The overall site risk due to lead was

determined to be low The HQ for vanadium exceeded 1.0 for mammals 3.1 but was mostly due to

background The average site concentration of vanadium results in an HQ less than 1.0 and the overall risk

due to vanadium was determined to be low

No final COECs were identified at Site 2D The risk to ecological receptors was determined to be low

2.6.5.5 Description of the No Action Alternative

The no action alternative selected for Site 2D includes no institutional controls Site 2D is considered protective

of human health and the environment for the following reasons
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The HI for soil is less than 1.0 and the maximum lead concentration in soil is below the screening

criteria

The incremental cancer risk 06 for soil under the residential scenario is at the lower end of the

risk management range The only significant contributors to soil cancer risk are arsenic and beryllium

at concentrations that are close to background concentrations Arsenic was detected in nine of nine soil

samples to depth of 10 feet but only once at concentration exceeding background and beryllium

was detected only once at depth of 10 feet

Groundwater was determined to be protective of human health based on background contribution of

the risk contributors and assuming that there is no current or planned future use of groundwater at the

site

Evaluation of potential ecological risks from exposure to soil identified no COECS

2.6.6 Site 2F Grease Disposal Pit in 62 Area

Site 2F consists of former grease disposal pit in the 62 Area

2.6.6.1 Site Name Location and Description

Site 2F Grease Disposal Pit in 62 Area is located approximately 1200 feet north of San Mateo Road Figure

1-2 The grease disposal pit is approximately 100 feet long and 75 feet wide The site is bordered on the east

by paved road and Site 1H on the north and west by moderate to dense vegetation and to the south by

vegetation and San Mateo Road The surrounding area is characterized by low rolling hills

No perennial surface water is present in the vicinity of Site 2F The area receives only low annual rainfall

primarily during the winter months Surface water at the site is generally ephemeral and follows the gently

sloping ground surface to the south During significant rainfall events surface water percolates into the

subsurface evaporates or runs off the site and eventually discharges into San Mateo Creek

The 62 Area grease pit is no longer in operation and military and civilian personnel are present on site only

occasionally The undeveloped area surrounding the site is classified as maneuver area and is covered by

natural vegetation Innis-TennebaumArchitects Inc 1990 Site 1H is east of Site 2F The area south of Site

2F contains several hundred buildings that are used for variety of purposes including personnel training

troop housing mess recreation and
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administration No family housing is located within several miles of the site and none is plaimed The nearest

base production well is approximately mile south-southwest of Site 2F Site 2F contains predominantly

nonnative grassland habitat Dominant grass species include wild oat and brome Herbaceous species include

pearly everlasting and mustard few tree tobacco coyote bush and sage plants are also present No

special-status species are expected to be present at this site Wildlife species observed during the

reconnaissance survey include cliff swallow American crow sparrow species not identified black-tailed hare

and western fence lizard

2.6.6.2 Site History and Enforcement Activities

Site history and enforcemcnt activities for grease disposal pits are described in Section 2.6.4.2

2.6.6.3 Summary of Site Characteristics

Site 2F was initially investigated in June and July 1996 during the RI for Group sites total of 10 soil

samples and duplicate were collected from four borings at Site 2F The samples were analyzed for metals

VOCs and SVOCs No surface-water or sediment samples were collected because no surface was present on

site Groundwater is estimated to be greater than 200 feet below grade Because drilling reftisal occurred at

maximum depth of 13.5 feet no groundwater samples were collected Further sampling was conducted in

October 1997 to evaluate site-specific background concentrations of arsenic At that time 12 soil samples were

collected from four boring locations with similar lithology and settings as the samples collected during the 1996

RI The samples were analyzed for metals to establish site-specific background for arsenic because

concentrations of arsenic detected at Site 2F during the 1996 RI were consistently higher than
surrogate

background concentrations from the Santa Margarita Basin

2.6.6.3.1 Geology and Hydrogeology

Shallow geology at Site 2F is characterized by unconsolidated and semiconsolidated alluvium consisting of

interbedded fine- to medium-grained sand sand with silt gravel and clay The alluvium at Site 2F overlies

massive granitic basement rock Weathered granitic rock was encountered at 9.5 feet and drilling refusal

occurred at 13.5 feet below ground surface in boring 2FB-04

Based on site geology groundwater is assumed to flow to the south or southwest following surface

topography Soil borings were drilled to maximumdepth of 13.5 feet below ground surface at Site 2F without

encountering groundwater
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The nearest RI site at which groundwater was encountered is Site 34 groundwater level of 12 feet below

ground surface which is approximately 1.25 miles south of Site 2F Because Site 2F is topographically higher

than Site 34 by about 230 feet the groundwater table at Site 2F is expected to be deeper than 200 feet below

ground surface

No other site-specific groundwater level data were collected in the San Mateo Basin near Site 2F However

the alluvial units and underlying bedrock at Site 2F are not expected to receive or retain significant or

beneficial amount of groundwater Groundwater in the San Mateo Basin is concentrated primarily in the

alluvium along the basin floor where Site 34 is located and not in adjacent topographically elevated areas

where Site 2F is located

2.6.6.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 2F Results are summarized in Figure 2-18

which presents detected organics and any inorganics that exceed risk/hazard criteria The initial 10 soil samples

and duplicate were used for site characterization The additional 12 soil samples were used to characterize

background

Or2anics

No organic compounds were detected in soil at concentrations exceeding PRGs Figure 2-1 but 11 organics

were detected at concentrations below the evaluation criteria acetone 2-butanone 4-methyl-2-pentanone

ethylbenzene toluene total xylenes chrysene 2-methylnaphthalene phenanthrene diethylphthalate and

dimethylphthalate Ofthese 11 compounds phenanthrene was reported at the highest concentration 12 mg/kg

Inor2anics

Concentrations of arsenic in of 11 samples and beryllium in all 11 samples exceeded PRGs in soil Figure

2-1 Beryllium concentrations were below the background concentration of 1.42 mg/kg Three arsenic

detections exceeded the Santa Margarita Basin background concentration of 4.25 mg/kg The highest arsenic

concentration was 15 mg/kg

Arsenic was detected in all 12 site-specific background samples The site-specific background concentrations

ranged from 1.4 to 10.9 mg/kg The 95th percentile of the site-specific background concentration was

calculated to be 10.9 mg/kg using equation 13.24 from Gilbert 1987 and assuming lognormal distribution

This result was compared against arsenic concentrations detected during the 1996 RI The site-specific

background concentration was
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exceeded by three detected concentrations at Site 2F 15 11.8 and 11 mg/kg However the duplicate sample

of the maximum detected concentration was less than background The 95 percent UCL of the mean arsenic

concentration detected at Site 2F was calculated to be 10.9 mg/kg using the supplemental guidance for

calculating the concentration term EPA 992d The UCL of the mean arsenic concentration at Site 2F is

equal to the site-specific background concentration

Summary

No organics were detected in soil at concentrations exceeding PRGs Arsenic and beryllium were the only

inorganics that exceeded PRGs however concentrations were within background As result groundwater

which is estimated to be more than 100 feet below ground surface is not expected to be impacted

2.6.6.4 Summary of Risks Associated with Site 2F

Human health and ecological risk assessments were conducted for Site 2F using data collected

during the Group RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk

assessment summaries for Site 2F are presented in this section

2.6.6.4.1 Human Health Risk Characterization

COPCs in Site 2F soil include metals VOCs and SVOCs PAHs Current/future workers and future residents

could be exposed to soil contaminants through incidental ingestion dermal contact and inhalation of VOCs

or particulates

The cumulative residential risk for maximum detected COPCs is 4.6 and is primarily attributable to

arsenic approximately 85 percent of the total risk and beryllium approximately 14 percent of the total risk

However arsenic and beryllium are within background concentrations and are not considered COPCs for the

expected waste streams at this site Excluding the portion of total risk attributable to background metals the

incremental site risk for maximum detected COPCs is less than G6

The cumulative residential hazard is 1.2 The primary hazard is due to arsenic which is within background

Excluding the portion of total hazard attributable to background metals the incremental residential site hazard

is 0.5 which is below the threshold criterion of 1.0
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The cumulative industrial risk for maximum detected COPCs is 7.2 06 and is primarily attributable to

arsenic approximately 89 percent of the total risk and beryllium approximately 11 percent of the total risk

Excluding the portion of total risk attributable to background metals the incremental industrial site risk is less

than ft6 The incremental industrial hazard for maximum detected COPCs is 0.04

Based on the results of the HHRA the incremental site risks arc within the risk management range and the

incremental site hazards are below the threshold criterion of 1.0 under both the residential and industrial

exposure scenarios In addition the maximum lead concentration 25.8 mg/kg is below the screening criteria

Therefore Site 2F soil is considered protective of human health under both the residential and industrial land

use scenarios

Groundwater is not considered complete exposure pathway for either current/future workers or future

residents Groundwater sampling was not performed at Site 2F during the RI because drilling refusal occurred

in weathered bedrock at less than 50 feet below ground surface before encountering sufficient groundwater

for sampling purposes Site 2F is not located above shallow aquifer associated with any of the four major

groundwater basins at MCB Camp Pendleton i.e San Mateo San Onofre Las Flores or Santa Margarita

Basin The site is topographically higher than and isolated from the aquifers associated with these major

basins Therefore groundwater at Site 2F was not evaluated further in the HHRA and is considered protective

of human health

2.6.6.4.2 Ecological Risk Assessment

Three preliminary COPECs arsenic 2-methyinaphthalene and phenanthrene had HQs exceeding 1.0 Figure

2-1 HQs were calculated for representative species for each of nine soil samples The HQs that exceed 1.0

are all close to 1.0 indicating that the potential for toxicity is relatively low Arsenic had relatively high

frequency of detection 90 percent but is considered to be within background Although HQs for phenanthrene

and 2-methylnaphthalene exceed 1.0 these compounds were detected in only one of nine samples collected at

depths of ecological concern

Site 2F is predominantly noimative grasslands Representative species for this site with HQs exceeding 1.0

include plants terrestrial invertebrates deer mouse and Savannah sparrow
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None of the preliminary COPECs were retained as final COECs because the potential for exposure and effects

is considered low for the chemicals and exposure pathways present HQs for most of the chemicals detected

are less than 1.0 indicating little or no potential toxicity and those that exceed 1.0 are relatively low The size

of this site is approximately 0.14 acre which is smaller than the home ranges for the representative mammal

and bird receptor species deer mouse and Savaimah sparrow Given the habitat quality of the site and

surrounding areas these receptors would likely be present on the site for only limited periods of time

Therefore ecological receptors are not expected to suffer adverse effects because they would not be exposed

to site contaminants on consistent basis

2.6.6.5 Description of the No Action Alternative

The no action alternative selected for Site 2F includes no institutional controls Site 2F is considered protective

of human health and the environment for the following reasons

Under the residential scenario the incremental cancer risk for soil is less than 106

Excluding background the HI for soil is less than 1.0 and the maximum lead concentration in soil is

less than the screening criteria

Groundwater was determined to be protective of human health based on the depth to

groundwater and the lack of significant soil contamination There is no current or

planned future use of groundwater at the site

Evaluation of potential ecological risks from exposure to soil identified no COECS and indicated that

the site is protective of ecological receptors

2.6.7 Site 2G -Grease Disposal Pit in 31 Area

Site 2G consists of former grease disposal pit in the 31 Area

2.6.7.1 Site Name Location and Description

Site 2G Grease Disposal Pit in 31 Area is located southwest of the Marine Corps Tactical System Support

Activity MCTSSA along an unpaved dirt road approximately 0.75 mile southwest of Stuart Mesa Road

Figure 1-2 The grease disposal pit is approximately 190 feet long and 115 feet wide Site 2G is located in

stream-cut canyon surrounded by gently sloping marine terrace The site is bordered on the northeast by

the MCTSSA on the east and southeast by agricultural fields on the north by light to moderate vegetation

and on the west and south by the Pacific Ocean which is about 300 feet from the site
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The
grease pit is no longer in operation and militaiy and civilian persoimel are present on site only

occasionally The undeveloped area surrounding the site on the north northeast and east is classified as

clear zone for operation of various types of radar associated with MCTSSA The agricultural outlease area

east and southeast of the site consists of marine terrace covered by natural vegetation limis-Teimebaum

Architects Inc 1990 The nearest family housing Stuart Mesa Housing is approximately 1.5 miles

northeast of the site Troop housing is located approximately 0.5 mile north of the site

No pereimial surface water is present
in the vicinity of Site 2G Surface water at the site is ephemeral

Runoff originating from the agricultural fields or from significant rainfall events flows into the intermittent

stream-cut canyon and discharges into the Pacific Ocean percolates into the subsurface or evaporates No

base production wells are located within the Cockleburr Basin or within 1-mile radius of Site 2G

Disturbed habitat is the dominant habitat at Site 2G The site is vegetated by variety of ice plants

including buckwheat wild oat brome common reed tree tobacco ice plant and curly dock Except for the

nonnative grasses most of the vegetation is confined to the
arroyo

that traverses the site No special-status

species are expected to be present at this site

2.6.7.2 Site History and Enforcement Activities

Site history and enforcement activities for grease disposal pits are described in Section 2.6.4.2

2.6.7.3 Summary of Site Characteristics

Site 2G was investigated in June and July 1996 during the RI for Group sites total of 10 soil samples

were collected from three boring locations and one surface location Figure 2-19 Soil samples were

analyzed for metals VOCs and SVOCs groundwater sample was collected from temporary well

placed in an estimated downgradient location Figure 2-19 The water sample was analyzed for the same

parameters as soil plus general chemistiy habitat and receptor survey was conducted to identiFy wildlife

present on site

2.6.7.3.1 Geology and Hydrogeology

Shallow geology at this site is characterized by semiconsolidated alluvium consisting of very fine grained to

fine-grained sand sand with silt gravel and clay Based on site geology groundwater is assumed to flow

to the southwest following surface topography Groundwater was encountered at depth of 14 feet below

ground surface in the three borings completed at the site
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and at approximately feet below ground surface in temporary well 2GGWT-01 which was placed in

shallow location on the beach near the center of the canyon

2.6.7.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 2G Results are summarized in Figure

2-19 which presents detected organics and any inorganics that exceed risk/hazard screening criteria

Or2anics

No organic compounds were detected in soil at Site 2G

Inor2anics

Arsenic was detected in two of eight samples and beryllium was detected in four of eight samples at

concentration exceeding PRGs but below background levels Figure 2-19 The detections were primarily in

surface samples

2.6.7.3.3 Groundwater Results

No organic compounds were detected in the groundwater sample from Site 2G Figure 2-19 With the

exception of arsenic no inorganics were detected at concentrations exceeding MCLs or tap-water PRGs

Figure 2-19 Arsenic was detected at concentration of 16.9 jtg/l which exceeds the tap-water PRG of

0.045 jtg/l but is below the MCL of 50 jtg/l

2.6.7.3.4 Summary

No organics were detected in soil arsenic and beryllium were the only inorganic compounds detected but

concentrations were below background With the exception of arsenic at concentration observed basewide

and below the MCL no other contaminants were detected in groundwater

2.6.7.4 Summary of Risks Associated with Site 2G

Human health and ecological risk assessments were conducted for Site 2G using data collected during the

Group RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment

summaries for Site 2G are presented in this section

SC1/1-99/WPC/Pendleto/ROD12 199 wpd
296



2.6.7.4.1 Human Health Risk Characterization

COPCs in Site 2G soil are limited to metals Current/future workers and future residents could be exposed

to soil contaminants through incidental ingestion dermal contact and inhalation of particulates

The cumulative residential risk for the maximum detected COPCs is 1.1 and is primarily attributable

to arsenic approximately 64 percent of the total risk and beryllium approximately 36 percent of the total

risk The maximum detected concentrations of these metals are less than Site 2G background

concentrations there are no site-related carcinogenic COPCs after exclusion of naturally occurring

background

The cumulative residential HI from the maximum detected metals is 1.0 Excluding the portion of total risk

attributable to background metals the incremental residential site hazard for maximum detected metals is

0.14 which is below the threshold criterion of 1.0

The Site 2G residential cancer risk and noncarcinogenic hazard are less than the risk and hazard criteria In

addition the maximum lead concentration in soil 16.2 mg/kg is below residential screening criteria

Therefore Site 2G soil is considered protective of human health

The COPCs detected in groundwater at Site 2G are limited to metals Future residents could be exposed to

groundwater contaminants through ingestion

The cumulative residential cancer risk from ingestion of groundwater is 3.8 and is completely

attributable to arsenic However the maximum reported groundwater concentration of arsenic 16.9 jtg/1

is below the MCL 50 jtg/l which corresponds to an incremental cancer risk of Furthermore

because the maximum detected concentration of arsenic in soil is within naturally occurring background

the groundwater concentration of arsenic is also likely naturally occurring The total noncarcinogenic

hazard associated with ingestion of groundwater is 1.9 and is primarily attributable to arsenic 1.5 HI

Because arsenic in groundwater is likely naturally occurring groundwater at Site 2G is considered

protective of human health

2.6.7.4.2 Ecological Risk Assessment

Site 2G is within the background area for marine terrace deposits background values were available for 16

of the 17 inorganic chemicals detected in site soils Background values were not
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available for boron Two preliminary inorganic COPECs iron and zinc exceed available background

values Boron iron zinc and all preliniinaiy organic COPECs were evaluated for potential toxicity

Three preliminary COPECs boron iron and zinc had HQs exceeding 1.0 Figure 2-19 HQs were

calculated for representative species for each of six soil samples which were analyzed for 146 inorganic

and organic chemicals including VOCs SVOCs pesticides and PCBs The HQs that exceed 1.0 are all

less than 10 with the exception of boron 32 for plants and zinc 19 for deer mouse Iron and zinc had

relatively high frequencies of detection 100 percent but boron was detected in only one of six samples

Site 2G is predominantly disturbed habitat Most of the vegetation was confined to small arroyo that

traverses the site Representative species for this site with HQs exceeding 1.0 include plants terrestrial

invertebrates deer mouse and Savannah sparrow

None of the preliminary COPECs were retained as final COECs even though some had HQs greater than

1.0 The potential for exposure and effects is considered low for these chemicals The HQs for most of the

chemicals detected are less than 1.0 indicating little or no potential toxicity Only two HQs exceed 10 and

the highest for boron was detected only once Zinc was detected in all six samples HQs for mammals are

less than 1.0 at three locations in the low toxicity range to 10 at two locations and in the medium

toxicity range 10 to 100 at one location The HQs for zinc exceed 1.0 only for single species the deer

mouse The size of the contaminated area is approximately 0.4 acre The suitable habitat is primarily

limited to an arroyo that traverses the site as result the actual area where exposure would occur is

considerably smaller than the home range size of any of the representative bird or mammal species for this

site None of the ecological receptors are expected to be sufficiently exposed to the preliminary COPECs at

this site for adverse effects to occur

2.6.7.5 Description of the No Action Alternative

The no action alternative selected for Site 2G includes no institutional controls Site 2G is considered

protective of human health and the environment for the following reasons

No site-related carcinogens were detected
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The incremental residential site-related hazard for maximum metals concentrations is below the

threshold criterion of 1.0

The maximum lead concentration in soil is below residential screening criteria

Arsenic was the only contributor to the risk and hazard for groundwater but was determined to be

naturally occurring

There is no potential use for groundwater at the site Site 2G is close to the ocean and is not in

beneficial use zone primarily because of the potential for saltwater intrusion

Evaluation of potential ecological risks from exposure to soil identified no COECS and indicated

that the site is protective of ecological receptors

2.6.8 Site 10 26 Area Sewage Sludge Composting Yard

Site 10 was used for composting sewage sludge

2.6.81 Site Name Location and Description

Site 10 26 Area Sewage Sludge Composting Yard is located in 26 Area approximately 600 feet

southwest of the intersection of Vandegrift Boulevard and Santa Margarita Road Figure 1-2 The site

consists of level open field pile of sewage sludge approximately 100 feet long 90 feet wide and 15

feet high was removed in 1997 from the site area and placed at Box Canyon landfill on base The site is

bordered on the north and west by graded piles of concrete mixing facility materials light vegetation and

an unpaved road on the east by moderate vegetation and farther east by ridge that rises up to 250 feet

above the composting yard South of the site is the 26 Area maintenance yard which is surrounded by

chain-link fence The site slopes gently to the southwest parallel to the Santa Margarita River and

eventually drains into the river farther downstream The Santa Margarita River is approximately 2500 feet

west Sites and 28 are southwest and Site 24 is northeast of the composting yard

The only pereimial surface water in the vicinity of Site 10 is the Santa Margarita River Ephemeral water is

often visible in pools during the rainy season During significant rainfall events surface water percolates

into the subsurface evaporates or runs off the site and eventually discharges into the Santa Margarita

River
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Land use in the vicinity of Site 10 consists of activities associated with MCB facilities and maintenance

operations Structures in the area include maintenance buildings administrative buildings heavy equipment

facilities base joint safety centers communications/electronics outside plant and MCB laundry facilities

Military and civilian persoimel are present in the immediate vicinity of the site on daily basis

Approximately 2000 feet north of the site is Lake ONeill recreation area The Santa Margarita River is

west of the site East of the site is an undeveloped hill classified as maneuver area the hill has steep

slope and is covered by natural vegetation limis-Tennebaum Architects Inc 1990 The nearest

designated troop housing areas are the Vado Del Rio 25 and 24 Areas approximately 1.5 miles northwest

of the site The nearest family housing the Ranch House is about 1.75 miles southwest of the site The

nearest base production well is approximately 1/2 mile northeast of Site 10

Dominant habitats at Site 10 are nonnative grassland and disturbed habitat Ripgut brome red brome and

wild oat are the dominant grass species in the noimative grassland habitat Pineapple weed mustard and

filaree are found in the disturbed habitat which also contains small grove of eucalyptus trees During

surveys 21 species of birds were observed on the site song sparrow and California towhee were the most

prevalent Least Bells vireo special-status species was observed on the site during the bird surveys

Small mammals captured during live-trapping include western harvest mouse deer mouse California

mouse and California ground squirrel Audubon cottontail and bats unidentified species were also

observed during the surveys western toad was caught in live-trap however no reptiles were observed

2.6.8.2 Site History and Enforcement Activities

Composting operations consisted of placing sewage sludge from base sewage treatment facilities into small

piles less than 10 cubic yards and allowing it to air dry in an area where groundwater is approximately 11

to 13 feet below ground surface After the sludge dried it was composted and stockpiled and was

reportedly either used as soil supplement at various base locations or hauled off base No information is

available on the dates of composting operations in the 26 Area

2.6.8.3 Summary of Site Characteristics

Site 10 was initially investigated in 1993 and 1994 during the RI for Group sites Phase RI was

conducted at Site 10 in June and July 1996 during the RI for Group sites total of 29 soil samples were

collected from 10 borings Boring locations are shown in Figure 2-20 Samples were analyzed for metals

VOCs SVOCs pesticides and PCBs and TPH as diesel and
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gasoline SPLP and deionized waste extraction test DI WET leachability analyses were conducted on

samples from resampled locations where diesel SVOCs and lead were detected during the Phase RI No

sediment or surface-water samples were collected because no surface water was present on site Two

groundwater monitoring wells were installed and three rounds of groundwater samples were collected

during 1994 Figure 2-20 The groundwater samples were analyzed for metals VOCs SVOCs TPH as

diesel and gasoline and general chemistiy Two sets of plants and invertebrates were collected at random

locations from the sludge pile The biota samples plants and invertebrates were analyzed for metals

PCBs and pesticides

2.6.8.3.1 Geology and Hydrogeology

Geology at Site 10 consists primarily of stream-deposited alluvium of Holocene age The predominant

lithology is poorly graded to well-graded sand with discontinuous lenses of lower permeability silty sand

silt and clay Poorly graded sand and less abundant lenses of lowpermeability sand e.g silty sand and

clayey sand silt and clay underlie the sludge composting yard The shallow geology indicates that Site 10

is underlain by up to 10 feet of strata consisting predominantly of silt and clay The fine-grained strata are

unsaturated The top 10 to 20 feet of the saturated portion of the aquifer occurs within strata consisting

primarily of sand

No borings were advanced to bedrock at Site 10 however borings at Group Site 24 in the Santa

Margarita River floodplain and within mile of Site 10 encountered the La Jolla Group suggesting that the

alluvium is up to 50 feet thick

The La Jolla Group crops out on hillsides surrounding the 26 Area This unit consists of fine- to

medium-grained sandstone interbedded with silty sandstone clayey sandstone siltstone and claystone

Site 10 is located on the alluvial plain of the Santa Margarita Basin on the east edge of the Upper

subbasin The groundwater flow direction beneath the site is primarily southwest parallel to the long axis

of the basin Local groundwater flow is southwest parallel to the long axis of the basin and is consistent

with regional flow which is parallel to the long axis of the Upper subbasin
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2.6.8.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 10 Results are summarized in Figures

2-20 and 2-21 which present detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

With the exception of 24-dinitrotoluene N-nitroso-di-n-propylamine pentachlorophenol PCP

benzoapyrenc and diesel none of the organic compounds detected in Site 10 soil exceeded human

evaluation criteria Figure 2-20 Diesel and PCP concentrations in boring 1OB-03 exceeded ecological

evaluation criteria Figure 2-2 Six detections of diesel in samples from five soil borings exceeded the

100-mg/kg screening level The highest diesel concentration was 4300 mg/kg in the 7-foot sample from

boring OB-03 The other four detected organics exceeded PRGs only once in the surface sample from

boring 1OB-03

In addition the following 25 organics were detected in Site 10 soil but at concentrations below PRGs

acetone 2-butanone toluene benzoic acid bis2-ethylhexylphthalate 4-chloroanitine

4-chloro-3-methylphenol 2-chlorophenol chrysene 2-dichlorobenzene 4-dichlorobenzene

4-methylphenol 4-nitrophenol phenol pyrene 24-trichlorobenzene acenaphthene

benzobfluoranthene diethylphthalate dimethylphthalate di-n-butylphthatate dieldrin 44-DDD

44-DDE and 44-DDT Most of the detections were from 1OB-03 which also had the highest

concentrations of PCP 32 mg/kg 4-chloroaniline 13 mg/kg and diesel 4300 mg/kg and the only

detections ofN-nitroso-di-n-propylamine 1.8 mg/kg benzoapyrene 6.4 mg/kg and 24-dinitrotoluene

2.5 mg/kg

Sample location lOB 03 was resampled during the Phase RI sample 1OSSOO3 for SVOC analysis

Only bis2-ethylhexylphthalate 2.3 mg/kg and 4-chloroaniline 1.7 mg/kg were detected

Benzoapyrene 24-dinitrotoluene N-nitroso-di-n-propylamine and PCP which were reported at

concentrations exceeding the PRGs during the Phase RI were not detected during this round of sampling

In an effort to confirm these results the same location was sampled for third time sample 055003A

and analyzed for TPH-diesel SPLP-diesel total SVOCs and SPLP SVOCs Total and leachable diesel

concentrations were 100 mg/kg and 2.8 mg/l respectively The only SVOC detected was 4-chloroaniline at

3.4 mg/kg no leachable SVOCs were detected To confirm the leachability of diesel the sample was

reanalyzed as sample 1055003B Total and leachable diesel concentrations were reported at 2160 mg/kg

and 55.4 mg/l respectively
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Although diesel was detected in soil at leachable concentrations no leachable semivolatile organic

compounds were detected indicating that no toxic constituents of diesel were leachable No volatile

organics or semivolatile organic constituents of diesel were detected in groundwater Therefore the diesel

concentrations detected in soil are not considered threat to groundwater or human health Diesel was

evaluated in the ecological risk assessment and was determined not to be significant threat to the

environment

Inor2anics

Out of the 23 samples analyzed for metals concentrations of arsenic in samples beryllium in 14 samples

lead in sample and manganese in sample exceeded PRGs Figure 2-20

Arsenic was detected in surface samples from six boring locations and at depth in one boring location at

concentrations exceeding the PRG but below background Although beryllium concentrations exceeded the

PRG in several samples at Site 10 the concentrations were only slightly higher than the regional

background concentration 1.42 mg/kg the maximum concentration for beryllium was 2.2 mg/kg

Antimony barium chromium copper lead mercury molybdenum silver and zinc exceeded ecological

screening criteria Figure 2-21

2.6.8.3.3 GroundwaterResults

No organics detected in groundwater exceeded MCLs or tap-water PRGs Figure 2-20 Benzoic acid was

detected once in well OW-02 approximate groundwater level of feet below ground surface and

bis2-ethylhexylphthalate butylbenzylphthalate and diethylphthalate were detected once in well 10W-Ui

approximate groundwater level of feet below ground surface No other organics were detected in Site 10

groundwater

No inorganics exceeded MCLs however arsenic and beryllium were detected at concentrations exceeding

tap-water PRGs Figure 2-20

Beryllium was detected twice and 2.2 jtg/l in well 10W-Ui at concentrations exceeding the tap-water

PRG Arsenic was detected twice 3.3 and 2.8 jtg/1 in well 10W-Ui and twice 3.7 and 4.4 jtg/l in well

UW-02 at concentrations exceeding the tap-water PRG
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2.6.8.3.4 Biota Results

Terrestrial plant and invertebrate samples were collected from the main portion of the site and the sludge

piles The maximum detected tissue concentrations in biota collected from the main portion of the site were

compared with similar biota collected from reference areas For plants most chemical concentrations were

to 10 times higher than reference levels indicating uptake of these chemicals at levels exceeding

background None of the tissue concentrations in terrestrial invertebrates exceed the reference value The

maximum detected tissue concentrations in biota collected from the sludge pile were compared with similar

biota collected from reference areas but no tissue concentrations exceeded those from the reference areas

2.6.8.3.5 Summary

Four semivolatile organics were detected in one surface sample at concentrations exceeding PRGs but were

not detected in subsequent boring intervals or elsewhere in Site 10 soil Diesel was detected at various

locations at concentrations exceeding the evaluation criterion but is not threat to groundwater or human

health Manganese lead and mercury exceeded PRGs but only once each in 23 soil samples indicating

that inorganics in soil do not pose concern Four organics and two inorganics were detected in Site 10

groundwater but at concentrations below MCLs

2.6.8.4 Summary of Risks Associated with Site 10

Human health and ecological risk assessments were conducted for Site 10 using data collected during the

Group and Group RIs Risk assessment methodologies are summarized in Section 2.4.1.4 Risk

assessment summaries for Site 10 are presented in this section

2.6.8.4.1 Human Health Risk Characterization

COPCs in Site 10 soil include metals VOCs SVOCs and pesticides Soil results from the sludge pile were

not included in the human health assessment because of the planned removal of the pile Current/future

workers and future residents could be exposed to soil contaminants through incidental ingestion dermal

contact and inhalation of VOCs or particulates

The cumulative residential risk from the maximum detected COPCs in soil is 7.2 Q5 and is primarily

attributable to arsenic approximately 11 percent of the total risk beryllium 22 percent of the total risk

N-nitraso-di-n-propylamine approximately 42 percent of the total risk PCP approximately 18 percent of

the total risk and 24-dinitrotoluene approximately percent
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of the total risk Arsenic is below the associated background concentration and was excluded from the risk

evaluation as naturally occurring N-nitroso-di-n-propylamine has been shown to be laboratory

contaminant in the past was detected only once during the Group Phase RI and has never been

associated with site-related activities Both PCP and 24-dinitrotoluene were detected only once at

concentrations exceeding PRGs The sample location 10SB003 surface sample at which these compounds

were detected was resampled twice during the Group RI but no detections of these compounds were

reported Therefore N-nitroso-di-n-propylamine PCP and 24-dinitrotoluene were excluded from the risk

evaluation Excluding the portion of total risk attributable to background metals and to

N-nitroso-di-n-propylamine PCP and 24-dinitrotoluene the incremental residential site risk is 6x1 06 The

only contributor exceeding lxi 06 is beryllium The maximum detected beryllium concentration is 2.2

mg/kg and exceeds the background concentration of 1.42 mg/kg by only 0.78 mg/kg

The cumulative residential noncarcinogenic hazard from maximum detected COPCs is 2.4 and is primarily

attributable to metals approximately 92 percent of the total hazard Excluding the portion of total hazard

attributable to background metals the incremental residential site hazard is 1.3 just above the threshold

criterion of 1.0 However the incremental residential hazard site total hazard minus the hazard attributable

to background metals is below the threshold criterion of 1.0 for each target organ indicating that soil

COPCs will not result in adverse health effects for future residential land use

The cumulative industrial cancer risk from maximum detected COPCs is .6x1 Excluding the portion of

total risk attributable to background metals and N-nitroso-di-n-propylamine PCP and 24-dinitrotoluene

the incremental industrial site risk is lxi G6 The cumulative noncarcinogenic hazard from maximum

detected COPCs is 0.41 and is primarily attributable to metals Excluding the portion of total hazard

attributable to background metals the incremental industrial site hazard is 0.15

The results of the HHRA indicate that the incremental residential 6x 106 risk at Site 10 is within the risk

management range and the incremental residential site hazard by target organ is below the threshold

criterion of 1.0 In addition the maximum reported lead concentration 95 mg/kg is below screening

criteria Based on the results of the HHRA Site 10 soil is considered protective of human health
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Detected COPCs in groundwater include metals and SVOCs Future residents could be exposed to

groundwater contaminants through ingestion

The cumulative residential cancer risk from ingestion of groundwater is 2.4x1 and is primarily

attributable to arsenic approximately 41 percent of the total risk and beryllium approximately 58 percent

of the total risk

The total noncarcinogenic health hazard is 1.4 and is primarily attributable to metals in groundwater

specifically manganese HQ 0.71 and arsenic HQ 0.4 The incremental residential hazard is below the

threshold criterion of 1.0 for each target organ evaluated indicating that groundwater COPCs will not

result in adverse health effects for fbture domestic use of groundwater

2.6.8.4.2 Ecological Risk Assessment

The site was divided into the main portion and the sludge pile for purposes of the EcoRA The sludge pile

has limited ecological habitat but was included in the EcoRA because it could provide prey items e.g soil

invertebrates for secondary receptors Samples collected from each area include soil to feet below

ground surface and biota plants and terrestrial invertebrates

COPECs that exceed background and that have HQs exceeding 1.0 are shown in Figure 2-2 The

COPECs are mostly metals but include maximum detected concentrations of diesel and PCP at one

location Most chemicals were not considered COECs because they had low frequency of detection and/or

of exceeding an HQ of 1.0 average concentrations that resulted in HQs less than or close to 1.0 or were

not found in tissue samples representing species of concern The main contributors to ecological risk are

lead copper and zinc Representative species for this site with HQs exceeding 1.0 include plants terrestrial

invertebrates California mouse deer mouse American robin and Swainsons hawk

The HQs for lead and mercury in soil in areas of concern at the Site 10 main site and sludge pile range

from approximately 1.0 to and 1.0 to respectively These HQs indicate low potential risk Average

detected concentrations of lead and mercury were 46 and 2.2 mg/kg respectively Background

concentrations of lead and mercury are 29 and 0.08 mg/kg respectively The site
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related portion of the average concentration of lead results in an HQ less than 1.0 The site-related portion

of the average concentration of mercury results in an HQ of 2.2

The HQs for copper range from 1.0 to 73 The average detected concentration of copper 440 mg/kg

results in an HQ of 21 The receptors of concern for copper are mammals The laboratory test species used

to derive the PLEs for mammals is the rat The toxicity for copper is based on subchronic no observed

adverse effect level NOAEL the adverse effects measured or observed are impairment of learning ability

hyperactivity and behavioral aberrations These subtle adverse effects have not been measured in the field

and are not fatal Samples of representative mammal species at Sites 1A and 2A where similar or higher

concentrations of lead copper and mercury were detected in soil were analyzed for these metals The

detected concentrations in the representative species did not exceed reference concentrations This indicates

that these metals are not significantly bioaccumulating in mammals or their diets at the concentrations

detected in Site 10 soil and that these metals may not be in bioavailable chemical state for mammals

Sewage sludge composting has not made Site 10 favorable area for mammals Cover vegetation is limited

relative to surrounding areas and the site appears to be less favorable habitat than surrounding areas

The site is near base maintenance facilities and land use is not likely to change from industrial use

Although few chemicals present potential low to medium risk at Site 10 the overall potential risk is

low

2.6.8.5 Description of the No Action Alternative

The no action alternative selected for Site 10 includes no institutional controls Site 10 is considered

protective of human health and the environment for the following reasons

The HI for soil does not exceed the 1.0 criterion for individual target organs

The ILCR is at the lower end of the NCP range of 106 to for risk management evaluation

At least some portions of the main groundwater risk contributors arsenic and beryllium are likely

and are assumed to be within background
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Beryllium detections were limited to the first two rounds of sampling in well 10W-Ui beryllium

was not detected in low-Ui during the third round of sampling and was not detected in the other

Site 10 well l0W-02

The arsenic and beryllium detections were qualified with indicating that these compounds

were detected below the CRDL but at or above the IDL

The likelihood of installing drinking water well at the point of maximum arsenic and beryllium

concentrations is considered low

The maximum arsenic and beryllium groundwater concentrations are less than one-half the

respective MCLs 50 and tgl

Although few chemicals pose potential low to medium ecological risk at Site 10 the overall

potential risk is low

2.6.9 Site 16 22 Area Buildings 22151 and 22187 Ditch Confluence and Ditch

Site 16 is the ditch and ditch confluence between Buildings 22151 and 22187

2.6.9.1 Site Name Location and Description

Site 16 22 Area Buildings 22151 and 22187 Ditch Confluence and Ditch is located about 0.25 mile

southeast of the Marine Corps Air Station MCAS and approximately mile from the Santa Margarita

River Figure 1-2 Seasonal surface water flows in highly vegetated unlined ditch at this site The ditch

is approximately 10 feet wide and to feet deep Site 16 is adjacent to the south corner of the base

motorpool and is immediately northwest of Site 17 The nearest base production well is approximately

miles west-southwest of Site 16

The site includes the Buildings 22151 and 22187 ditch confluence and ditch and an oillwater separator The

site is bordered on the northeast side by fenced asphalt-paved area motor transportation maintenance

facility north of the ditches and by an asphalt parking lot south of the ditches on the southwest and

northwest by light to moderate vegetation and on the southeast by grass An elevated concrete walkway

crosses perpendicular to the ditch The Santa Margarita River is approximately mile north Site 17 is

south and Site 27 is southwest of the ditch confluence

No perennial surface water is present in the vicinity of Site 16 The area receives only low aimual rainfall

primarily during winter months Surface water at the site is generally ephemeral
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follows the gently sloping ground surface and drains southwesterly in well-defined ditches In addition the

Site 16 ditch drains into the Site 27 ditches which flow southwesterly and eventually discharge into the

Santa Margarita River The remaining surface water either percolates into the subsurface or evaporates

The ditch confluence between Buildings 22151 and 22187 is within the Santa Margarita River floodplain

Land use in the vicinity of Site 16 consists of activities associated with major warehousing and food

storage functions for the base Structures in the area include maintenance shops motor pools fueling

facilities administrative buildings scrap yards recreation areas troop housing and industrial and

warehouse buildings Military and civilian personnel are present on roads and buildings in the vicinity of

the site on daily basis The nearest designated troop housing areas are located in the Chappo 22 Area

approximately 200 feet from the site The nearest family housing is the Ranch House about 1.5 miles

northeast of Site 16 The nearest base production well is approximately 3400 feet northwest of Site 16

Site 16 contains 30-foot-wide strip of riparian habitat that runs parallel to Avenue Cottonwood and

willow are the dominant tree species mulefat tree tobacco and cattail are found in the understory

Nonnative grassland habitat surrounds the riparian strip and is mowed along Avenue Southeast of the

riparian strip is small patch of coastal sage scrub Sagebrush coyote brush and deerweed are the

dominant species in this habitat During the surveys 17 bird species were identified Common species

include European starling common yellowthroat and California towhee least Bells vireo

special-status species was observed in the riparian strip parallel to Avenue Deer mice western

harvest mice and house mice were observed on site Audubon cottontails were observed throughout the

site No amphibians were observed western diamondback rattlesnake was found in rock pile near the

riparian strip

2.6.9.2 Site History and Enforcement Activities

Site 16 consists of naturally occurring drainage ditch that could have received hazardous materials from

an oillwater separator and from previous operations at the base motorpool north of the site Adjacent to the

ditch is an oillwater separator that was installed in the mid-i 980s and used until the late 980s when

operational problems were observed Petroleum and oil could have spilled into the ditch during that time

however no information is available on the constituents or the quantity of effluent from the separator

Facilities in the area include lube
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bay maintenance shop auto shop welding facility steam-cleaning pad frame-straightening rack and auto

grease rack These facilities have been operating for more than 20 years and use or store materials such as

POLs and solvents

2.6.9.3 Summary of Site Characteristics

Site 16 was initially investigated in 1993 and 1994 during the RI for Group sites Phase RI was

conducted in June and July 1996 during the RI for Group sites total of 18 soil samples were collected

from 10 borings and surface locations Figure 2-22 Samples were analyzed for metals VOCs SVOCs

and TPH as diesel and gasoline SPLP and DI WET methods were used for leachability tests on samples

from resampled locations where diesel and lead were detected during the Phase Ri

total of 14 surface-water samples were collected from eight locations during three sampling events in

1994 and 1995 Figure 2-23 The surface-water samples were analyzed for the same analytes as soil plus

general chemistiy Three sediment samples were collected during the June and July 1996 investigation The

sediment samples were analyzed for metals PCBs and pesticides In addition leachability tests were run on

the sediment samples for toluene ethylbenzene xylenes TCE and total lead Groundwater at Site 16 is

included in 0U4

habitat and receptor survey was conducted and dominant vegetative habitats were noted during March

1995 Bird and general wildlife
surveys were conducted along with mammal trappings conducted to

identiFy small mammal use of the site

During June 1995 one composite plant sample and one composite invertebrate sample were collected

Additional crayfish samples were collected at location during Phase to evaluate organochlorine

pesticide e.g 44-DDT bioavailability at the site and potential sources of pesticides previously detected

in downstream sediment Site 27 The samples were analyzed for metals PCBs and pesticides

2.6.9.3.1 Geology and Hydrogeology

The geology of Site 16 consists primarily of stream-deposited alluvium of Holocene age overlying the La

Jolla Group bedrock of Eocene age Soil at this site consists of alluvial sand silt and clay deposited as

discontinuous lenses Poorly graded to well-graded sand is the predominant lithology in the area with

discontinuous lenses of lower permeability silty sand
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silt and clay Poorly graded sand and less abundant lenses of low-permeability silty sand clayey sand silt

and clay underlie the ditch confluence area The La Jolla Group crops out on hillsides surrounding 22 Area

and consists of fine- to medium-grained sandstone interbedded with silty sandstone clayey sandstone

siltstone and claystone

Site 16 is located on the alluvial plain of the Santa Margarita Basin on the south edge of the Chappo

subbasin The groundwater flow direction beneath the site is primarily southwest parallel to the long axis

of the basin Local groundwater flow is west-southwest parallel to the long axis of the Chappo subbasin

and consistent with regional groundwater flow Depth to the groundwater table at Site 16 ranges from to

10 feet below ground surface

Complicated localized variations in the water table were observed throughout the south side of the Chappo

subbasin particularly along the basin edge The water-level variations could be caused by combination of

factors including the lower hydraulic conductivities of the abundant fine-grained strata on the edge of the

basin numerous anthropogenic influences such as pavement and buildings that decrease

evapotranspiration in some areas and extensive storm-water control measures that chaimel and redirect

surface-water flow and infiltration

2.6.9.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 16 Results are summarized in Figure

2-22 which presents detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

With the exception of diesel none of the organic compounds detected in Site 16 soil exceeded evaluation

criteria Figure 2-22

Diesel concentrations in samples from four soil borings exceeded the 00-mg/kg screening level The

highest diesel concentration was 1000 mg/kg at sample location 6B-04 which exceeds the LUFT

Manual guidance and the ecological screening criterion

The following nine organics were detected in Site 16 soil at concentrations below the evaluation criteria

acetone toluene 111 -TCA methylene chloride benzoic acid bis2-ethylhexyl-phthalate

butylbenzylphthalate diethylphthalate and 44-DDT Of these nine analytes the highest concentration was

0.2 mg/kg for benzoic acid
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Surface soil was resampled at locations 6B-04 and 6B-05 during the Phase investigation samples

16B-04-O1RE and 16B-05-O1RE respectively for TPH-diesel analysis the corresponding analytical

results were 31 and 160 mg/kg respectively The samples were further analyzed for leachability via SPLP

analysis for toluene ethylbenzene xylenes and TCE No VOCs were detected in the SPLP analysis

indicating that these constituents are not likely to leach to groundwater

Surface soil at location 16B-05 was sampled for third time sample 16B-05-O1RE2 to evaluate the

leachability of diesel However diesel was not detected in the soil sample or the SPLP test

Inor2anics

Arsenic was detected in samples beryllium in 15 samples and lead in sample out of 20 at

concentrations exceeding PRGs Figure 2-22 No other inorganics exceeded the evaluation criterion

Arsenic was detected in surface samples from three boring locations at concentrations exceeding the PRG

but below background Although beryllium concentrations exceeded the PRG in several samples at Site 16

concentrations were below the regional background concentration 1.42 mg/kg at all locations except

16B-07 where beryllium was detected in the surface and 6-foot samples at concentrations of 2.2 and 2.4

mg/kg respectively

The maximum lead concentration 465 mg/kg was detected in surface soil at sample location 6B-05 and

exceeded the PRG and background Location 16B-05 was resampled sample 16B-05-01 RE and tested

for total lead and leachable lead by DI WET analysis The total lead concentration for the repeat sample

was 35 mg/kg but the corresponding leachable lead concentration was 610 tg/l which is unusually high

considering the low total lead concentration Consequently the same location was sampled for third time

sample 16B-05-01 RE2 The total lead concentration of 17 mg/kg confirmed the low soil concentration

from the previous resampling effort Leachability testing using DI WET analysis detected no leachable

lead The results are summarized below

Samp1in Round Total Lead m21k2 DI WET Lead Ltl

Phase 465 Notperformed

Phase 35 610

January 1997 17 ND
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Based on this testing the original elevated lead detection is considered anomalous as confirmed by the low

concentrations detected during the two subsequent resampling efforts Given the low total lead

concentration of 35 mg/kg leachable lead value of 610 tg/l seems to be erroneously high The final DI

WET analysis data support this contention and indicate that leaching of lead to groundwater is unlikely for

lead concentrations in this range

2.6.9.3.3 Groundwater Results

Groundwater at Site 16 is included in 0U4 and results are not presented here

2.6.9.3.4 Surface-Water and Sediment Results

Results of surface-water and sediment sampling arc summarized in Figure 2-23 Because no pathways for

human exposure exist for sediment or surface water contaminants detected in these media are of concern

only for ecological receptors Accordingly the results are not compared against human health evaluation

criteria Instead the analytical results for these media are screened against ecological risk criteria

Diesel and 44-DDT are the only organic compounds that exceeded ecological screening criteria Diesel

exceeded ecological screening criteria at three surface-water sample locations with maximum

concentration of 1580 tg/l The 44-DDT concentration in sediment sample 165D003 was 3.6 tg/kg

which exceeds the screening criteria

Barium exceeded screening criteria at three sediment sample locations with maximum concentration of

124 mg/kg Barium copper iron and zinc exceeded screening criteria in surface-water samples with

maximum concentrations of 169 28.5 2280 and 220 tg/l respectively

2.9.3.5 Biota Results

Terrestrial plant and aquatic invertebrate samples were collected at Site 16 Biota collected from the site

included terrestrial plants and aquatic invertebrates The maximum detected tissue concentrations were

compared with similar biota collected from reference areas For terrestrial plants all reference HQs are less

than 1.0 indicating that bioaccumulation from site-related chemicals is less than that for reference areas
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Aquatic invertebrates crayfish were compared with reference values from two different reference areas as

well as with PLEs for ingestion by raccoons One reference area R8 was located upstream of sample

station in an arm of the drainage into Sites 16 and 27 this location had not been sampled previously and

was not expected to be affected by site-related activities The second reference area R4 was located above

the inlet to the upper end of Lake ONeill and was used to represent background conditions for the base

Aluminum barium copper and iron at sample station and nickel at station exceeded both R4 and R8

reference values Manganese and nickel at sample station and cobalt and copper at sample station

exceeded only R8 reference values Arsenic at sample station and aluminum and silver at sample station

exceeded only R4 reference values With the exception of nickel at sample station reference HQs were

less than 10 indicating that tissue levels were relatively close to those at unaffected reference areas Tissue

concentrations could be representative of local ambient concentrations because no significant differences

were observed in upstream locations compared with downstream sample locations In addition the

organochlorine pesticide 44-DDT which exceeded sediment PLEs at Site 27 was not detected in crayfish

tissues indicating that biota are not bioaccumulating this chemical comparison of crayfish tissue

concentrations against PLEs for ingestion by raccoons indicated that concentrations could reflect general

ambient conditions because PLEs were exceeded by the same chemicals in tissues collected from both the

site and the Lake ONeill reference area

2.6.9.4 Summary of Risks Associated with Site 16

Human health and ecological risk assessments were conducted for Site 16 using data collected during the

RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment summaries for Site

16 are presented in this section

2.6.9.4.1 Human Health Risk Characterization

The HHRA evaluated soil only Groundwater at Site 16 is included in OU4 The pathways for human

exposure to surface water and sediment are not complete and thus were not evaluated

Detected COPCs in soil include metals SVOCs and VOCs Current/future workers and future residents

could be exposed to soil contaminants through incidental ingestion dermal contact and inhalation of VOCs

or particulates
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The cumulative residential risk from maximum detected COPCs is .9x1 and is primarily attributable to

arsenic approximately 10 percent of the total risk and beryllium approximately 90 percent of the total

risk The maximum concentration of arsenic 0.7 mg/kg is below the background value 4.25 mg/kg

whereas the maximum concentration of beiyllium2.4 mg/kg exceeds background 1.42 mg/kg

Excluding the portion of total risk attributable to background metals the incremental residential site risk is

7x1 06 Assuming that beryllium is lognormally distributed throughout the soil at Site 16 the estimated 95

percent UCL soil concentration for beryllium is 1.2 mg/kg Excluding the portion of total risk attributable

to background the incremental residential site risk for the 95 percent UCL soil concentration is 2.Oxi

The cumulative residential noncarcinogenic hazard for the maximum detected COPCs is 0.64 and is

primarily attributable to metals approximately 99 percent of the total hazard Excluding the portion of

total hazard attributable to background metals the incremental residential site hazard is 0.1

The incremental residential cancer risk is less than lxi06 and the incremental noncarcinogenic hazard is

less than 1.0 The maximum lead concentration 465 mg/kg exceeds the residential soil PRG During two

resampling events at the location where the maximum lead concentration was detected lead concentrations

were 35 and 17 mg/kg The other 18 detections of lead were below residential PRGs The single high

concentration of lead is not uniformly distributed throughout site soil as indicated by the lower detections

of lead in subsequent sampling at the maximum concentration location and at other locations Based on the

conservative assumptions used no adverse health impacts are expected from lead at Site 16 Therefore

Site 16 soil is considered protective of human health

2.6.9.4.2 Ecological Risk Assessment

Seven preliminary COPECs six inorganics and one organic in soil had HQs exceeding 1.0 Figure 2-23

HQs were calculated for representative species for multiple soil samples at seven locations the samples

were analyzed for 119 inorganic and organic chemicals Most of the HQs that exceed 1.0 are less than 10

indicating that the potential for toxicity is relatively low HQs for beryllium cadmium chromium lead and

zinc are in the medium toxicity range 10 to 100 The frequencies of detection for chemicals with HQs

greater than 1.0 were high 100 percent with the exception of cadmium 13 percent and diesel 47

percent
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HQs for two preliminary sediment COPECs barium and 44-DDT exceed 1.0 Figure 2-23 HQs exceed

1.0 for barium at sample locations and and for 44-DDT at sample station All HQs that exceed

1.0 are less than 10 indicating that potential toxicity is relatively low The highest HQ is 6.2 for barium at

station but barium concentrations are less than those detected at reference area R8 located upstream

from Site 27 and are considerably less than soil background levels for the Santa Margarita Basin

HQs for five preliminary surface-water COPECs barium copper iron zinc and diesel exceed 1.0 for

chronic exposure by aquatic organisms HQs that exceed 1.0 are all less than 10 with the exception of

barium at sample stations and where HQs are in the medium toxicity range 10 to 100 HQs for

barium at sample stations and and zinc at sample station exceed 1.0 for acute exposure but are close

to 1.0 indicating that the potential for acute toxicity is relatively low Chemicals exceeding aquatic water

quality criteria AWQC include iron at station and copper and zinc at station Iron exceeded chronic

AWQC only once Copper was detected in only one of four samples and did not exceed the acute AWQC

Zinc was detected in all four samples collected from the station but only one sample exceeded chronic and

acute AWQC values This sample was collected in 1994 and the subsequent sample collected in 1995

contained much lower zinc concentrations The HQs for terrestrial representative species exposed to

surface water are all less than 1.0

Birds small mammals reptiles and aquatic invertebrates were observed at the site The least Bells vireo

special-status species could use the site but is not expected to establish territories or nests because of the

limited suitable habitat Representative species for this site with HQs exceeding 1.0 include plants

terrestrial invertebrates deer mouse raccoon least Bells vireo and Swainsons hawk for soil and aquatic

organisms for sediment and surface water

None of the preliminary COPECs in soil were retained as final COPECs because the potential for exposure

and effects is considered low Additional confirmation sampling of the soils was conducted at Site 16 for

lead and TPH including leachability testing The results indicated that these chemicals do not have

significant potential for leaching and transport

The total lead concentration at the highest soil location 16B-05 was originally reported as 465 mg/kg

Two subsequent soil sampling events at the same location resulted in 35 and 17 mg/kg respectively Boring

6B-04 which originally had lead concentration of
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80.5 mg/kg was resampled and concentration of 12.6 mg/kg was detected This indicates that the

concentrations and extent of lead contamination at the site are not as high as indicated by the initial

sampling

Other preliminary COPECs with HQs exceeding 1.0 include beryllium cadmium chromium copper and

zinc HQs for these chemicals are in the low and medium toxicity ranges Soil leachability testing

demonstrated that leaching of these chemicals from soil into sediments and surface water is insignificant

The actual areas of the site where contamination is present is likely limited proportion of the overall site

area These areas are generally smaller than the home range sizes of representative bird and mammal

species Given the relative lack of suitable habitat compared with surrounding areas ecological receptors

would not likely be sufficiently exposed to preliminary COPECs at the site to result in adverse effects

None of the preliminary COPECs in sediment were retained as final COPECs because the potential for

exposure and effects is considered low Barium was not retained as final COPEC because concentrations

were less than upstream reference concentrations and soil background levels indicating that barium

concentrations in the ditches are reflective of background conditions for the area The pesticide 44-DDT

was not retained because HQs were low and it was detected only once on site This compound was not

detected in aquatic invertebrate crayfish tissues collected from the on-site drainage ditches or in crayfish

samples collected from downstream location at Site 27

None of the preliminary COPECs in surface water were retained as final COPECs because the potential for

exposure and effects is considered low The HQs indicated low potential toxicity and barium and diesel

were the only chemicals exceeding PLEs at more than one sample station within the site Barium and diesel

were not retained as final COPECs because concentrations of barium could be reflective of underlying

sediment concentrations or ambient conditions for the area and the HQs for diesel were generally in the low

toxicity range ito 10 Diesel was detected in only two surface-water samples The source of the diesel

contamination likely is attributable to storm-water runoff from roadway areas at the different sites that

contribute drainage to the ditch Potential sources that may have contributed to the diesel detections in the

stormwater runoff near Site 16 include the motor transportation/maintenance facility immediately northeast

of the site and the asphalt parking lot south of the site Soil leachability studies demonstrated that residual

contamination in on-site soils is probably not significant contributor
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to surface water at the site Three preliminary COPECs exceeded PLEs based on AWQC iron copper

and zinc These constituents were not retained as final COPECs because they were detected at

concentrations exceeding AWQC only once and at only one location within the site Subsequent samples

were either below AWQC or were nondetects indicating that concentrations are not consistently at

potentially toxic levels In addition the ditch is only seasonally wet and as such does not support higher

tropic level aquatic organisms e.g fish

2.6.9.5 Description of the No Action Alternative

The no action alternative selected for Site 16 soil sediment and surface water includes no institutional

controls Site 16 is considered protective of human health and the environment for the following reasons

The human health HI for maximum detected soil concentrations is less than 1.0

The incremental cancer risk for representative concentrations at the site that exceed background is

less than 1x106

Although few chemicals pose potential ecological risk at Site 16 the overall potential risk is

low The potential for exposure and adverse effects is considered low for soil surface water and

sediment

2.6.10 Site 17- 22 Area Building 22187 Marsh and Ditch

Site 17 consists of marsh and ditch near Building 22187 in 22 Area

2.6.10.1 Site Name Location and Description

Site 17 22 Area Building 22187 Marsh and Ditch consists of an unlined densely vegetated ditch located

about 0.25 mile southeast of the MCAS and approximately mile from the Santa Margarita River Figure

1-2 Seasonal surface water flows in the unlined ditch which is approximately 10 feet wide and to feet

deep

Site 17 is bordered on the west and northwest by light to moderate vegetation on the cast by grass and on

the south by Building 22187 An elevated concrete walkway traverses the ditch The site is situated in flat

part of the floodplain is drained by two northwest-flowing ditches and receives runoff from the Building

22187 area The confluence of several ditches widens and creates marsh at the site Site 16 is north and

Site 27 is downstream to the west of the marsh and ditch Ridges to the cast and south rise 350 feet above

the site Figure 2-24
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No pereimial surface water is present in the immediate vicinity of Site 17 The area receives only low

aimual rainfall primarily during winter months Surface water at the site is generally ephemeral and

follows the gently sloping ground surface to the southwest The Site 17 ditch drains into Site 16 and Site 27

ditches which eventually discharge southwest into the Santa Margarita River Any surface water that does

not drain to the ditches either percolates into the subsurface or evaporates

Land use in the vicinity of Site 17 consists of activities associated with major warehousing and food

storage functions for the base Structures in the area include maintenance shops motor pools fueling

facilities administrative buildings scrap yards recreation areas troop housing and industrial and

warehouse buildings Military and civilian persoimel are present in the immediate vicinity of the site on

daily basis An elevated walkway crosses Site 17 and Site 16 to the north The nearest designated troop

housing areas are in the Chappo 22 Area approximately 500 feet from the site The nearest family

housing the Ranch House is about 1.25 miles northeast of Site 17 The nearest base production well

10S/OSW-13R02 is approximately mile northwest of Site 17

Site 17 contains predominantly nonnative grassland habitat Dominant grass species include ripgut brome

and wild oat The two ditches that traverse the site contain renmant strips of riparian habitat including

cottonwood willow and cattail No special-status species were observed during the site surveys least

Bells vireo was tentatively identified on the site but could not be confirmed During ecological surveys 19

bird species were identified on site including song sparrow red-winged blackbird Aima hummingbird

and red-shouldered hawk House mice and California ground squirrels were caught in live-traps during the

March 1995 survey No reptiles were observed Aquatic and terrestrial invertebrates were observed at the

site during the March June and October 1995 surveys

2.6.10.2 Site History and Enforcement Activities

Site 17 consists of naturally occurring drainage ditch that could have received hazardous materials The

ditch received runoff from the Building 22187 area Building 22187 is steam generation plant that was

built in 1952 POLs and corrosives descalers were used during previous operations and are currently

stored in the Building 22187 area diesel spill reportedly flowed into the drainage ditch immediately north

of Building 22187 In addition thousands of gallons of diesel from an overflowing UST reportedly spilled

into the ditch in the late 198 Os In
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March 1992 two USTs were removed from the area as part of the Navys UST program The tanks stored

diesel and had capacities of 12000 and 6000 gallons No additional information is available on the

quantities of other contaminants received by the ditch

An initial study of two diesel USTs near Site 17 was conducted in 1985 Organic vapor concentrations in

borings and wells ranged from 200 ppm to more than 1.000 ppm as measured using flame-ionization

detector FID Petroleum hydrocarbon concentrations were 15000 and 19000 ppm at approximately 15

feet below ground surface No other analyses were performed on these samples during the initial study

Dames and Moore 1986 later investigation resulted in the installation of two soil borings and three

groundwater wells after the removal of the USTs SWDIV 993c maximum petroleum hydrocarbon

concentration of 9900 ppm was detected in the soil samples collected as part of the UST removal program

2.6.10.3 Summary of Site Characteristics

Site 17 was investigated during the RI for Group sites and was initially reported in the Group RI

report SWDIV 996a Additional ecological sampling was conducted during the RI for Group sites

SWDIV 997b The results of the Rl indicated that soil contaminants were limited to petroleum

hydrocarbons Site 17 soil was excluded from CERCLA and will be addressed under the base UST

program as documented in an amendment to the FFA EPA 996b Groundwater at Site 17 is included in

0U4

Three surface-water samples were collected from two locations at Site 17 and were analyzed for metals

VOCs SVOCs TPH as diesel and gasoline and general chemistiy Three sediment samples were collected

from three locations at Site 17 and were analyzed for metals PCBs and pesticides Sample locations are

shown in Figure 2-24

habitat and receptor survey was conducted and dominant vegetative habitats were identified at Site 17

during March 1995 Bird and general wildlife surveys were conducted to evaluate the potential presence of

special-status wildlife species Mammal trapping using Sherman live-traps was conducted to identiFy

small mammal use of the site

2.6.10.3.1 Geology and Hydrogeology

The Building 22187 marsh and ditch area is within the Santa Margarita River floodplain The geology of

Site 17 consists primarily of stream-deposited alluvium of Holocene age overlying La
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Jolla Group bedrock of Eocene age Soil at this site consists of alluvial sand silt and clay deposited as

discontinuous lenses The predominant lithology in the area is poorly graded to well-graded sand with

discontinuous lenses of lower permeability silty sand silt and clay Poorly graded sand and less abundant

lenses of low-permeability silty sand clayey sand silt and clay underlie the ditch confluence area

The alluvium at Site 17 extends to depths of at least 84 feet The La Jolla Group was encountered at

depth of 71 feet below ground surface in one well close to the eastern hillslope suggesting thickening of

alluvium downstream The La Jolla Group crops out on hillsides surrounding 22 Area and consists of fine-

to medium-grained sandstone interbedded with silty sandstone clayey sandstone siltstone and claystone

Boring logs and geologic cross-sections for Site 17 are presented in the draft final RI report for Group

sites SWDIV 1996a

Site 17 is located on the alluvial plain of the Santa Margarita Basin on the south edge of the Chappo

subbasin The regional groundwater flow direction is primarily southwest parallel to the long axis of the

basin Depth to the water table at Site 17 ranges from to 10 feet below ground surface Local

groundwater flows west-southwest parallel to the long axis of the Chappo subbasin and consistent with

regional groundwater flow

2.6.10.3.2 Surface-Water and Sediment Results

Because no pathways for human exposure exist for surface water or sediment the contaminants detected in

these media are of concern only for ecological receptors Accordingly the results are not compared against

human health evaluation criteria The analytical results are summarized in Figure 2-24

2.6.10.4 Summary of Risks Associated with Site 17

An EcoRA was conducted for Site 17 using data collected during the Group and Group RIs Risk

assessment methodology is summarized in Section 2.4.1.4

HQs for four preliminary sediment COPECs barium cadmium 4.4-DDE and 44-DDT exceed 1.0

Figure 2-24 Three sediment samples were collected and analyzed for 119 inorganic and organic

chemicals HQs for cadmium exceed 1.0 at one location sample station HQs for barium exceed 1.0 at

sample stations and HQs for 44-DDE and 44-DDT exceed 1.0 at sample station All HQs that

exceed 1.0 are very close to 1.0 indicating that the potential for
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toxicity is relatively low Barium concentrations detected at all stations are less than those at the reference

area upstream from Site 27 and are considerably less than soil background levels for the Santa Margarita

Basin

HQs for two preliminary surface-water COPECs barium and silver exceed 1.0 for chronic exposure by

aquatic organisms Figure 2-24 The HQs for barium are in the medium toxicity range 10 to 100 at

sample stations and Silver was detected only once at sample station with an HQ in the high toxicity

range 100 to 1000 based on comparison with the chronic AWQC Both chemicals also exceed PLEs for

acute exposure by aquatic organisms but all HQs are less than 10 indicating that the potential for toxicity

is relatively low The frequencies of detection for the preliniinaiy COPECs with HQs exceeding 1.0 are low

for both barium and silver at sample station one detect out of three samples and only one sample was

collected at location The HQs for terrestrial representative species exposed to surface water are all less

than 1.0

Birds small mammals reptiles and aquatic invertebrates were observed at the site The least Bells vireo

special-status species could use the site but is not expected to establish territories or nests Representative

species for this site with HQs exceeding 1.0 for sediment and surface water consist of aquatic organisms

None of the preliminary sediment COPECs were retained as final COPECs The potential for exposure to

and effects/toxicity from all preliminary COPECs with HQs exceeding 1.0 is considered low Barium was

not retained as final COPEC because concentrations are less than the upstream reference concentrations

and soil background levels indicating that barium concentrations in the ditches could reflect background

conditions for the area Cadmium was not retained because it was detected at only one station with an HQ

indicating low potential for toxicity The organochlorine pesticides 44-DDE and 44-DDT were not

retained as final COPECs because they were detected at only one sample station These constituents were

not detected in sediment collected from upstream or downstream sample locations and were not detected in

crayfish collected from downstream sites indicating that bioaccumulation is not occurring consistent with

the risk characterizations for Sites 16 and 27 Sections 2.6.9.4.2 and 2.6.12.4.2
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None of the preliminaiy surface-water COPECs were retained as final COPECs Silver exceeded the

AWQC in duplicate sample but could not be verified through subsequent sampling because the station

was dry In addition silver was detected only once at the site and was not detected in underlying sediment

samples suggesting potential artifact of sampling Barium was not retained because the potential for

exposure and effects is considered low and concentrations of barium could reflect underlying sediment

concentrations or ambient conditions for the area

2.6.10.5 Description of the No Action Alternative

The no action alternative selected for Site 17 sediment and surface water includes no institutional controls

Site 17 surface water and sediment are considered protective of human health and the environment for the

following reasons

There is no complete human exposure pathway

Although few chemicals pose potential ecological risk the overall potential risk is low The

potential for exposure and adverse effects is considered low for surface water and sediment

2.6.11 Site 18- 13/16 Area Building 1687 Spill and Ditch

Site 18 consists of ditches and spill areas near Building 1687 in 13/16 Area

2.6.11.1 Site Name Location and Description

Site 18 13/16 Area Building 1687 Spill and Ditch is located in the southern part of the Headquarters

Area approximately 1250 feet west of Vandegrift Boulevard Figure 1-2 The ditch is an ephemeral

drainage that runs southward down slight hill away from two motor pool areas large parking area and

an oil/water separator The drainage ditch runs along Street into concrete-lined ditch approximately

200 feet north of the intersection of 6th and Streets In the vicinity of Site 18 the concrete-lined ditch

runs west to east parallel to 6th Street The area receives only low aimual rainfall primarily during winter

months The concrete-lined ditches drain east into Pilgrim Creek approximately mile to the east flow

southwest into Windmill Lake and eventually discharge into the San Luis Rey River

No perennial surface water is present in the vicinity of Site 18 Any surface water that does not drain to the

ditch either percolates into the subsurface or evaporates No drinking water wells are located within

1-mile radius of Site 18
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Structures in the vicinity of Site 18 include maintenance shops motor poois fueling facilities

administrative buildings and troop housing Military and civilian persoimel are present in the immediate

vicinity of the ditches on daily basis Designated troop housing areas are located within 13/16 Area The

nearest family housing Serra Mesa Housing is about 0.5 mile east of Site 18

Site 18 consists primarily of defined drainages most of which are concrete-lined However one section is

vegetated with freshwater emergent wetland species such as bulrush and cattail Young willows and

cottonwoods also grow in this section of the ditch No special-status species are expected to be present on

this site Wildlife species observed during the recoimaissance survey include cliff swallow American crow

and California ground squirrel

2.6.11.2 Site History and Enforcement Activities

Site 18 was added to the RI/FS after visit by the Navy and Jacobs Engineering Group Inc Jacobs team

in May 1990 Base persoimel reported history of fuel spills at this site In addition the spill ditch near

Building 1687 received runoff from two motor pool areas that housed battery shops storage areas and

bulk fuel area POLs solvents and corrosives represent typical waste types spilled at this site

2.6.11.3 Summary of Site Characteristics

Site 18 was investigated in June and July 1996 during the RI for Group sites total of 20 soil samples

were collected from eight boring locations Figure 2-25 The samples were analyzed for metals VOCs

and SVOCs Poor recovery precluded the collection of groundwater samples No surface-water or sediment

samples were collected because no surface water was present on site

2.6.11.3.1 Geology and Hydrogeology

Surface geology at Site 18 consists primarily of alluvium of Holocene age overlying the La Jolla Group

bedrock of Eocene age The predominant lithology at the site is poorly graded sand with discontinuous

lenses of lower permeability silty sand clayey sand and silt Bedrock was not encountered in boring

8B-02 alluvium extends to depth of at least 23 feet at this location The La Jolla Group was

encountered at depths of and 13 feet in borings 8B-03 and 8B-06 respectively These two borings are

located near opposing south and north hillslope walls The
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La Jolla Group crops out on hillsides surrounding 13/16 Area and consists of fine- to medium-grained

sandstone interbedded with silty sandstone clayey sandstone siltstone and claystone

Based on site geology groundwater is assumed to flow to the south following surface topography Soil

borings were drilled to maximum depth of 40 feet below ground surface at Site 18 perched groundwater

was encountered at depth of 9.2 feet in boring 8B-04 Field observations indicated that the continuous

water-bearing aquifer at Site 18 is more than 40 feet below ground surface

2.6.11.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 18 Results are summarized in Figure

2-25 which presents detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

No organics were detected in Site 18 soil at concentrations exceeding PRGs Figure 2-25 Acetone

benzoic acid 24-dinitrotoluene bis2-ethylhexylphthalate butylbenzylphthalate and di-n-octylphthalate

were detected at low concentrations the highest concentration detected was 0.52 mg/kg for

bis2-ethylhexylphthalate

lnor2anics

Arsenic was detected in of 22 samples and beryllium was detected in 19 of 22 samples at concentrations

exceeding PRGs but below background Figure 2-25

Summary

No organics were detected in soil at concentrations exceeding PRGs arsenic and beryllium were the only

inorganics that exceeded PRGs but concentrations were below background Despite attempts to collect

water samples groundwater was not encountered at Site 18 Based on soil concentrations and the deep

water table groundwater is not expected to be impacted No significant site-related contamination exists at

Site 18

2.6.11.4 Summary of Risks Associated with Site 18

Human health and ecological risk assessments were conducted for Site 18 using data collected during the

RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment summaries are

presented in this section
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26.11.4.1 Human Health Risk Characterization

Detected COPCs in soil include metals VOCs and SVOCs Current/future workers and future residents

could be exposed to soil contaminants through incidental ingestion dermal contact and inhalation of VOCs

or particulates

The cumulative residential risk from maximum detected COPCs is 3.4x1 and is primarily attributable to

arsenic approximately 83 percent of the total risk and beryllium approximately 17 percent of the total

risk The maximum concentrations of arsenic 10.6 mg/kg and beryllium 0.91 mg/kg are less than their

respective background concentrations Excluding background concentrations the incremental residential

site risk is 2.1x109

The cumulative residential HI from maximum detected COPCs in soil is 1.5 and is primarily attributable to

aluminum approximately 21 percent of the total hazard arsenic approximately 34 percent of the total

hazard barium approximately 20 percent of the total hazard and manganese approximately 17 percent

of the total hazard Excluding the portion of total noncarcinogcnic hazard attributable to background

metals the incremental residential site hazard for maximum detected COPCs is 0.5

Based on the results of the HHRA the incremental residential risk for soil is below the lower end of the risk

management range and the incremental residential hazard is less than the threshold criterion of 1.0 In

addition the maximum lead concentration 29.6 mg/kg is below the residential screening criteria

Therefore Site 18 soil is considered protective of human health

Groundwater is not considered complete exposure pathway for either current/future workers or future

residents Groundwater sampling was not performed at Site 18 during the RI because drilling refusal

occurred in weathered bedrock less than 50 feet below ground surface before encountering sufficient

groundwater for sampling purposes Perched groundwater encountered at 9.2 feet below ground surface did

not supply sufficient quantities to sample The site is not located above shallow aquifer associated with

any of the four major groundwater basins at MCB Camp Pendleton i.e San Mateo San Onofre Las

Flores or Santa Margarita Basin The site is topographically higher than and isolated from the aquifers

associated with these major basins Therefore groundwater at Site 18 was not evaluated further in the

HHRA and is considered protective of human health

SCI/1-99/WPC/Pend1eto/ROD12199.d
2126



2.6.11.4.2 Ecological Risk Assessment

HQs for seven preliminaiy COPECs exceed 1.0 Figure 2-25 for one or two representative species HQs

are less than 1.0 for the other species HQs were calculated for representative species for each of 11 soil

samples which were analyzed for 119 inorganic and organic chemicals Most of the HQs exceeding 1.0 are

less than 10 indicating that the potential for toxicity is relatively low Aluminum barium and mercury had

HQs in the medium toxicity range 10 to 100 The highest HQs for barium 12 and for aluminum12

were calculated for the American robin Aluminum and barium also had high frequencies of detection 100

percent The highest HQ calculated for mercury was 20 for the deer mouse indicating potentially high

toxicity however mercury was detected in only of 11 samples and most of the other HQs were less than

1.0

Site 18 consists primarily of concrete-lined ditches that have low habitat value for terrestrial receptors One

section is unlined and characterized by emergent wetland species No special-status species are expected to

be present on site Representative species for this site with HQs exceeding 1.0 include terrestrial

invertebrates deer mouse and American robin

None of the preliniinaiy COPECs were retained as final COPECs because the potential for exposure and

effects is considered low The HQs for most of the chemicals detected are less than 1.0 indicating little or

no toxicity Aluminum barium and mercury had HQs greater than 10 but the frequency of detection for

mercury was low and the remaining HQs are generally less than 1.0 In addition the site is mostly

developed and the available habitat is very limited The home ranges of the representative mammal and bird

species are generally larger than the available site habitat in which contaminants were detected Given the

limited on-site habitat and relatively good habitat surrounding the site representative wildlife species would

likely only be present on site for limited periods of time Therefore exposure of wildlife receptors to the

preliminary COPECs at the site is not expected to result in any adverse effects

2.6.11.5 Description of the No Action Alternative

The no action alternative selected for Site 18 soil and groundwater includes no institutional controls Site

18 soil and groundwater are considered protective of human health and the environment for the following

reasons

The incremental cancer risk for soil is less than lxlQ6

SCI/1-99/WPC/Pend1eto/ROD12199.d
2127



Excluding background the HI for soil is less than 1.0

The human exposure pathway to groundwater is not complete based on the poor recovery from the

geological formation below the site

Although few chemicals present potential ecological risk the overall potential risk is low The

potential for exposure and adverse effects is considered low for soil based on the frequency at

which risk contributors were detected and the limited site habitat

2.6.12 Site 27- 22 Area Ditches Behind Building 22210

Site 27 consists of ditches behind Building 22210 in 22 Area

2.6.12.1 Site Name Location and Description

Site 27 22 Area Ditches Behind Building 22210 is approximately 0.25 mile southeast of the MCAS and

approximately mile from the Santa Margarita River Figure 1-2 Seasonal surface water flows in the

highly vegetated drainage ditches at this site The ditches are approximately 10 feet wide and to feet

deep they begin behind Building 22210 and flow northwest until they converge into southwest-flowing

ditch along the southeast side of Avenue The ditches are unlined and receive runoff from various

maintenance facilities and hazardous material transfer and storage lots in 22 Area The site ditches drain

the area and eventually discharge southwest into the Santa Margarita River Surface water not drained

through the ditches either percolates into the subsurface or evaporates No pereimial surface water is

present in the immediate vicinity of Site 27

Land use in the vicinity of Site 27 consists of activities associated with major warehousing and food

storage functions for the base Structures in the area include maintenance shops motor pools fueling

facilities administrative buildings scrap yards recreation areas troop housing and industrial and

warehouse buildings Military and civilian personnel are present on roads and in buildings in the vicinity of

the ditches on daily basis The nearest designated troop housing areas are in the Chappo 22 Area

approximately 200 feet from the site The nearest family housing is the Ranch House about 1.5 miles

northeast of Site 27 The nearest base production well is approximately 4200 feet northwest of Site 27

Site 27 contains 30-foot-wide strip of riparian habitat that runs parallel to Avenue Cottonwood and

willow are the dominant tree species mulefat tree tobacco and cattail are found in the understory

Nonnative grassland habitat surrounds the riparian strip and is mowed
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along Avenue Southeast of the riparian strip is small patch of coastal sage scrub Sagebrush coyote

brush and deerweed are the dominant species in this habitat During the surveys 24 bird species were

identified Common species include European starling common yellowthroat and California towhee

least Bells vireo special-status species was observed in the riparian strip parallel to Avenue During

the March survey deer mice western harvest mice and house mice were caught in live-traps Audubon

cottontails were observed throughout the site No amphibians were observed western diamondback

rattlesnake was found in rock pile near the riparian strip Aquatic and terrestrial invertebrates were

observed at the site during the March June and October 1995 surveys

2.6.12.2 Site History and Enforcement Activities

Site 27 consists of naturally occurring drainage ditches that could have received hazardous materials from

various facilities in the 22 Area Site 27 is downstream from the Site 16 and Site 17 ditches from

storm-water discharge pipes entering the drainage from the 22 Area and from previously detected

contamination Facilities in the area include warehouses and industrial operations No information is

available on the quantities of contaminants received by the ditches

Previous investigations at Site 27 were limited to sampling visit SV conducted as part of the RFA for

SV Site 111 The SV analysis included six surface soil samples and four subsurface soil samples from six

hand-augered soil borings that were advanced in the 22 Area drainage ditches to investigate potential

contamination associated with runoff entering the ditches The SV borings were advanced during the

summer when the ditches were dry Groundwater was encountered in all borings at depths of to feet

below surface No groundwater samples were collected as part of the SV Chlorinated solvents detected in

two soil borings included 11 -dichloroethene DCE TCE chlorobenzene methylene chloride and PCE

SWDIV 1993a

2.6.12.3 Summary of Site Characteristics

Site 27 was investigated with the Group sites SWDIV 1996a Additional ecological sampling was

conducted during the RI for Group Sites SWDIV 997b Site 27 groundwater is part of 0U4 Eight

surface-water and eight sediment samples were collected from the Site 27 ditches Figure 2-26 and were

analyzed for metals VOCs SVOCs TPH as diesel and gasoline and pesticides and PCBs The

surface-water samples were also analyzed for general chemistiy No soil samples were collected because

the ditches were saturated
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During March 1995 habitat and receptor survey was conducted and dominant vegetative habitats were

identified Bird and general wildlife surveys were conducted to evaluate the potential presence of

special-status wildlife species Mammal trapping using Sherman live-traps was conducted to identiFy

small mammal use of the site

One aquatic invertebrate crayfish sample and one terrestrial invertebrate mixed insects sample were

collected in June 1995 and two aquatic invertebrate crayfish samples one sample and one duplicate were

collected in June 1996 from the areas containing the highest inorganic and organochlorine pesticide

concentrations 275D001 and 275D002 Figure 2-26 In October 1995 terrestrial invertebrates sowbugs

and grasshoppers were collected from the seasonally flooded playground area along 10th Street southeast

of Phase RI sampling location 275D001

2.6.12.3.1 Geology and Hydrogeology

The geology of Site 27 consists primarily of stream-deposited alluvium of Holocene age overlying the La

Jolla Group bedrock of Eocene age The alluvium is predominantly silt and poorly graded sand containing

varying amounts of silt and interbedded clay lenses The thickness of the alluvium at Site 27 was not fully

penetrated during drilling however alluvium near well cluster 6W-06 approximately 2000 feet southwest

of 27W-02 extends to depth of at least 142 feet Depth to bedrock decreases significantly toward the hills

south of the site The La Jolla Group crops out on hillsides surrounding 22 Area and consists of fine- to

medium-grained sandstone interbedded with silty sandstone clayey sandstone siltstone and claystone

Site 27 is located on the alluvial plain of the Santa Margarita Basin on the south edge of the Chappo

subbasin The regional groundwater flow direction is primarily southwest parallel to the long axis of the

basin Depth to the water table at Site 27 ranges from to 10 feet below ground surface Local

groundwater flow is west-southwest parallel to the long axis of the Chappo subbasin and consistent with

regional groundwater flow

2.6.12.3.2 Surface-Water and Sediment Results

summary of analytical results is presented in Figure 2-26 Because no pathways for human exposure

exist for surface water or sediment the contaminants detected in these media are of concern only for

ecological receptors Accordingly the results are not compared against human health evaluation criteria

but rather against ecological risk criteria
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2.6.12.3.3 Biota Results

Biota collected from the site included terrestrial and aquatic invertebrates The maximum detected tissue

concentrations were compared with similar biota collected from reference areas Tissue concentrations in

terrestrial invertebrates exceeded reference values at sample station seven inorganics sample station

seven inorganics and sample station two inorganics The reference quotients are all less than 10 and

most are very close to 1.0 indicating that tissue levels are very similar to those found in unaffected areas

Organochlorine pesticides were not detected in terrestrial invertebrates

Tissue concentrations in aquatic invertebrates crayfish were compared with reference values from two

different reference areas R8 and R4 and with PLEs for ingestion by raccoons The following preliniinaiy

COPECs exceeded values for both reference areas aluminum barium chromium cobalt copper iron

manganese nickel silver zinc and 44-DDE Vanadium exceeded only R8 reference values All reference

HQs are less than 10 indicating that tissue levels are relatively close to those at unimpacted reference

areas

Crayfish tissue concentrations were also compared with PLEs for ingestion by raccoons This comparison

indicated that crayfish tissue concentrations could be reflective of local ambient conditions because PLEs

were exceeded by the same chemicals in tissues collected on site and from the R4 reference area

2.6.12.4 Summary of Risks Associated with Site 27

Human health and ecological risk assessments were conducted for Site 27 using data collected during the

Group and Group RIs Risk assessment methodologies are summarized in Section 2.4.1.4 Risk

assessment summaries for Site 27 are presented in this section

2.6.12.4.1 Human Health Risk Characterization

The exposure pathways for surface water and sediment are incomplete for human receptors Humans are

not present at the site frequently enough to support chronic exposure Therefore site surface water and

sediment are considered protective of human health

2.6.12.4.2 Ecological Risk Assessment

HQs for 12 preliminary sediment COPECs inorganics and organics exceed 1.0 Figure 2-26 but are

generally less than 10 indicating low potential for toxicity with the following
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exceptions 44-DDE at sample stations and 44-DDT at sample stations and and barium at

sample stations and Barium 44-DDE and 44-DDT were the only preliminary COPECs detected at

several of the stations along the main portion of the ditch but only one or two samples were collected at

each sample station Concentrations of barium cadmium manganese and nickel are within soil

background levels for the Santa Margarita Basin and could represent local background conditions In

addition barium concentrations are less than those detected at reference area upstream from Site 27

Concentrations of the remaining inorganics copper iron lead and zinc exceed soil background levels but

resulted in HQs close to 1.0 ranging from 1.1 to 2.5

HQs for 11 preliminary surface-water COPECs inorganics and organics exceed 1.0 for chronic

exposure by aquatic organisms Figure 2-26 HQs are generally less than 10 The exceptions are barium at

sample stations and mercury at sample station and silver at sample station The HQs

for preliminary COPECs at these sample stations are in the medium toxicity range 10 to 100 Preliminary

COPECs exceeding chronic AWQC include aluminum chloride cyanide iron mercury and silver

Aluminum cyanide mercury and silver were detected only once out of three or four samples Chloride

and iron were detected in all samples for particular sample station but exceeded AWQC values only

once Preliminary COPECs with HQs exceeding 1.0 for acute exposure by aquatic organisms include

barium cyanide and silver but all HQs are less than 10 indicating low potential for toxicity The

frequencies of detection for the preliminary COPECs with HQs exceeding 1.0 ranged from 30 to 100

percent within each sample station The HQs for terrestrial representative species exposed to surface

water are all less than 1.0

None of the preliminary sediment COPECs were retained as final COPECs because the potential for

exposure and effects is considered low The HQs for most of the preliminary COPECs are close to 1.0

only few HQs exceed 10 Inorganics were not retained because concentrations are less than or close to

background soil levels and could reflect background conditions for the area Organochlorine pesticides were

not retained because most of the associated HQs are less than 10 indicating low potential toxicity In

addition the crayfish collected from Site 27 as well as those from upstream Site 16 and R8

area showed very little bioaccumulation of 44-DDT or its metabolites in the aquatic food web
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None of the preliminary surface-water COPECs were retained as final COPECs because the potential for

exposure and effects is considered low The HQs indicated low potential toxicity for most preliminary

COPECs based on chronic comparisons and for all preliminary COPECs based on acute comparisons

Preliminary COPECs exceeding PLEs based on AWQC values were not retained as final COPECs because

the chemicals were either detected only once or exceeded AWQC values only once indicating that they are

not present at high concentrations on consistent basis In addition the ditches are only seasonally wet and

chemicals exceeding acute AWQC were detected only once Other preliminary COPECs exceeding acute

PLEs had HQs very close to 1.0 indicating low potential toxicity

2.6.12.5 Description of the No Action Alternative

The no action alternative selected for Site 27 surface water and sediment includes no institutional controls

Site 27 surface water and sediment are considered protective of human health and the environment for the

following reasons

There is no complete exposure pathway for human receptors

Although few chemicals in surface water and sediments pose potential ecological risk the

overall potential risk is low based on the low potential for bioaccumulation the frequency at which

risk contributors were detected and the background contribution to risk

2.6.13 Site 32- Drum Storage Area and Drainage Between Buildings 41303 and 41366

Site 32 consists of drum storage area and drainage in 41 Area

2.6.13.1 Site Name Location and Description

Site 32 Drum Storage Area and Drainage Between Buildings 41303 and 41366 is located within the Las

Flores Area approximately 1000 feet northeast of Stuart Mesa Road and immediately east of its

intersection with El Camino Real Figure 1-2 The site consists of an inactive waste oil UST lube rack

wash rack oillwater separator hazardous waste drum storage area and partially lined drainage ditch The

ditch is approximately 1500 feet long and runs along the northern side of and parallel to El Camino Real

The wash rack lube rack oillwater separator and drum storage area are immediately adjacent to the

drainage at various points along the ditch In addition some petroleum-stained soil was observed

approximately 200 feet
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northeast of the eastern end of the ditch The flow direction of the ditch is southeast to northwest Pulgas

Creek is approximately 0.75 mile northwest of Site 32 The surrounding area is characterized by rolling

hills

small vegetated area is present at the eastern end of the drainage Dominant plant species include willow

feimel sage mulefat mustard and curly dock Special-status species if present would likely be limited to

least Bells vireo and would be confined primarily to the eastern end of the site Bird species observed

during the reconnaissance survey include common raven and mourning dove

No pereimial surface water is present in the immediate vicinity of Site 32 The area receives only low

aimual rainfall primarily during winter months Surface water at the site is generally ephemeral and

follows the gently sloping ground surface to the southwest and eventually discharges into the Pacific

Ocean During significant rainfall events surface water percolates into the subsurface evaporates or runs

off site

The Las Flores Area contains an industrial area tank park maintenance and supply troop housing

area medical and training facilities and tank training ranges in the north and recreation areas in the south

Military and civilian personnel are present on roads and at buildings in the vicinity of the site on daily

basis The nearest designated troop housing areas are located 300 to 600 feet south of the site within the

Las Flores Area The nearest family housing Stuart Mesa Housing is approximately miles southeast of

Site 32 The nearest base production well is approximately mile west of Site 32

2.6.13.2 Site History and Enforcement Activities

Site 32 has been used solely as vehicle maintenance area Past maintenance operations reportedly resulted

in oillwater separator overflows spills and discharges to the ditch Although the area is still used for

maintenance the practices that led to its inclusion in the RI have ended As general practice wastes that

had been containerized on site were later transported to the base hazardous waste disposal office for

disposal However no specific information is available on the quantities of waste or the disposal location

This area was recommended for RI during the preliminary review PR PR Sites 200 203 and 204 and

thus no sampling was conducted during the RFA
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2.6.13.3 Summary of Site Characteristics

Prior to 1995 no sampling had been conducted at this site however in late 1995 Bechtel collected

surface soil sample and groundwater sample from the locations shown in Figure 2-27 The purpose of

this sampling effort was to support SWDIV in estimating and prioritizing funding needs for future

environmental restoration work The samples were analyzed for VOCs SVOCs and metals The

groundwater sample was not filtered but was preserved with acid as result the analytical results for

metals were not usable No other analytes were detected at concentrations exceeding MCLs or PRGs

Site 32 was investigated during the RI for Group Sites SWDIV 1997b total of 40 soil samples were

collected from eight boring locations and one surface location including the Bechtel 1995 samples The

samples were analyzed for metals VOCs and SVOCs groundwater sample was collected using

direct-push method during the 1995 sampling event Groundwater samples could not be collected from

permanent wells during the 1996 RI because sufficient water was not encountered to depth of

approximately 50 feet below ground surface No surface water was present on site

habitat and receptor survey was conducted at Site 32 during June 1996 Dominant vegetation types and

corresponding wildlife habitats were identified Wildlife observed and evidence of wildlife use i.e scat or

tracks were also noted

2.6.13.3.1 Geology and Hydrogeology

Geology at this site is primarily marine terrace deposits These materials consist predominantly of

interbedded fine-grained sand silty and clayey sand and clay and gravel lenses and were probably

deposited in near-shore marine and/or estuarine conditions during periods of fluctuating sea levels

Based on site geology groundwater is assumed to flow to the southwest following surface topography

During the 1995 investigation Bechtel collected hydropunch sample at 47 feet below ground surface

During the RI soil borings were drilled to maximum depth of 50 feet below ground surface at Site 32

groundwater was encountered at depth of 37.5 feet in boring 32B-0 However data from the boring

indicate that shallow groundwater is present only within small localized discontinuous perched zones and

distinct continuous water-bearing zone aquifer does not exist above 50 feet below grade at this site
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2.6.13.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 32 Results are summarized in Figure

2-27 which presents detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

No organic compounds were detected in soil at concentrations exceeding PRGs Figure 2-27 However

2-butanone and 2-methyinaphthalene were detected at concentrations of 0.001 and 0.27 mg/kg

respectively in the upper feet of boring 32B-03

Inor2anics

Concentrations of three metals exceeded PRGs arsenic beiyllium and chromium VI Figure 2-27 All

beryllium detections were below the background concentration of 1.52 mg/kg Arsenic concentrations were

generally close to the background concentration of 2.67 mg/kg the highest arsenic concentration was 3.7

mg/kg No background value was available for chromium VI which was detected at concentrations above

the PRG only at depths between 10 and 30 feet in three samples from boring 32MW-Ui The maximum

concentration was 1.2 mg/kg

2.6.13.3.3 Groundwater Results

No organics were detected at concentrations exceeding MCLs or tap-water PRGs in the groundwater

sample from Site 32 hydropunch sample 04CP6 approximate groundwater level of 47 feet below

ground surface The only organic compound detected was di-n-butylphthalate at concentration of 1.3

tg/l Figure 2-27

The groundwater sample was not filtered and was preserved with acid As result metals concentrations

were partially attributable to dissolved particles suspended in the sample Accordingly this sample was

rejected from the inorganics data set

2.6.13.3.4 Summary

No organics were detected in soil at concentrations exceeding PRGs Of the inorganics detected arsenic

and beryllium concentrations were either below or not significantly higher than background No

background is available for chromium VI but this constituent was detected only at low concentrations

between depths of 10 to 30 feet in one boring Therefore soil contamination is not considered problem

Despite attempts to collect water samples during the

SCI/1-99/WPC/Pendleto/R0D12199.wpd
2-136



1996 investigation groundwater was not encountered to depth of 50 feet Based on the 1995 hydropunch

sample 104CP61 none of the contaminant data exceed evaluation criteria Based on the soil

concentrations and the deep water table groundwater contamination is not of concern

2.6.13.4 Summary of Risks Associated with Site 32

Human health and ecological risk assessments were conducted for Site 32 using data collected during the

Group RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment

summaries for Site 32 are presented in this section

2.6.13.4.1 Human Health Risk Characterization

Soil COPCs include metals VOCs and SVOCs Current/future workers and future residents could be

exposed to soil contaminants through incidental ingestion of soil dermal contact with soil and inhalation of

VOCs or soil particulates

The cumulative residential risk from the maximum detected COPCs is .4x1 Q5 The primary risk drivers

are arsenic approximately 54 percent of the total risk and beryllium approximately 26 percent of the total

risk The maximum concentration of beryllium is less than the background concentration for the basin and

the maximum arsenic concentration is only slightly higher than the background concentration Excluding

the portion of total risk attributable to background metals the incremental residential site risk from

maximum detected COPCs is 2.7x106 Assuming that metals are distributed lognormally throughout the

soil the 95 percent UCL for arsenic 2.7 mg/kg is less than the background value Excluding the portion of

total risk attributable to background metals the incremental residential risk from the more representative

soil concentrations e.g 95 percent UCLs is less than 1x106

The cumulative residential HI from the maximum detected COPCs is 1.4 and is primarily attributable to

aluminum approximately 25 percent of the total hazard arsenic approximately 12 percent of the total

hazard manganese approximately 30 percent of the total hazard and vanadium approximately 11

percent of the total hazard Excluding the portion of total hazard attributable to background the

incremental residential site hazard is 0.2 which is below the threshold criterion of 1.0

The results of the HHRA for Site 32 indicate that the incremental residential cancer risk is below the lower

end of the risk management range and the incremental residential noncarcinogenic
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hazard is below the threshold criterion of 1.0 In addition the maximum lead concentration 10.7 mg/kg is

below the screening criteria Therefore Site 32 soil is considered protective of human health

Groundwater is not considered complete exposure pathway for either current/future workers or future

residents However hydropunch sample was collected in 1995 as part of another study No organic

compounds were detected at concentrations exceeding PRGs and the inorganic sample results were

rejected Groundwater sampling was not performed at Site 32 during the 1996 investigation because

drilling refusal occurred in weathered bedrock at less than 50 feet below ground surface before

encountering sufficient groundwater for sampling purposes Site 32 is not located above shallow aquifer

associated with any of the four major groundwater basins at MCB Camp Pendleton i.e San Mateo San

Onofre Las Flores or Santa Margarita Basin The site is topographically higher than and isolated from

the aquifers associated with these major basins

Based on the results of the groundwater sample collected in 1995 the depth to groundwater the lack of soil

contamination and the incomplete exposure pathway from groundwater to humans Site 32 groundwater is

considered protective of human health

2.6.13.4.2 Ecological Risk Assessment

The HQs for six preliminary COPECs aluminum arsenic chromium iron nickel and vanadium exceed

1.0 Figure 2-27 HQs were calculated for representative species for each of 17 soil samples which were

analyzed for 119 inorganic and organic chemicals Most of the HQs that exceed 1.0 are less than 10

indicating that the potential for toxicity is relatively low The HQs for aluminum and chromium are in the

medium toxicity range 10 to 100 All preliminary COPECs with HQs exceeding 1.0 also had high

frequencies of detection 100 percent in 17 samples

Representative species for this site with HQs exceeding 1.0 include plants terrestrial invertebrates deer

mouse raccoon and least Bells vireo

None of the preliminary COPECs were retained as final COPECs because the potential for exposure and

effects is considered low The HQs for most of the chemicals detected are less than 10 indicating low

potential toxicity with the exception of aluminum and chromium for
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raccoons The maximum detected concentrations of all preliminary COPECs with HQs exceeding 1.0 are

close to background levels and concentrations for most of the remaining samples are close to or less than

background levels In addition the habitat at the site is primarily mowed and only small portion east of

the site could provide adequate habitat for special-status species The limited available habitat at the site is

generally smaller than the home ranges for the representative bird and mammal species Given the

developed nature of the site representative wildlife species are not expected to be on site for significant

periods of time Therefore exposure of these receptors is probably minimal and is not likely to result in

adverse effects

2.6.13.5 Description of the No Action Alternative

The no action alternative selected for Site 32 soil and groundwater includes no institutional controls Site

32 soil and groundwater are considered protective of human health and the environment for the following

reasons

There is no complete pathway for exposure of human receptors to groundwater

The incremental cancer risk under the residential scenario using representative concentrations is

less than 1x106

The incremental HI under the residential exposure scenario using maximum concentrations is less

than 1.0 and the maximum lead concentration is less than the screening criteria

Although few chemicals pose potential ecological risk the overall potential risk is low The

potential for exposure and adverse effects is considered low for soil based on frequency at which

risk contributors were detected the background contribution to risk and the low potential for

exposure in the developed site area

2.6.14 Site 34- Combat Engineers Maintenance Facility Buildings 62580-62583

Site 34 is maintenance facility near Buildings 62580-62583

2.6.14.1 Site Name Location and Description

Site 34 Combat Engineers Maintenance Facility Buildings 62580-62583 is located in 62 Area

approximately 0.5 mile southeast of the intersection of San Mateo and Cristianitos Roads Figure 1-2 The

facility consists of lube rack several wash racks large maintenance and motor transport area former

hazardous waste storage area and an adjacent drainage The wash
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rack lube rack and maintenance and motor transport areas are located south of Building 62580 and the

former hazardous waste storage area is located to the north Two storm-water drains adjacent to the wash

racks and lube rack discharge storm water toward the drainage ditch that flows east to west at the southern

end of Site 34 The site is bordered on the west by Sewage Treatment Plant No 12 on the south by an

unpaved access road and San Mateo Creek and on the north and east by 62 Area buildings Site 34 is

1200 feet due south of Site 11 Cristianitos Creek is west of the site

No perennial surface water is present
in the vicinity of Site 34 Surface water at this site is ephemeral and

follows the gently sloping topography to the south The area receives only low annual rainfall primarily

during winter months and surface flow is generally intermittent During significant rainfall events surface

water percolates into the subsurface evaporates or runs off the site and discharges into San Mateo Creek

which eventually discharges into the Pacific Ocean approximately miles downstream from the site

large portion of Site 34 has been disturbed Renmant vegetation types include coastal sage scrub

noimative grassland and freshwater emergent wetland Plant species in the coastal sage scrub include sage

and coyote bush Wild oat is the dominant grass species in the nonnative grassland habitat Bufrush is the

dominant plant species in the freshwater emergent wetland habitat No special-status species are expected

to be present on this site Black phoebes and western kingbirds were observed during the reconnaissance

survey The nearest base production well is approximately mile southwest of Site 34

The Combat Engineers Maintenance Facility is currently active and is expected to remain so Military and

civilian personnel use the site frequently The San Mateo 62 Area where Site 34 is located is used for

personnel training recreation troop housing vehicle maintenance mess and administration An

undeveloped area north of the site across San Mateo Road is classified as maneuver area and is covered

by natural vegetation The nearest designated troop housing is in the San Mateo 62 Area approximately

800 feet from the site No family housing is located within several miles of the site and none is planned

2.6.14.2 Site History and Enforcement Activities

Site 34 has been operated as large maintenance facility for approximately 28 years and has history of

spills Wastes include waste oil used vehicle fluids and solvents This facility was
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recommended for RI during the PR PR Site 275 and thus no sampling was conducted during the RFA

2.6.14.3 Summary of Site Characteristics

Prior to scheduled RI fieldwork for Group sites in 1996 eight borings 34B-0 through 34B-08 were

drilled in the vicinity of three wash racks that were used throughout the history of Site 34 and the nearby

lube rack and maintenance area This sampling was conducted during March through May 1993 to support

scheduled construction at Site 34 The data were also used for RI characterization total of 43 soil

samples were collected and analyzed for metals VOCs and SVOCs Sample locations are shown in Figure

2-28

2.6.14.3.1 Geology and Hydrogeology

Shallow geology at this site consists of cobble zone overlain by alluvial silty sands clayey sands and

thin discontinuous lenses of fine-grained sand Groundwater was encountered at depth of 11 feet below

ground surface in boring 34B-11 and at depth of 13 feet in monitoring well 34MW-Ui Based on site

geology groundwater is assumed to flow to the south following surface topography however because

groundwater measurements were taken on separate dates consistent data are not available to confirm this

assumption

2.6.14.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 34 Results are summarized in Figure

2-28 which presents detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

No organic compounds were detected at concentrations exceeding PRGs in Site 34 soil Figure 2-28

However diesel was detected in the 2-foot sample from boring 34B-03 and the surface sample from boring

34B-04 at concentrations of 290 and 150 mg/kg respectively these concentrations exceed the 100-mg/kg

screening level

The following 14 organics were detected in Site 34 soil at concentrations below evaluation criteria acetone

2-butanone methylene chloride carbon disulfide toluene 111 -TCA bis2-ethylhexylphthalate

2-methylnaphthalene benzoapyrene fluorene diethylphthalate dimethylphthalate di-n-butylphthalate

and total volatile hydrocarbons TVH The highest concentration was 18 mg/kg for

bis2-ethylhexylphthalate
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Inor2anics

Arsenic and beryllium concentrations consistently exceeded PRGs Figure 2-28 However beryllium

concentrations were below background 1.42 mg/kg and arsenic concentrations were generally not

significantly higher than background 4.25 mg/kg The maximum concentration for arsenic was mg/kg

26.14.3.3 Groundwater Results

No organic compounds were detected in Site 34 groundwater Figure 2-28

Manganese 2050 tg/i and arsenic 8.4 tg/i concentrations in well 34 GWT-01 approximate

groundwater level of 11 feet below ground surface exceeded tap-water PRGs Figure 2-28 Chromium VI

tg/l arsenic 11.8 tg/l and beryllium 0.04 tg/l also exceeded tap-water PRGs in the sample from

well 34MW-Ui approximate groundwater level of 13 feet below ground surface However the result for

chromium VI was higher than for total chromium 1.9 tg/l and was rejected during data validation No

other inorganics were detected at concentrations exceeding evaluation criteria

As discussed for Site 1A the elevated manganese result is likely due to relatively poor filtration of silts and

small suspended particles in undeveloped hydropunch and temporary well samples In contrast the

sandpack and well development activities for permanent wells are much more efficient in keeping the

smallest suspended particles outside the well screen Nondissolved particles of manganese could pass

through the 0.45-micron filter used in the field which would result in higher manganese concentrations for

samples with higher TSS i.e temporary well samples see Section 4.1.1.2 The groundwater data from

temporary well 340WT-0 and nearby permanent well 34MW-Ui clearly depict this variation Figure

2-28 Manganese was detected at 2050 tg/l in 34GWT-0i but was not detected in the permanent

monitoring well Furthermore the detected concentration from 34GWT-0 is not significantly higher than

the tapwater PRG for manganese

2.6.14.3.4 Summary

No organics were detected in soil at concentrations exceeding PRGs Although diesel was detected in soil at

potentially leachable concentrations greater than 100 mg/kg no volatile or semivolatile organic

compounds were detected in the soil above PRGs indicating that the toxic constituents of diesel are not

concern Arsenic and beryllium were the only inorganics detected
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above PRGs but concentrations were either below or only slightly above background Therefore

significant site-specific soil contamination does not exist at Site 34 No volatile or semivolatile organic

compounds were detected in groundwater Therefore the diesel concentrations detected in soil are not

considered threat to groundwater or human health Accordingly Site 34 groundwater does not appear to

be impacted

2.6.14.4 Summary of Risks Associated with Site 34

Human health and ecological risk assessments were conducted for Site 34 using data collected during the

RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment summaries for Site

34 are presented in this section

2.6.14.4.1 Human Health Risk Characterization

Soil COPCs include metals VOCs and SVOCs PAHs Current/future workers and future residents could

be exposed to soil contaminants through incidental ingestion dermal contact inhalation of VOCs and

inhalation of particulates

The cumulative residential risk from maximum detected soil COPCs is 2.7x Q5 The primary risk drivers

are arsenic approximately 78 percent of the total risk and beryllium approximately 21 percent of the total

risk Site-specific background was not available therefore Santa Margarita Basin background levels were

used as surrogate values Arsenic exceeds and beryllium is less than the respective surrogate background

concentrations Neither metal is related to the waste streams associated with the maintenance facility

Excluding the portion of total risk attributable to background metals the incremental residential site risk

from maximum detected COPCs is 1x105 Assuming that metals are distributed lognormally throughout

the soil the 95 percent UCL soil concentration of arsenic is 4.4 mg/kg which is essentially the same as the

background concentration 4.25 mg/kg Excluding the portion of total risk attributable to background

metals the incremental residential risk from the more representative soil concentrations is less than lxi

The cumulative residential hazard from the maximum detected COPCs is 1.4 and is primarily attributable

to metals Excluding the portion of total hazard attributable to background metals the incremental

residential site hazard from the maximum detected COPCs is less than 1.0
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The results of the Site 34 HHRA indicate that the incremental residential cancer risk is below the

lower end of the risk management range and the incremental residential noncarcinogenic hazard is

below the threshold criterion of 1.0 In addition the maximum lead concentration 29.5 mg/kg is

below the screening criteria Based on the results of the HHRA soil at Site 34 is considered

protective of human health

Future residents could be exposed to groundwater contaminants through ingestion The

cumulative residential cancer risk from ingestion of groundwater is 2.6x1 Q4 and is completely

attributable to arsenic and beryllium However the maximum concentrations of arsenic 11.8 tg/l

and beryllium 0.04 tg/l are below the respective MCLs of 50 and tg/l respectively

Furthermore because arsenic and beryllium in soil are within background concentrations

groundwater concentrations of arsenic and beryllium are also likely due at least in part to

background concentrations

The total noncarcinogenic hazard associated with ingestion of groundwater is 3.4 and is primarily

attributable to manganese 1.2 and arsenic 1.1 The HIs for individual target organs exceed 1.0

for the central nervous system and skin due to manganese 1.2 and arsenic 1.1 Arsenic and

manganese are within background concentrations for soil and are also likely within naturally

occurring background concentrations for groundwater Some uncertainty is associated with the

RID used to calculate the PRG for manganese and could result in an overestimation of the hazard

Manganese was not detected in the permanent monitoring well located within 200 feet of the

temporary well in which the manganese concentration of concern was detected Some uncertainty

is associated with the results from the temporary well even though samples from both wells were

filtered in the field Groundwater samples from temporary wells usually contain higher TSS the

samples are muddy due to the disturbance associated with the sampling method Permanently

installed wells are developed prior to sampling as result samples typically have much lower

TSS prior to filtering than temporary well samples Because temporary well samples contain more

particles nondissolved particles could pass through the filter Some manganese particles could be

small enough to pass through the 0.45-micron filter used in the field Hem 1985 and could result

in higher concentration of manganese in the temporary well sample Many of the other detected

metals are also naturally occurring and may be within background
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Groundwater at Site 34 is considered protective of human health for the following reasons

The calculated incremental residential cancer risk is 2.6x1 Q4 and is completely attributable

to arsenic and beryllium

Detected concentrations of arsenic and beryllium are less than the respective MCLs

Residential HIs due to manganese and arsenic exceed the 1.0 criterion only slightly for

individual target organs uncertainty could result in an overestimation of hazard

due to manganese

At least some portions of the metals of concern arsenic beryllium and manganese are

assumed to be within background

2.6.14.4.2 Ecological Risk Assessment

HQs for nine preliminary COPECs all inorganics exceed 1.0 Figure 2-29 HQs were calculated

for representative species for all 29 soil samples which were analyzed for 119 inorganic and

organic chemicals Most of the HQs are less than 10 indicating that the potential for toxicity is

relatively low HQs for aluminum boron and chromium are in the medium toxicity range 10 to

100 The frequencies of detection for preliminary COPECs with HQs exceeding 1.0 ranged from

20 to 100 percent Both aluminum and chromium were detected in all samples collected but

concentrations exceeded background in only one sample for aluminum and two samples for

chromium Representative species for this site with HQs exceeding 1.0 include plants terrestrial

invertebrates deer mouse raccoon California gnatcatcher and Savannah sparrow

None of the preliminary COPECs were retained as final COPECs because the potential for

exposure and effects is considered low Maximum detected concentrations are close to

background levels and concentrations in the remaining samples are similar to or less than

background Aluminum and chromium which had potential toxicity in the medium range

exceeded background levels in only or of the 29 samples analyzed In addition most of the

site is disturbed and has limited habitat Because the habitat conditions of the surrounding areas

are of higher quality wildlife receptors are not likely to spend much time on the site The

potentially contaminated areas of the site are generally smaller than the home range sizes of the

representative species For these reasons wildlife receptors are not expected to be exposed to the

preliminary COPECs at the site long enough to result in adverse effects
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2.6.14.5 Description of the No Action Alternative

The no action alternative selected for Site 34 soil and groundwater includes no institutional

controls Site 34 soil and groundwater are considered protective of human health and the

environment for the following reasons

The incremental cancer risk for soil under the residential scenario using representative

concentrations is less than x106

The incremental HI for soil under the residential exposure scenario using maximum

concentrations is less than 1.0 and the maximum lead concentration is less than the

screening criteria

The potential risk from groundwater is due to metals that are considered background

and maximum concentrations are below drinking water standards MCLs

Although few chemicals pose potential ecological risk the overall potential risk is

low The potential for exposure and adverse effects is considered low for soil based

on the frequency at which risk contributors were detected the background

contribution to risk and the low potential for exposure

2.6.15 Site 35- Former Sewage Treatment Plant Facility in 25 Area

Site 35 consists of former sewage treatment plant facility in 25 Area

2.6.15.1 Site Name Location and Description

Site 35 Former Sewage Treatment Plant Facility in 25 Area is located approximately 0.9 mile

north of the intersection of Basilone Road and Vandegrift Boulevard Figure 1-2 This site is an

abandoned wastewater treatment facility area that was reportedly subject to overflows The site is

approximately 160 feet long and 140 feet wide Adjacent to the treatment facility are four

abandoned drying beds each approximately 100 feet long and 60 feet wide These beds were

probably used in conjunction with the treatment facility Three of the four borings drilled at the

drying beds showed clay or silt layer about 10 feet below ground surface suggesting that this

site may have been lined Both the facility and drying beds are on level surface The facility is

partially fenced and the drying beds are completely surrounded by fencing

The only perennial surface water in the vicinity of Site 35 is the Santa Margarita River The

current main channel of the river is approximately 600 feet east of the site Water is often visible

in the drying beds The area receives only low annual rainfall primarily during winter months
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Excess surface water from significant rainfall events percolates into the subsurface evaporates or

runs off the site and discharges into the Santa Margarita River

The Santa Margarita River is perennial braided stream that flows southwesterly At the Basilone

Road bridge in the immediate vicinity of Site 35 the banks of the river are 10 to 15 feet high and

are artificially maintained by loose riprap The bridge is approximately 25 feet above the stream

bottom and typically does not restrict surface flow in the channel even during winter months The

banks of the Santa Margarita River are not artificially maintained upstream or downstream of Site

35

The 25 Area former sewage treatment plant facility is no longer in operation Military and civilian

personnel are on site only occasionally The Vado Del Rio 25 Area is used for personnel

training recreation troop housing vehicle maintenance mess and administration The

undeveloped area north of the 25 Area is classified as maneuver area and consists of gently

rolling hills covered by natural vegetation Innis-Tennebaum Architects Inc 1990 The nearest

family housing is the Ranch House located about mile south of the site The nearest designated

troop housing is in the Vado Del Rio 25 Area approximately 200 feet from the site No other

family housing is located within several miles of the site and none is planned The nearest base

production well is less than mile downgradient from Site 35

Dominant habitats at Site 35 include nonnative grassland and southern willow scrub Coastal sage

scrub habitat is found southwest of the former sewage treatment plant The willow scrub habitat is

dominated by willow tree tobacco and mulefat Nonnative grassland species include wild oat

brome prickly sowthistle and black mustard White sage and coyote brush are the dominant plant

species in the coastal sage habitat Bird species observed at Site 35 during the March 1995 survey

include Annas hummingbird bushtit common yellowthroat red-tailed hawk and greater

roadrunner Deer mice San Diego pocket mice brush mice and house mice were trapped during

the March survey No reptiles or amphibians were observed during the surveys Aquatic and

terrestrial invertebrates were observed during March June and October 1995 surveys

2.6.15.2 Site History and Enforcement Activities

Operations at former Sewage Treatment Plant No began in 1951 and ended in the late 1970s or

early 1980s The facility overflowed in the past but no staining is present AC/SES office staff

SCI/1-99/WPC/Pend1eto/ROD12199.d
1447



indicated that samples were not collected when the facility overflowed and no additional

information is available on the chemistry extent or date of such incidents After RI sampling of

other portions of the site the drying beds were discovered by base personnel while clearing brush

in the area

Site 35 was investigated in 1991 and 1992 as part of the RFA SV for Site 129 Two surface and

three subsurface samples were collected from two soil borings advanced around the site

perimeter Groundwater was encountered at depth of to 11 feet below surface No

groundwater samples were collected Arsenic and antimony were detected in soil at

concentrations of 7.1 and 35.6 ppm respectively SWDIV 1993a

2.6.15.3 Summary of Site Characteristics

Site 35 was investigated in 1995 during the Group RI SWDIV 1996a total of 84 soil

samples were collected from 13 borings for metals analysis groundwater sample was also

collected at one of the beds by hydropunch methods for metals analysis Sample locations are

shown in Figure 2-30

habitat and receptor survey was conducted and dominant vegetative habitats were identified at

Site 35 during March 1995 Bird and general wildlife surveys were conducted to evaluate the

potential presence of special-status wildlife species Mammal trapping using Sherman live-traps

was conducted to identify small mammal use of the site During May through July 1997

additional biological surveys were conducted at Site 35 to evaluate whether special-status species

i.e California gnatcatcher and Least Bells vireo were present

2.6.15.3.1 Geology and Hydrogeology

The geology of Site 35 consists of older Quaternary alluvium underlain by pre-Tertiary granitic

basement complex rocks The alluvium consists of poorly graded to well-graded sand sand with

varying amounts of silt and lenses of silt and clay No borings were advanced to bedrock at Site

35 Borings at Site 29 approximately 1500 feet north of the site encountered granitic basement

rock approximately 15 feet below ground surface Similar geologic conditions are expected at Site

35 The thickness of the alluvium at Site 35 was not determined during drilling but is assumed to

be more than 50 feet
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Groundwater was encountered at depth of approximately 50 feet below ground surface at Site

35 Based on site geology groundwater is assumed to flow to the southwest following surface

topography No groundwater monitoring wells were installed at this site because at the time

depth to groundwater was unknown but was estimated to be 30 to 100 feet

26.15.3.2 Soil Results

This section discusses analytical results from soil sampling at Site 35 Results are summarized in

Figure 2-30 which presents detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

The only organic compound that exceeded PRGs was benzoapyrene in 35SS012 Figure 2-30

Acenaphthene benzaanthracene benzobfluoranthene benzokfluoranthene

benzoghiperylene benzoapyrene chrysene fluoranthene indeno 123 -cdpyrene

phenanthrene and pyrene were detected at concentrations ranging from 35 to 350 mg/kg

Acenaphthene and pyrene were detected in the intermediate soil zone to 10 feet each at

maximum concentration of 38 mg/kg Most of the PAHs were detected primarily at or near

surface soil sample 35SS012

Acetone and methylene chloride were detected in the lower drying bed area of Site 35 Acetone

was detected only once at depth greater than 10 feet Methylene chloride was detected at all

depth intervals

Benzoic acid was detected at depths greater than 10 feet at maximum concentration of 120

mg/kg Samples 35SS011 and 35SS012 contained 4-chloroanaline at concentrations of 180 and

2200 mg/kg respectively N-nitroso-di-n-propylamine was detected at concentration of 36

mg/kg at 7.5 feet in soil boring 35B-10 Phthalates were detected at depths greater than 10 feet at

concentrations of up to 81 mg/kg

Inor2anics

The following metals exceeded PRGs arsenic beryllium chromium and manganese Arsenic and

chromium concentrations in most soil borings exceeded PRGs and background at all depth

intervals Beryllium exceeded the PRG in 35B-05 35B-11 and 35B-12 but exceeded background

only in 35B-05 at depth greater than 10 feet Manganese exceeded the PRG only at depths

greater than 10 feet Analytical results for soil borings 35B-01 35B-02 35B-03 and
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35B-04 are not included in Figure 2-30 because they were used for site-specific background

analysis

2.6.15.3.3 Groundwater Results

No background values were calculated for Site 35 because there are no upgradient wells near the

site and few data points are available for comparison One groundwater hydropunch sample was

collected at Site 35 during the second quarter 1995

Because of the recent discovery of lower area previously covered by dense vegetation the work

plan addendum for additional work at Site 35 SWDIV 1995c specified the collection of one

hydropunch groundwater sample to assess whether mobile COCs in soil are migrating to

groundwater Although groundwater was originally estimated to be within 20 feet of ground

surface soil sampling range in this lower area groundwater was not encountered within the

20-foot-depth interval Instead boring was advanced to 40 feet and groundwater sample was

collected

Benzene exceeded the tap-water PRG and bis2-ethylhexylphthalate exceeded the tap-water

PRG and MCL Di-n-butylphthalate was detected at concentration of 0.6 g/l 2-butanone was

detected at concentration of g/l 4-methylphenol benzene and toluene were each detected at

concentration of g/l Bis2-ethylhexylphthalate common laboratory contaminant was the

only organic compound detected in both soil and groundwater samples

Of the 12 metals detected in groundwater the following exceeded PRGs and MCLs aluminum

chromium barium lead cadmium and nickel The following metals exceeded tap-water PRGs

but have no established MCLs manganese molybdenum vanadium review of the request for

analysis and field logs indicated that the groundwater sample was not filtered in the field and was

preserved with hydrochloric acid The high metals concentrations evidently are result of

suspended solids reacting with the acid preservative prior to analysis No inorganics detected in

soil at concentrations that exceeded PRGs and background arsenic or organics detected at

concentrations that exceeded PRGs benzo were detected in the groundwater sample

indicating that these compounds have not migrated from soil to groundwater As previously

stated bis2-ethylhexylphthalate was the only organic compound detected in both soil and

groundwater samples
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2.6.15.4 Summary of Risks Associated with Site 35

Human health and ecological risk assessments were conducted for Site 35 using data collected

during the RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment

summaries for Site 35 are presented in this section

2.6.15.4.1 Human Health Risk Characterization

Metals inorganics including cyanide SVOCs and one VOC were detected in Site 35 soil

Maximum concentrations for inorganics were detected at soil depth intervals extending from

ground surface to foot and from 8.5 to 10 feet Organics were detected primarily in the depth

interval from ground surface to foot with the exception of benzoic acid 9.5 to 10 feet

acenaphthene 5.5 to feet and N-nitrosodi-n-propylamine 5.5 to feet

Representative concentrations for residential exposure scenario with consideration for

background yielded summed site-related risk of 4x106 ILCR and hazard of less than 1.0 HI

The same concentrations under the commerciallindustrial scenario resulted in risk of less than

x106 There are no plans to use this site for residential purposes and the risk for residential

receptors was determined to be acceptable

The groundwater pathway to humans is not currently complete but groundwater could be used as

drinking water source in the future However no site-related contaminants were detected in

groundwater at Site 35 and there is no indication that soil contaminants are leaching to

groundwater Therefore groundwater is considered protective of human health and the

environment

2.6.15.4.2 Ecological Risk Assessment

The final risk screening results indicated that modified PLEs were exceeded for plants and the

California mouse HQs for the following COPECs exceed 1.0 as shown in Figure 2-30 barium

copper lead mercury benzoapyrene and benzoghiperylene

Barium was not retained as COEC because HQs for the California mouse are close to 1.0 1.6

2.5 and 1.9 respectively The background concentration of barium 97.7 mg/kg contributed

more than half of the HQs The incremental HQs above background are less than or close to 1.0

indicating low potential risk
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Copper was not retained as COEC because the average concentration is less than background

levels and the HQ for the average concentration is less than 1.0

Lead was not retained as COEC because the only HQ exceeding 1.0 was for the California

mouse 1.9 and is close to 1.0 indicating low potential risk HQs for all other representative

species are less than 1.0 The average concentration of lead in the depth interval extending from

ground surface to feet is less than background and the HQ for the average concentration is less

than 1.0

Mercury was not retained as COEC because the only HQ exceeding 1.0 was for the California

mouse HQs for all other representative species are less than 1.0 The average concentration of

mercury results in an HQ of 2.8 and indicates low potential risk

Benzoapyrene and benzoghiperylene were detected only once The maximum detected

concentrations resulted in HQs of 6.5 and 5.3 respectively indicating low to medium potential

risk The detected concentrations were flagged by the laboratory with qualifier indicating

that the concentrations were estimated The detected values were estimated at levels below the

CRDL 330 pg/kg Based on the uncertainty associated with the detected concentrations the

frequency of detection one of four samples and the low potential exposure to maximum

concentrations benzoapyrene and benzoghiperyiene were not retained as COECs

No COECs were identified because COPECs generally were not detected at concentrations

exceeding background and/or resulted in low potential risk to the environment

2.6.15.5 Description of the No Action Alternative

The no action alternative selected for Site 35 soil and groundwater includes no institutional

controls Site 35 soil and groundwater are considered protective of human health and the

environment for the following reasons

The incremental cancer risk for soil using representative concentrations is 4x106

under the future residential scenario and less than lxi 06 under the current

commercial industrial scenario

The incremental HI for soil using representative concentrations is less than 1.0 under the

residential exposure scenario
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There is no current pathway to groundwater at the site Future risk to humans from

groundwater is unlikely because concentrations of contaminants detected in groundwater

were determined not to pose threat to human health and the environment

Although few chemicals pose potential ecological risk the overall potential risk is low

The potential for exposure and adverse effects is considered low for soil based on the

frequency at which risk contributors were detected the background contribution to risk

and the low potential for exposure

26.16 Site 36 -Debris Pile Area Behind Ponds at Sewage Treatment Plant 11

Site 36 consists of debris piles at Sewage Treatment Plant No 11

26.16.1 Site Name Location and Description

Site 36 Debris Pile Area Behind Ponds at Sewage Treatment Plant 11 is an area of debris piles

containing glass bottles and scrap metal Figure 1-2 Glass and metal debris appear to have been

dumped down nearby hillside and scattered between the trash piles geophysical survey and

SV sampling performed in this area indicated that the depth of debris between the piles is very

shallow and that the debris piles are to feet high The maximum depth of debris is

approximately feet below ground surface Groundwater was encountered at approximately 6.5

feet below ground surface Vegetation in this area is quite dense and includes sensitive plant

species such as willows

2.6.16.2 Site History Enforcement Activities and Site Characteristics

Little is known about the history of Site 36 Bottles dating from the 950s and scrap metal were

found in the debris piles The actual debris piles were not discovered until fire exposed them in

1990

Sampling was conducted at Site 36 during the RFA SV Site 207 SV soil samples were

collected from three borings adjacent to the two largest debris piles and in the area between the

piles Figure 2-3

SV soil samples were analyzed for VOCs SVOCs and metals Except for low concentrations of

toluene less than 200 mg/kg no VOCs or SVOCs were detected Chromium cadmium lead

and mercury were detected at concentrations below risk-based levels SWDIV 1993a The only

analyte detected at concentration exceeding PRGs was arsenic at 4.3 mg/kg in one sample
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The PRG for arsenic is 0.38 mg/kg for the cancer endpoint and 22 mg/kg for the noncancer

endpoint

The background concentration of arsenic for the Santa Margarita Basin is 4.25 mg/kg SWDIV

996a The Santa Margarita Basin background data set is the largest and most representative of

the base and is used as background for sites for which no background data are available Two of

the three soil samples analyzed for metals during the RFA SV contained no detectable

concentrations of arsenic Figure 2-3 The one soil sample concentration of 4.3 mg/kg is

considered representative of natural occurring conditions Based on the visual inspection of the

site during the SV and the soil sample analytical results the debris at this site appears to be

municipal waste and past disposal of hazardous waste in this area is considered unlikely

2.6.16.3 Summary of Risks Associated with Site 36

No risk assessment was necessary for Site 36 because constituent concentrations were within

background or were less than the RFA screening criteria

2.6.16.4 Description of the No Action Alternative

The no action alternative selected for Site 36 soil and groundwater includes no institutional

controls Site 36 soil and groundwater are considered protective of human health and the

environment because detected constituent concentrations are below risk screening criteria or are

within background

2.6.17 Site 37- Pesticide- and POL-Handling Areas at San Clemente Ranch

Site 37 is part of an agricultural lease area at MCB Camp Pendleton

2.6.17.1 Site Name Location and Description

Site 37 Pesticide- and POL-Handling Areas at San Clemente Ranch is located in the 61 Area

approximately 0.5 mile southeast of Cristianitos Road Figure 1-2 and consists of pesticide

handling area and POL-handling area The pesticide-handling area contains sump that was

previously used for rinsing pesticide containers and other equipment The POL-handling area

includes stained spill area adjacent to the former locations of pure product fuel USTs

No perennial surface water is present in the vicinity of Site 37 Surface water at the site is

ephemeral and follows the gently sloping ground surface to the southwest During significant
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rainfall events surface water percolates into the subsurface evaporates or runs off the site and drains into

San Mateo Creek which eventually discharges into the Pacific Ocean approximately mile downstream

from the site

Land use in the vicinity of Site 37 consists of activities associated with agricultural farmland The site is

crossed frequently by civilian personnel associated with farm operations Land surrounding Site 37

includes agricultural fields and natural vegetation The area south of the site is undeveloped and contains

coastal wetland vegetation The nearest designated troop housing area is San Mateo 62 Area

approximately miles north-northwest of the site The nearest base production well is approximately

mile southwest of Site 37

No special-status species are expected to be present on the site because the site area consists of bare ground

and an assortment of buildings and storage areas Wildlife species observed near the site during the

reconnaissance survey include western kingbird American crow cliff swallow cottontail and California

ground squirrel

2.6.17.2 Site History and Enforcement Activities

Chemicals associated with farming operations at the San Clemente Ranch are the probable source of

contamination at Site 37 This site was added to the list of RI/FS sites following the RFA SWDIV

1993 In addition in 1994 hand-dug well from which farm workers regularly drank was discovered

near the pesticide mixing area This well and another were abandoned on 15 May 1996 in accordance with

State and County codes and under San Diego County Department of Environmental Health Permit Nos

W63158 and W63159

Sampling was conducted at the San Clemente Ranch during the RFA as SV Site 255 Soil samples from the

pesticide-handling area were analyzed for VOCs SVOCs pesticides and PCBs and chlorinated herbicides

Samples were analyzed using mobile laboratory and confirmation analysis was provided by an off-site

laboratory Both pesticides and herbicides were detected in soil at concentrations exceeding PRGs water

sample was also collected from the nearby hand-dug well The water sample was analyzed for pesticides

and PCBs chlorinated herbicides and general chemistiy but no contaminants were detected Depth to

groundwater in this well was 20 feet below ground surface
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During the RFA sediment sample SV255B-05 was also collected in the drainage ditch at Site 37 to

evaluate runoff This sample location was recommended for no further action because detected metals and

pesticides were below screening levels

The POL-handling area contained fuel dispensing area and underground fuel tanks The contaminants in

this area were limited to petroleum product constituents This area has been addressed under the UST

program at the base SWDIV 1993c

2.6.17.3 Summary of Site Characteristics

Site 37 was investigated in June and July 1996 during the RI for Group sites SWDIV 1997b total

of 27 soil samples were collected from six borings and two surface locations Samples were analyzed for

metals PCBs pesticides and chlorinated herbicides Groundwater was sampled from three temporary well

locations and one permanent well Groundwater was analyzed for the same parameters as soil plus general

chemistry Sample locations are shown in Figure 2-32

2.6.17.3.1 Geology and Hydrogeology

Shallow geology at this site is characterized by poorly consolidated alluvium consisting of silty sand

overlying very fine grained to fine-grained sand Groundwater was encountered at depth of 15 feet below

ground surface at Site 37 Based on site geology groundwater is assumed to flow to the southwest

following surface topography

2.6.17.3.2 Soil Results

This section discusses soil analytical results from RI activities at Site 37 Results are summarized in Figure

2-32 which presents detected organics and any inorganics that exceed risk/hazard criteria

Or2anics

The chlorinated pesticides 44-DDE and 44-DDT exceeded PRGs in surface samples from borings

37B-O1 37B-03 and 37B-04 In addition 44-DDE exceeded the PRG in surface sample 37SS001 as did

44-DDT in surface sample 37SS002 Figure 2-32 The maximum detected concentrations of 44-DDE

and 44-DDT were 1.7 and 3.8 mg/kg respectively
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Toxaphene was detected in the surface sample from 37MW-Ui at concentration 4.7 mg/kg exceeding

the PRG 0.4 mg/kg The chlorinated pesticide 44-DDD was also detected in few samples but at

concentrations below the evaluation criterion The maximum detected concentration of 44-DDD was 0.43

mg/kg Nine other organic compounds were detected in the surface sample from boring 37MW-Ui at

concentrations below evaluation criteria gamma-chlordane alpha-chlordane endosulfan endosulfan II

endrin endrin aldehyde endrin ketone aldrin and methoxychlor Of these compounds endosulfan had the

highest concentration at mg/kg

Inor2anics

Arsenic was detected in 24 samples and beryllium was detected in out of 30 samples at concentrations

exceeding PRGs in Site 37 soil Figure 2-32 All beryllium detections were below the background

concentration of .42 mg/kg In general detected arsenic results only slightly exceeded the background

concentration of 4.25 mg/kg the maximum arsenic concentration was mg/kg

2.6.17.3.3 Groundwater Results

This section discusses groundwater analytical results from RI activities at Site 37

Or2anics

No organics were detected at concentrations exceeding MCLs however the dieldrin concentration of

0.0065 tg/l in the sample from well 37MW-Ui approximate groundwater level of i6 feet below ground

surface exceeds the tap-water PRG of 0.0042 tg/l Figure 2-32 Six other organics were detected in well

37MW-Ui at concentrations below evaluation criteria 44-DDD 44-DDE 44-DDT endosulfan

endosulfan II and endosulfan sulfate Endosulfan was also detected in the sample from temporary well

37GWT-U3 approximate groundwater level of feet below ground surface at concentration of U.U26

tg/l which is the highest organic concentration measured in Site 37 groundwater

Inor2anics

No inorganics were detected at concentrations exceeding MCLs Figure 2-32 or tap-water PRGs

detection of chromium VI reported at tg/l in well 37MW-Ui was rejected during data evaluation

because it exceeds the total chromium concentration by approximately one order of magnitude
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2.6.17.14 Summary

Chlorinated pesticides 44-DDD 44-DDE and 44-DDT generally were found in the upper feet of soil

throughout the site however 44-DDE and 44-DDT exceeded PRGs only in surface samples Arsenic

and beryllium were the only inorganics detected at concentrations exceeding PRGs but concentrations were

either below or only slightly above background None of the parameters detected in Site 37 groundwater

exceeded MCLs

2.6.17.4 Summary of Risks Associated with Site 37

Human health and ecological risk assessments were conducted for Site 37 using data collected during the

RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment summaries for Site

37 are presented in this section

2.6.17.4.1 Human Health Risk Characterization

Current/future workers and fbture residents could be exposed to soil contaminants through incidental

ingestion dermal contact and inhalation of particulates The cumulative residential risk from the maximum

detected COPCs in soil is 4x1 Q5 and is primarily attributable to arsenic approximately 40 percent of the

total risk beryllium approximately 10 percent of the total risk and pesticides approximately 40 percent

of the total risk Excluding the portion of total risk attributable to background metals the incremental

residential site risk from maximum concentrations detected is 2.1 xl Using more representative

concentrations 95 percent UCL the incremental residential cancer risk is .8x1 with the majority of

risk attributable to pesticides approximately 89 percent of the risk

The cumulative residential HI from the maximum detected COPCs is 1.1 and is primarily attributable to

metals approximately 86 percent of the total hazard Excluding the portion of total hazard attributable to

background metals the incremental residential site hazard from maximum detected COPCs is 0.2

The cumulative industrial cancer risk from maximum detected COPCs in soil is 7.4x1 J6 and is primarily

attributable to arsenic approximately 34 percent of the total risk beryllium approximately percent of

the total risk and pesticides approximately 51 percent of the total risk Excluding the portion of risk

attributable to background metals the incremental industrial site risk from maximum detected COPCs in

soil is 4.5x1 06 The incremental industrial site hazard is 0.02 Using the more representative soil

concentration for arsenic and excluding the
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portion of total risk and hazard attributable to background metals the incremental industrial site risk and

hazard are 4x1ft6 and 0.01 respectively

The results of the HHRA indicate that the incremental residential 8x1 Q5 and industrial 4x1 ft6 cancer

risks at Site 37 are within the risk management range and the incremental residential 0.2 and industrial

0.01 hazard indices are below the threshold criterion of 1.0 The maximum lead concentration 40.1

mg/kg is below the residential screening criteria The main risk contributors are pesticides associated with

the current use of the site as farm Toxaphene is the main contributor to risk but was detected in only of

20 samples in the surface sample from boring 37MW-Ui

The site is currently used as farm and there are no plans to change the land use The risk for the current

commercial/industrial scenario is 4x1 06 for the pesticide-handling area Receptors are not expected to be in

the pesticide-handling area their entire time on site Therefore the soil is considered protective of human

health

Future residents could be exposed to groundwater contaminants through ingestion although there is no

current complete pathway The residential risk from ingestion of groundwater using maximum detected

concentrations is 8x1 and is primarily attributable to arsenic approximately 97 percent of the total

risk Arsenic detections in Site 37 soil were approximately within the background concentration The 95

percent UCL concentration of arsenic in soil at Site 37 was calculated to be 4.9 mg/kg and the background

concentration is 4.25 mg/kg Arsenic is expected to be naturally occurring in groundwater as well The

maximum reported groundwater concentration of arsenic 2.5 tg/l is below the MCL 50 tg/l The

majority of the risk from groundwater is likely due to naturally occurring arsenic and is not site-related

threat to human health Pesticides represent an incremental risk of 2x1 06 The pesticide contributors

include 44-DDD along with its isomers and dieldrin These pesticides were detected in only one of the

four groundwater samples collected at Site 37 37MW-Ui The total noncarcinogenic health hazard

associated with ingestion of groundwater is 0.8 which is below the threshold criterion of 1.0

Groundwater at Site 37 is considered protective of human health because there is no current pathway for

human receptors to groundwater The risk above background is at the lower end of the risk management

range 2x106 and is due to pesticides as would be expected given the
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current farming practices at the site Furthermore groundwater COCs were not detected consistently one

of four samples Potential future use of groundwater would most likely be from locations upgradient of the

site Topographically the ocean is less than mile downgradient from the farm

2.6.17.4.2 Ecological Risk Assessment

Site 37 was not carried through the quantitative or qualitative ecological evaluations because suitable

wildlife habitat is not available on site and none of the potential exposure pathways are expected to be

complete Site 37 includes pesticide-handling area located amid agricultural fields at the San Clemente

Ranch No surface water was observed in the pesticide-handling area at the site An ephemeral

surface-water drainage runs through the POL-handling area downstream from the pesticide-handling area

and was sampled during the RFA SWDIV 1993a The sediment sample collected in the drainage area

contained contaminant concentrations below the risk screening action levels Based on the RFA no further

action was recommended for the drainage area and it was not evaluated during the RI

2.6.17.5 Description of the No Action Alternative

The no action alternative selected for Site 37 soil and groundwater includes no institutional controls Site

37 soil and groundwater are considered protective of human health and the environment for the following

reasons

The incremental HI for soil under the residential exposure scenario using maximum concentrations

is less than 1.0

The incremental cancer risk for soil is within the risk management range The cancer risk is 8x

under the future residential scenario using representative concentrations and 4x1 under the

current commercial industrial scenario

Human exposure is limited because receptors are not expected to be in the pesticide-handling area

an entire day

There is no current pathway to groundwater at the site Future risk to humans is unlikely because

following the destruction of the hand-dug well discussed in Section 2.5.18.2 the San Clemente

Ranch water supply was connected to the base water supply system
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Wildlife habitat does not exist at the site which is used for farm operations and is surrounded by

agricultural fields There are no complete pathways for ecological receptors As such the site is

considered protective

2.6.18 Sites 38 39 41 and 42

Sites 38 39 41 and 42 were recommended for inclusion in the MCB Camp Pendleton RI/FS because

elevated concentrations of arsenic were detected along sewer lines in several base areas as reported in the

draft final RFA report SWDIV 1993a Because arsenic is the only COPC at these sites and the selected

alternative is the same the discussion/rationale presented in this section pertains to the sites collectively

2.6.18.1 Site Name Location Description and History

The sewer lines include the following

Site 38 52 Area Sewer Line Building 52188

Site 39 41 Area Sewer Line Buildings 41300 and 41346

Site 41 13 Area Sewer Line Building 13128

Site 42 13 Area Sewer Line Building 13129

Site locations are shown in Figure 1-2 These sites were selected during the RFA to represent potential

impact to human health and the environment from sewer line breaks Locations were selected near

industrial facilities and where sewer lines crossed major roads Sewer line sites in the 13 Area were selected

where previous unauthorized discharges were reported

Soil samples were collected along sewer lines during the RFA because interviews indicated that chemicals

although not specifically arsenic could have been disposed of in sewer lines in the past The soil samples

were analyzed for VOCs SVOCS and metals No COPCs were identified other than arsenic which

exceeded the calculated PRG Because at that time background concentrations of metals had not yet been

determined for any base area the sites with elevated arsenic concentrations were recommended for further

investigation under CERCLA No interviews or other evidence indicated any disposal of arsenic-containing

chemicals in sewer lines and no evidence past or present was found to suggest that arsenic-containing

chemicals were disposed of in the sewer lines
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2.6.18.2 Summary of Site Characteristics

Arsenic results and sample locations investigated during the RFA are shown in Figure 2-33 for Site 38

Figure 2-34 for Site 34 and Figure 2-35 for Sites 41 and 42 Site-specific background concentrations of

metals in soil were not determined The RFA data were compared against Santa Margarita Basin

background during preparation of the revised work plan for Group RI sites The Santa Margarita Basin

background data set is considered representative of Sites 38 39 40 41 and 42 because it is the largest

background data set for the base and is in geographic proximity to these sites which are located in the San

Luis Rey Basin Background for the latter basin had not yet been determined

As part of the RI for Group sites SWDIV 1996a Santa Margarita Basin background for arsenic in

soil was determined statistically to be 4.25 mg/kg The average detected concentration of arsenic in the

RFA soil samples for Sites 38 39 41 and 42 is 4.0 mg/kg This value was determined by assigning

value of one-half the reporting limit reporting limit is 3.0 mg/kg for arsenic for samples reported as

nondetects On this basis arsenic concentrations appear to be within background

No consistency was observed in the data relative to the depth of the sewer lines If elevated concentrations

of arsenic were due to disposal of arsenic-containing materials in sewer lines and sewer line leakage to the

surrounding soil higher concentrations of arsenic should be found at or below the depth of the sewer line

not above the line However this is not the case Six of the samples containing detectable concentrations of

arsenic were collected above the sewer line This suggests that the concentrations of arsenic are not due to

disposal of arsenic-containing chemicals in the sewer lines

2.6.18.3 Summary of Risks Associated with Sites 38 39 41 and 42

risk assessment was not conducted for Sites 38 39 41 and 42 The only chemical that did not meet the

risk screening criteria of the RFA was arsenic which was shown to be within background concentrations

Ecological pathways were determined to be incomplete because the sewer line sites are located in developed

areas where there is little or no wildlife habitat Soil and groundwater at Sites 38 39 41 and 42 were

determined to be protective of human health for the following reasons
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The concentrations of arsenic in RFA soil samples are due to naturally occurring processes not to

any site-specific disposal practices past or present

The concentrations of arsenic in soil are found above and below the depth of the sewer lines thus

indicating that the sewer lines are not the source

No evidence was found to suggest that any past or present operations in these areas could have

been responsible for elevated concentrations of arsenic in soil

Using the noncancer endpoint of 22.0 mg/kg the only sample exceeding an HI of 1.0 is 264B2

Site 41 which was collected at depth of 13 to 15 feet and below the 10-foot depth generally

accepted as the maximum for human exposure under future residential scenario Using an

industrial scenario the noncancer endpoint for arsenic in soil is 380 mg/kg

The lack of soil contamination eliminates the potential for impact to groundwater Therefore

groundwater is considered protective of human health

2.6.18.4 Description of the No Action Alternative

The no action alternative selected for Sites 38 39 41 and 42 soil and groundwater includes no institutional

controls Sites 38 39 41 and 42 soil and groundwater are considered protective of human health and the

environment for the following reasons

The detected soil concentrations were less than risk screening criteria or were within background

concentrations

The lack of soil contamination eliminates the potential for impact to groundwater from these sites

The sewer line sites are in developed areas with little or no wildlife habitat and no complete

pathway to ecological receptors

2.6.19 Site 40- 13 Area Sewer Line Building 13103

Site 40 consists of the sewer line near Building 13103

2.6.19.1 Site Name Location and Description

Site 40 13 Area Sewer Line Building 13103 is located approximately 0.25 mile east of the intersection

of 14th Street and Vandegrift Boulevard Figure 1-2 The site is on the north side of
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14th Street directly in front of Building 13182 approximately 1200 feet from the crest of hill The

surface of the site slopes gently to the cast and drains toward Vandegrift Boulevard

Site 40 consists primarily of buried sewer pipeline and an aboveground manhole adjacent to Building

13182 and the surrounding parking lot limited amount of landscaping lawn surrounds the site The site

contains no habitat suitable for special-status species and no such species are expected to be present

Wildlife species observed near the site during the reconnaissance survey include American crow and

western kingbird no animals were seen directly on site

No perennial surface water is present in the vicinity of Site 40 Surface water at the site is generally

ephemeral and follows the gently sloping ground surface to the east The area receives only low annual

rainfall primarily during winter months During significant rainfall events surface water percolates into

the subsurface evaporates or runs off the site

The 13 Area is used for training activities recreation troop housing vehicle maintenance mess and

administration The nearest family housing Serra Mesa Housing is about 0.75 mile southeast of the site

The nearest designated troop housing is within the 13 Area No base production wells are located in the San

Luis Rey Basin or within 1-mile radius of Site 40

2.6.19.2 Site History and Enforcement Activities

Sewer line sites were selected during the RFA to represent potential impact to human health and the

environment from sewer line breaks Locations were selected near industrial facilities and where sewer lines

crossed major roads Sewer line sites in the 13 Area were selected where previous unauthorized discharges

were reported

Soil samples were collected along sewer lines during the RFA because interviews indicated that chemicals

although not specifically arsenic could have been disposed of in sewer lines in the past The soil samples

were analyzed for VOCs SVOCS and metals No COPCs were identified other than arsenic which

exceeded the PRG Because at that time background concentrations of metals had not yet been determined

for any base area Site 40 was recommended for further investigation under CERCLA Further evaluation

of the RFA data comparing results with background levels calculated during the RI for Group sites

SWDIV
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996a indicated that the arsenic concentration in one soil sample from Site 40 significantly exceeded

background

2.6.19.3 Summary of Site Characteristics

Site 40 was investigated in June and July 1996 during the RI for Group sites SWDIV 1997b Seven

soil samples were collected from one boring Figure 2-36 and were analyzed for metals Groundwater was

not sampled because none was encountered prior to drilling refusal at 40 feet below ground surface

habitat and receptor survey was conducted and dominant vegetation types and corresponding wildlife

habitats were identified Wildlife observed and evidence of wildlife use e.g scat or tracks were also

noted

2.6.19.3.1 Geology and Hydrogeology

Shallow geology at Site 40 consists primarily of stream-deposited alluvium of Holocene age overlying the

Eocene-age La Jolla Group bedrock The alluvium consists of poorly graded to well-graded sand and

varying amounts of silt

Based on site geology groundwater is assumed to flow to the east following surface topography Boring

40B-0 was drilled to maximum depth of 40 feet below ground surface without encountering

groundwater Groundwater was consistently encountered at depth of about 20 feet below grade in

boreholes drilled for UST studies at the adjacent 12 and 13 Areas approximately 0.2 mile north of Site 40

SWDIV 1996b However 12 and 13 Areas are topographically lower than Site 40 by about 80 feet As

such groundwater at Site 40 is estimated to be more than 50 feet below grade

2.6.19.3.2 Analytical Results

No organics were detected in soil arsenic and beryllium were the only inorganic compounds detected but

concentrations were below background Figure 2-3 Despite efforts to collect water samples

groundwater was not encountered at Site 40

2.6.19.4 Summary of Risks Associated with Site 40

Human health and ecological risk assessments were conducted for Site 40 using data collected during the

RI Risk assessment methodologies are summarized in Section 2.4.1.4 Risk assessment summaries for Site

40 are presented in this section
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2.6.19.4.1 Human Health Risk Characterization

COPCs detected in soil are limited to metals Current/future workers and future residents could be exposed

to soil contaminants through incidental ingestion of soil dermal contact with soil and inhalation of soil

particulates

The cumulative residential risk from maximum detected soil COPCs is 5.0x1 Q6 and is completely

attributable to beiyllium The maximum concentration of beryllium 0.7 mg/kg is less than the background

concentration for beryllium in the San Luis Rey Basin Excluding the portion of risk attributable to

background metals the incremental site risk is less than lxi 06

The cumulative residential HI from maximum detected metals is 0.35 Excluding the portion of total hazard

attributable to background metals the incremental residential hazard from the maximum detected COPCs

is 0.03 The maximum lead concentration 12.6 mg/kg is below residential screening criteria

Site 40 soil is considered protective of human health because the incremental risk and hazard are less than

1x106 and 1.0 respectively

Groundwater is not considered complete exposure pathway for either current/future workers or future

residents Groundwater sampling was not performed at Site 40 during the RI because drilling refusal

occurred in weathered bedrock at less than 50 feet below ground surface before encountering sufficient

groundwater for sampling purposes Site 40 is not located above shallow aquifer associated with any of

the four major groundwater basins at MCB Camp Pendleton i.e San Mateo San Onofre Las Flores or

Santa Margarita Basin The site is topographically higher than and isolated from the aquifers associated

with these major basins Based on the above groundwater at Site 40 is considered protective of human

health

2.6.19.4.2 Ecological Risk Assessment

Site 40 was not carried through the quantitative or qualitative ecological evaluation because suitable

wildlife habitat is not available on site and none of the potential exposure pathways are expected to be

complete
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2.6.19.5 Description of the No Action Alternative

The no action alternative selected for Site 40 soil and groundwater includes no institutional controls Site

40 soil and groundwater are considered protective of human health and the environment for the following

reasons

The incremental cancer risk for soil is less than 1x1G6

The incremental hazard index for soil is less than 1.0

Site 40 has no suitable wildlife habitat and no complete pathways to ecological receptors
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TABLE 2-1

Remedial Action Standards for Soil at

Sites IA ID IE IF and 2A

MCS Camp Pendleton

Sheet of

Remediation Remediation

Contaminant Maximum Standard mg/kg Standard mg/kg

of Concern Concentrationmg/kg 0-5 feet 5-10 feet

Site

Antimony 27 8.8a

Arsenic 51 17 22b

Barium 704 133

Boron 42 3.6

Chromium 61 l6

Copper 25000 12 2800

Iron 148000 20200a

Lead 8800 12 130b

Manganese 12100 i99

Mercury 4.9 0.2

Thallium 6.8 1.4 54b

Vanadium 93 40

Zinc 7390 56

Site ID

Antimony 35 8.8a

Arsenic 6.4 43d

Chromium 37 33d

Copper 739 26

Iron 30100 26459a

Lead 1100 29

Zinc 2880 iiia

Site IE

Aluminum 47200 20.999a

Antimony 140 8.8a 31b

Arsenic 11 43d 43d

Cadmium 9.3 9d 9b

Chromium 104 33d 33d

Cobalt 25 13

Copper 1660 26
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TABLE 2-1

Remedial Action Standards for Soil at

Sites IA ID IE IF and 2A

MBC camp Pendleton

Sheet of

Remediation Remediation

Contaminant Maximum Standard mg/kg Standard mg/kg

of Concern Concentrationmg/kg 0-5 feet 5-10 feet

Iron 61500 26459a --

Lead 1610 29 130b

Zinc 5930 960

Site IF

Antimony 61 8.8a 3oa

Arsenic 12 43d 43d

Copper 12500 28 2800

Iron 129000 37000a

Lead 1260 isa 130b

Zinc 7390 91a

Site 2A

Antimony 64 8.8a 31b

Arsenic 16 16a 16b

Barium 1530 i33 --

Cadmium 44 9bC 9b

Chromium 890 16a --

Cobalt 160 13a --

Copper 8790 i2 2800

Iron 99500 20200a --

Lead 2020 i2 130b

Manganese 345000 783C 3200b

Mercury 7.3 0.6

Molybdenum 73 74
Silver 120

Thallium 144 i.4 54b

Zinc 226000 i63 23000b

44-DDD 1.9 i.9b i.9b

44-DDE 2.2 i.3b i.3b
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TABLE 2-1

Remedial Action Goals for Soil at

SitelA ID IE IF and 2A

MCB Camp Pendleton

Sheet of

aRemediation goal was set at background calculated for the 0-to 5-foot depth interval

bRemediation goal was set at the risk-based PRG

cRemediation goal was set at the most stringent PLE of the species evaluated for the site

dRemediation goal was set at background calculated for the 0-to 10-foot depth interval

eRemediation goal was set at soil concentration estimated to be protective of groundwater

Although listed remediation goals are applicable to feet contamination is expected to be present

only to feet below ground surface at Site 10

mg/kg Milligrams per kilogram

PLE Preliminary limit of exposure

PRG Preliminary remediation goal

-- Denotes that the contaminant is not of concern at the specified depth range
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GENERAL DEVELOPMENT MAPS 368 36D
AND 37A
DATE DECEMBER 1987
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LL
SOIL BORING LOCATION

SURFACEwATER ILOW DIRECTION

EXCAVATION AREA ESTHIATEO
BASED ON SURFACE CONDITIONS

AREA AREA EXCAVATION ESTIMAIEUocr DEPflI FT VOLUME o3
10 17747

SCALE
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LECENO

7W-05A GROUNDWATER UDNITORING WELL
LOCATION

MW-03 st GROUNDWATER MONITORING WELL
INSTALLED OR MON1TORED DURING
SOLID WASTE ASSESSMENT TEST

SURFACE SL SAMPLE LQCAT
SURFACE-WATER FLOW DIRECTION

________
ESTiMATED SHAPE OF ORIGiNAL
CANYON FROM 1953 AND 1970
AERIAL PHOTOS AND 1995 TRENthING

APPROXIMATE GROUNOWATER
FLOW DIREC11ON

CONCENTRAIjONS THAT EXCEED OR
EQUAL MCLS ARE OUTLINED IN BOLD

UQIE

CONCENTRATiONS GIVEN IN MICROGRAMS
PER LITER sqi1

ANALYTES Th CONCENTRATIONS GREATER
THAN OR EQUAL TO MAXIMUM CONTAMINANT
LEVELS UCLS DURING AT LEAST ONE
SAMPLING ROUND ARE SHOWI

ANALYTICAL DATA QUALIFIERS

ft FEET BELOW GROUND SURFACE

NO NOT DETECTED

NS NOT SAMPLED

SCALE

400 800 FEET

TOPOGRAPHiC REFIRENCE

MARINE CORPS BASE CAMP PNDLETON
GENERAL DEVELOPMENT MAPS BA AND 6B

DATE DECEMBeR 1987

FIGURE 2-11
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COILPOUND m9Ag ACXGROt.n

BERtUUu 014 1.42

CONCENTRATiONS GltN MtLLICRAk4S PER KILOGRAM

CONCENTRATIONS EXCEEDING PfiC3 ARE SHADED

AU OETEC1D ORGANICS ARE SHOWN IN THE FIGURE ONLY
INORGAHICS EXCEEDING PRGt ARE SHOWN

DEPTh IN1ERVALS WITH NO ORGANIC DE1tCTICIS OR NO
INORGANIC CONCENTRATiONS EXCEtOINC PRGI ARE HOT
SHO

ICB02

ND

2c

LEGE

SOIL BORING LOCATION

SURFACEWATER FLOW EflRECTION

APPROXIMATt BOUNDARY OF REFUSE
BURNING GROUND

NOT DETECTED

TOPOGRAPHIC REFERENCE

MRINE CORPS BASE CAMP PENDL.ETON

GENERAL DEtLOPMENT MAPS 24A AND 24C
DATE DECEMBER 1987

SCALE

200 400 FEET

FIGURE 2-14

SITE 1C REFUSE BURNING GROUND
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/1111 fJJ7f -- SURFACE-WATER FLOW RECTION

2/7 2Y1225 APPROXIMATE BOUNDARY OV REFUSE
BURNING GROUND

ND NOT DETECTED

au _______
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///
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FIGURE 2-15
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20801w SL BORNG LOCATION

SURFACEWATER FLOW DIRECTION

APPROXIMATE BOUNDARY OF REFUSE
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DISPOSAL PIT
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LESS THAN 1.0

Q1E
tSOIL CONCENTRATIONS GIVEN

IcILOGRAM mg/kg GROUNDwATER CONCENTRA1IONS
GIVEN IN MtCRORAMS PER LITER

CONCEN1RATIONS EXCEEDING
PRC3 ARE SHADED

ONlY IN0RGCs EXCEONC PRC OR HAWIC HQ8
1.0 ARE SHO

SOIL

OUND nig/jj BAClOIJND

DEPTH INTERVALS TH NO INORCANIC

CONCENTRATiONS xCtEDc PROi ARE NOT SHOW4

FOR EACH SAMPLE LOCATION ECaOCICAI HAZARD
QUOTIENTS NON t.O ARE OVEN EOR MAXIMUM
DETECTED COP NTRAo FOR
TERRES1RIAI_ INVERTEBRATES BIRDS OR
MAMMALS

1t.

LtT
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TOOGRAPt1IC REF
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CfNERAL DEvUOPMENT MAPS 368 36D
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FIGURE 2-17
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x36
2GOWTO1

LEGEND

SOB_ 0RING LOCAI1ON

co
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BORON
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NC

SOIL PRO/k
O.3e

0.14
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NA
23000

8AcKGROJNO TAP-WA ltR

rnM1 PRO ii1
2.87 0.045

1.52 NA
NA NA

31.400 NA
674 NA

L4L j/fl

50
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NA

SOIL CONCENTRATIONS CN IN IWGRAMS PER
KLOORAM GROUNDWATER CONCENTRATIONS CIWN IN

ICR0GRAMS PER LITER

CONCENTRATIONS EXCEEDING PROj AR SHADED

AU DETECTED ORGANICS ARE SHOV4 IN TI-I FIGURE
ONLY IP4ORGANICS EXCEEDING PRO ON IIAW4G HQs .0

ARE SHO4

DEPTH INTERVALS WITH NO ORGANIC IECTIONS AND NO
INORGANIC CONCENTRATIONS EXCEEDING PRO ARE NOT
S140WI4

FOR EAO-I SAMPLE LOCATION ECOLOGICAL HAZARD

QUO11ENTS Hat 1.O ARE GIVEN FOR fl-I MAXIMUM
DElEC1ED CONCENTRATION FOIl Pt.ANIS TERRESTRIAL

INVERTEBRATES BIRDS OR MAMMALS

1COGRAPI-C REF ERENGE

MARINE CORPS BASE CAMP PENOLETON
GENERAL DEVELOPMENT MAPS 5C AND 9A
DATE DECEMBER 1987

46

2GSSOO1 SURFACE S01 SAMPLE LOCAI1ON

TEMPORARY WELL SAMPLE LOCATION

Im SURfACEWATER FLOW MREC11ON
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x/15

\\

FtGJRE 2-19

SITE 2G OflEASE LISPOSAL PIT



.___.r13

OEPTh
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SOIL BORING OCATION INDICATES

HANDAUGER SAMPU mo/OR SURrACE

Soft SAMPLE

IOW-02 MON ORING WELL LOCATiON

100001 BACROROUNI SURFACE SOIL SAMPLE

SURFACI -WATER rLOw DIREcTiON

8.38

25

42

655

21.7

MA
NA
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NA
MA

NO NOT DETEC1Ef

SOIL

COPOW4D rncili
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MA
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l.soL CONCENTRATiONS CIWN IN MILLIGRAMS PER KILOGRAM

GROUNDWATER CONCENTRATIONS ARE OVEN
MICROGRAMS PER liTER

COI4CEP4IRAI1DNS EXCEEDING PRG3 ARE SHADED DIESEL
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ALL DETECTED ORCANICS ARE SHOWN TIlE OCJJRC ONLY

INORCANICS EXCEEDING PROs ARF SHOWN
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FOR EACH SAMPLE t.OCMJON CCF4CENTRARONS ARE

CPtN P4 MIWAMS PER XLOGRAM FOR INORGAMC
ANAL lIES AND IN MICROGRAMS PER KILOGRAM FOR

ORGANIC ANALYTE5

HAZARD QtJO1NTS HQ ARE 2W.N FOR PLANTS

TERRSTRIA INVERTEBRATES BWDS OR
MAMMALS

TCPOGRAPI4C RFFENS
MARINE CORPS BASE CAMP PENDLETON GENERAL

DELOPINT MAPS .30B ANt 230 DArt DECEMDLR 1981
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SURFACEWATER SAMPLE LOCATION SAUPt ES

COLLECTED DURING 3/94 AND 2/95 NO
WATER PRESENT IN 11/94

SURFACEWATtR SAMPLE LOCATiON SAMPLES

COlLECTED DURING 3/94 11/94 ANt 2/95

SURFACEWATER SAMPLE LOCATiON SAMPLES

COLLECTED DURING 3/94 NO WATER PRESENT

IN 11/94 ANO 2/95

PHASE SEDIMENT SAMPLE LOCATION

HANDAUGER SOIL BORING LOCATiON

PHASE SURFACE SOIL SAMPLE COLLECTED

AT SPECifiED SAMPLING LOCATiON

BACKGROUND SAJRFACE SOIL SAMPLE

ANALYj

Accto11
Benzolc

03

LI

22

Ld 26

ANr-WC----Arsc
B4litim

-7

ToIuir
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22Lt
oft

BcnzIc Ackj
NU
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______________ 155WO05

______ __________
165000
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__________ ________
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______ t6BG-01

___________ REFSW0O2 EECQLOG1CAt RISJ ASSESSMENT REFERENCE

______ REFSO0O2-E ECOLOCAL RISK ASSESSMENT REFERENCE

__________ 31 SURFACE-WATER FLOW DIRECTION

NOT DETECTED

LUFT MANUAL

_______ ____ _______
_____________

/1 /-N________ ___
______________ _________

__ .L_ --
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-I
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97 LU

COMPOL m9Aa
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BERtLIUU
DIESEL
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014
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25
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21.7

GUIDANCE

OITERIA

NA
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Q1E

CONCENTRATIONS G1VEN MWGRAMS PER KILOGRAM

CONCENTRATIONS EXCEEDING PRO ARE SHADED DIESEL

CONCENTRATIONS EXCEEDINC THE LIJFT FIELD MANUAL
GUIDANCE ARE OUTIJHD IN BOll

AU DETECTED ORGANICS ARE SHOWN IN IHE FIGURE

ONLY INORCAMCS EXCEEDING PRO ARE SHOWN

DEPTH INTERVALS Th NO ORGANIC DETECIS OR NO
INORGANIC CONCENJRA11ONS EXCEEDING PRO ARE NOT
SHOWN

FIGURE 2-22
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SURFAcE-WATER SAMPLE LOCATION

165W001 SAMPLES COLLECTED DURING 3/94

AND 2/95 NO WATER PRESENT 11/94

SURFACE-WA ltR SAMPLE LOCATiON

16SWO3 SAMPLES COUECTED DuRING 3/94

11/94 AND 2/95

SURFACE-WATER SAMPLE LOCATiON
165W005 SAMPLES COLLECTED DURING 3/94

ND WATER PRESENT IN 11/94 AND 2/95

SEDIMENT SAMPLE LOCATION

HAND-AUGER SOIL BORING LOCATION

QUALITY CONTROL DuPUcATE soti

16S820406 SAMPLE COLLECTED AT SPECIFIED

SAUPUNC LOCATiON

168 04 RE
PHASE SOIl SAMPLE COU.ECTED AT
SPECIFIED SAMPLING LOCATiON

16BG-O1 BACKGROUND SURFACE SOIL SAMPLE

REFSWOO2 ECOLOGICAL RISK ASSESSIILN

REFIRENCE SURFACE -WATER SAMPLE

REF 002
ECOLOGICAL RISK ASSESSMENT

SO
REFERENCE SEDIMENT SAMPLE

SURFACE-WATER ILOW DIRECTION

ANALrTE

NOTES

FOR EACH SAMPLE LOCATION ANALYTE
CONCENTRATION QVEN IN MILLIGRAMS PER KILOGRAM

m9ftq HAZARD QUOTIENT ARE GIVEN FOR
PLANTS TERRESTRIAL INVERTEBRATES
BIRDS OR MAMMALS

S$AOING INDICATES THAT CONCENTRATiONS EXCEED

BACKGROUND FOR THE SANTA MARGARITA BASIN

SURFACE-WATER cONCENTRAI1ONS GIVEN IN

MICROGRAMS PER LITER t4g/ SEDIMENT

CONCENTRATIONS GIVEN IN MILLIGRAMS PER KILOGRAM

rngq FOR INORGANICS AND IN MICROGRAMS PER

KILOGRAM jgfkg FOR ORGANICS

16S0Q02
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CHROMIUM
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IRON
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33

26.8

28.459

111

FIGURE 2-23

SITE 18 22 ABA BUILDINGS 22151 AND
22187 DITCH CONFLUENCE AM DITCH

SUMMARY OF SOIL SEDIMENT AND SUflFACE



17SO1

17SO4

LL
SURFACE-WMtR SAMPU LOCAflON
SAMPtES COLLECTED DURING
MARCH 1994 AND FEB 1995

SURVACEWATEJ1 SAMPLE LOCATION
SwP.c couicir DuRING FEB
1995 NO WATER PRESENT IN MARCH

PHASE SEDIMENT SAMPLE LOCATiON
17S0002

17B07

59

17BG01

SOIL BOR LOCAIION INDICATES
HANDAuGER SAMPLE

BACKGRO.JNIJ SURF ACE SOti

SAMPLE

.-- SURFACE-Wj Flow DIRECTiON

CONC CONCIj1RAflO

HO HAZARD OUOTiENT

NO NOT DETECTED

NA NOT AVAIJBt

SURFACEWATER

BARIUM

SltER

SEDIMENT

INORGANICS mg/kg

BARiUM

CADMIuM

SEDIMENT

ORGANICS pg/kg

4.4DDE

4.4DDT

PIE

39

0.12

BACKGROJND

NA

NA

BACKGROIJND

262

1.6

PLC

2.0

12

PIE

2.2

1.6

BAOGRctjND

NA

NA

it

SURFACE-WATER CONCENmAnOWS GIVEN IN MiCROGRAMSPER UTtR ag SEDIMENT CONCENTRANS GIVEN IN
MUJGRAMS PER KILOGRAM mg/kg FOR INORGAMCS AND
IN MICROGRAMS PER KILOGRAM pg/kg FOR ORGANICS

TOGRAplIjC REFEREI
MARINE CORPS BASE CAMP PENDLETON GENERAL
DEtLOPMENJ MAP ISC DATE DECEMBER 1987

SCALE

200 400 FEET

FIGURE 2-24

SITE 17 22 AREA BUILDiNG 22187
MARSH AND DITCH

SUMMARY OF SURFACE-WAT AP4C
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SoiL BORING WCAIION INDICATES
HAND-AUGER SAMPLE

SOL BORING LOCATION SAMPLED
1BSBOI DURIND BECHTEL NATIONAL INC

1996 INVES11GATION

isw-oia ATTEMPTED WELL BORING LOCATiON

DRILLED AND SAMPLED DURING BECHTEL
NATIONAL INC 1996 INVES11CA11ON

REFUSAL PREVENTED GROUNDWATER
SAMPLING

UNUNED DRAiNAGE DITCH

CONCRETEUNED DITCH

ND NOT DETECTED

HQ HAZARD QUOITENTS

CONCENTRATIONS GIVEN MtLIGRAMS PER KILOGRAM
ng/kg

CONCENTRATIONS ABOVE PRG ARE SHADED

ALL DETECTED ORGANICS ARE SHOWN IN THE FIGURE
ONLY INORGANICS EXCEEDiNG PRCs OR I1Q 21.0 ARt
SHOWN

DEPTh INTERVALS WTH NO ORGANIC DETECTiONS OR
NO INORGANIC CONCENTRATIONS EXCEEDiNG PRG OR
WITH HAZARD QUOTWNTS 1.O ARE NOT SHOWN

FOR EACH SAMPLE LOCATION NAZARO QUOTIENTS

ARE GIVEN FOR PLANTSP TERRESTRIAL

INVERTEBRATESI BIROS8 OR UAUUALSM

TQOGRAPHIC REFERENCE

MARINE CORPS BASE CAMP PEPDLtTON
GENERAL OEVELOMN MAPS 24A ANT 1/C
DATE DECEMBER 17
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APPROXIMATE GROUNDWATER FLOW
DIRECTiON

HO HAZARD QUOTiENT

NA NOT APPLICABLE
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3.0 Responsiveness Summary

As previously discussed in Section 2.2 documents leading to the decisions presented in this ROD have

been released to the public and are included in the Administrative Record available for public review The

main documents were made available to the public in the information repositories maintained at the base

and at the Oceanside Public Libraiy The public was informed of the availability of the complete

Administrative Record which is maintained at the AC/SES offices at MCB Camp Pendleton and at the

SWDIV offices in San Diego Notices of availability were published in local newspapers as were notices

of public meetings and public review and comment periods No questions or comments were received from

any source during the public comment periods Therefore responsiveness summaiy is not required and is

not part of the Administrative Record This decision document presents the selected remedies for MCB

Camp Pendleton 0U3 sites chosen in accordance with CERCLA as amended by SARA and to the extent

practicable the NCP The decisions for these sites are based on the Administrative Record
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intentionally blank

SCI/9-98/WPC/Pend1etonIROD9-28.pd
32



4.0 References

CaIIEPA see California Environmental Protection Agency

California Environmental Protection Agency 992a California Cancer Potency Factors memorandum

Standards and Criteria Work Group Office of the Science Advisor Sacramento CA 18 June

California Environmental Protection Agency 992b Supplemental Guidance for Human Health

Multimedia RiskAssessments ofHazardous Waste Sites and Permitted Facilitie Department of Toxic

Substances Control July

California Environmental Protection Agency 1994 Preliminary Endangerment Assessment Guidance

Manual Department of Toxic Substances Control Januaiy

California Occupational Safety and Health Administration 1979 Cal/OSHA Guide for the Construction

Industry Department of Industrial Relations August

California State Water Resources Control Board 1989 Leaking Underground Fuel Tank Field Manual

Guidelines for Site Assessment Cleanup and Underground Storage Tank Closurc issued by the Leaking

Underground Fuel Tank Task Force October

CaIIOSHA see California Occupational Safety and Health Administration

Dames and Moore 1986 Draft Report Vapor Well Installation Project Marine Corps Base Camp

Pendleton May

EPA see U.S Environmental Protection Agency

Gilbert R.O 1987 Statisti cal Methods for Envi ronmental Pollution Monitoring Van Norstrand

Rheinhold NY

Hem John 1985 Study and Interpretation of the Chemical Characteristics of Natural Watei 3rd

edn U.S Geological Survey Water-Supply Paper 2254 U.S Government Printing Office

limis-Teimebaum Architects Inc 1990 Marine Corps Base Camp Pendleton California Masterplan

Volumes land Draft prepared for Southwest Division Naval Facilities Engineering Command August

Kleinfelder Inc 1997 Draft Engineering Evaluation/Cost Analysis for Sites 1D/1003 1E/1004 30 and

35 Marine Corps Base Camp Pendleton California prepared for Southwest Division

Naval Facilities Engineering Command 18 March

NEESA see Naval Energy and Environmental Support Activity

SCI/9-98/WPC/Pend1etonIROD9-28.d
41



Naval Energy and Environmental Support Activity 1984 Initial Assessment Study of Marine Corps

Base Camp Pendleton California NEESA 13-057 prepared by SCS Engineers Inc September

Palmer M.A 1990 Hydrogeological Investigation of Las Flores Basin San Diego County California

unpublished Masters Thesis San Diego State University San Diego California

Southwest Division Naval Facilities Engineering Command 1991 Draft Final Work Plan Remedial

InvestigationlFeasibility Study Marine Corps Base Camp Pendleton California prepared by Jacobs

Engineering Group Inc 24 May

Southwest Division Naval Facilities Engineering Command 1993 Draft Final RCRA Facility

Assessment Report Marine Corps Base Camp Pendleton California prepared by Jacobs Engineering

Group Inc 25 June

Southwest Division Naval Facilities Engineering Command 993b Ecological Risk Assessment Draft

Final Sampling and Analysis Plan Remedial InvestigationlFeasibility Study Group Sites Marine

Corps Base Camp Pendleton California prepared by Jacobs Engineering Group Inc 26 February

Southwest Division Naval Facilities Engineering Command 993c Draft Underground Storage Tank Site

Assessment Report Marine Corps Base Camp Pendleton California prepared by Jacobs Engineering

Group Inc. April

Southwest Division Naval Facilities Engineering Command 993d Marine Corps Base Camp Pendleton

California Remedial Investigation/Feasibility Study Phase RI Technical Memorandum Group Sites

10 December

Southwest Division Naval Facilities Engineering Command 1995 Draft Final Record of Decision for

Operable Unit Site and Group No Action Sites Marine Corp Base Camp Pendleton California

Revision prepared by Jacobs Engineering Group Inc October

Southwest Division Naval Facilities Engineering Command 995b Draft Final RI Report for Group

Sites Remedial Investigation/Feasibility Study Marine Corps Base Camp Pendleton California prepared

by Jacobs Engineering Group Inc 17 March

Southwest Division Naval Facilities Engineering Command 995c Draft Final Human Health Risk

Assessment Work Plan Addendum RI/FS Group Sites Marine Corps Base Camp Pendleton

California prepared by Jacobs Engineering Group Inc 14 August

Southwest Division Naval Facilities Engineering Command 995d Engineering Evaluation/Cost Analysis

EE/CA for Installation of Cap at Site Box Canyon Landfill Marines Corps Base Camp Pendleton

California draft final 25 September

SCI/9-98/WPC/Pend1etonIROD9-28.d
4-2



Southwest Division Naval Facilities Engineering Command 996a Draft Final RI Report for Group

Sites Remedial InvestigationlFeasibility Study Marine Corps Base Camp Pendleton California prepared

by Jacobs Engineering Group Inc 12 November

Southwest Division Naval Facilities Engineering Command 996b Final Site Assessment Report 12 and

13 Areas Marine Corps Base Camp Pendleton California prepared by Jacobs Engineering Group Inc

19 July

Southwest Division Naval Facilities Engineering Command 996c Technical Addendum to the RI Report

for Group Sites Marine Corps Base Camp Pendleton California draft final 15 November

Southwest Division Naval Facilities Engineering Command 996d Closure and Postclosure

Maintenance Plan Box Canyon Landfill Marine Corps Base Camp Pendleton California 20 September

Southwest Division Naval Facilities Engineering Command 997a Final Record of Decision Operable

Unit Marine Corps Base Camp Pendleton California 30 September

Southwest Division Naval Facilities Engineering Command 997b Draft Final RI Report for Group

Sites Remedial InvestigationlFeasibility Study Marine Corps Base Camp Pendleton California prepared

by Jacobs Engineering Group Inc 16 July

Southwest Division Naval Facilities Engineering Command 997c Final Action Memorandum for

Non-Time-Critical Removal Action Site Box Canyon Landfill prepared by Jacobs Engineering Group

Inc September

Southwest Division Naval Facilities Engineering Command 997d Technical Addendum to the

Engineering Evaluation/Cost Analysis EE/CA for Installation of Cap at Site Box Canyon Landfill

18 June

Southwest Division Naval Facilities Engineering Command 998a Draft Final Remedial Investigation

and Feasibility Study for Operable Unit Marine Corps Base Camp Pendleton California prepared by

IT Corporation May

Southwest Division Naval Facilities Engineering Command 998b Final Minutes of the Forty-Third

FFA Project Managers Meeting prepared by IT Corporation 20 August

Southwest Division Naval Facilities Engineering Command 998c Technical Memorandum MCB

Camp Pendleton Leaching Potential of Sites 1A 1D 1E iF and 2A prepared by IT Corporation

October

SWDIV see Southwest Division Naval Facilities Engineering Command

SCI/9-98/WPC/Pend1etonIROD9-28.d
43



SWRCB see California State Water Resources Control Board

U.S Environmental Protection Agency 999a Interim Final Guidance on Preparing Superfund Decision

Documents The Proposed Plan The Record ofDecision Explanation of Signifi cant Differences The

Record ofDecision Amendmeni Office of Emergency and Remedial Response OSWER Directive

9355.3-02 June

U.S Environmental Protection Agency 1989b RiskAssessment Guidance for Supedfund Volume

Human Health Evaluation Manual Part Interim Fina/ EPA/540/1 -89/002 Office of Emergency

Response Washington DC December

U.S Environmental Protection Agency 990a EPA Region IX/State of California Marine Corps Federal

Facility Agreement Marine Corps Base Camp Pend/eton October

U.S Environmental Protection Agency 1990b National Oil and Hazardous Substances Pollution

Contingency Plan Final Rule 40 CPR 300 Federal Registei Vol 55 No 46 March

U.S Environmental Protection Agency 1991 Users Guide for Lead PC Software Application of the

Uptake/Biokinetic model Version 0.50 First Draft ECAO-CIN Environmental Criteria and Assessment

Office Cincinnati OH Januaiy

U.S Environmental Protection Agency 1992 Integrated Risk Information System on-line toxicological

data base National Library of Medicine Bethesda MD

U.S Environmental Protection Agency 1992b Health Effects Assessment Summaiy Tables FY 1992

OERR 9200.6-303-92-1 Office of Solid Waste and Emergency Response Washington DC March

U.S Environmental Protection Agency 1992c Frameworkfor Ecological RiskAssessment

EPA/630/R-92-001 Risk Assessment Forum Washington DC

U.S Environmental Protection Agency 992d Supplemental Guidance to RAGS Calculating the

Concentration Term Office of Solid Waste and Emergency Response OSWER Publication 9285.7-08

U.S Environmental Protection Agency 1993 Presumptive Remedy for CERCLA Municipal Landfill

Sites Office of Solid Waste and Emergency Response Directive No 9355.0-49F5 EPA 540-F-93-035

September

U.S Environmental Protection Agency 1994 Trichloroethylene and Tetrachloroethylene Profiles

facsimile provided by the Superfund Health Risk Technical Support Center ECOA-Cincinnati OH 21

July

SCI/9-98/WPC/Pend1etonIROD9-28.d
44



U.S Environmental Protection Agency 1995 Region IX Preliniinaiy Remediation Goals PRGs Second

Half 1996 memorandum from Stanford Smucker to PRG Table Mailing List September

U.S Environmental Protection Agency 996a Region IX Preliniinaiy Remediation Goals PRGs 1996
memorandum from Stanford Smucker Regional Toxicologist August

U.S Environmental Protection Agency 996b Federal Facility Agreement FFA Revision Including

Milestones and Deadlines for the Group Sites and 0U3 MCB Camp Pendleton letter from Michael

Gill to Davis Mangold 27 September

U.S Environmental Protection Agency 998a Amendment to FFA

U.S Environmental Protection Agency 999b memorandum regarding MCB Camp Pendleton

Consolidation and Capping of Metal Contaminated Soils Office of Research and Development 21

October

SCI/9-98/WPC/Pend1etonIROD9-28.d
45



APPENDIX
TRANSCRIPT OF THE PUBLIC MEETING



public meeting was held at the Oceanside Senior Citizens Center in Oceanside California on 14 May

1998 at 700 p.m for the Operable Unit sites display session was held prior to the meeting at the

Senior Citizens Center from 500 p.m to 700 p.m Displays included photographs and information relating

to the Operable Unit sites as well as general information regarding the environmental program at MCB

Camp Pendleton Personnel from the base Southwest Division Navy U.S Environmental Protection

Agency California Environmental Protection Agency Department of Toxic Substances Control and San

Diego Regional Water Quality Control Board and the Navys environmental contractor were present to

provide information to the public and to answer any questions or concerns No members of the public

attended the display session or the public meeting The base did not receive any telephone calls or written

comments during the 30-day public comment period

The meeting was publicized in four local newspapers theNorth County Times both Inland and Coastal

Editions the Sun Post and theScout on May 1998

The transcripts of the meeting are provided in this appendix Because no members of the public attended

the meeting it lasted only several minutes however base Navy and agency representatives remained at

the Senior Citizens Center for an additional V2 hour to ensure that no late arrivals from the public were

missed
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MS TROST Welcome to the public meeting for

Operable Unit Three of the Installation Restoration Program

for Camp Pendleton California My name is Teresa Trost

and represent the Marine Corps on the Federal Facilities

Team

For the record will the other members of the

Federal Facilities Team state their name and affiliation

MR MANGOLD Davis Mangold the Remedial Project

Manager for Southwest Division

10 MS LAUTH Sheryl Lauth L-a-u-t-h Remedial Project

11 Manager from EPA

12 MR ODERMATT John Odermiatt 0-d-e-r-m-a-t-t

13 Remedial Project Manager from the Regional Water Quality

14 Control Board

15 MS TROST Okay Let the record show that there is

16 no member of the public in the audience and that we have

17 fulfilled the requirement under CERCL for public meeting

18 And would propose that the meeting is now closed

19 Do have second

20 MR MANGOLD Second

21 MS TROST The meeting is now closed

22 The public meeting

23 concluded at 703 p.m
24

25

26

27

28
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REPORTER CERTIFICATE

LESLIE JOHNSON Certified Shorthand Reporter for the

State of California do hereby certify

That said public meeting was taken before me at the time and

place therein stated and was thereafter transcribed into print

under my direction and supervision and hereby certify the

foregoing public meeting is full true and correct transcript

of my shorthand notes so taken

In witness whereof iave subscribed my nane this

c25t1L day of ________________ 19

9ii
LESLIE JOHNSON
Certified Shorthand Reporter No 11451

for the State of California
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Abbreviations/Acronyms

APCD Air Pollution Control District

ARAR Applicable or Relevant and Appropriate Requirement

CAA Clean Air Act

CAMU Corrective Action Management Unit

CCC California Coastal Commission

CCR California Code of Regulations

CERCLA Comprehensive Environmental Response Compensation and

Liability Act

CFR Code of Federal Regulations

CIWMB California Integrated Waste Management Board

DLM Designated Level Methodology

DON Department of the Navy

EE/CA Engineering Evaluation/Cost Analysis

EPA U.S Environmental Protection

FR Federal Register

MCB Marine Corps Base

MSWLF Municipal Solid Waste Landfill

NCP National Oil and Hazardous Substances Pollution Contingency Plan

OU Operable Unit

RCRA Resource Conservation and Recovery Act

RI Remedial Investigation

RWQCB California Regional Water Quality Control Board

SIP State Implementation Plan

SWDIV Southwest Division Naval Facilities Engineering Command

SVRCB California State Water Resources Control Board

TBC To Be Considered

USC United States Code
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1.0 Introduction

Section 121d of the Comprehensive Environmental Response Compensation and Liability Act of 1980

CERCLA states that remedial actions at CERCLA sites must attain or the decision document justify the

waiver of any Federal or more stringent State environmental standards requirements criteria or

limitations that are determined to be legally applicable or relevant and appropriate

Applicable requirements are those cleanup standards standards of control and other substantive

environmental protection requiremnts criteria or limitations promulgated under Federal or State law that

specifically address the situation at CERCLA site The requirement is applicable if the jurisdictional

prerequisites of the standard show direct correspondence when objectively compared with conditions at

the site If the requirement is not legally applicable the requirement is evaluated to determine whether it is

relevant and appropriate Relevant and appropriate requirements are those cleanup standards standards of

control and other substantive environmental protection requirements criteria or limitations promulgated

under Federal or State law that although not applicable address problems or situations sufficiently similar

to the circumstances of the proposed response action and are well-suited to the conditions of the site U.S

Environmental Protection Agency 1988 The criteria for determining relevance and

appropriateness are listed in Title 40 Code of Federal Regulations CFR Section 300.400g2

To qualify as State applicable or relevant and appropriate requirement ARAR under CERCLA and the

National Oil and Hazardous Substances Pollution Contingency Plan NCP State requirement must be

all of the following

State law

An environmental or facility siting law

Promulgated of general applicability and legally enforceable

Substantive not procedural or administrative

More stringent than the Federal requirement

Identified in timely manner

Consistently applied
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In order to constitute an ARAR requirement must be substantive Therefore only substantive provisions

of requirements identified are considered ARARs The ARARs identified for the selected remedial action

alternative for Operable Unit OU Sites 1A 1D 1E iF and 2A at Marine Corps Base MCB Camp

Pendleton are summarized in the following sections Table B-i and Table B-2 Table B-i provides ARARs

for Sites iA iD iE iF and 2A Table B-2 provides ARARs for Site and includes landfill cap ARARs

originally presented in the Site engineering evaluation/cost analysis EE/CA for installation of landfill

cap SWDIV 995 in addition to groundwater monitoring and postclosure maintenance ARARs not

previously included in the EE/CA ARARs

Although the cap ARARs were identified for removal action they are considered complete due to the

Department of the Navys DONs policy to comply with EPAs promulgated requirement that removal

actions shall to the extent practicable considering the exigencies of the situation attain applicable or

relevant and appropriate requirements under federal environmental or state environmental or facility siting

laws 40 CFR 300.4 iSGroundwater ARARs were not addressed in the EE/CA because the

groundwater remedial investigation RI was not complete Subsequent to completion of the EE/CA the RI

recommended no remedial action for Site groundwater based on the results of the risk assessment

SWDIV 996a Groundwater monitoring ARARs for the presumptive remedy cap and postclosure

maintenance of the landfill are however included in Table B-2 Subsequent to the time that Site ARARs

were presented in the EE/CA State Water Quality Control Board SWQCB landfill requirements of Title

23 California Code of Regulations CCR and California Integrated Waste Management Board CIWMB
landfill requirements of Title have since been replaced by the combined SWRCB/CIWMB Regulations

in Title 27 CCR Updated citations are provided in Table B-2 in addition to the former citations
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2.0 ARARs for the Selected Remedies for 0U3
Sites IA ID IE IF 2A and

Remedial action for soil was selected for the following OU sites at MCB Camp Pendleton

1A Refuse Burning Ground in 14 Area

1D Refuse Burning Ground in 20 Area

1E Refuse Burning Ground in 32 Area

iF Refuse Burning Ground in 43 Area

2A Grease Disposal Pit in 14 Area

Box Canyon Landfill

The same action was selected for Sites 1A 1D 1E iF and 2A soil excavation and on-base disposal no

further action for groundwater No further action was recommended for groundwater at these sites during

the RI SWDIV 996b and 1997 The risk assessment identified no unacceptable risks from groundwater

The selected remedy involves no treatment because the RI results indicate that contaminated soils at Sites

and 2A would not leach to groundwater and meet the requirements for fill at Site Box

Canyon Landfill Based on the Designated Level Methodology DLM California Regional Water Quality

Control Board 1986 excavated soil from Sites 1A 1D 1E and iF would not impact

groundwater at Site SWDIV 1998a Soil from Site 2A exceeded the designated levels although only

slightly therefore the soil from Site 2A was tested for leachability using DI WET analysis The DI WET

results were compared against soluble designated level predicted by the DLM DI WET results were less

than the soluble designated levels indicating that Site 2A soils would not pose threat to groundwater

SWDIV 1998b The identified ARARs for Sites 1A 1D 1E iF and 2A are listed in Table B-i

The action selected for Site includes installation of an evapotranspiration cap and associated long-term

monitoring Groundwater monitoring will be conducted to measure the effectiveness of the landfill cap as

part of the presumptive remedy and to comply with postclosure maintenance requirements identified in the

EE/CA ARARs for Site are identified in this appendix and are listed in Table B-2
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2.1 ARARs for Sites IA ID IE 1F and2A

The Department of the Navy DON has determined that 22 CCR 66264.94 is relevant and appropriate

Federal ARAR for the selected remedies for the 0U3 sites The DON considers 22 CCR 66264.94

federal ARAR because it was approved by the EPA in its 23 July 1992 authorization of the State of

California Resource Conservation and Recovery Act RCRA program and is federally enforceable see 57

Federal Register 32727 23 July 1992 and 55 FR 8742 March 1990 see also Wyckoffv EPA 796

F.2d 1197 Cir 1986 The State of California disagrees that 22 CCR 66264.94 is Federal

ARAR This regulation is part of the States authorized hazardous waste control program It is the States

position that it is State ARAR and are Federal ARAR See 55 FR 8765 March 1990 and U.S

State of Colorado 990 F.2d 1565 1993

For the same reasons stated above for 22 CCR 66264.94 the DON has determined that other specifically

identified substantive requirements of Title 22 CCR approved under the authorized State RCRA program

are Federal ARARs for the selected remedies for the 0U3 sites The State of California disagrees with

finding the other substantive requirements under the authorized State RCRA program Federal ARARs

for the reasons set forth above It is the States position that these requirements are State ARARs not

Federal ARARs

The DON has determined that the SWRCB Resolution No 92-49 and 27 CCR 20400 formerly 23 CCR

2550.4 do not constitute ARARs for the selected remedies for 0U3 because they are State requirements

and we are not more stringent than the Federal ARAR provisions of 22 CCR 66264.94 The NCP as set

forth in 40 CFR 300.400g provides that only state standards more stringent than Federal standards may

be ARARs see also Section 121 of CERCLA

The provisions of 22 CCR 66264.94 and 27 CCR 20400 formerly 23 CCR 2550.4 that address soil

concentration limits are identical Therefore 27 CCR 20400 is not more stringent than 22 CCR 66264.94

and its provisions we not ARARs SWRCB Resolution No 92-49 was promulgated by the SWRCB as

policies and procedures to be followed by Regional Water Boards for oversight of investigations and

cleanup and abatement orders It is therefore not of general applicability and is not an applicable

ARAR However it was evaluated as potential relevant and appropriate State ARAR Section III.G of
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SWRCB Resolution 92-49 provides in relevant part that regional boards shall ...in approving any

alternative cleanup levels less stringent than background apply Section 2550.4.. 27 CCR 20400

Because this resolution incorporates and relies upon the provisions of 23 CCR 2550.4 now 27 CCR

20400 which are not more stringent than 22 CCR 66264.94 SWRCB Resolution No 92-49 is also not

more stringent and hence its provisions are not State ARARs

The State of California disagrees with the DONs assertion that SWRCB Resolution No 92-49 is not an

ARAR and believes the resolution is an applicable requirement for the 0U3 remedial actions It requires

compliance with more than 66264.94 Resolution No 92-49 requires compliance with 23 CCR 2550.4 but

Sections III.F and III.G also have additional requirements that must be met To the extent that Resolution

No 92-49 includes provisions that are the same as 22 CCR 66264.94 the State believes it is appropriate

for the DON to defer to the States interpretation of 22 CCR 66264.94

Despite the disagreement on whether identified ARARs are federal or state the State has decided to

exercise its discretion not to invoke dispute resolution for this Record of Decision for the following reasons

The State believes excavation of soil from the OU3 sites and placement under the landfill cover at

the Site CAMU is the best remedy and complies with all substantive State requirements

The soil from OU3 Sites 1A 1D 1E iF and 2A are contaminated with metals that when placed

under the landfill cover already approved by the State for the Site CAMU will be protective of

groundwater

The cleanup levels for the soil at Sites iF and 2A will be protective of groundwater

and comply with all substantive requirements

The excavation transportation and handling of soil at the OU3 remedial action sites could result in fugitive

emissions of particulate matter San Diego County Air Pollution Control District APCD Rule 50d

has been identified as an applicable Federal ARAR for such emissions Table B-i This rule is considered

Federal ARAR because it is included in the approved State Implementation Plan SIP under Section 110

of the Clean Air Act CAA
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The DON has determined that substantive provisions of 22 CCR 66262.10a and 66262.11 are ARARs

for determination of hazardous waste The soils at Sites and 2A have been identified as

hazardous waste by applying knowledge of the hazard characteristic of the waste in light of the materials or

processes used to generate the wastes

The substantive provisions of 22 CCR 66264.13a and are also determined to be ARARs The

substantive provisions at 22 CCR 66264.13a require analysis of hazardous waste before an owner or

operator transfers treats stores or disposes of any hazardous waste Representative samples of the soil

from the 0U3 sites have been analyzed during the RI and in recent field sampling effort in May 1998 to

ftirther delineate the sites This analysis included the information necessary for acceptance into the CAMU

designated at Site The requirements at 22 CCR 66264.13b require an analysis plan Work plans for

the RI and the additional sampling for further delineation were written to satisfy the substantive provisions

for analysis plans in 22 CCR 66264.13b and concurrence was received from DTSC RWQCB and EPA

The sampling and analysis provided adequate information for placing the waste at the Site CAMU even if

it was assumed to be hazardous waste and therefore no additional sampling and analysis to determine

whether the waste is hazardous was necessary

The Department of the Navy has determined that substantive provisions of 27 CCR 2023 0a and are

the controlling ARARs for soil discharge levels for the Site Box Canyon Landfill Table B-i To

assess if the soils at Sites 1A 1D 1E iF and 2A meet these requirements two-phased screening process

was conducted The first phase included using the designated level methodology DLM California

Regional Water Quality Control Board 1986 Acceptable soil concentrations are calculated

through the use of DLM equation and compared to actual soil concentrations Soil concentrations at Sites

1A 1D 1E and iF met the requirements The soil at Site 2A did not meet DLM criteria Because of the

conservative nature of the DLM the second phase of screening was applied for Site 2A and leachability

analysis using DI WET was conducted for Site 2A soils The DI WET results were compared against

soluble designated level predicted by the DLM DI WET results were less than the soluble designated

levels indicating that Site 2A soils also meet State discharge requirements SWDIV 998b
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The Department of the Navy has determined that the DLM is method for determining acceptable

contaminant concentrations in soil to meet State discharge requirements specifically 27 CCR 20230

However failure of site soil to meet DLM does not indicate noncompliance Further testing and/or

evaluation may indicate compliance

Federal- and State-listed threatened and endangered species are present at or near remedial action Sites 1A

1D 1E iF and 2A The California gnatcatcher Federal-listed endangered species was observed on Sites

1A 1D and 1E and is suspected at Sites iF and 2A where habitat had burned prior to field surveys

SWDIV i998a The least Bells vireo State-listed endangered species was observed near Sites 1A and

The Federal and State endangered species requirements are identified as ARARs as indicated in Table

B-i The Migratory Bird Act set forth in i6 USC 703 is Federal ARAR for the remedial actions at Sites

iA iD and iE and may also be an ARAR for Sites 2A and iF after the habitat recovers from the 1997

brushfire

The substantive provisions of 36 CFR 800.4 for historical property identification are considered applicable

Federal ARARs for the 0U3 remedial action sites An archaeologist will monitor excavation activities If

previously unidentified archaeological resources are identified during the remedial actions substantive

provisions of 32 CFR 229.i et seq will be applicable Federal ARARs These sections require protection of

archaeological resources on Federal lands by consultation with the State Historic Preservation Officer

Sites iD and iE are located within the designated boundary of the coastal zone as indicated on California

Coastal Commission CCC maps that delineate the extent of the coastal zone CCC 1993 The Federal

and State requirements are applicable for controlling direct significant impacts on coastal waters and for

protecting State and national interests in California coastal resources The coastal zone requirements are

ARARs

Site iD is located within the 100-year floodplain and is subject to Federal ARARs identified at 22 CCR

66264.i8b and 40 CFR Part
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2.2 ARARs for Site

The ARAR evaluation for Site focused on the action-specific closure and postclosure cam requirements

of the Resource Conservation and Recovery Act RCRA and the State municipal solid waste landfill

MSWLF requirements Air vadose zone and groundwater action-specific requirements are discussed as

appropriate Limited location-specific ARARs are discussed because the location of the landfill is fixed and

only those requirements that pertain to the selected removal action alternative are identified

RCRA closure and postclosure requirements are set forth in Subtitle for MSWLFs and in Subtitle for

hazardous waste landfill State requirements other than RCRA requirements for closure and postclosure

care of landfills are set forth in Title 27 CCR Division Subdivision California implemented portions of

RCRA Subtitle requirements in Title 27 CCR Division Subdivision and in SWRCB Resolution

No 93-62 These requirements are discussed further in the following paragraphs

RCRA Subtitle requirements are applicable if the waste is listed or characteristic waste under RCRA

and was treated stored or disposed of after the effective date of the RCRA requirements or the activity at

the CERCLA site constitutes treatment storage or disposal as defined by RCRA EPA 1988 The wastes

disposed of at Site are not considered listed wastes because their source caimot be identified Because of

the heterogeneous nature of the landfilled wastes and because representative sample could not be obtained

from the landfill the hazardous characteristics of the waste were not tested The landfill stopped accepting

municipal waste in 1984 after the effective date 1980 of the RCRA requirements for hazardous waste

However the hazardous wastes reportedly disposed of at the site Naval Energy and Environmental

Support Activity 1984 likely were deposited before the effective date of RCRA The capping of waste in

place does not constitute RCRA placement or disposal EPA 1988 Therefore RCRA Subtitle

requirements are not applicable for the Site cap

Although RCRA requirements are not applicable for Site because of the similarity of the landfill waste to

RCRA hazardous waste the similarity of the site to hazardous waste landfill and the similarity of the

selected action to RCRA closure those RCRA closure and postclosure care requirements for landfills set

forth in 22 CCR 66264.310 that are pertinent and substantive are considered relevant and appropriate

requirements and are
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considered Federal ARARs Table B-2 Section 66264.3 10a requires the owner or operator of

landfill to cover the landfill during final closure The design and construction requirements are

detailed in Table B-2

Significant provisions of RCRA Subtitle requirements are set forth in 40 CFR 258 Criteria for

Municipal Solid Waste Landfills The purpose of the Subtitle requirements is to establish

minimum national criteria under RCRA for all MSWLF units to ensure the protection of human

health and the environment The criteria apply to owners and operators of new MSWLF units and

existing MSLWF units that received waste after October 1991 The requirements do not apply

to Site because waste receipts at the Box Canyon landfill stopped in 1984 However most of

the closure and postclosure care requirements set forth in 40 CFR 258.60 and 258.61 are relevant

and appropriate substantive requirements Section 258.60a requires owners or operators to

install final cover system Detailed substantive RCRA Subtitle requirements that are Federal

ARARs for Site are listed in Table B-2

In October 1991 the EPA promulgated revised Federal laws and regulations on solid waste

disposal under RCRA Subtitle 56 Federal Register 50978 October 1991 On October

1993 the EPA issued final determination of the adequacy for Californias MSWLF permit

program in compliance with 40 CFR 258 58 Federal Register 52300 October 1993 The

EPA expects any owner or operator complying with the provisions of State program approved

by the EPA to be in compliance with the Federal criteria 56 Federal Register 50978 and 50995

October 1991

CIWMB and SWRCB have combined their regulations for solid waste into Title 27 CCR which

became effective on July 18 1997 Regulations for closure and postclosure of solid waste disposal

sites for both agencies are listed in Table B-2 These regulations include landfill cover design

specifications maintenance and monitoring requirements and other requirements pertinent to

landfill capping

SWRCB requirements for discharges of waste to land went into effect on 27 November 1984

Because operations at the Box Canyon landfill ended in May 1984 the site is considered an

inactive unit Therefore these closure and postclosure care requirements are not applicable but

may be relevant and appropriate if they are more stringent than Federal
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ARARs The substantive provisions of 27 CCR that are more stringent than Federal ARARs are

listed in Table B-2 as State ARARs for Site

Air emission requirements are identified in the SIP as Federal ARARs that affect the design of

landfill covers and implementation of construction activities San Diego County APCD

requirements not included in the SIP have been identified as State ARARs that may affect the

design and construction of the proposed removal action Pertinent and substantive air

requirements are listed in Table B-2 along with their ARAR status

The Department of the Navy has determined that substantive provisions of 22 CCR 66264.98 are

controlling ARARs for groundwater monitoring to measure the landfill cap effectiveness and for

postclosure landfill maintenance Table B-2 Title 22 CCR 66264.98 is considered relevant and

appropriate and is Federal ARAR because it was approved by the EPA in its 23 July 1992

authorization of the State of Californias RCRA program Title 22 CCR 66264.98 requires that

detection monitoring program be implemented and is essentially the same as 27 CCR 20420

formerly 23 CCR 2550.8 The Federal ARAR 22 CCR 66264.98 is controlling because the

State monitoring requirements 27 CCR 20420 are not more stringent and are therefore not

potential ARARs The NCP 40 CFR 300.400 provides that only State standards more

stringent than Federal standards may be ARARs see also Section 121 of CERCLA

The corrective action management unit CAIVIU requirements are Federal ARARs for Site

where the excavated soil from the 0U3 remedial action sites will be placed These requirements

are set forth in 40 CFR 264.552c and they allow for consolidation of wastes in more

cost-effective approach while still protecting human health and the environment Placement of

remediation wastes into or within CAMU does not constitute land disposal of hazardous waste

or creation of unit subject to minimum technology requirements and as such are not subject to

land disposal requirements The Department of the Navy has designated Site as CAMU for the

consolidation of excavated soil from 0U3 Sites 1A 1D 1E iF and 2A by applying the

substantive CAMU regulations but not the procedural requirements The following seven criteria

of 40 CFR 264.552c were evaluated based on the Site rationale provided after each
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The CAMU shall facilitate the implementation of reliable effective protective and

cost-effective corrective action measures

The use of Site as CAMU for the disposal of excavated soil from 0U3 sites is reliable

effective and protective remedy landffil cap will be placed over the excavated soil to limit

mobilization of contaminants and minimize potential exposure The use of Site as CAMU
is more cost-effective than other alternatives evaluated such as off-site disposal

Waste management activities associated with the CAMU shall not create unacceptable risks to

humans or to the environment resulting from exposure to hazardous wastes hazardous

substances or hazardous constituents

The excavated soils from 0U3 sites are not expected to result in any unacceptable risks at Site

In addition site data has been evaluated to assess if soils from Sites 1A 1D 1E iF and

2A would impact groundwater beneath Site Results of the DLM using RI data and

leachability testing of site soils show that placement of the wastes at Site from these five

sites would not have detrimental impact on groundwater Further evaluation of existing soil

and groundwater data soil pH landfill gas generation features of the planned cap at Site

and local rainfall data was performed to assess the leaching potential from the site soils Each

of the factors evaluated indicate that metals present in the soils to be placed at Site will not

adversely impact groundwater Details of this evaluation are presented in the Technical

Memorandum for Leaching Potential of Sites 1A 1D 1E iF and 2A dated October 1998

SWDIV 1998c Review of this evaluation by the EPAs Office of Research and

Development found the evaluation to be technically acceptable and found little risk of metals

mobilization from the consolidated/capped contaminated soils EPA 1998

The CAMU shall include uncontaminated areas of the facility only if including such areas of

the purpose of managing remediation waste is more protective than management of such

wastes at contaminated areas of the facility

Excavated soil from 0U3 sites will only be located within the existing footprint of the Site

landfill and will not include uncontaminated areas

Areas within the CAMU where wastes remain in place after closure of the CAMU shall be

managed and contained so as to minimize future releases to the extent practicable

The Site landfill will be capped to contain the excavated soil and minimize the potential for

future releases from the soil to groundwater

The CAMU shall expedite the timing of corrective action activity implementation when

appropriate and practicable
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Using Site for disposal of excavated soil from 0U3 sites will expedite the remedial action

because it will take less time than off-site disposal

The CAMU shall enable the use when appropriate of technologies including innovative

technologies to enhance the long-term effectiveness of corrective actions by reducing the

toxicity mobility or volume of wastes that will remain in place after closure of the CAMU

The mobility of contaminants in the soil excavated from the 0U3 sites will be reduced when

placed at Site because the depth to groundwater at Site is greater than the 0U3 remedial

action sites and the landfill cap will be placed over the excavated soil

The CAMU shall to the extent practicable minimize the land area of the facility upon which

wastes will remain in place after closure of the CAMU

The consolidation of soil wastes from 0U3 sites at Site will aid in minimizing the land area

of MCB Camp Pendleton upon which wastes will remain in place

The substantive provisions of 40 CFR 264.552e require the following to be specified

The areal configuration of the CAIVIU

Remediation waste management including applicable design operation and closure

requirements

Requirements for groundwater monitoring

Closure and post-closure requirements

The areal configuration of the Site CAMU is shown in Figure 2-11 of the main text The design

operation and closure and post-closure requirements for the CAIVIU are identified in Table B-2

and Appendix of the Site EE/CA The requirements for groundwater monitoring at Site

have been identified in this appendix and are included in Table B-2 As identified in Table B-2 the

substantive detection monitoring requirements at 22 CCR 66264.98 and the concentration limits

at 22 CCR 66264.94 have been determined to be relevant and appropriate Federal ARARs for

groundwater monitoring at the Site CAMU

The substantive requirements set forth in 22 CCR 66264.111a and are Federal ARARs for

closing the 0U3 remedial action sites after excavation of the contaminated soil and replacement of

clean fill These provisions require elimination of the need for further
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maintenance and control of the sites and elimination of the postclosure escape of hazardous

waste The excavation of the contaminated soil will comply with these requirements

3.0 References_______________________________________
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DC August

U.S Environmental Protection Agency 1993 Presumptive Remedy for CERCLA Municipal

Landfill Sites Directive No 9355.0-49F5 EPA 540-F-93-035 Office of Solid Waste and

Emergency Response September

U.S Environmental Protection Agency 1998 memorandum regarding MCB Camp Pendleton

Consolidation and Capping of Metal Contaminated Soils Office of Research and Development

21 October

SCI/1O-98/WPC/Pendleto/ROD12-27.apb
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TABLE B-i

Applicable or Relevant and Appropriate Requirements for

0U3 Sites iA iD iE iF and 2A

MCB Camp Pendleton

Sheet of

Federal or

tate

ARARor
TBC

Citation Requirement Comments

Federal 22CCR

6626494al and

and

Groundwater protection standards Owners/operators

of RCRA treatment storage or disposal facilities

must comply with conditions in this section that

are designed to ensure that hazardous

constituents entering the groundwater from

regulated unit do not exceed the concentration

limits for contaminants of concern set forth under

Section 66264.94 in the uppermost aquifer

underlying the waste management area beyond

the point of compliance

Relevant and appropriate for soil excavation cleanup

levels at Sites 1A 10 and 2A as specified in

Table 2-1

State California Regional

Water Quality Control

Board Central Valley

Region

Designated Level Methodology for Waste

Classification and Cleanup Level Determination

DLM is method for demonstating acceptable

contaminant concentrations in soil to meet State

discharge requirements in 27 CCR 20230

Federal 22 CCR 66264.18b Facility must be designed constructed

operatedand maintained to avoid washout

Relevant and appropriate for Site 10 which is located

within 100- year floodplain

Federal 40 CFR Appendix

excluding

and

40 CFR 6.302b

Actions taken should avoid adverse effects

minimize potential harm and restore and

preserve natural and beneficial values

Applicable for Site 10 site 10 is located within

floodplain

Federal 36 CFR 800.4 abc
and

Identify potentially affected historic properties or

cultural resources

Applicable for excavation activities at 0U3 sites which

constitute Federal undertaking

Federal 16 USC 1536a Action to conserve endangered species or

threatened species including consultation with

the Department of the interior

Applicable for Sites 1A 10 and 1E where endangered

or threatened species have been observed on or near

the sites Potentially applicable for Sites and 2A after

habitat recovers from wild fire in 1997



TABLE -1

Applicable or Relevant and Appropriate Requirements for

0U3 Sites IA ID IEIF AND 2A

MCB Camp Pendleton

Sheet of

Federal or

State

ARAR or

TBC

Citation Requirement Comments

Federal Section 1456c
15 CFR 930 and

923.45

Conduct activities in manner consistent with approved State

management programs

Applicable for Sites 10 and 1E Sites 10 and 1E

are located within the coastal zone

Federal 16 USC 703 Protects almost all species of native birds in the United States

from unregulated take which can include poisoning at

hazardous waste sites

Applicable Migratory birds have been observed in

the vicinity of Sites 1A 10 and 1E Not ARARs for

Sites and 2A because wildfires destroyed

potential habitats

State Fish and Game

Code Section

2080

No person shall import export take possess or sell any

endangered or threatened species or part or product thereof

Applicable for Sites 1A 10 and An

endangered species California gnatcatcher has

been identified at Sites 1A 10 and 1E

State Public Resources

Code 300000

30900 14 CCR
13001 13666.4

Regulates activities associated with development to control

direct significant impacts on coastal waters and to protect

State and national interests in California Coastal Resources

Applicable for Sites 10 and Sites 10 and

are located within the designated boundary of the

coastal zone on California Coastal Commission

maps CCC 19930

Federal 22 CCR 66264.111

and

excluding

references to

procedural require-

ments such as

plans and

notifications

General performances standard requires elimination of need

for further maintenance and control elimination of postclosure

escape of hazardous waste hazardous constituents leachate

contaminated runoff or hazardous waste decomposition

products

Relevant and appropriate for the excavation of

contaminated soil to remedial action standards for

soil specified in Table

Federal 22 CCR 66262.10

and 66262.11

Person who generates waste shall determine if that waste is

hazardous waste

Applicable Excavation of contaminated soil is

considered generation of waste Not an ARAR for

no action

Federal 22CCR 66264 13

and

Before an owner or operator transfers treats stores or

disposes of any hazardous waste detailed chemical and

physical analysis of representative sample shall be obtained

The owner or operator shall develop and follow written

analysis plan which describes the analysis procedures

Applicable for the soil excavation and placement at

Site



TABLE B-I

Applicable or Relevant and Appropriate Requirements for

0U3 Sites IA ID IE IF and 2A

MCB Camp Pendleton

Sheet of

Federal or

State

ARAR or

TBC

Citation Requirement Comments

Federal 22 OCR 66262.34 Generator may accumulate waste on-site for 90 days or

less or must comply with requirements for operating

storage facility

Potential applicable for on-site storage of

contaminated soil All excavated soil is

proposed to be removed from site daily

Federal 22 OCR 66264.552c
and also 40 CFR

264.552

An area at RCRA facility may be designated as

CAMU Placement of remediation wastes into or within

CAMU does not constitute land disposal of hazardous

wastes or creation of unit subject to minimum

technology requirements

Applicable for on-base placement of

excavated soil

Federal 40 USC 7410

portions of 40 CFR

52.220 applicable to

San Diego County Air

Pollution Control

District APCD

Provisions of State Implementation plan SIP approved

by the U.S Environmental Protection Agency

EPAunder Section 110 of CAA

Specific pertinent rules are listed below

Federal APCD Rule 50d1 No person shall discharge into the atmosphere from

any single source of emissions for more than minutes

in any 60-minute period any air contaminant that is

darker than number on the Ringelmann chart

Fugitive dust emissions of particulate matter

are expected for excavation and

transportation of soil

State Title 270CR Division

Subdivision

Discharges of Waste

to Land Sections

20200-20230

Regulates siting design construction operation

closure and monitoring of waste discharges to land for

treatment storage or disposal including landfills

surface impoundments waste piles and land treatment

facilities Wastes regulated include hazardous

designated nonhazardous and inert wastes

Applicable for the placement of excavated soil

on base Relevant and appropriate for soil left

in place

Sc 1O-9 WPC ROD1O-2 tbl



TABLE B-I

Applicable or Relevant and Appropriate Requirements for

0U3 Sites IA ID IE IF and 2A

MCB Camp Pendleton

Sheet of

Federal or

ARARor
TBC

Citation Requirement Comments

State Comprehensive Water

Quality Control Plan

for the San Diego

Basin Water Code

Section 13240

Establishes beneficial uses of groundwater

establishes water quality objectives

Applicable for soil excavation at Sites 1A 10
and 2A

State Fish and Game Code
Section 3005

Prohibits taking animals with nets poison cage etc Soil contaminants could be poisonous to

animals

The provisions of the California Hazardous Waste Control Act that have been approved by the EPA as part of the State RCRA program are federally enforceable and are therefore

Federal ARAR5 It is the State of Californias position that the requirements under the approved RCRA program are State ARAR5 See Section 2.0 for more detailed discussion

APCD Air pollution Control District

ARAR5 Applicable or relevant and appropriate requirements

CAA Clean Air Act

CAMU Corrective Action Management Unit

CCR California Code of Regulations

CFR Code of Federal Regulations

EPA U.S Environmental Protection Agency

OU Operable unit

RCRA Resource Conservation and Recovery Act

SIP State Implementation Plan

TBC To be considered

USC United States Code

References

California Coastal Commission 1993 Maps indicating coastal zone designations for County of San Diego June

Sc 1O-9 WPC ROD1O-2 tbl



TABLE B-2

Applicable or Relevant and Appropriate Requirements
Site Box Canyon Landfill

MCB Camp Pendleton

Sheet of

Federal or

State ARAR or

TBC

Citation Requirement Comments

Federal Title 40 Code of Federal

Regulations CFR 258.61

a4

gas monitoring system must be maintained and monitored in accordance

with 40 CFR 258.23

Relevant and appropriate See also Title 27
California Code of Regulations CCR
Section 20921 formerly 14 CCR Section

17783a

Federal 40 CFR 258.60a2 and The final cover must have permeability less than or equal to the permeability

of any bottom liner system or natural subsoils present or permeability no

greater than lxi centimeters per second cmls whichever is less The

infiltration layer must contain minimum of 18 inches of earthen material

Relevant and appropriate for Site cover

Federal 40 CFR 258.60a3 An erosion layer must be provided must contain minimum of inches of

earthen material and must be capable of sustaining native plant growth

Relevant and appropriate for Site cover

Federal 40 CFR 258.61 and Postclosure care must be conducted for 30 years Based on protectiveness of

human health and the environment the postclosure care period may be

shortened or lengthened

Only relevant and appropriate as related to

capping requirements

State 27 CCR 211 35abf and

and 27 CCR 211 80ai
14 CCR 17767c

and and 7788a3

Signs shall be posted at all points of access at the site and for period of not

less than one hundred eighty 180 days after the facility has received the final

shipment of waste stating the intended date of last receipt of waste at the site

and the location of alternative permitted solid waste management facilities

Sites which do not allow public disposal shall be exempt from the provisions of

this section The operator shall ensure that all points of access to the site are

restricted to protect public health and safety Once closure activities are

complete site access by the public may be allowed

Applicable

State 27 CCR 21142a 14

CCR 17776e

Final grades must be designed to reduce impacts to health and safety and

take into consideration any postclosure land use Final grading requirements

concerning water quality protection are in Section 21090b

Applicable

SCI -9 WPC Pendleto ROD-24 tal



TABLE B-2

Applicable or Relevant and Appropriate Requirements
Site Box Canyon Landfill

MCB Camp Pendleton

Sheet of

Federal or

State ARAR or

TBC
Citation Requirement Comments

State 270CR 21142b
14 OCR

17776f

Requires owner/operator to produce five yearly iso settlement

maps subsequent to the creation and submittal of the initial

postclosure topographic map

Applicable

State 27 OCR 21550a
and 14

OCR

17778a and to

The drainage and erosion control system shall be designed and

maintained to ensure integrity of postclosure land uses to prevent

public contact with wastes to ensure integrity of gas monitoring

systems to prevent safety hazards and to prevent exposure of

waste

Applicable

State 14 OCR 7783a1

and

The operator shall ensure that landfill gases generated at facility

are controlled during the periods of closure and postclosure

maintenance Methane must not exceed 1.25 percent by volume in

air within on-site structures Concentrations of methane gas

migrating from the landfill must not exceed percent by volume in

air at the
facility property boundary Trace gases shall be controlled

to prevent adverse acute and chronic exposure to toxic and/or

carcinogenic compounds

Applicable

State 27 OCR 21180a

formerly 14 OCR

17788a and

The landfill must be maintained and monitored for no less than 30

years following closure of the entire landfill

Applicable

Federal 22 OCR 66264.94a1
and and

Groundwater protection standards Owners/operators of RORA

treatment storage or disposal facilities must comply with

conditions in this section that are designed to ensure that

hazardous constituents entering the groundwater from regulated

unit do not exceed the concentration limits for contaminants of

concern set forth under Section 66264.94 in the uppermost

aquifer underlying the waste management area beyond the point of

corn p1 ian ce

Relevant and appropriate for the

groundwater monitoring at Site

SCI -9 WPC Pendleto ROD-24 tal



TABLE B-2

Applicable or Relevant and Appropriate Requirements
Site Box Canyon Landfill

MCS Camp Pendleton

Sheet of

Federal or

State ARAR
or

TBC

Citation Requirement Comments

Federal 22 CCR 66264.98 Groundwater detection monitoring program Relevant and approprite for measuring the

effectiveness of the landfill cap at Site and

for postclosure maintenance

Federal 22CR 66264.25 Cover and drainage control systems shall be designed to function without

failure when subjected to capacity hydrostatic and hydrodynamic loads

resulting from 24- hour maximum precipitation storm Covers and cover

systems and all containment and control features shall be designed

constructed and maintained to withstand the maximum credible earthquake

without decrease to the level of protection of public health and the

environment

Relevant and approprite for Site landfill

Federal 22 CCR 66264.11 7b1
and

Postclosure care shall begin after completion of closure and continue for 30

years Based on protectiveness to human health and the environment the

postclosure period maybe care shortened or lengthened

Only relevant and appropriate as related to

the capping requirements

Federal 22 CCR 66264.310c control system must be provided to prevent migration of gas Relevant and appropriate

Federal 22 CCR 66264.228e1 If waste is to remain in unit the unit shall be compacted before any portion

of the final cover is installed

Relevant and appropriate Waste is to be left

in place for the Site remedial action

Federal 22 CCR 66264.228e4 foundation layer shall be provided for the compacted barrier Relevant and appropriate

Federal 22 CCR 66264.228e5
and

compacted barrier layer of clean earth shall be provided above the

foundation layer nonearthen layer may be used as the barrier layer if it will

equally impede fluid movement and be as durable

Relevant and appropriate

Federal 22 CCR 66264.228e1 water drainage layer blanket or channel must be provided above the

compacted barrier layer

Relevant and appropriate

Federal 22 CCR 66264.228e1 filter layer must be provided above the water drainage layer Relevant and appropriate

SCI -9 WPC Pendleto ROD-24 tal



TABLE B-2

Applicable or Relevant and Appropriate Requirements
Site Box Canyon Landfill

MCS Camp Pendleton

Sheet of

Federal or

State ARAR or

TBC
Citation Requirement Comments

Federal 22 OCR

66264.229e12

layer of topsoil must be provided that is thick enough to support

vegetation for erosion control and deep enough to prevent root

penetration into the filter layer

Relevant and appropriate

Federal 22 OCR

66264.228e13

Permanent disposal areas shall be graded at closure so that with

allowance for setting and subsidence the slope of the land surface

above all portions of the cover shall be sufficient to prevent ponding

of water and soil erosion

Relevant and appropriate

Federal 22 OCR 66264.228f Before installing the compacted barrier layer of the final cover the

correlation between the desired permeability and the density at

which that permeability is achieved must be established

Relevant and appropriate

Federal 22 OCR 66264.309a map must be prepared showing the exact location and

dimensions including depth of each cell with respect to surveyed

permanent benchmarks with horizontal and vertical controls

Relevant and appropriate

Federal 22 OCR

66264.310a1
and

The final cover must be designed and constructed to prevent

downward entry of water into the closed landfill throughout period

of at least 100 years and to accommodate lateral and vertical shear

forces generated by the maximum credible earthquake so that the

integrity of the cover is maintained

Relevant and appropriate

State 27 OCR 20320c and

23 OCR
Section

2541 and

Hydraulic conductivities determined through laboratory methods

shall be confirmed by appropriate field testing Earthen materials

used in containment structures shall consist of mixture of clay

and other suitable fine-grained soils that have specified

characteristics and that in combination can be compacted to attain

the required permeability when installed

Relevant and appropriate Applies to

the

construction of engineered caps at

solid waste disposal sites

Incorporated by reference in 27 OCR
21090 formerly 23 OCR 2581

SCI -9 WPC Pendleto ROD-24 tal



TABLE B-2

Applicable or Relevant and Appropriate Requirements
Site Box Canyon Landfill

MCB Camp Pendleton

Sheet of

Federal or

State ARAR or

TBC Citation Requirement Comments

State 27 OCR 20365c and

23 OCR 2546c
and

Diversion and drainage facilities shall be designed

constructed and maintained to accommodate the anticipated

volume of precipitation and peak flows Collection and holding

facilities associated with drainage control shall be emptied

immediately or otherwise managed to maintain the design

capacity

Relevant and appropriate

State 270CR 20950d
23 OCR 2580d

Closed waste management units shall be provided with two

permanent monuments installed by licensed land surveyor

or registered civil engineer from which the location and

elevation of wastes containment structures and monitoring

facilities can be determined throughout the postclosure period

Relevant and appropriate

State 27 OCR 21090a1
23 OCR

258 1a1

Closed landfills shall be provided with not less than feet of

appropriate materials as foundation layer for the final cover

Relevant and appropriate

State 27 OCR 21090a2
23 OCR

2581a2

Not less than foot of soil containing no waste or leachate

shall be placed on top of the foundation layer and be

compacted to permeability of 1x1 cm/s or less or equal to

the permeability of underlying geology or liner whichever is

less

Relevant and appropriate

State 27 OCR 21090a3
23 OCR 2581

a3
Not less than foot of topsoil containing no waste or leachate

shall be placed on top of a2 layer and vegetation rooting

depth must not exceed the depth to the a2 layer

Relevant and appropriate

State 270CR 21090b1
formerly 23 OCR
2581 b1

Closed landfills shall be graded and maintained to prevent

ponding and to provide slopes of at least percent

Applicable

State APCD Rule 50d1 No person shall discharge into the atmosphere from any singl

source of emissions for more than minutes in any

60-minute period any air contaminant other than uncombined

water vapor that is darker than No on the Ringelmann

chart

Applicable Remedial action activities will

include engineering controls to limit

emissions of fugitive dust

Sd /8-98/WPC/Pendleto/ROD8-24.tal



TABLE B-2

Applicable or Relevant and Appropriate Requirements
Site Box Canyon Landfill

MCS Camp Pendleton

Sheet of

Federal or

State ARAR or

TBC Citation Requirement Comments

State APCD Rule 52 Particulate matter from any source may not be discharged to

the atmosphere in excess of 0.1 grain per dry standard cubic

foot 0.231 gram per dry standard cubic meter of gas

Applicable Minor fugitive dust emissions are

expected from excavation and storage of soil

State APCD Rule 59a and

b2
Rule 59 is applicable to waste disposal sites with the potential

to emit gaseous reactive organic compounds odors and/or

toxic air contaminants unless they comply with provisions of

Section 59e and can demonstrate that concentration limits of

Section 59 d1 ii are never exceeded in the absence of

gas control system

Applicable Substantive provisions only State rule

not included in SIP

State Rule 59d1ii No person owning or operating landfill shall allow emissions

any odors toxic air contaminants and/or reactive organic

compounds to any point immediately above the surface of the

landfill unless it is demonstrated that at all times

concentrations of organic compounds do not exceed 500 parts

per million volumetric expressed as methane toxic air

contaminant concentrations do not exceed threshold levels

established by the California Air Resources Board CARB or

threshold limit values established by the American Conference

of Governmental Industrial Hygienists ACGIH or any

concentration that poses unacceptable health risk to human

beings and there are no detectable emissions of toxics for

which no level is known below which adverse health effects are

anticipated The most stringent limit will apply If these

concentrations are not maintained the owner/operator shall

install best available control technology BACT

fApplicable Substantive provisions only State rule

not included in SIP

State APCD Rule 59e1 Every landfill owner/operator shall analyze the concentrations

total organic compounds and toxic air contaminants found in

the body and immediately above the surface of the landfill

Applicable Substantive provisions only State rule

not included in SIP

Sd /8-98/WPC/Pendleto/ROD8-24.tal



TABLE B-2

Applicable or Relevant and Appropriate Requirements

Site Box Canyon Landfill

MCB Camp Pendleton

Sheet of

Federal or

State ARAR or

TBC Citation Requirement Comments

State Comprehensive Water Quality

Control Plan for the San Diego

Basin Basin Plan Water Code

Section 13240

Establishes beneficial uses of groundwater established

water quality objectives

Applicable for groundwater monitoring at Site

State Fish and Game Code Sections

5650 and 5652

It is unlawful to deposit in permit to pass into or place

where it can pass into the waters of this State any material

listed in Fish and Game Code Sections 5650 and 5652

Applicable Site may leach if not capped under

the presumptive remedy

The provisions of the California Hazardous Waste Control Act that have been approved by the EPA as part of the State RCRA program are federally enforceable and are

therefore Federal ARARs It is the State of Californias position that the requirements under the approved RCRA program are State ARARs See Section 2.0 for more

detailed discussion

ACGIH American Conference of Governmental Industrial Hygienists

APCD Air Pollution Control District

ARAR Applicable or relevant and appropriate requirement

BACT Best available control technology

CARB California Air Resources Board

CCR California Code of Regulations

CFR Code of Federal Regulations

cm/s Centimeters per second

MCB Marine Corps Base

RCRA Resource Conservation and Recovery Act

SIP State implementation plan

TBC To be considered

Sd /8-98/WPC/Pendleto/ROD8-24.tal
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002036

00203

ADMIN RECORD SAP

SLUDGE

SITE VISIT COLLECTING SAMPLES AND TIMES SAMPLES WERE ADMI RECORD SV

COLLECTED SLUDGE

DATE-082498 PAGE-i

MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE
UIC No DOC NO PRC DATE FROM
DOCUMENT TYPE DOC DATE FROM SIGNATURE

CONTRGUID NO CTO NO TO SUBJECT CLASSIFICATION KEY WORDS Site Location

APPROX OF PAGES EPA CAT TO SIGNATURE

M0068 00 i923 06 28 94 MCB CAMP PENDLETON PROPOSED REMEDIAL ACTION OBJECTIVES FOR SOIL GROUP ADMIN RECORD RA GROUP
DATA SITES ECOI ICAI RISK ASSESSMENT FOR MCR CAMP PENDI F- RISK

MCB CAMP PENDLETON TON

0004 04

M0068 062994 MCB CAMP PENDLETON SUMMARY OF ANALYTICAL DATA FOR SURFACE IMPOOUNDMENT
DATA CONSTITUENTS

MCB CAMP PENDLETON

0004 02

M0068 062994 DAMES MOORE
DATA

MCB CAMP PENDLETON

0003 02

M0068i 00i504 062i 94 ENVIRONMENTAL ENG

DATA 09 iS 80

000000000000000 00000 MCB CAMP PENDLETON

0004 02

M0068i 00i3 062094 ENVIRON ENG LAB

DATA 04 i9 82 CHAMBERS
000000000000000 00000 SOUTHWEST DIVISION

0003 03

M0068 002054 062994 MCB CAMP PENDLETON

DATA i2 08 89

MCB CAMP PENDLETON

0003

LOS FLORES B-4i6i4 MCB CAMP PENDLETON DATA ADMIN RECORD DATA BA SOUTHWEST DIVISION

uROliP

0U2

ANALYTICAL DATA MCB CAMP PENDLETON ADMIN RECORD DATA SOUTHWEST DIVISION

MCB CAMP PENDLETON INSTALLATION RESTORATION PROGRAM ADMIN RECORD lAS SOUTHWEST DIVISION

BACKGROUND FS

RI

01

REMOVAL

REMOVAL
41

GROUP
GROUP

OU1 0U2

M0068 001 80

DATA

0004

06 94

080 91

03

SOUTHWEST DIVISION

AE THOMPSON
MCB CAMP PENDLETON

CONTAMINATED SOIL TREATMENT PROJECT ACTIVATION

GUIDELINES

ADMIN RECORD TSDF

M0068 000802

DATA

000000000000000

0009

05 94

03 03 92

00166

02

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER ORGANOCHLORINE

PESTICIDES PCBs SDG S0525

ADMIN RECORD PESTICIDES

PCB

GROUP SOUTHWEST DIVISION

M0068 000805

DATA

000

05 94

03 03 92

00166

022

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER VOLATILES

SDG S0525

ADMIN RECORD VOLATILES



00080

000808

000809

ADMIN RECORD PESTICIDES

PCB

ADMIN RECORD SEMIVOLATILES

ADMIN RECORD VOLATILES

DATE-082498 PAGE-2

MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE
UIC No DOC NO PRC DATE FROM
DOCUMENT TYPE DOC DATE FROM SIGNATURE

CONTRGUID NO CTO NO TO SUBJECT CLASSIFICATION KEY WORDS Site Location

APPROX OF PAGES EPA CAT TO SIGNATURE

M0068 000806 05 94 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 97 MATRIX SOIl PARAMETER SEMIVO AT ES

00166 SDG S0525

0008 02

M0068 05 94 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 03 92 MATRIX SOIL PARAMETER ORGANOCHLORINE PESTICIDES\PCBs

00166 SDG S0525

0009 02

M0068 05 94 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 03 92 MATRIX SOIL PARAMETER SEMIVOLATILES

00166 SDG S0525

0008 02

M0068 05 94 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 03 MATRIX SOIL PARAMETER vOLATILES

00166 SDG S0525

000 022

M00681 002314 2094 MATRIX SOIL

DATA 03 03 92 PARAMETERS TPH GASOLINE AND TPH DIESEL

000000000000000 00000 SDG 50525

0003 02

M00681 002310 2094 MATRIX SOIL

DATA 03 0492 PARAMETERS TAL METALS AND MOLYBDENUM

000000000000000 00000 SDG 50525

000 022

M0068 000611 05 13 94 ANALYTICAL DATA MCB CAMP PENDLETON BlO ACCUMULATION
DATA 03 09 92 PESTICIDES PCB TFH HERBICIDES METALS

350 00166

0256 02

M00681 000612 05 13 94

DATA 03 09 92

00166

35128 022

029

M00681 000 94

AT

000

ROY WESTON

MCB CAMP PENDLETON

ROY WESTON

MCB CAMP PENDLETON

CH2M HILL

PEGGY NORTON

CH2M HILL

EARL BYRON

ADMIN RECORD PESTICIDES

PCB

TPH

HERBICIDES

METALS

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA MCB CAMP PENDLETON

PESTICIDES PCB TFH HERBICIDES METALS

ADMIN RECORD PESTICIDES

PCB

TPH

HERBICIDE

METALS

05 94

00

00166

02

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SAIL kND Vs kTERPkRAMETER RGkNCHLRINE
PESTICIDES\PCBs SDG 50598

ADMIN RECORD WATER
PESTICIDES

PCB

ADMIN RECORD FUEL SOUTHWEST DIVISION

ADMIN RECORD METALS SOUTHWEST DIVISION



DATE 08 24 98

MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE

PAGE -3

UIC No DOC NO
DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

PRC DATE FROM
DOC DATE FROM SIGNATURE

CTO NO TO

EPA CAT TO SIGNATURE

SUBJECT CLASSIFICATION KEY WORDS Site Location

M00681 000816

DATA

000

05 94

IR 19 97

00166

02

WATER
PESTICIDES

PCB

M0068

DATA
35121

0390

000610 05 13 94

03 10 92

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARKLY

ANALYTICAL DATA MCB CAMP PENDLETON

PESTICIDES PCB TFH HERBICIDES METALS

ADMIN RECORD PESTICIDES

PCB

TPH

HERBICIDE

METALS

M0068

DATA
350

0201

000613 05 13 94

03 10 92

00166

022

CH2M HILL

PEGGY NORTON
CH2M HILL

EARL BYRON

ANALYTICAL DATA MCB CAMP PENDLETON BlO ACCUMULATION

PESTICIDES PCB TFH HERBICIDES METALS

ADMIN RECORD PESTICIDES

PCB

TPH

HERBICIDE

METALS

M0068

DATA

0009

000 95 05 94

03 10 92

00166

02

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER ORGANOCHLORINE
PESTICDES\PCBs SDG S0636

ADMIN RECORD PESTICIDES

PCB

M0068

DATA

0006

000 96 05 94

03 10 92

00166

02

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL WATER PARAMETER ORGANOCHLORINE
PESTICDES\PCBs SDG S061

ADMIN RECORD WATER

PESTICIDES

PCB

M0068

DATA

0006

000812 05 94

03 10 92

00166

02

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER SOIL PARAMETER ORGANOCHLORINE
PESTICDES\PCBs SDG S061

ADMIN RECORD WATER

PESTICIDES

PCB

M0068

DATA

0009

00081 05 94

03 10 92

00166

02

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER ORGANOCHLORINE
PESTICDES\PCBs SDG 50636

ADMIN RECORD PESTICIDES

PCB

M0068

DATA

0039

001332 05 31 94

03 10 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER PCDD PCDFs

LAB ENSECO-CAL SDG S0598

ADMIN RECORD DATA

M0068 002312

DT
000000000000000

0005

20 94

10

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX SOIL

PkRAMETERS TAt METALS ND MLYBENLM
SDG 50636

ADMIN RECORD METALS SOUTHWEST DIVISION

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIl WATER PARAMETER ORANOCHI URINE

PESTICIDES\PCBs SDG 50598

ADMIN RECORD



000813

ESE

MCB CAMP PENDLETON

ADMIN RECORD DATA SOUTHWEST DIVISION

ADMIN RECORD WATER 23 SOUTHWEST DIVISION

PESTICIDES

ADMIN RECORD PESTICIDES

PCB

ADMIN RECORD PESTICIDES

PCB
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M00681 002324 21 94 ROY WESTON MATRIX WATER AND SOIL ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 1097 PARAMETERS TA METAl AND MO YRDENI METAl

000000000000000 00000 MCB CAMP PENDLETON SDG S061

0005 02

M0068 00089 05194 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON

DATA 03 12 92 DIXIONS

000000000000000 00166 IT CORPORATION RFW 9203S268

0532 02 DAVE MARK

M00681 002358 02194 MATRIX WATER
DATA 03 12 92 PARAMETERS CARBAMATE UREA PESTICIDES

000000000000000 00166 SDG G26823 G26961 G28402 G28403 G28541 G29186

0020 02

M0068 0009 05194 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 13 MATRIX SOIL PARAMETER ORuANOCHLORINE
00166 PESTICDES\PCBs SDG S065

000 022

M0068 05194 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 13 92 MATRIX SOIL PARAMETER ORGANOCHLORINE
00166 PESTICDES\PCBs SDG S065

000 022

M00681 00230 02094 MATRIX SOIL

DATA 03 13 92 PARAMETERS TPH GASOLINE AND TPH DISEL

000000000000000 00000 SDG S065

0003 02

M00681 002311 02094 MATRIX SOIL

DATA 03 13 92 PARAMETERS TAL METALS AND MOLYBDENUM

000000000000000 00000 SDG S065

000 022

M0068 00034 051694 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 16 92 MATRIX SOIL PARAMETER TRIAZINE PESTICIDES LAB ESE

01F1665920066 00166 SDG G26951 G2 060 G286 G28964 G29112 G29391

0241 02

M00681 002351 02194 MATRIX SOIL

DATA 03 16 92 PARAMETERS CHLORINATED HERBICIDES CASE NACPS1

000000000000000 00166 SDG G2 01 G29493 G28842 AND G28 12

0050 02

M0081 000 OclQ4 LBRATRY REPRT FiR MCB CAMP PENDLETN

DATA 03 19 92 DIXIONS

00166 RFW 9203S352

02 022

ROY WESTON

MCB CAMP PENDLETON

ROY WESTON

MCB CAMP PENDLETON

QUANTALEX

MCB CAMP PENDLETON

ESE

MCB CAMP PENDLETON

Vs ESTIN MkNGERS

IT CORPORATION

ADMIN RECORD FUEL SOUTHWEST DIVISION

ADMIN RECORD METALS SOUTHWEST DIVISION

ADMIN RECORD PESTICIDES

ADMIN RECORD HERBICIDE SOUTHWEST DIVISION

ADMIt RECRD HPCCD
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M0065 000 80 05 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD HPCCD

DATA 1997 DIXIONS

0351

00166

022

IT CORPORATION RFW 9203S351

M0068

DATA

0419

000 Si 05 94

03 19 92

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

DIXIONS

RFW 9203S34

ADMIN RECORD HPCCD

M0068

DATA

0329

000 91 05 94

03 19 92

00166

02

WESTON MANAGERS

IT CORPORATION

DAVE MARK

LABORATORY REPORT FOR MCB CAMP PENDLETON

DIXIONS

RFW 9203S31

ADMIN RECORD HPCCD

M0068

DATA

0339

000 90 05 94

03

00166

02

WESTON MANAGERS

IT CORPORATION

DAVE MARK

LABORATORY REPORT FOR MCB CAMP PENDLETON

DIXIONS

RFW 9203S3

ADMIN RECORD HPCCD

M0068

DATA

003

000 84 05 94

03 26 92

00166

022

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL PURGEABLE HYDROCARBONS ANALYSIS

SDG S0598 RFW 9203S31 92035332 9203S34

ADMIN RECORD TPH

M0068

DATA

0038

000 85 05 94

03 26 92

00166

02

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL PURGEABLE HYDROCARBONS ANALYSIS

SDG S0525 RFW 9203S230 9203S268 9203S316

ADMIN RECORD TPH

M0068

DATA

0053

000 86 05 94

03 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GCMS SEMIVOLATILES ANALYSIS

SDG S0525 RFW 9203S230 9203S268 9203S316

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0045

000 98 94

03 92

00166

02

WESTON MANGER

IT CORPORATION

DATA SUMMARY PACKAGE FOR MCB CAMP PENDLETON

GCMS VOLATILES ANALYSIS

SDG S0525 RFW 9203S230 9203S268 9203S316

ADMIN RECORD VOLATILES

M0068

DATA

0005

000803 05 94

03 92

00166

02

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER ORGANOCHLORINE
PESTICIDES PCBs SDG S0848

ADMIN RECORD WATER
PESTICIDES

PCB

M008i

DATA

0004

000804 04

03 92

00166

02

DT LIDTIN REPRT FR MCB CMP PENDLETN

MATRIX WATER PARAMETER SEMI VOLATILES

SDG S0848

ADMIt RECRD Vs TER
SEMI VOLATILES



000811

ROY WESTON

MCB CAMP PENDLETON

ROY WESTON

MCB CAMP PENDLETON

WESTON MANAGERS

IT CORPORATION

WESTON MANAGER

IT CORPORATION

ADMIN RECORD

ADMIN RECORD SOUTHWEST DIVISION

ADMIN RECORD WATER SOUTHWEST DIVISION

METALS

ADMIN RECORD HPCCD
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M0068 0008 10 05 94 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 97 MATRIX WATER PARAMETER URANUCHI URINE PESTICIDES PCR PESTICIDES

00166 SDG S0848 PCB

0005 02

M0068 05 94 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON WATER
DATA 03 92 MATRIX WATER PARAMETER SEMI VOLATILES SEMI VOLATILES

00166 SDG S0848

0004 02

M00681 002308 20 94 MATRIX SOIL FUEL

DATA 03 92 PARAMETERS TPH GASOLINE AND TPH DIESEL

000000000000000 00000 SDG 508

0003 02

M00681 002325 21 94 MATRIX SOIL

DATA 03 PARAMETERS TAL METALS AND MOL\BDENUM
000000000000000 00000 SDG S0848

0005 02

M0068 00083 05 94 ANALYTICAL DATA FOR MCB CAMP PENDLETON

DATA 03 28 92 DIXIONS

00166 RFW 9203S438

020 022

M0068 05 94 LABORATORY REPORT FOR MCB CAMP PENDLETON

DATA 03 30 92 PURGEABLE PETROLEUM HYDROCARBONS ANALYSIS

00166 SDG S0636 RFW 9203S350 9203S351

0028 02

M0068 05 94 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 30 92 MATRIX WATER SOIL PARAMETER SEMIVOLATILES

00166 SDG S0909

0005 02

M0068 05 94 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 3092 MATRIX WATER SOIL PARAMETER ORGANOCHLORINE

00166 PESTICIDES PCBs SDG S0909

0005 02

M0068 05 94 DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 30 92 MATRIX SOIL WATER PARAMETER SEMI VOLATILES

00166 SDG 50909

0005 02

M0081 04 DkTk kLIDkTIN REPRT FiR MCB CMP PENDLETN

DATA 03 3092 MATRIX SOIL WATER PARAMETER ORGANOCHLORINE
00166 PESTICIDES\PCBs SDG 50909

0005 02

000 99

000800

000801

000814

ooogi

ADMIN RECORD TPH

ADMIN RECORD WATER
SEMI VOLATILES

ADMIN RECORD WATER
PESTICIDES

PCB

ADMIN RECORD WATER
SEMI VOLATILES

ADMIt RECRD Vs kTER

PESTICIDES

PCB
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M0068 002321 21 94 ROY WESTON MATRIX WATER AND SOIL ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 97 PARAMETERS TA METAl AND MO YRDENI METAl

000000000

0008

000000 00000

02

MCB CAMP PENDLETON SDG S0909

M0068

DATA

048

000 82 05 94

03 31 92

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

DIXIONS

RFW 9203S44

ADMIN RECORD HPCCD

M0068

DATA

0034

000 92 05 94

03 31 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG S0525 RFW 9203S230 9203S268 9203S316

ADMIN RECORD TEH

M0068

DATA

000

000 93 05 94

03 31

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORuANICS ANAL\ SIS

SDG S0525 RFW 9203S230 9203S268 9203S316

ADMIN RECORD lOG

M0068

DATA

0028

000 66 05 94

0401 92

00166

02

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG S0636 RFW 9203S350 9203S351

ADMIN RECORD TPH

M0068

DATA

0033

000 05 94

0401 92

00166

02

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS ANALYSIS

SDG S0598 RFW 9203S31 92035332 9203S34

ADMIN RECORD TPH

M0068

DATA

0310

000 69 05 94

04 01 92

00166

022

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

PESTICIDES\PCB

RFW 9203S4

ADMIN RECORD PESTICIDES

PCB

M0068

DATA

0005

000 05 94

0401 92

00166

02

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL AND WATER PARAMETER ORGANOCHLORINE

PESTICIDES PCBs SDG S0952

ADMIN RECORD WATER
PESTICIDES

PCB

M0068

DATA

02

000 05 94

04 01 92

00166

022

WESTON MANAGERS

IT CORPORATION

DAVEMARK

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILES

RFW 920354

ADMIN RECORD VOLATILES

M0081

DATA

0362

000 88 04

0401 92

00166

02

Vs ESTN MM GERS

IT CORPORATION

DAVE MARK

LBRATRY REPRT FR MCB CMP PENDLETN

DIXIONS

RFW 9203S350

ADMIP RECRD HPCCD
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M00651 002326 21 94 ROY WESTON MATRIX SOIL AND WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 1401 97 PARAMETERS TA METAl AND MO YRDENI METAl

000000000

0008

000000 00000

02

MCB CAMP PENDLETON SDG S0952

M0068

DATA

002

000 62 05 94

0402 92

00166

022

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL PETROELUM HYDROCARBONS ANALYSIS

SDG S065 RFW 92035352 920353

ADMIN RECORD TPH

M0068

DATA

0041

000 63 05 94

0402 92

00166

02

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL PURGEABLE PETROELUM HYDROCARBONS ANALYSIS

SDG 5061 RFW 92035362 92035363 92035364 92035399

ADMIN RECORD TPH

M0068

DATA

0043

000 64 05 94

04

00166

02

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

uC MS vOLATILES ANAL\ SIS

SDG 50636 RFW 92035350 92035351

ADMIN RECORD VOLATILES

M0068

DATA

003

000 65 05 94

0402 92

00166

022

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

ORGANOPHOSPHOROUS PESTICIDES

SDG 50525 RFW 92035361

ADMIN RECORD PESTICIDES

M0068

DATA

0328

000 68 05 94

0402 92

00166

02

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

DIOXINS\FURANS

RFW 92035483

ADMIN RECORD HPCCD

M0068

DATA

0243

000 05 94

0402 92

00166

02

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

DIXIONS

RFW 92035485

ADMIN RECORD HPCCD

M0068

DATA

002

000 05 94

0402 92

00166

022

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS ANALYSIS

SDG 5065 RFW 92035352 920353

ADMIN RECORD TPH

M0068

DATA

0050

000 05 94

0402 92

00166

02

WESTION MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

ORGANOPHOSPHOROUS PESTICIDES

SDG 50598 RFW 9203531 92035332 9203534

ADMIN RECORD PESTICIDES

M0081

DATA

048

000 04

04 02 92

00166

022

Vs ESTIN MA1 kGERS

IT CORPORATION

LBRATRY REPRT FR MCB CMP PENDLETN

SEMI VOLATILES

RFW 92035483

ADMIt RECRD SEMI\ LkTILES
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Site Location

000 05194
04 02 92

00166

02

ADMIN RECORD PESTICIDES

PCB

M0068 000 05 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOA
DATA 040292 VOA

00166 IT CORPORATION RFW 9203S483

0219 022

M0068 000 61 05 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA

00019

0403 92

00166

02

MCB CAMP
PENDLETON

TOTAL PURGEABLE PETROELUM HALOCARBONS ANALYSIS

SDG S0848 RFW 9203S463

M0068 000 05 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA

021

0403 92

00166

022

IT CORPORATION

DAVEMARK

INORGANICS

RFW 9203S483

M0068 000900 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HPCCD

DATA 0403 52

00166 IT CORPORATION

DIXIONS

RFW 9204S501

0525 02

M0068 000640 05 13 94 CH2M HILL DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD DATA
DATA 0406 92 PEGGY NORTON ORGANICS

32461 00166 IT CORPORATION
1077 07 nAVE MARK

MOoS 000641 05 13 94 CH2M HILL DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOC
DATA 0406 92 PEGGY NORTON ORGANICS VOLATILES

32364 00166 IT CORPORATION

0091 02 DAVE MARK

M0068 000642 05 13 94 CH2M HILL DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 0406 92 PEGGY NORTON INORGANICS

32461 00166 IT CORPORATION

0104 022 DAVEMARK

M0068 000643 05 13 94 CH2M HILL DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 0406 92 PEGGY NORTON INORGANICS

32364461 00166 IT CORPORATION

0226 02 DAVE MARK

M0068 000685 05 13 94 ROY WESTION INC ANALYTICAL DATA PACKAGE FOR MCB CAMP PENDLETON ADMIN RECORD DATA

DATA 0406 92

00166 IT CORPORATION

ANALYSIS

RFW 9204S506

0540 02

M00681

DATA

0268

WESTION MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

PESTICIDES PCB

RF% 01S481



LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

000653

000654
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M00681 000652 05 13 94 WESTION

DATA 04 92

00166

0049 02

M00681 05 13 94

DATA 04 92

00166

0040 02

M00681 05 13 94

DATA 04 92

00166

0063 02

M00681 05 13 94

DT 04 10

00166

000648

MANAGERS

IT CORPORATION

ORGANOCHLORINE PESTICIDES PCBs ANALYSIS

SDG S0525 RFW 9203S230 9203S268 9203S316

PCB

WESTION LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

MANAGERS HERBICIDES ANALYSIS

SDG S0598 RFW 9203S332 9203S34

IT CORPORATION

WESTION LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

MANAGERS INORGANICS ANALYSIS

SDG S0598 RFW 9203S31 92035332 9203S34

IT CORPORATION

WESTION LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

kN GERS TTL EXTRAC BLE PETRLEL HYDRC RBN Al LYSIS

SDG S061 RFW 9203S363 9203S364 9203S399

0036 02 IT CORPORATION

M0068 000649 05 13 94 WESTION LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 04 10 92

00166

MANAGERS TOTAL PURGEABLE PETROLEUM HYDROCARBONS ANALYSIS

SDG 508 2RFW 9203S4 9203S483

0025 02 IT CORPORATION

M0068 000650 05 13 94 WESTION LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SOLVENTS

DATA 04 10 92

00166

MANAGERS GC\MS SEMIVOLATILES ANALYSIS

SDG S061 RFW 9203S362 9203S363 9203S364

0043 02 IT CORPORATION

M0068 000651 05 13 94 WESTION LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 04 10 92

00166

MANAGERS TOTAL PURGEABLE PETROLEUM HYDROCARBONS ANALYSIS

SDG 508 2RFW 9203S4 9203S483

0025 02 IT CORPORATION

M0068 000655 05 13 94 WESTION LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 04 10 92

00166

MANAGERS HERBICIDES ANALYSIS

SDG S0636 RFW 9203S350 9203S351

003 022 IT CORPORATION

M0068 000656 05 13 94 WESTION LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 04 10 92

00166

MANAGERS INORGANICS ANALYSIS

SDG S0636 RFW 9204S488

00 022 IT CORPORATION

M0068 000669 05 13 94 WESTION LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOC

DATA 04 10 92

00166

MANAGERS GC\MS VOLATILE ANALYSIS

SDG S065 RFW 9203S352 9203S3

0036 02 IT CORPORATION
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M0068 000639 05 13 94 CH2M HILL DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 04 11 92 VOLATILES WATER
32699 00166 MCB CAMP PENDLETON PESTICIDES

0212 022

M0068 0006 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SOLVENTS

DATA 04 13 92 GC\MS SEMIVOLATILES ANALYSIS

00166 IT CORPORATION SDG S0636 RFW 9203S350 9203S351

0035 02

M0068 0006 05 13 94 ESE LABORATROY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 04 13 92

00166

METALS

0093 02

M0068 00065 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 04 1492

00166 IT CORPORATION

ORGANOCHLORINE PESTICIDES AND PCBs ANALYSIS

SDG S0598 RFW 9203S31 92035332 9203S34

PCB

0049 02

M0068 0006 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 04 14 92

00166 IT CORPORATION

INORGANICS ANALYSIS 9203 S399

SDG S061 RFW 9203S362 9203S363 9203S364 9203S3

0069 02

M0068 0006 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOC

DATA 04 14 92

00166 IT CORPORATION

GC\MS VOLATILES ANALYSIS

SDG S0848 RFW 9203S463

0021 022

M008 0008l 04 RY Vs ESTIN INC kN kLYTICkL DkTk PkCKAGE FR MCB CMP PENDLETN ADMIt RECRD DkTk
DATA 04 1492

00166 IT CORPORATION

ANALYSIS

RFW 9204S580

0435 02

M0068 000684 05 13 94 ROY WESTION INC ANALYTICAL DATA PACKAGE FOR MCB CAMP PENDLETON ADMIN RECORD DATA

DATA 04 1492

00166 IT CORPORATION

ANALYSIS

RFW 9204S5

0410 022

M0068 000638 05 13 94 CH2M HILL DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOC
DATA 04 15 92 MCB CAMP PENDLETON VOLATILES

32 00166

0215 022

M0068 000644 05 13 94 CH2M HILL DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SOLVENTS

DATA 04 15 92 PEGGY MORTON SEMIVOLATILES missing pages 0000 1-0002

32 00166 IT CORPORATION

13 022 DAVEMARK
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M0068 000658 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SOLVENTS

DATA 04 16 92 GC\MS SEMIVOLATILES ANALYSIS

00166 IT CORPORATION SDG S0598 RFW 9203S31 92035332 9203S34

0053 02

M0068 000659 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOC
DATA 04 16 92 GC\MS VOLATILES ANALYSIS

00166 IT CORPORATION SDG S0598 RFW 9203S31 92035332 9203S34

0065 02

M0068 000662 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 04 16 92

00166 IT CORPORATION

ORGANOPHOSPHOROUS PESTICIDES ANALYSIS

SDG S061 RFW 9203S362 9203S363 9203S364

004 022

M0081 000 04 Vs ESTIN MA1 kGERS LBRATRY REPRT FR MCB CMP PENDLETN ADMIt RECRD SL\ ENTS

DATA 04 92

00166 IT CORPORATION

GC\MS SEMIVOLATILES ANALYSIS

SDG S0848 RFW 9203S463

0021 022

M0068 00068i 05 13 94 ROY WESTION INC ANALYTICAL DATA PACKAGE FOR MCB CAMP ADMIN RECORD DATA
DATA 04 92

00166 IT CORPORATION

PENDLETON

ANALYSIS

0629 02 RFW 9204S60

M0068 000682 05 13 94 ROY WESTION INC ANALYTICAL DATA PACKAGE FOR MCB CAMP ADMIN RECORD DATA

DATA 04 18 92

00166 IT CORPORATION

PENDLETON

ANALYSIS

0516 022 RFW 9204S616

M00681 0033 194 RO\ \kESTON MATRIX \kATERAND SOIL ADMIN RECORD \kATER SOITH\kESTDI\ISION

DATA 04 19 92 PARAMETERS TAL METALS AND MOLYBDENUM METALS

0000000000000000 00000 MCB CAMP PENDLETON SDG S0598

0005 02

M0068 000645 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 0420 92

00166 IT CORPORATION

TOTAL PURGEABLE PETROLEUM HYDROCARBONS
SDG S0952 RFW 9204S506

0018 022

M0068 000646 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 0420 92

00166 IT CORPORATION

TOTAL PURGEABLE PETROLEUM HYDROCARBONS
SDG 50848 RFW 92035463

0022 02

M0068 00064 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 0420 92

00166 IT CORPORATION

TOTAL PURGEABLE PETROLEUM HYDROCARBONS

SDG 50909 RFW 92045485 92045501

0026 02
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M0068 000660 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 0420 92 ORGANOPHOSPHOROUS PESTICIDES ANALYSIS

0065

00166

02

IT CORPORATION SDG S0636 RFW 9203S350 9203S351

M0068 000661 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 0420 92

00166 IT CORPORATION

ORGANOPHOSPHOROUS PESTICIDES ANALYSIS

SDG S065 RFW 9203S352 9203S3

010 022

M0068 0006 05 13 94 WESTION MANAGERS DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 04 20 92

00166 IT CORPORATION

MATRIX SOIL WATER PARAMETER VOLATILES

LAB ROY WESTON SDG S1126

000 022

M0068 0006 05 13 94 WESTION MANAGERS DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SOLVENTS

DkTk 04O
00166 IT CORPORATION

MATRIX SAIL Vs kTERPkRAMETER SEMI\ LkTILES
LAB ROY WESTON SDG S1126

Vs kTER

0006 02

M0068 0006 05 13 94 WESTION MANAGERS DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 0420 92

00166 IT CORPORATION

MATRIX SOIL WATER PARAMERTER

ORGANOCHLORINE

PCB

WATER
0006 02 PFSTICIDES\PCBs LAB ROY WESTON SDG 1126

M0068 002320 21 94 ROY WESTON MATRIX WATER AND SOIL ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 0420 92 PARAMETERS TAL METALS AND MOLYBDENUM METALS

000000000000000 00000 MCB CAMP PENDLETON SDG S1126

000 022

M0068 0006 05 13 94 ESE LABORATROY REPORT FOR MCB CAMP PENDLETOM ADMIN RECORD DATA
DATA 0421 92

00166

ANALYSIS

0052 02

M0068 000663 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 0422 92

00166 IT CORPORATION

ORGANOPHOSPHOROUS PESTICIDES PCBs ANALYSIS

SDG S0636 RFW 9203S350 9203S351

PCB

0054 02

M0068 000664 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOC
DATA 04 22 92

00166 IT CORPORATION

GC\MS VOLATILES ANALYSIS

SDG S061 RFW 9203S362 9203S363 9203S364 9203S399

0042 02

M0068 0006 05 13 94 \k ESTION MANAGERS LABORATROY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 0422 92

00166 IT CORPORATION

CHLORINATED HERBICIDES ANALYSIS

SDG S065 RFW 9203S352 9203S3

0042 02
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M0068 000680 05 13 94 ESE LABORATROY REPORT FOR MCD CAMP PENDLETON ADMIN RECORD HERBICIDES

DATA 0422 92 CHLORINATED HERBICIDES ANALYSIS

00166 SDG S061 RFW 9203S363 9203S3649203S399

0060 02

M00681 001330 05 31 94 DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 04 22 92 MATRIX WATER SOIL PARAMETERS SEMIVOALTILES SEMIVOLATILES

MCB CAMP LAB ROY WESTON SDG S1166

000 02 PENDLETON

M0068 002284 20 94 ROY WESTON MATRIX WATER AND SOIL ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 0422 92 PARAMETERS CLP METALS AND MOLYBDENUM METALS

000000000000000 00000 MCB CAMP SDG S1166

0006 02 PENDLETON

M0068 000666 05 13 94 WESTION MANAGERS LADORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DT 04

00166 IT CORPORATION

INRGNICS NLYSIS
SDG S065 RFW 9203S352 9203S3

0056 02

M0068 00066 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 0423 92

00166 IT CORPORATION

INORGANICS NONCLP ANALYSIS

SDG S0848 RFW 9203S463 9203S44

0026 02

M0068 000668 05 13 94 WESTION MANAGERS lABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SOLVENTS

DATA 0423 92

00166 IT CORPORATION

GC\MS SEMIVOIATILE ANALYSIS

SDG S065 RFW 9203S352 9203S3

0031 022

M0068 0006 05 13 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOC
DATA 04 23 92

00166 IT CORPORATION

GC\MS VOLATILES ANALYSIS

SDG S0909 RFW 9204S485 9204S501

0042 02

M0068 0005 05 12 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD VOC

DATA 0428 92 PEGGA NORTON VOLATILES HERBICIDES HERBICIDES

32459 00166 IT CORPORATION

0468 02 DAVE MARK

M0068 000588 05 12 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD VOC
DATA

0026

04 28 92

00166

02

MCB CAMP

PENDLETON

GC\MS VOLATILES ANLYSIS SDG S0952

RFW 9204S506

MUUAS1 100SSQ is 17 94 WESTIflN MANAXERS LBRATRY REPRT FR MCB CAMP PENDLETN IT CflRP ADMIN RECflRD TPH

DATA

0028

0428 92

00166

022

MCB CAMP
PENDLETON

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS

ANALYSIS

SDG S204S483 RFW 9203S4 19204S483
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DATA VALIDATION REPORT FOR MCB CAMP PENDLET0N

MATRIX SOIL WATER PARAMETER SEMI\ OLATILES

LAB ROY WESTON SDG S1166

ADMIN RECORD WATER

SOL\ ENTS

M0068 002313 20 54 ROY WESTON MATRIX SOIL WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 04 28 92 PARAMETERS VOLATILES VOLATILES

000000000000000 00000 MCB CAMP PENDLETON SDG S1188

0006 02

M0068 00058 05 12 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD lOG

DATA 04 29 92 INORGANICS ANALYSIS SDC S0909 RFW 9204S485 9204S501

00166 MCB CAMP PENDLETON

003 022

M0068 002283 20 94 ROY WESTON MATRIX WATER AND SOIL ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 0429 92 PARAMETERS CLP METALS AND MOLYBDENUM METALS

000000000000000 00000 MCB CAMP PENDLETON SDG 51188

0006 02

M0068 000591 05 12194 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD PWSTICIDES

DATA 0430 92 ORGANOPHOSPHOROUS PESTICIDES ANALYSIS

00166 MCB CAMP PENDLETON SDG S065 RFW 9203S352 9203S3

0052 02

M0068 000602 05 13 94 WESTION MANAGERS DATA VALAIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 0430 MATRIX SOIL WATER PARAMETER ORGANOCHLORINE PESTICIDES

00166 MCB CAMP PENDLETON PESTICIDES\PCBs LAB ROY WESTON SDG S119 PCB

000 022

M0068 000603 05 13 94 WESTION MANAGERS DATA VALAIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 0430 92 MATRIX SOIL WATER PARAMETER VOLATILES VOC

00166 MCB CAMP PENDLETON LAB ROY WESTON SDG 5119

0006 02

M0068 000604 05 13 94 WESTION MANAGERS DATA VALAIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 04 30 92 MATRIX SOIL WATER PARAMETER SEMIVOLATILES SOLVENTS

00166 MCB CAMP PENDLETON LAB ROY WESTON SDG 5119

0004 02

M00681 00132 05 31 94 DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 04 30 92

MCB CAMP PENDLETON

MATRIX WATER SOIL PARAMETERS VOLATILES

LAB ROY WESTON SDG S119

VOLATILES

0006 02

M00681 001328 05 31 94 DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 0430 92

MCB CAMP PENDLETON

MATRIX WATER SOIL PARAMETERS ORGANOCHLORINE

PESTICIDES PCBs LAB ROY WESTON SDG S119

PESTICIDES

PCB

000 022

UIC No DOC NO
DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

M00481

DATA

000601 05 13 94 WESTION MANAGERS

04

00166 MCB CAMP PENDLETON

0011 022

KEY WORDS Site Location
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DATA VALIDATION REPORT MCB CAMP PENDLETON

MkTRIX \k kTER SOIL PkRAMETERS SEMI\ OLkTILES

MCB CAMP PENDLETON LAB ROY WESTON SDG S119

ADMIN RECORD WATER

SEMI\ OLkTILES

M00681 002322 21 94 ROY WESTON MATRIX WATER AND SOIL ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 0430 92 PARAMETERS TAL METALS AND MOLYBDENUM METALS

000000000000000 00000 MCB CAMP PENDLETON SDG S119

0005 02

M0068 0005 05 12 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD lOG

DATA 05 01 92 PEGGA NORTON INORGANICS REP 32510 32520

32452 00166 IT CORPORATION

00 022 DAVEMARK

M0068 0005 05 12 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD PESTICIDES

DATA 05 01 92 PEGGA NORTON ORGANICS PESTICIDES PCB HERBICIDES TPH PCB

32452 00166 IT CORPORATION HERBICIDE

0148 022 DAVEMARK

TFH

M0068 000590 05 12 94 WESTION MANGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD PESTICIDES

DATA 05 0492 ORGANOPHOSPHOROUS PESTICIDES ANALYSIS

00166 MCB CAMP PENDLETON SDG S0848 RFW 9203S463

0034 02

M0068 000593 05 12 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD TPH

DATA 05 0492 TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS ANALYSIS

00166 MCB CAMP PENDLETON SDG S0909 Rflk 9045485 9045501

0040 02

M0068 000594 05 12 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD SOLVENTS

DATA 05 04 92 GC\MS SEMIVOLATILES ANALYSIS

00166 MCB CAMP PENDLETON SDG S0909 RFW 9204S485 9204S501

002 022

M0068 000595 05 12 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD lOG

DATA 05 0492 INORGANICS ANALYSIS

00166 MCB CAMP PENDLETON SDG S0952 RFW 9204S506

0051 022

M0068 00060 05 13 94 ENSECO CAL LAB DATA VAIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HXCDD

DATA 05 0492 MARK BECHTHOLD DIXION FURAN ANALYSES LAB ID 063255

00166 WESTION INC

0250 02 LYNDA KELLY

M0068 000609 05 13 94 CH2M HILL ANALYTICAL DATA MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 05 0492 PEGGY NORTON ORGANIC AND INORGANIC PARAMETERS

35548 00166 IT CORPORATION

0914 02 DAVE MARKLY

UIC No DOC NO
DOCUMENT TYPE

CONTRGUID NO
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M00681 001329

kT

0004

05 31 94

04 30 91

02

KEY WORDS Site Location
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M0068i 00206i 06 29 94 INTERNATIONAL TECH CONSTRUCTION REPRESENTATIVES REPORT FOR CAMP PENDLETON ADMIN RECORD DATA SOUTHWEST DIVISION

DATA 05 04 92

i66 MCB CAMP PENDLETON

OUr 01

24

GROUP
OU

M0068 000596 05 i2 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD SOLVENTS

DATA 05 05 92 GC\MS SEMIVOLATILES ANALYSIS

00166 MCB CAMP PENDLETON SDG S0952 RFW 9204S506

0029 02

M0068 000598 05 i2 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD TPH

DATA 05 05 92 TOTAL PURGEABLE PETROLEUM HYDROCARBONS ANALYSIS

00166 MCB CAMP PENDLETON SDG Si 105 RFW 9204S622 9204S623

0021 022

M0068 000608 05 13 94 CH2M HILL ANALYTICAL DATA MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 05 05 92 PEGGY NORTON ORGANIC AND INORGANIC PARAMETERS

35569 00166 IT CORPORATION

0615 022 DAVEMARKLY

M0068i 001331 05 31 94 DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 05 92

MCB CAMP PENDLETON

MATRIX WATER SOIL PARAMETERS SEMIVOALTILES

LAB ROY WESTON SDG 51224

SEMIVOLATILES

0006 02

M0068i 00232 2i 94 ROY WESTON MATRIX SOIL AND WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA US US 92 PARAMETERS CLP METALS AND MOLYBDENUM METAl

000000000000000 00000 MCB CAMP PENDLETON SDG 51224

0005 02

M0068 00059 05 i2 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD PESTICIDES

DATA 05 92 ORGANOCHLORINE PESTICIDES ANALYSIS

00166 MCB CAMP PENDLETON SDG S0848 RFW 9203S463

0039 02

M0068 000605 05 13 94 WESTION MANAGERS DATA VALAIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 05 92 ORGANOPHOSPHOROUS PESTICIDES ANALYSIS

00166 MCB CAMP PENDLETON SDG S0909 RFW 9204S485

0035 02

M0068 000599 05 i2 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD TPH

DATA 05 08 92 TOTAL PURGEABLE PETROLEUM HYDROCARBONS ANALYSIS

00166 MCB CAMP PENDLETON SDG S0952 RFW 9204S506

0031 022

M0068 000600 05 i2 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD VOC

DATA 05 08 92 GC\MS VOLATILES ANLYSIS

00166 MCB CAMP PENDLETON SDG Si iOS RFW 9204S622 9204S623

0030 02
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DATA VA AIDATION REPORT FOR MCR CAMP PENDI ETON

ORGANOPHOSPHOROUS PESTICIDES AND PCBs

SDG S061 RFW 9203S362 9203S363 923S364 9203S399

ADMIN RECORD PESTICIDES

PCB

M00681

DATA

0008

002062 06 29 94

05 08 92

166

01

INTERNATIONAL TECH

MCB CAMP PENDLETON

CONSTRUCTION REPRESENTATIVES REPORT FOR CAMP
PENDLETON

ADMIN RECORD DATA

24

GROUP

OU

SOUTH WEST DIVISION

M0068

DATA
3Thh

02

0005 05 12 94

05 11 92

UUloo

022

CH2M HILL

PEGGA NORTON
IT CORPORATION

DAVEMARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

ORGANICS PESTICIDES PCB HERBICIDES TFH

ADMIN RECORD PESTICIDES

PCB

HERBICIDE

TFH

M0068

DATA
32521

03

000585 05 12 94

05 12 92

00166

022

CH2M HILL

PEGGA NORTON
IT CORPORATION

DAVEMARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

INORGANICS

ADMIN RECORD lOG

M0068

DATA

32521

0384

000586 05 12 94

05 12 92

00166

02

CH2M HILL

PEGGA NORTON

IT CORPORATION

DAVE MARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

ORGANICS PESTICIDES PCB HERBICIDES TFH

ADMIN RECORD PESTICIDES

PCB

HERBICIDE

TFH

M00681

DATA

0004

002063 06 29 94

05 12 92

166

01

INTERNATIONAL TECH

MCB CAMP PENDLETON

CONSTRUCTION REPRESENTATIVES REPORT FOR CAMP

PENDLETON

ADMIN RECORD DATA

24

GROUP

OU

SOUTH WEST DIVISION

M0068

DATA

32531

0130

000580 05 12 94

05 13 92

00166

022

CH2M HILL

PEGGA NORTON

IT CORPORATION

DAVEMARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

ORGANICS PESTICIDES PCB HERBICIDES TFH

ADMIN RECORD PESTICIDES

PCB

HERBICIDE

TFH

M0068

DkTk

325

0229

000581 05 12 94

Q4

00166

02

CH2M HILL

PEGGk NRTN
IT CORPORATION

DAVE MARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

RGkNICS PESTICIDES PCB HERBICIDES TFH

ADMIN RECORD PESTICIDES

PCB

HERBICIDE

TFH

UIC No DOC NO
DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

M006S1 000606 US 94 WESTION MANERS
DATA 05 08 92

00166 MCB CAMP PENDLETON

0059 02

KEY WORDS Site Location
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M0068

DATA

32531

0039

000583 05 12 94

05 13 92

00166

02

CH2M HILL

PEGGA NORTON

IT CORPORATION

DAVE MARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

INORGANICS

ADMIN RECORD lOG

M0068

DATA

32520

0268

000584 05 12 94

05 13 92

00166

02

CH2M HILL

PEGGA NORTON

IT CORPORATION

DAVE MARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

ORGANICS PESTICIDES PCBs HERBICIDES TFH

ADMIN RECORD PESTICIDES

PCB

HERBICIDE

TFH

M0068

DATA

0049

000592 05 12 94

05 13 92

00166

02

WESTION MANGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

GC\MS VOLATILE ANALYSIS

SDG S1126 RFW 9204S635 9204S646

ADMIN RECORD VOC

M0068

DATA

32520

02

001183 05 25 94

05 13 92

00166

022

CH2M HILL

PEGGA NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES PESTICIDES PCBs

TFH HERBICIDES

ADMIN RECORD VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

TFH

HERBICIDE

M00681

DATA

0004

002064 06 29 94

05 13 92

166

01

INTERNATIONAL TECH

MCB CAMP PENDLETON

CONSTRUCTION REPRESENTATIVES REPORT FOR CAMP PENDLETON ADMIN RECORD DATA

24

GROUP
OU

M0068

DATA

3258

0340

000569 05 12 94

05 14 92

00166

02

CH2M HILL

PEGGA NORTON

IT CORPORATION

DAVE MARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

ORGANCIS VOLATILES SEMIVOLATILES PESTICIDES\PCBs

TFH HERBICIDES

ADMIN RECORD SOLVENTS

PESTICIDES

PCB

TFH

HERBICIDES

M0081

DATA
32594

01

ooo 04

05 14 92

00166

022

CHM HILL

PEGGA NORTON
IT CORPORATION

DAVEMARK

LBRATRY REPRT FR MCB CMP PENDLETN IT CARP

ORGANCIS VOLATILES SEMIVOLATILES PESTICIDES\PCBs

TFH HERBICIDES

ADMIt RECRD SL\ ENTS

PESTICIDES

PCB

TFH

HERBICIDES
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M0068 000582 05 12 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP ADMIN RECORD
DATA US 97 PEA NORTON ORANICS PESTICIDES PCR HERRICIDES TFH

325 00166 IT CORPORATION REF 3258 32594

0100 022 DAVEMARK

Site LocationKEY WORDS

PESTICIDES

PCR

HERBICIDE

TFH
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M00681 002065 06 29 94 INTERNATIONAL TECH CONSTRUCTION REPRESENTATIVES REPORT FOR CAMP PENDLETON ADMIN RECORD DATA
DATA US 1497

0004

166

01

MCB CAMP PENDLETON 24

M0068

DATA

004

000551 05 12 94

05 15 92

00166

022

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

ORGANOCHLORINE PESTICIDES ANALYSIS SDG 51105

RFW 9204S622 9204S623

ADMIN RECORD PESTICIDES

M0068

DATA

0030

000552 05 12 94

05 15 92

00166

02

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

TOTAL PURGEABLE PETROLEUM HYDROCARBON ANALYSIS

SDG S1126 RFW 9204S635 9204S646

ADMIN RECORD TPH

M0068

DATA

0050

000553 05 12 94

UD 1D

00166

02

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

ORuANOCHLORINE PESTICIDES ANAL\ SIS

SDG S1126 RFW 9204S635 9204S646

ADMIN RECORD PESTICIDES

M0068

DATA
32595

0330

0005 05 12 94

05 15 92

00166

02

CH2M HILL

PEGGA NORTON
IT CORPORATION

DAVE MARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

ORGANICS SEMIVOLATILES PESTICIDES\PCBs TFH
HERBICIDES

ADMIN RECORD SOLVENTS

PESTICIDES

PCB

TPH

HERBICIDES

M0068

DATA
32595

018

0005 05 12 94

05 15 92

00166

022

CH2M HILL

PEGGA NORTON
IT CORPORATION

DAVEMARK

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

INORGANICS

ADMIN RECORD lOG

M00681

DATA

0004

002066 06 29 94

05 15 92

00166

01

INTERNATIONAL TECH

MCB CAMP PENDLETON

CONSTRUCTION REPRESENTATIVES REPORT FOR CAMP PENDLETON ADMIN RECORD DATA

24

M0068

DATA

0028

000563 05 12 94

05 18 92

00166

02

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

TOTAL EXTRACTABLE PETROLEUM HYDRICARBONS ANALYSIS

SDG 51105 RFW 9204S622 9204S623

ADMIN RECORD TPH

M0068

DATA

oolc

000564 05 12 94

05 18 92

00166

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

TOTAL EXTRACTABLE PETROLEUM HYDRICARBONS ANALYSIS

SDG S1146 RFW 9204S64 92045661

ADMIN RECORD TPH

M0068

DATA

0032

000565 05 12 94

05 18 92

00166

02

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON IT CORP

TOTAL EXTRACTABLE PETROLEUM HYDRICARBONS ANALYSIS

SDG S1166 RFW 9204S662 9204S6 69204S 14

ADMIN RECORD TPH
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M0068 000556 05 12 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLTON ADMIN RECORD SOLVENTS

DATA 05 19 92
IT CORP GC MS SEMIVOLATILES ANALYSIS SDG

0039

00166

02

MCB CAMP PENDLETON

M00681 002359

DATA

00000000000000

21 94

05 20 92

00166

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS PESTICIDES PCBs

SDG G28606G28641 G28346 CASE NACPB1

ADMIN RECORD WATER

PESTICIDES

PCB

SOUTHWEST DIVISION

0020 02

M00681 002360 21 94 ESE MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA

00000000000000

05 20 92

00166 MCB CAMP PENDLETON

PARAMETERS VOLATILES

SDG G29002 G28641 G28346 CASE
NACPB1

VOLATILES

0025 02

M0068 000554 05 12 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA

0054

05 21 92

00166

02

MCB CAMP PENDLETON

IT CORP ORGANOPHOSPHOROUS PESTICIDES

ANALYSIS

SDG S0952 RFW 9204S5 9204S580

M0068 000555 05 12 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA

026

05 21 92

00166

022

MCB CAMP PENDLETON

IT CORP ORGANOPHOSPHOROUS PESTICIDES

ANALYSIS

SDG S1069 RFW 9204S59 9204560 92045615

M0068 00055 05 12 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 05 21 92

00166 MCB CAMP PENDLETON

IT CORP ORGANOPHOSPHOROUS PESTICIDES

ANALYSIS SDG 1069 RFW 9204S59 9204S60

9204S615

026 022

M0068 000558

DATA

0080

05 12 94

05 22 92

00166

02

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

IT CORP TOTAL PURGEABLE PETROLEUM

HYDROCARBONS ANALYSIS SDG 51188 RFW
9204S 15 9204S 21 9204S 54

ADMIN RECORD TPH

M0068 000559

DATA

05 12 94

05 22 92

00166

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

IT CORP GC MS VOLATILES ANALYSIS

SDG S1146 RFE 9204S64 92045661

ADMIN RECORD VOC

0035 02

M0068 000560

DATA

05 12 94

05 22 92

00166

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON

IT CORP ORGANOCHLORINE PESTICIDES ANALYSIS

SDG S0909 RFW 9204S485 9204S501

ADMIN RECORD PESTICIDES

0045 02

M0068 000561 05 12 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 05 22 92

00166 MCB CAMP PENDLETON

IT CORP ORGANOCHLORINE PESTICIDES ANALYSIS

SDG S0952 RFW 9204S506

003 022

S114RF\\ 04S4 04S1
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M00681

DATA

PRC DATE

DOC DATE

CTO NO

EPA CAT

000562 05 12 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLTON IT

05
CORP RANOPHOSPHOROI PESTICIDES ANAl YSIS

00166 MCB CAMP PENDLETON
SDG 51105 RFW 9204S616 9204S622

KEY WORDS

PESTICIDESADMIN RECORD

Site Location

0030 02

M0068 0005 05 21 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 05 22 92 PEGGA NORTON IT CORP INORGANICS WATER SOIL WATER

32948 00166 IT CORPORATION

0613 022 DAVEMARK

M0068 0005 05 21 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 05 22 92 PEGGA NORTON IT CORP INORGANICS

32698 00166 IT CORPORATION

0425 02 DAVE MARK

M0068 0005 05 12 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SOLVENTS

DATA 05 22 92 PEGGA NORTON IT CORP ORGANICS SEMIVOLATILES TFH TFH

32 32 00166 IT CORPORATION PEsTICIDEs PCBs HERBICIDEs
PESTICIDES

0292 02 DAVE MARK

PCB

HERBICIDE

M0068 000993 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD HPCCD

DATA 05 23 92

00166 IT CORPORATION

RFW 9205S880 DIXIONS

0494 02

M0068 000568 05 12 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA

0028

05 26 92

00166

02

MCB CAMP PENDLETON

IT CORP TOTAL PURGEABLE PETROLEUM
HYDROCARBONS ANALYSIS SDG S1224 RFW

9205S 64 920S

M0068 000845 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA

0028

05 26 92

00166

02

IT CORPORATION

TOTAL PURGEABLE PETROLEUM HYDROCARBONS

ANALYSIS SDG S1224 RFW 9205S 64 9205S 64

9205S

M0068 000846 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 05 26 92

00166 IT CORPORATION

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS

ANALYSIS SDG S1226 RFW 9204S635 9204S646

0046 02

M0068 00084 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA

0039

05 26 92

00166

02

IT CORPORATION

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS

ANALYSIS SDG S1166 RFW 9204S662 9204S6

9204S 14

M0068 000848 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 05 26 92

00166 IT CORPORATION

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS

ANALYSIS SDG S1146 RFW 9204S64 92045661

0039 02
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000849 05 18 94 WESTON MANAGERS

05 26 92

00166 IT CORPORATION

KEY WORDS

SEMI VOLATILES

Site Location

0042 02

M0068 000850 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 05 26 92 GC MS SEMIVOLATILES ANALYSIS

00166 IT CORPORATION
SDG 51105 RFW 9204S622 9204S623

0026 02

M0068 000994 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 05 26 92 SEMIVOLATILES

32 04 00166 IT CORPORATION

0443 02

M0068 001004 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 05 26 92 VOLATILES SEMIVOLATILES SEMIVOLATILES

32 34 00166 IT CORPORATION

069 022

M0068 001005 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 05 26 92 VOLATILES SEMIVOLATILES TFH PESTICIDES SEMIVOLATILES

32 26 00166 IT CORPORATION TFH

036 022

M0068 001006 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD

PESTICIDES

METALS

DATA 05 26 92 METALS INORGANICS lOG

32699 00166 IT CORPORATION

0048 02

M0068 00100 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 05 26 92 METALS INORGANICS lOG

76 00166 IT CflRPflRATIflN

060 022

M0068 000851 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 05 92

00166 IT CORPORATION

GC MS SEMIVOLATILES ANALYSIS

SDG S1166 RFW 9204S662 9204S6 69204S 14

0044 022

M0068 000852 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA

0040

05 28 92

00166

02

IT CORPORATION

TOTAL EXTRACTABLE PETROLEUM HYDROCARBON

ANALYSIS SDG S1188 RFW 9204S 15 9205S 21
9204S 54

M0068 000853 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DkTk oc 18
01

00166 IT CORPORATION

GC MS SEMI VOLATILES ANALYSIS

SDG S1166 RFW 9204S662 9204S6 69204S 14

0041 02
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M00681 001012

DATA

32 03

086

M00681

DATA

32

0123
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EPA CAT

05 18 94

05 28 92

00166

02

05 18 94

05 29 92

000995

WESTON MANAGERS

IT CORPORATION

DAVE MARK

WESTON MANAGERS

ANALYTICAL DATA FOR MCB CAMP PENDLETON

SEMI VULAIILES YES IILILES

ADMIN RECORD

Site LocationKEY WORDS

SEMI VOLATILES

PESTICIDES

ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD SEMI VOLATILES

SEMIVOLATILES VOLATILES TFH HERBICIDES
VOLATILES

00166

02

IT CORPORATION TFH

HERBICIDE

M0068 000996

DATA

32 43

043

05 18 94

05 29 92

00166

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

SEMIVOLATILES VOLATILES TFH HERBICIDES

PESTICIDES PCB

ADMIN RECORD SEMIVOLATILES

VOLATILES

TFH

HERBICIDE

PESTICIDES

PCB

M00681 002329

DATA

21 94

05 29 92

CH2M HILL PARAMETER VOLATILES

SDG 33024

ADMIN RECORD VOLATILES

WATER

SOUTHWEST DIVISION

00000000000000 00166 MCB CAMP PENDLETON

0015 022

M00681 000882

DATA

0108

05 1894

06 01 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORTORY REPORT FOR MCB CAMP PENDLETON

INORGANICS ANALYSIS

SDG S1226 RFW 9204S635 9204S646 9204S6

ADMIN RECORD lOG

M0068 0008

DATA

05 18 94

06 02 92

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

POLYCHLORINATED BIPHENYLS ANALYSIS

SDG S1226 RFW 9205S893

ADMIN RECORD PCB

0028 02

M0068 000880

DATA

05 18 94

06 02 92

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS SEMIVOLATILES ANALYSIS

SDG 51224RFE 9205S 649205S

ADMIN RECORD SEMIVOLATILES

0028 02

M0068 000881

DATA

05 18 94

06 02 92

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS

kNkLYSIS SDG S14 RF% 0cS 64 0cS

ADMIN RECORD TEH

002 022

M00681 0024

DATA

22 94

06 04 92

CH2M HILL PARAMETERS SEMIVOLATILES

SDG 33062

ADMIN RECORD WATER

SEMIVOLATILES

SOUTHWEST DIVISION

00000000000000 00166 MCB CAMP PENDLETON

0002 02
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M0068 000 06 05 13 94 DATA VALIDATION REPORT FOR MCB CAMP ADMIN RECORD SOLVENTS

PLNULL ION SLMIVOLAI ILLS SLXi 51323DATA

0006

06 08 92

00166

02

MCB CAMP PENDLETON

M0068 000

DATA

05 13 94

06 08 92

DATA VALIDATION REPORT FOR MCB CAMP
PENDLETON VOLATILES SDG 1525

ADMIN RECORD VOC

00166 MCB CAMP PENDLETON

0006 02

M0068 000885

DATA

05 18 94

06 08 92

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

ORGANOCHLORINE PESTICIEES ANALYSIS

SDG S1146 RFW 9204S64 92045661

ADMIN RECORD PESTICIDES

0043 02

M0068 000886 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 06 08 92

00166 IT CORPORATION

ORGANOCHLORINE PESTICIDES ANALYSIS

SDG S1124RFW 9205S 649205S

0052 02

M00681 001326 05 31 94 DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 06 08 92

MCB CAMP PENDLETON

MATRIX WATER SOIL PARAMETERS

SEMIVOLATILES LAB ROY WESTON SDG S1525

SEMI VOLATILES

0006 02

M00681 002309 20 94 ROY WESTON MATRIX SOIL AND WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA

00000000000000

06 08 92

00000 MCB CAMP PENDLETON

PARAMETERS TPH GASOLINE AND TPH DIESEL

SDG S1525

FUEL

0005 02

M00681 002328 05 18 94 ROY WESTON MATRIX SOIL AND WATER ADMIN RECORD WATER

DATA

0000000000000

05 26 92

00000 MCB CAMP PENDLETON

PARAMETERS CLP METALS AND MOLYBDENUM
SDG S1525

METALS SOUTHWEST DIVISION

0008 02

M0068 00088 21 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 06 08 92

00166 IT CORPORATION

GC MS VOLATILES ANALYSIS

SDG S1188 RFE 9204S 15 9205S 21 9205S 54

0040 02

M0068 000888

DATA

05 18 94

06 09 92

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS SEMIVOLATILES ANALYSIS

SDG S1188 RFW 9204S 15 9205S 21 9205S 54

ADMIN RECORD SEMIVOLATILES

0048 02

M0068 000889

DATA

05 18 94

06 09 92

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS VOLATILES ANALYSIS

SDG51224RFW 9205S649205S

ADMIN RECORD VOLATILES

0032 02
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WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

INORANICS ANAl YSIS

IT CORPORATION
SDG SliSS RFW 9204S 15 9205S 21 9205S 54

KEY WORDS Site Location

0100 022

M0068 000694 05 13 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD DATA

DATA 06 11 92 PEGGSA NORTON ORGANICS

32948 00166 IT CORPORATION

10 022 DAVEMARK

M0068 000 08 05 13 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 06 1192 PEGGY NORTON INORGANICS SDG ITCORP1

32948 00166 IT CORPORATION

0606 02 DAVE MARK

M0068 000 10 05 13 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD DATA

DATA 06 11 92 PEGGY NORTON ORGANICS

32943 00166 IT CORPORATION

128 022 DAVEMARK

M00681 000884 05 1894 WESTON MANAGERS LABORTORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 06 11 92

00166 IT CORPORATION

INORGANICS ANALYSIS

SDG S1166 RFW 9204S662 9204S6 69204S 14

0088 02

M0068 001003 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 06 11 92 METALS

32943 00166 IT CORPORATION

0298 02

M0068 000695 05 13 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 06 12 92 PEGGY NORTON INORGANICS

3953 00166 IT CORPORATION

0083 02 DAVE MARK

M0068 00069 05 13 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 06 12 92 PEGGY NORTON ORGANICS

32946 00166 IT CORPORATION

0550 02 DAVE MARK

M0068 000699 05 13 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 06 12 92 PEGGY NORTON ORGANICS PCB

32936 00166 IT CORPORATION TFH

0220 02 DAVE MARK

M0068 000 00 05 13 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD

HERBICIDE

WATER

DATA 06 12 92 PEGGY NORTON JRUANILS

32936 00166 IT CORPORATION

0088 02 DAVE MARK
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M0068 000 01

DATA
32953

02

05 13 94

06 12 92

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD PESTICIDES

PCB

TPH

HERBICIDE

M0068 000 02

DATA
32942

0156

05 13 94

06 12 92

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD PESTICIDES

PCB

TFH

HERBICIDE

M0068 000 04

DATA

0053

05 13 94

06 15 92

00166

02

WESTION MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

ORGANOCHLORINES PESTICIDES ANALYSIS SDG S1166

RFW 92045622 9204S6 692045 14

ADMIN RECORD PESTICIDES

M00681 000 05

DATA

008

05 13 94

06 15 92

00166

022

\kESTION MANAGERS

IT CORPORATION

LABORATOR\ REPORT FOR MCB CAMP PENDLETON

INORGANICS ANALYSIS SDG S1224

RFEW 9205S 64 9205S

ADMIN RECORD lOG

M0068 002411

DATA

000000000000000

0050

22 94

06 15 92

00166

02

ROY WESTON

STOCKTON

MCB CAMP PENDLETON

MATRIX SOIL

PARAMETERS SEMI VOLATILES

SDG 33141 S1568

ADMIN RECORD SEMIVOLATILES SOUTHWEST DEVISION

M0068 000566

DATA

006

05 12 94

06 18 92

00166

022

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON IT

CORP

ORGANICHLORINE PESTICIDES ANALYSIS

SDG 51188 RFW 9204S 15 9204S 21 9204S 54

ADMIN RECORD PESTICIDES

M0068 00056

DATA

0022

05 12 94

06 19 92

00166

02

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON IT

CORP

INORGANICS PESTICIDESANALYSIS

SDG S1284 RFW 9205S868

ADMIN RECORD lOG

M0068 000686

DATA
32990

0211

05 13 94

06 25 92

00166

022

ROF WESTION INC

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANICS

ADMIN RECORD lOG

M0068 00068

DATA

32990

0294

05 13 94

16 7S 97

00166

02

CH2M HILL

PEY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORANICS PESTICIDES PCR TFH

ADMIN RECORD PESTICIDES

PCR

TFH

M0068 000688

DATA
33052

0100

05 13 94

06 26 92

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANICS

ADMIN RECORD lOG
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LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG S15

RFW 9206S093

M0068

DATA
32998

0289

000 09 05 13 94

06 92

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS SDG S1548 RFW 92065082 9206508

GC\MS VOLATILES ANALYSIS

ADMIN RECORD VOC

M0068

DATA
3300

04

000 12 05 13 94

08 92

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD PESTICIDES

PCB

TFH

HERBICIDE

M0068

DATA

0134

000883 05 18 94

08 92

00166

022

\k ESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS SEMIVOLATILES ANALYSIS

SDG SiS RFW 9206S093

ADMIN RECORD SEMI\ OLATILES

M0068

DATA

3300

010

001002 05 18 94

08 92

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

METALS

ADMIN RECORD METALS SOUTHWEST DEVISION

M0068

DATA

33062

0168

000 11 05 13 94

10 92

00166

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD SOLVENTS

M0068

DATA

33042

01

000 13 05 13 94

10 92

00166

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD TFH

M0068

DATA

33042

00

000 14 05 13 94

10 92

00166

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANICS

ADMIN RECORD lOG

M0068

DATA
33062

0182

000 15 05 13 94

10 92

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANICS

ADMIN RECORD lOG

M0068

DATA
33024

0353

000696 05 13 94

13 92

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD PESTICIDES

PCB

HERBICIDES

TFH

M00681 001208 05 94

DATA 06 29 92

00166

0233 02

FROM
FROM SIGNATURE

TO SUBJECT

TO SIGNATURE

WESTON MANAGERS

IT CORPORATION

CLASSIFICATION KEY WORDS

ADMIN RECORD PESTICIDES

Site Location
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M0068 000 03 05 13 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 13 92 PEGGY NORTON ORGANICS PCB

33063 00166 IT CORPORATION TFH

0183 022 DAVE MARK HERBICIDE

M0068 000 16

DATA
33063

0084

05 13 94

13 92

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANICS

ADMIN RECORD lOG

M0068 000

DATA

33019

0196

05 13 94

13 92

00166

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD PESTICIDES

PCB

TFH

M0068 000 18

DATA

33019

0104

05 13 94

13 92

00166

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANICS

ADMIN RECORD lOG

M0068 000698

DATA

33043

0242

05 13 94

16 92

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD PESTICIDES

PCB

TFH

HERBICIDES

M0068 000689

DATA
33053

63

05 13 94

92

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANICS

ADMIN RECORD lOG

M0068 000692

DATA
33534

0860

05 13 94

92

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD DATA

M00681 002480

DATA

000000000000000

0316

22 94

92

00166

022

MCB CAMP PENDLETON

INORGANIC ANALYSIS DATA REPORT FOR NAVY-CAMP
PENDLETON

SDG 2914

ADMIN RECORD DATA

QC

SOUTHWEST DIVISION

M0068 000691

DATA
33064

0552

05 13 94

1892

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

ORGANICS

ADMIN RECORD
ADMIN RECORD
ADMIN RECORD

DATA
HW
DISPOSAL

M0068 000690

DATA
33141

0345

05 13 94

20 92

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANICS

ADMIN RECORD lOG
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M00681 000693

DATA

33143

00

PRC DATE

DOC DATE

CTO NO
EPA CAT

05 13 94

2392

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

M0068 000 35

DATA
01F1665920066

0035

05 16 94

23 92

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER VOLATILES LAB ESE

SDG G30232

ADMIN RECORD VOC

M0068 001155

DATA
33143

0282

05 25 94

23 92

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH PESTICIDES PCBs

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

PESTICIDES

PCB

M0068 001156

DATA
33142

0264

05 25 94

23 92

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH PESTICIDES PCBs

HERBICIDES

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

PESTICIDES

PCB

HERBICIDE

M0068 0022

DATA

000000000000000

0060

20 94

23 92

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR CTO 166 LABORATORY
REFERENCE

33142 INORGANICS

ADMIN RECORD DATA SOUTHWEST DIVISION

M00681 002349

DATA

000000000000000

0015

21 94

29 92

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS CHLORINATED HERBICIDES

NAPCW2D

SDG G30443 G31088

CASE

ADMIN RECORD WATER

HERBICIDE

M00681 002354

DATA

000000000000000

0030

21 94

29 92

00166

02

ESE

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS SEMI VOLATILES

SDG G30484 AND G30 04

ADMIN RECORD WATER
SEMI VOLATILES

SOUTHWEST DIVISION

M00681 002355

DATA
000000000000000

001

21 94

29 92

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS PESTICIDES PCBs

SDG G30482

ADMIN RECORD PESTICIDES

PCB

WATER

SOUTHWEST DIVISION

M00681 00235

DATA

000000000000000

0015

21 94

29 92

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TRIAZINE ORGANOPHOSPHORUS AND
ORGANO

NITROGEN PESTICIDE SDG G30483

ADMIN RECORD WATER

PESTICIDES

SOUTHWEST DIVISION

FROM
FROM SIGNATURE

TO SUBJECT

TO SIGNATURE

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANICS

CLASSIFICATION KEY WORDS

ADMIN RECORD lOG

Site Location
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M0068 00234

DATA

000000000000000

0010

021 94

31 92

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-GASOLINE AND TPH-DIESEL CASE

NACPW1A
SDG G30469

ADMIN RECORD WATER
FUEL

SOUTHWEST DIVISION

M00681 002350

DATA

000000000000000

0020

21 94

08 03 92

00166

02

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS VOLATILES CASE
NACPW1A
SDG G30553 G30281

ADMIN RECORD WATER

VOLATILES

SOUTHWEST DIVISION

M00681 002348

DATA

000000000000000

0010

21 94

08 05 92

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TPH-GASOLINE AND TPH-DIESEL

CASE NACPW1A

SDG G3OS41SDG G30841

ADMIN RECORD WATER

FUEL

SOUTHWEST DIVISION

M00681 00356

DATA

000000000000000

0010

194
08 05 92

00166

022

ESE

MCB CAMP PENDLETON

MATRIX \%ATER

PARAMETERS TPH-GASOLINE TPH-DIESEL

SDG G30689

ADMIN RECORD \%ATER

FUEL

SOIJTH\%ESTDI\ISION

M00681 001333

DATA

0023

05 31 94

08 1892

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS BORON

LAB ROY WESTON SDCJ W2206

ADMIN RECORD WATER

M0068 001212

DATA

009

05 94

082492

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANICS CLP ANALYSIS SDG W2116 RFW 920 S3

902 S434

ADMIN RECORD lOG

M0068 001215

DATA

0062

05 94

08 2492

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANICS NON CLP ANALYSIS SDG W21 16

RFW 902 S3 902 S434

ADMIN RECORD lOG

M0068 0024

DATA
22 94

08 28 92

022

ENVIRON SCI ENG

MCB CAMP PENDLETON

ESE FIELD GROUP SAMPLES CASE NACPS2D 22-24 ADMIN RECORD HERBICIDE

TCO

GC MS

TIC

VOLATILES

M00681 0024

DATA

0662

2294

08 28 92

02

ENVIRON SCI ENG

MCB CAMP PENDLETON

ESE FIELD GROUP SAMPLES CASE NACPS2D2O 21 ADMIN RECORD TPH

HERBICIDE

PESTICIDES

VOC
GC MS

SEMI VOLATILES

VOLATILES
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M00681

DATA

002

001336 05 31 94

090292

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS BORON
LAB ROY WESTON SDG W22

ADMIN RECORD WATER

M0068

DATA

335

0180

001161 05 25 94

09 03 92

00166

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH

METALS

ADMIN RECORD VOALTILES

SEMIVOALTILES

TFH

METALS

M0068

DATA
33598

0180

001162 05 25 94

09 03

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

OLATILES SEMI\ OLATILES TFH

METALS

ADMIN RECORD VOALTILES

SEMI\ OALTILES

TFH

METALS

M0068

DATA

33599

0303

001165 05 25 94

09 03 92

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

METALS

ADMIN RECORD METALS

M0068

DATA

33560

0249

001166 05 25 94

09 03 92

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

TFH VOLATILES SEMIVOLATILES

ADMIN RECORD TFH

VOLATILES

SEMIVOALTILES

M0068

DATA

33599

0239

00116 05 25 94

09 03 92

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

TFH VOLATILES

ADMIN RECORD TFH

VOLATILES

M0068

DATA

33584

0183

0011 05 25 94

09 03 92

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M0068

DATA
33559

019

0011 05 25 94

09 03 92

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOALTILES

SEMIVOLATILES

TFH

METALS

001163M00681

DATA

33538

0180

FROM
FROM SIGNATURE

TO SUBJECT

TO SIGNATURE

05 25 94

09 02 92

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH

METALS

CLASSIFICATION KEY WORDS

ADMIN RECORD VOALTILES

SEMICOLATILES

TFH

METALS

Site Location
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M00681

DATA

33560

0532

0011 052594

19 IR 97

00166

02

CH2M HILL

PFY NORTON

IT CORPORATION

DAVE MARK

M0068 001335 05 31 94 DATA VALIDATION REPORT MCB CAMP ADMIN RECORD WATER

DATA 09 09 92 PENDLETON MATRIX WATER PARAMETERS HERBICIDE

MCB CAMP PENDLETON
CHLORINATED HERBICIDES LAB ROY

0018 022
WESTON SDG W2282

M0068 00133 05 31 94 DATA VALIDATION REPORT MCB CAMP ADMIN RECORD WATER

DATA 09 09 92 PENDLETON MATRIX WATER PARAMETERS

000 02

MCB CAMP PENDLETON
ALKALINITY LAB ROY WESTON SDG

W2282

M0068 001338 05 31 94 DATA VALIDATION REPORT MCB CAMP ADMIN RECORD WATER

DATA 090992 PENDLETON MATRIX WATER PARAMETERS

000 02

MCB CAMP PENDLETON
TOTAL DISSOLVED SOLIDS LAB ROY

WESTON SDG W2282

M0068 001339 05 31 94 DATA VALIDATION REPORT MCB CAMP ADMIN RECORD WATER

DATA 09 09 92 PENDLETON MATRIX WATER PARAMETERS

MCB CAMP PENDLETON
ANIONS LAB ROY WESTON SDG W2282

0013 022

M0068 001340 05 31 94 DATA VALIDATION REPORT MCB CAMP ADMIN RECORD WATER

DATA 09 09 92 PENDLETON MATRIX WATER PARAMETERS

000 02

MCB CAMP PENDLETON
TPH GASOLINE DIESEL LAB ROY

WESTON SDG W2282

M0068 001341 05 31 94 DATA VALIDATION REPORT MCB CAMP ADMIN RECORD WATER

DATA

0031

09 09 92

022

MCB CAMP PENDLETON

PENDLETON MATRIX WATER PARMETERS
ORGANOCHLORINE PESTICIDES LAB ROY

WESTON SDG W2282

PESTICIDES

PCB

M0068 001342 05 31 94 DATA VALIDATION REPORT MCB CAMP ADMIN RECORD WATER

DATA 09 09 92 PENDLETON MATRIX WATER PARAMETERS METALS

0028 02

MCB CAMP PENDLETON
TAL METALS MOLYBDENUM LAB ROY
WESTON SDG W2282

M0068 001343 05 31 94 DATA VALIDATION REPORT MCB CAMP ADMIN RECORD WATER

DATA 09 09 92 PENDLETON MATRIX WATER PARAMETERS VOLATILES

0044 02

MCB CAMP PENDLETON
VOLATILES LAB ROY WESTON SDG

W2282

M0068 001344 0531 94 DATA VALIDATION REPORT MCB CAMP ADMIN RECORD WATER

DATA 09 09 92 PENDLETON MATRIX WATER PARAMETERS SEMIVOLATILES

0043 02

MCB CAMP PENDLETON
SEMIVOLATILES LAB ROY WESTON SDG

W2282

ANALYTICAL DATA FOR MCB CAMP
PENDLETON METALS

ADMIN RECORD METALS
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M00681 001164

DATA

674
0219

05 25 94

09 11 92

66

02

CH2M HILL

PEGGY NORTON

IT CflRPflRATIflN

DAVE MARK

VOLATILES

SEMI VOLATILES

TFH

PESTICIDES

PCB

METALS

HERBICIDE

VOLATILES

SEMI VOLATILES

PESTICIDES

ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD

VOLATILES SEMIVOLATILES TFH PESTICIDES

PCB METALS HERBICIDES

M0068 001168 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD

DATA 09 92 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCB

336 00166 IT CORPORATION TFH METALS

0239 02 DAVE MARK
HERBICIDES

PCB

TFH

METALS

HERBICIDE

M0068 00 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 09 92 PEGGY NORTON METALS

33690 00166 IT CORPORATION

0028 02 DAVE MARK

M0068 001169 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOALTILES

DATA 09 1492 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCB SEMIVOLATILES

33642 00166 IT CORPORATION TFH METALS HERBICIDES
PESTICIDES

0283 02 DAVE MARK

PCB

TFH

METkL
HERBICIDE

M0068 00 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD CYANIDE

DATA 09 1492 PEGGY NORTON CYANIDE SDG W222 RFW 92085628

33666 00166 IT CORPORATION

0055 02 DAVE MARK

M0068 00223 1994 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 09 1492 PARAMETERS ALKALINITY

000000000000000 00000 MCB CAMP PENDLETON
SDG W2294

000 022

M0068 002238 1994 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 091492 PARAMEIERS IOIAL DISSOLVED SOLIDS

000000000000000 00000 MCB CAMP PENDLETON
SDG W2294

000 022

M0068 002239 1994 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 09 1492 PARAMETERS ANIONS SDG

000000000000000 00000 MCB CAMP PENDLETON
W2294 CHLORIDE NITRATE-N NITRATE-N AND

000 02
SULFATE
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M0068 002240 2094 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 09 1492 PARAMETERS SEMIVOLATILES SEMIVOLATILES

000000000000000 00000 MCB CAMP PENDLETON SDG W2294

0009 02

M0068 00225 2094 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA

000000000000000

09 1492

00000 MCB CAMP PENDLETON

PARAMETERS TPH GASOLINE AND TPH DIESEL

SDG W25905

FUEL

0004 02

M00681 002258 2094 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA

000000000000000

09 1492

00000 MCB CAMP PENDLETON

PARAMETERS BORON
SDG W2282 AND W2294

0025 02

M0068 002259 2094 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA

000000000000000

0009

09 1492

00000

022

MCB CAMP PENDLETON

PARAMETERS TAL METALS AND
MOLYBDENUM

SDG W2294

METALS

M0068 001001 05 1894 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP ADMIN RECORD VOLATILES

DATA

33643

U9 lô 92

00166 IT CORPORATION

PENDLETON vOLATILES SEMIvOLATILES TFH

METALS PESTICIDES PCB HERBICIDES

sEMPvuLATILEs

TFH

092 022

METALS

PESTICIDES

PCB

HERBICIDE

M0068 0011 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP ADMIN RECORD CYANIDE

DATA

33643

09 1692

00166

PEGGY NORTON

IT CORPORATION

PENDLETON CYANIDE SDG W2231 RFW
9208S633

0063 02 DAVE MARK

M0068 0011 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP ADMIN RECORD VOLATILES

DATA

33666

09 16 92

00166

PEGGY NORTON

IT CORPORATION

PENDLETON VOLATILES SEMI VOLATILES

PESTICIDES PCBs TFH METALS HERBICIDES

SEMIVOLATILES

PESTICIDES

0252 02 DAVE MARK

PCB

TFH

METALS

HERBICIDE

M0068 001180 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP ADMIN RECORD VOLATILES

DATA

336

0226

09 16 92

00166

02

PEGGY NORTON

IT CORPORATION

DAVE MARK

PENDLETON VOLATILES SEMI VOLATILES

PESTICIDES PCBs

TFH METALS HERBICIDES

SEMIVOLATILES

PESTICIDES

PCB

TFH

METALS

HLItBILILL
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M0068 001210 05 94 WESTON MANAGERS LABORATIORY REPORT FOR MCB CAMP ADMIN RECORD VOLATILES

DATA

0061

09 92

00166

022

IT CORPORATION

PENDLETON GC MS VOLATILES ANALYSIS SDG

W2116 RFW 920 S3 920 S434

M0068 001211 05 94 WESTON MANAGERS LABORATIORY REPORT FOR MCB CAMP ADMIN RECORD SEMIVOLATILES

DATA 09 92

00166 IT CORPORATION

PENDLETON GC MS SEMIVOLATILES ANALYSIS

SDG W21 16 RFW 920 S3 920 S434

0109 022

M0068 001213 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP ADMIN RECORD TEH

DATA 09 92

00166 IT CORPORATION

PENDLETON TOTAL EXTRACTABLE PETROLEUM
HYDROCARBONS ANALYSIS SDG W2 116 RFW

000 022 920S3 920 S434

M0068 001216 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP ADMIN RECORD METALS

DATA 09 92

00166 IT CORPORATION

PENLETON METALS SDG W2116 RFW
920 S3 920 S434

0035 02

M0068 00121 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP ADMIN RECORD TPH

DATA U9 92

00166 IT CORPORATION

PENDLETON TOTAL PURGEABLE PETROLEUM

HYDROCARBONS ANALYSIS SDG W21 16 RFW

0041 02 920 S3 920 S434

M00681 002233 1994 WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 09 21 92 PARAMETERS TAL METALS AND METALS

000000000000000 00000 MCB CAMP PENDLETON MOLYBDENUM SDG W2506

0028 02

M0068 002318 21 94 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 09 21 92 PARAMETERS TAL METALS AND METALS

000000000000000 00000 MCB CAMP PENDLETON MOLYBDENUM

0008 022 SDG W2506

M0068 00 i008 05 1894 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD METAL

DATA 09 22 92 METALS VOLATILES SEMIVOLATILES VOLATILES

33682 00166 IT CORPORATION PESTICIDES PCB TFH HERBICIDES SEMIVOLATILES

0212 022

PESTICIDES

PCB

TFH

HERBICIDE

M0068 001009 05 1894 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 09 22 92 METALS VOLATILES SEMIVOLATILES SEMIVOLATILES

33683 00166 IT CORPORATION PESTICIDES PCB TFH HERBICIDES PESTICIDES

95 022 DAVEMARK
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M0068 001184 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD CYANIDE

DATA

33696

0059

092292

00166

02

PEGGY NORTON

IT CORPORATION

DAVE MARK

CYANIDE

M0068 001018

DATA

33 19

1003

05 1894

09 2492

00166

02

WESTON MANAGERS

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES

ADMIN RECORD VOLATILES

SEMIVOLATILES

M0068 001019

DATA
33 18

0223

05 1894

09 25 92

00166

02

WESTON MANAGERS

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES PESTICIDES PCB
TFH HERBICIDES METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

TFH

HERBICIDE

METALS

M0068 002260

DATA
000000000000000

0015

2094

09 25 92

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS ANIONS CHLORIDE NITRATE-N
NITRATE-N AND SULFATE SDG W2294

ADMIN RECORD WATER SOUTHWEST DIVISION

M00681 002261

DATA
000000000000000

0008

2094

09 25 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TOTAL DISSOLVED SOLIDS

SDG W2336

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 002262

DATA
000000000000000

0009

2094

09 25 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TPH GASOLINE TPH DIESEL

SDG W2336

ADMIN RECORD WATER

FUEL

SOUTHWEST DIVISION

M0068 002263

DATA
000000000000000

0010

2094

09 Th

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS vOLATILES

SDG W2336

ADMIN RECORD WATER

vOLATILES

SOUTHWEST DIVISION

M0068 002264

DATA
000000000000000

0006

2094

0925 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS CHLORINATED HERBICIDES

SDG W2336

ADMIN RECORD WATER

HERBICIDE

SOUTHWEST DIVISION

M0068 002265

DATA

000000000000000

0035

2094

09 25 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TAL METALS AND

MOLYBDENUM
SDG W2336

ADMIN RECORD WATER
METALS

SOUTHWEST DIVISION



DATE-082498 PAGE-38

MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE
UIC No DOC NO PRC DATE FROM
DOCUMENT TYPE DOC DATE FROM SIGNATURE

CONTRGUID NO CTO NO TO SUBJECT CLASSWICATION KEY WORDS Site Location

APPROX OF PAGES EPA CAT TO SIGNATURE

M0068 002266 2094 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 09 25 92 PARAMETERS SEMIVOLATILES SEMIVOLATILES

000000000000000 00000 MCB CAMP PENDLETON SDG W2336

0009 02

M0068 00226 2094 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 09 25 92 PARAMETERS TPH GASOLINE AND TPH DIESEL FUEL

000000000000000 00000 MCB CAMP PENDLETON SDG W2336

0009 02

M0068 002268 2094 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 0925 92 PARAMETERS ORGANOCHLORINE PCB

000000000000000 00000 MCB CAMP PENDLETON PESTICIDES PCBs PESTICIDES

000 02 SDG W2336

M0068 001010 05 1894 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 09 26 92 METALS VOLATILES SEMIVOLATILES VOLATILES

33 33 00166 IT CORPORATION PESTICIDES PCB TFH HERBICIDES SEMIVOLATILES

0301 022 DAVEMARK
PESTICIDES

PCB

TFH

HERBICIDE

M0068 001011 05 1894 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 09 26 92 METALS VOLATILES SEMIVOLATILES VOLATILES

33696 00166 IT CORPORATION PESTICIDES PCB TFH HERBICIDES SEMIVOLATILES

0230 02 DAVE MARK
PESTICIDES

PCB

TFH

HERBICIDE

M0068 001020 05 1894 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 09 28 92 VOLATILES SEMIVOLATILES PESTICIDES PCB SEMIVOLATILES

33 40 OOloo IT CORPORATION TFH METALS PESTICIDES

0218 022 DAVEMARK

PCB

TFH

METALS

M0068 000866 05 1894 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP ADMIN RECORD TPH

DATA

0109

09 30 92

00166

022

IT CORPORATION

DAVEMARK

PENDLETON TOTAL VOLATILE PETROLEUM
HYROCARBONS ANALYSIS SDG W22 RFW
9209S 26 9209S 48 9209S 65 9209S 80

M0068 00086 05 1894 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP ADMIN RECORD TPH

DATA 09 30 92

00166 IT CORPORATION

PENDLETON TOTAL VOLATILE PETROLEUM

HYROCARBONS ANALYSIS SDG W2206

0082 022 RFW 9208S5959209S69 92095 19
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M0068 000868 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON TOTAL ADMIN RECORD TPH

DATA 09 30 92 EXTRACTABLE PETROLEUM HYROCARBONS ANALYSIS

00166 IT CORPORATION SDG W2206 RFW 9208S595 9208S6 49208S69 92095 19

009 022

\4UUO1 J3194 WESIUN \4AtAULRS LABURAIURY RhPURI fUR \4LB LAMP PENULLIUN

DATA 09 30 92 ORGANOCHLORINE PESTICIDES ANALYSIS

00166 IT CORPORATION SDG W22 RFW 9209S 65 9209S 80 9209S 91 9209S804

0088 02

M0068 051894 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON

DATA 10 02 92 INOGRANICS CLP ANALYSIS

00166 IT CORPORATION SDG W2206 RFW 9208S595 9208S6 49209S69 92095 19

0100 022

M0068 051894 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON

DATA 10 02 92 INOGRANICS NON CLP ANALYSIS

00166 IT CORPORATION SDG W2206 RFW 9208S595 9208S6 49209S69 92095 19

0100 022

M0068 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON

DATA 10 02 92 VOLATILES PESTICIDES PCB SEMIVOLATILES TFH
33820 00166 IT CORPORATION HERBICIDES METALS

02 022 DAVE MARK

000903

000904

001014 ADMIN RECORD SEMI VOLATILES

VOLATILES

PCB

PESTICIDES

TFH

HERBICIDE

METALS

M0068

DATA
33806

0224

001015 05 18 94

10 02 92

00166

02

WESTON MANAGERS

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES PESTICIDES PCB SEMIVOLATILES TFH

HERBICIDES METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

PESTICIDES

PCB

HERBICIDE

METALS

M00681

DATA

0032

001301 05 31 94

10 02 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS ORGANOCHLORINE

PESTICIDES

PCBs LAB ROY WESTON SDG W23

ADMIN RECORD WATER
PESTICIDES

PCB

M00681

DATA

0009

001302 05 31 94

10 02 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS TPH DIESEL

LAB ROY WESTON SDG W23

ADMIN RECORD WATER
TPH

M00681

DATA

0008

001303 05 31 94

100292

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS TOTAL DISOLVED SOLIDS

LAB ROY WESTON SDG W23

ADMIN RECORD WATER

ALMIN RhLURL PLSIILILLS

ADMIN RECORD lOG

ADMIN RECORD lOG
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M00681 001304 05 31 94 DATA VALIDATION REPORT MCB AMP PENDLETON ADMIN RECORD WATER
DATA 10 02 92 MATRIX WATER PARAMETERS ALKALINITY

MCB CAMP PENDLETON LAB ROY WESTON SDG W23

0008 02

\4OOO1

DATA

0036

001303 03 31 94

10 02 92

02

MCB CAMP PENDLETON

LAIA VALIDAIIUN RhIURI \4LB LAIV1I PENULL ION

MATRIX WATER PARAMETERS VOLATILES

LAB ROY WESTON SDG W23

ALMIN RhLORL WAlER
VOLATILES

M00681

DATA

0019

001306 05 31 94

10 02 92

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS CHLORINATED HERBICIDES

LAB ROY WESTON SDG W23

ADMIN RECORD WATER
HERBICIDE

M0068

DATA

0150

0008 05 18 94

10 05 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANAYSIS

SDG W22 RFW 9209S 65 9209S 80 9209S 91 9209S804

ADMIN RECORD HERBICIDE

M0068

DATA

0098

0008 05 18 94

10 05 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS
ANALYSIS

SDG W22 RFW 9209S 26 9209S 48 9209S 65 9209S 80

ADMIN RECORD TPH

M0068

DATA

002

001316 05 31 94

10 05 92

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS TAL METALS

MOYBDENUM
LAB ROY WESTON SDG W2383

ADMIN RECORD WATER

METALS

M0068

DATA

0013

00131 05 31 94

10 05 92

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS ANIONS

LAB ROY ESTON SDC 383

ADMIN RECORD WATER

M0068

DATA

0018

001318 05 31 94

10 05 92

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS CHLORINATED HERBICIDES

LAB ROY WESTON SDG W2383

ADMIN RECORD WATER
HERBICIDE

M0068

DATA

0008

001319 05 31 94

10 05 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS TPH GASOLINE DIESEL

LAB ROY WESTON SDG W2383

ADMIN RECORD WATER
TPH

M00681

DATA

0006

001320 05 31 94

10 05 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS TOTAL DISSOLVED SOLIDS

LAB ROY WESTON SDG W2383

ADMIN RECORD WATER
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M00681 001321 05 31 94 DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 10 05 92 MATRIX WATER PARAMETERS ORGANOCHLORINE PESTICIDES

MCB CAMP PENDLETON PESTICIDE PCBs LAB ROY WESTON SDG W2383 PCB

0029 02

\400O1

DATA

000

00 1322 03 31 94

10 05 92

022

MCB CAMP PENDLETON

LAIA VALIDAIIUN RhIURI \4LB LAMP PLNLLL ION

MATRIX WATER PARAMETERS ALKALINITY

LAB ROY WESTON SDG W2383

AUMIN 110KV WAlER

M00681

DATA

0058

001323 05 31 94

10 05 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS SEMI VOLATILES

LAB ROY WESTON SDG W2383

ADMIN RECORD WATER
SEMI VOLATILES

M00681

DATA

0041

001324 05 31 94

10 05 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS VOLATILES

LAB ROY WESTON SDG W2383

ADMIN RECORD WATER
VOLATILES

M00681

DATA

001

001325 05 31 94

10 05 92

00166

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS ANIONS

LAB ROY WESTON SDG W23

ADMIN RECORD WATER

M0068

DATA

0194

0008 05 18 94

10 13 92

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP ORGANOCHLORINE PESTICIDES ANALYSIS

SDG W2282 RFW 9209S

ADMIN RECORD PESTICIDES

M0068

DATA

020

000899 05 18 94

10 13 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS SEMIVOLATILE ANALYSIS

SDG W2282 RFW 9209S 99209S909

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0114

000901 05 18 94

10 13 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PURGEABLE PETROLEUM HYDROCARBONS

ANAYSIS

SDG W2282 RFW 9209S 9209S909

ADMIN RECORD VOLATILES

M0068

DATA

0144

000905 05 18 94

10 13 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS

SDG W2282 RFW 9209S

ADMIN RECORD HERBICIDE

M0068

DATA

0101

000906 05 18 94

10 13 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2282 RFW 9209S 99209S909

ADMIN RECORD TEH
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M0068 000890 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 10 14 92 GC MS SEMI VOLATILES ANALYSIS

00166 IT CORPORATION SDG W2206 RFW 92098S595 9208S6 49209S69 92095 19

013 022

\400O1

DATA

0084

000902 03 94

10 14 92

00166

02

WESIUN \4ANAULRS

IT CORPORATION

LABURAIURY RhPURI fUR \4LB LAMP PENULLIUN

GC MS VOLATILES ANALYSIS

SDG W2206 RFW 9208S595 9208S6 49209S69 92095 19

AUMIN RhLURL VULAIILLS

M0068

DATA

014

000891 05 18 94

10 15 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS VOLATILES ANALYSIS

SDG W2282 RFW 9209S 99209S909

ADMIN RECORD VOLATILES

M0068

DATA

0130

000894 05 18 94

10 19 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPROT FOR MCB CAMP PENDLETON

GC MS VOLATILES ANALYSIS

SDG W22 RFW 9209S 26 9209S 48 9209S 80 9209S 91

ADMIN RECORD VOLATILES

M0068

DATA

0008

001311 05 31 94

10 19 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS ALKALINITY

LAB ROY WESTON SDG S2506

ADMIN RECORD WATER

M0068

DATA

0250

000892 05 18 94

10 20 92

00166

02

ROY WESTON

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANICS NON CLP ANALYSIS

SDG W22 RFW 9209S 26 9209S 65 9209S 65 9209S 80

ADMIN RECORD lOG

M0068

DATA

0200

000895 05 18 94

10 20 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANICS CLP ANALYSIS

SDG W22 RFW 9209S 26 9209S 48 9209S 65 9209S 80

ADMIN RECORD lOG

M0068

DATA

0102

000893 05 18 94

10 21 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL VOLATILE PETROLEUM HYDROCARBONS ANALYSIS

SDG W2336 RFW 9209S942 9209S949 9209S95 92105004

ADMIN RECORD TPH

M0068

DATA

0120

000896 05 18 94

10 21 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS MOLATILES ANALYSIS

SDG W2336 RFW 9209S942 9209S949 9209S95 92105004

ADMIN RECORD VOLATILES

M0068

DATA

0090

00089 05 18 94

10 21 92

00166

02

WESTON MANAGERS

IT CORPORATIONS

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL VOLATILE PETROLEUM HYDROCARBONS ANALYSIS

SDG W2294 RFW 9209S816 9209S832 9209S886 9209S910

ADMIN RECORD TPH
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M0068 000898 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 10 21 92 VOLATILE PURGEABLE PETROLEUM HYDROCARBONS

00166 IT CORPORATION ANALYSIS SDG W2383 RFW 9210S064 9210S038

0136 022

\400O1

DATA

00

00094 03 94

10 21 92

00166

022

WESIUN \4ANAULRS

IT CORPORATION

LABURAIURY RhPURI fUR \4LB LAMP PENULLIUN

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS

ANALYSIS

SDG W2294 RFW 9209S816 9209S832 9209S886 9209S910

AUMIN RhLURL ILH

M0068

DATA

00

000952 05 18 94

10 21 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS
ANALYSIS

SDG W2336RFW 9209S9429209S9499209S95 92015004

ADMIN RECORD TEH

M00681

DATA

0034

00130 05 31 94

10 21 92

02

MCB CAMP

PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS ORGANOCHLORINE
PESTICIDES

PCBs LAB ROY WESTON SDG S2506

ADMIN RECORD WATER
PESTICIDE

PCB

M00681

DATA

0019

001308 05 31 94

10 21 92

022

MCB CAMP
PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS CHLORINATED HERBICIDES

LAB ROY WESTON SDG W2506

ADMIN RECORD WATER
HERBICIDE

M00681

DATA

0008

001309 05 31 94

10 21 92

02

MCB CAMP

PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS TPH GASOLINE DIESEL

LAB ROY WESTON SDG W2506

ADMIN RECORD WATER
TPH

M0068

DATA

0052

001310 05 31 94

10 91

02

MCB CAMP
PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX ATER PARAMETERS OLATILES

LAB ROY WESTON SDG S2506

ADMIN RECORD WATER
OLATILES

M0068

DATA

0016

001312 05 31 94

10 21 92

022

MCB CAMP
PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS ANIONS CHLORIDE
NITRATE-N

NITRITE-N SULFATE LAB ROY WESTON SDG W2506

ADMIN RECORD WATER

M0068

DATA

0005

001313 05 31 94

10 21 92

02

MCB CAMP
PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS TOTAL DISSOLVED SOLIDES

LAB ROY WESTON SDG W2506

ADMIN RECORD WATER

vlOOoS

DATA

0062

001314 31 94

10 21 92

02

MCB CAMP
PENDLETON

DATA ALIDATION REPORT vICB CAMP PENDLETON

MATRIX WATER PARAMETERS SEMIVOLATILES

LAB ROY WESTON SDG S2506

ADMIN RECORD WATER

SEMIVOLATILES



DATE 08 24 98 PAGE -44

MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE
UIC No DOC NO PRC DATE FROM
DOCUMENT TYPE DOC DATE FROM SIGNATURE

CONTRGUID NO CTO NO TO SUBJECT CLASSIFICATION KEY WORDS Site Location

APPROX OF PAGES EPA CAT TO SIGNATURE

M0068 001315 05 31 94 DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 1021 92 MATRIX WATER PARAMETRS METAL MOLYBDENUM METALS

MCB CAMP PENDLETON LAB ROY WESTON SDG W2506

0029 02

\4OOO1 000930 03 94 WESIUN \4ANAULRS LABURAIURY RhPURI fUR \4LB LAMP PLNLLLIUN ALMIN RhLURL PLSIILILLS

DATA 10 22 92

00166 IT CORPORATION

ORGANOCHLORINE PESTICIDES ANALYSIS SDG W2294

RFW 9209S816 9209S832 9209S886 9209S919 9209S934

0080 02

M0068 000951 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 10 22 92

00166 IT CORPORATION

ORGANOCHLORINE PESTICIDES ANALYSIS SDG W2336

RFW 9209S9429209S9499209S95 92015004 9210S015

0224 02

M0068 000944 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 10 23 92

00166 IT CORPORATION

INORGANICS CLP ANALYSIS SDG W2294 RFW 9209S816

9209S832 9209S886 9209S910 9209S919 9209S934

0090 02

M0068 000945 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 10 23 92

00166 IT CORPORATION

INORGANICS NON CLP ANALYSIS SDG 2282 RFW 9209S

9209S909

0180 022

M0068 000953 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 10 23 92

00166 IT CORPORATION

INORGANICS NON CLP ANALYSIS SDG W2294 RFW

9209S816

0325 022 9209S832 9209S886 9209S910 9209S919 9209S934

M0068 000956 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TEH

DATA 10 23 92

00166 IT CORPORATION

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS SDG

W2383

0093 022 RFW 9210S0389210S064

M0068 00095 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 10 23 92

00166 IT CORPORATION

CLP INORGANIC METALS ANALYSIS SDG W2282 RFW

9209S

METALS

0162 022 9209S909

M0068 000946 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENEDLETON

GC MS SEMI VOLATILES ANALYSIS SDG W2336 RFW
ADMIN RECORD SEMIVOLATILES

DATA 10 26 92 9209S942

9209S949 9209S95 92105004 9210S015

0180

00166

022

IT CORPORATION

M0068 000948 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA

0100

10 28 92

00166

022

IT CORPORATION

HERBICIDES ANALYSIS SDG W2336 RFW 9209S942

9209S949

9209S95 92105004 9210S015
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M0068 00118 05 26 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 10 28 92 HERBICIDES ANALYSIS SDG W2294 RFW 9209816 9209S832

00166 IT CORPORATION 9209S886 9209S910 9209S919 9209S832

0150

M0068

DATA

0150

001188

022

05 26 94

10 28 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS SEMIVOLATILES ANALYSIS SDG W2294 RFW 9209S816

9209S006 9209S910 9209S919 9209S934 9209S832

ADMIN RECORD SEMIVOLATILES

M00681

DATA

003

001334 05 31 94

10 28 92

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER SOIL PARAMETERS TAL METALS

MOLYBDENU LAB ROY WESTON SDG W2555

ADMIN RECORD WATER
METALS

M00681

DATA

002

00134 05 31 94

10 28 92

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX SOIL WATER PARAMETERS SEMIVOLATILES

LAB ROY WESTON SDG W2555

ADMIN RECORD WATER

SEMIVOLATILES

M00681

DATA

0011

001348 05 31 94

10 28 92

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX SOIL WATER PARAMETERS TPH GASOLINE

DIESEL LAB ROY WESTON SDG W2555

ADMIN RECORD WATER

M00681

DATA

001

001349 05 31 94

10 28 92

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS ANIONS

LAB ROY WESTON SDG W2555

ADMIN RECORD WATER

M00681

DATA

003

001350 05 31 94

10 28 92

022

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER SOIL PARAMETERS TAL METALS

MOLYBDENU LAB ROY WESTON SDG W2555

ADMIN RECORD WATER
METALS

vlOOoSl

DATA

0086

00131 31 94

10 28 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT vICB CAMP PENDLETON

MATRIX WATER SOIL PARAMETERS VOLATILES

LAB ROY WESTON SDG W2555

ADMIN RECORD WATER
VOLATILES

M00681

DATA

0042

001352 05 31 94

10 28 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETERS ORGANOCHLORINE PESTICIDES

PCBS LAB ROY WESTON SDG W2555

ADMIN RECORD WATER
PESTICIDES

PCB

M0068 0022

DATA

000000000000000

0011

20 94

10 28 92

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMATERS TPH GASOLINE AND TPH DIESEL

SDG W2555

ADMIN RECORD WATER
FUEL

SOUTHWEST DIVISION



DATE 082498 PAGE-46

MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE
UIC No DOC NO PRC DATE FROM
DOCUMENT TYPE DOC DATE FROM SIGNATURE

CONTRGUID NO CTO NO TO SUBJECT CLASSIFICATION KEY WORDS Site Location

APPROX OF PAGES EPA CAT TO SIGNATURE

M0068 0022 20 94 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 10 28 92 PARAMETERS ALKALINITY

000000000000000 00000 MCB CAMP PENDLETON SDG W2555

008 022

M0068 0022

DATA

000000000000000

0008

20 94

1028 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TOTAL DISSOLVED SOLIDS

SDG W2555

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 0022

DATA
000000000000000

0021

20 94

10 28 92

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG W2555

ADMIN RECORD WATER
HERBICIDE

SOUTHWEST DIVISION

M0068 0022

DATA
000000000000000

0008

20 94

10 28 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TOTAL DISSOLVED SOLIDS

SDG W2555

ADMIN RECORD WATER SOUTHWEST DIVISION

M00681 002280

DATA
000000000000000

0008

20 94

10 28 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS ANIONS CHLORIDE NITRATE-N NITRATE-N

AND SULFATE SDG W2555

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 002298

DATA

000000000000000

0040

20 94

10 28 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS ORGANOCHLORINE PESTICIDES PCBs

SDG W2555

ADMIN RECORD WATER
PESTICIDES

PCB

SOUTHWEST DIVISION

M0068 002319

DATA

0000000000000000

0011

21 94

10 28 92

00000

022

ROY WESTON

VICB CAMP PEINDLETON

MATRIX WATER AND SOIL

PARAMETERS TAL METALS AND MOLYBDENUM

SDG Wjjj

ADMIN RECORD WATER
METALS

SOUTHWEST DIVISION

M0068 000949

DATA

0223

05 18 94

10 29 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS VOLATILES ANALYSIS SDG W2294 RFW 9209S816

9209S832 9209S886 9209S910 9209S919 9209S934

ADMIN RECORD VOLATILES

M00681 001346

DATA

0036

05 31 94

10 29 92

02

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX SOIL WATER PARAMETERS VOLATILES

LAB ROY WESTON SDG W2582

ADMIN RECORD WATER
VOLATILES

M00681 002281

DATA
000000000000000

0016

20 94

10 29 92

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS ANIONS CHLORIDE NITRATE-N NITRATE-N

AND SULFATE SDG W2582

ADMIN RECORD WATER SOUTHWEST DIVISION
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M00681 002282 20 94 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 10 29 92 PARAMETERS ALKALINITY

0000000000000000 00000 MCB CAMP PENDLETON SDG W2582

0008 02

M0068 002286

DATA

000000000000000

0040

20 94

10 29 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS SEMIVOLATILES

SDG W2582

ADMIN RECORD WATER
SEMIVOLATILES

SOUTHWEST DIVISION

M00681 002288

DATA
0000000000000000

0008

20 94

10 29 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TOTAL DISSOLVED SOLIDS

SDG W2582

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 002289

DATA
0000000000000000

0040

20 94

10 29 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS TAL METALS AND MOLYBDENUM
SDG W2582

ADMIN RECORD WATER
METALS

SOUTHWEST DIVISION

M0068 002291

DATA
0000000000000000

000

20

10 29 92

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS TPH GASOLINE AND TPH DIESEL

SDG W2582

ADMIN RECORD WATER
FUEL

SOUTHWEST DIVISION

M0068 00231

DATA

0000000000000000

0010

21 94

10 29 92

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS TAL METALS AND MOLYBDENUM

SDG W2582

ADMIN RECORD WATER
METALS

SOUTHWEST DIVISION

M0068 001214

DATA

0224

05 94

11 02 92

00km

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP ORGANOCHLORINE PTESTICIDES ANALYSIS SDG W2383

RFVv 9105038 91050o4

ADMIN RECORD PESTICIDES

M0068 001218

DATA

01

05 94

11 0292

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS SDG W2383 RFW 9210S038 9210S064

ADMIN RECORD HERBICIDE

M0068 002253

DATA

0000000000000000

0045

20 94

11 02 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS SEMI VOLATILES

SDG W2590

ADMIN RECORD WATER
SEMI VOLATILES

SOUTHWEST DIVISION

M0068 002254

DATA

000000000000000

0040

20 94

11 02 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS TAL METALS AND MOLYBDENUM SDG W2590

ADMIN RECORD WATER
METLAS

SOUTHWEST DIVISION
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M0068 002255 20 94 ROY WESTON MATRIX WATER AND SOIL ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 11 02 92 PARAMETERS TPH GASOLINE AND TPH DIESEL SDG W2590 FUEL

00000000000000 00000 MCB CAMP PENDLETON

0008 02

M0068 002256

DATA

000000000000000

0050

20 94

11 02 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS VOLATILES SDG W2590

ADMIN RECORD WATER
VOLATILES

SOUTHWEST DIVISION

M0068 002292

DATA
0000000000000000

0013

20 94

11 02 92

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS ANIONS CHLORIDE NITRATE-N NITRATE-N

AND SULFATE SDG W2590

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 002295

DATA
0000000000000000

0006

20 94

11 02 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS ALKALINITY

SDG W2590

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 002296

DATA
000000000000000

0008

20 94

11 02 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TOTAL DISSOLVED SOLIDS

SDG W2590

ADMIN RECORD WATER SOUTHWEST DIVISION

M00681 00228

DATA

0000000000000000

0034

20 94

11 0492

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS ORGANOCHLORINE PESTICIDES PCBs

SDG W2582

ADMIN RECORD WATER
PCB

PESTICIDES

SOUTHWEST DIVISION

M0068 002290

DATA

0000000000000000

0020

20 94

11 04 92

00000

02

ROY WESTON

VICB CAMP PEINDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG WID8

ADMIN RECORD WATER
HERBICIDE

SOUTHWEST DIVISION

M0068 00229

DATA

0000000000000000

0001

20 94

11 0492

00166

02

IT CORPORATION

BUENCAMINO

SOUTHWEST DIVISION

CHRIS POTTER

PARTIAL ANALYTICAL RESULTS DATA FOR THE MCB CAMP
PENDLETON RI FS

ADMIN RECORD DATA
RI

FS

SOUTHWEST DIVISION

M0068 001221

DATA

0192

05 94

110592

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLPVOLATILEANALYSISSDG W2383 RFW 9210S038

0210S064

ADMIN RECORD VOLATILES

M0068 001222

DATA

0282

05 94

11 09 92

00166

02

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

ORGANOCHLORINE PESTICIDES ANALYSIS SDG W23

RFW 9210S02 9210503992105108

ADMIN RECORD PESTICIDES
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LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD
TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS ANALYSIS

SDG W23 6RFW 9210S02 92105039 9210S065 9210S108

TEH

TPH

M00681

DATA
001223

0199

M00681 00122

DATA

052 94

110992

00166

02

052 94

110992

00166

WESTON MANAGERS

IT CORPORATION

0349 02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS VOLATILES ANALYSIS SDG W23 RFW 9210502

92105039 92105065 92105108

ADMIN RECORD VOLATILES

M0068 002293

DATA

0000000000000000

0035

20 94

1110 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS ORGANOCHLORINE PESTICIDES PCBs

SDG W2590

ADMIN RECORD WATER
PESTICIDES

PCB

SOUTHWEST DIVISION

M0068 002294

DATA
0000000000000000

0018

20 94

1110 92

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS CHLORINATED HERBICIDES

SDG W2590

ADMIN RECORD WATER

HERBICIDE

SOUTHWEST DIVISION

M0068 001219

DATA

0186

05 94

1111 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANICS NON CLP ANALYSIS SDG W2336 RFW 92095942

92095949 9209595 92105004 92105015

ADMIN RECORD lOG

M0068 001220

DATA

013

05 94

1111 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANICS CLP ANALYSIS SDG W2336 RFW 92095942

92095949 9209595 92105004 921059015

ADMIN RECORD lOG

M0068 001181

DATA
34118

0319

05 25 94

1112 92

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES PESTICIDES PCBs
TFH

ADMIN RECORD VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

TFH

M0068 001182

DATA
3411

0255

05 25 94

1112 92

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES PESTICIDES PCBs

TFH HERBICIDES AND METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

TFH

HERBICIDE

METALS

M0068 001230

DATA

0323

05 94

1113 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP SEMI VOLATILES ANALYSIS SDG W2383 RFW 92105038

92105064

ADMIN RECORD SEMIVOLATILES
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M00681 001345 05 31 94

DATA 111692

0030 02

M00681 002269 2094

DATA 111692

0000000000000000 00000

0036 02

M00681 0022 02094
DATA 111692

0000000000000000 00000

0008 02

M00681 0022 02094
DATA 111692

0000000000000000 00000

0018 022

MUUh1 J1J22

DATA
0000000000000000

0033

M00681 0022

DATA

0000000000000000

0040

M00681 002299

DATA

0000000000000000

0006

M00681 002300

DATA

0000000000000000

0040

M00681 002301

DATA

0000000000000000

0006

M00681 002302

DATA
000000000000000

0006

--
209

1116 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS ORGANOCHLORINE PESTICIDES PCBs

SDG W2630

ADMIN RECORD WATER
PESTICIDES

SOUTHWEST DIVISION

2094

1116 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS SEMI VOLATILES

SDG W2630

ADMIN RECORD WATER
SEMI VOLATILES

SOUTHWEST DIVISION

20 94

1116 92

00000

02

ROY WESTON

VICB CAMP PEINDLETON

MATRIX SOIL

PARAMETERS TPH GASOLINE AND TPH DIESEL

SDG \VoS

ADMIN RECORD FUEL SOUTHWEST DIVISION

2094

1116 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS TAL METALS AND MOLYBDENUM

SDG W2628 W2630

ADMIN RECORD WATER
METALS

SOUTHWEST DIVISION

2094

1116 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS ALKALINITY

SDG W2628 W2630

ADMIN RECORD WATER SOUTHWEST DIVISION

2094

1116 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER

PARAMATERS TOTAL DISSOLVED SOLIDS

SDG W2628 W2630

ADMIN RECORD WATER SOUTHWEST DIVISION

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS VOLATILES

SDG W2630

ADMIN RECORD WATER
VOLATILES

SOUTHWEST DIVISION

ROY WESTON MATRIX WATER AND SOIL

PARAMETERS TPH GASOLINE AND TPH DIESEL

ADMIN RECORD WATER
FUEL

SOUTHWEST DIVISION

MCB CAMP PENDLETON SDG W2630

ROY WESTON MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

ADMIN RECORD WATER
HERBICIDE

SOUTHWEST DIVISION

MCB CAMP PENDLETON SDG W2630

DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

MATRIX SOIL PARAMETERS SEMIVOLATILES

MCB CAMP PENDLETON LAB ROY WESTON SDG W2628
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PARAMETERS ANIONS CHLORIDE NITRATE-N NITRATE-N

SDG W2625 W2630

M0065i 002303

DATA ii i692

20 94 ROY WESTON MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

000000000000000

OOii

00000

022

MCB CAMP PENDLETON AND SULFATE

M0065i 002304

DATA
000000000000000

0030

20 94

ii i6 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX SOIL

PARAMETERS VOLATILES

SDG W2625

ADMIN RECORD VOLATILES

M0065 0023 i6

DATA

000000000000000

OOiO

94

ii i6 92

00000

022

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS TAL METALS AND MOLYBDENUM

SDG W2625 W2630

ADMIN RECORD WATER
METALS

M0065 0005

DATA

Oiii

05 iS 94

ii 92

00i66

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

BORON ANALYSIS

SDG W2252 W2294 RFW 9209S 920955i6 9209S532

ADMIN RECORD DATA

M0065 0005

DATA

0098

05 iS 94

ii 92

00i66

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

BORON ANALYSIS

SDG W22 RFW 9209S 26 9209S 48 9209S 65 9209S 50

ADMIN RECORD DATA

M0065i 000s

DATA

002

05 iS 94

ii 92

00i66

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

BORON ANALYSIS

SDG W2206 RFW 9208S595 9208S6 49209S69 9209S i9

ADMIN RECORD DATA

M0065 000s

DATA

0232

05 is 94

ii 92

OOiOO

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS SEMIVOLATILE ANALYSIS

SDG WSs RFW 9iOS49 9OS 9iOS9 9iiS3O

ADMIN RECORD SEMIVOLATILE

M0065 000998

DATA
3423

0i6

os is 94

ii 92

00i66

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOIATILES

SEMIVOLATILES

TFH

METALS

M0065 000999

DATA
342i5

0245

05 is 94

ii 92

00i66

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M0065 oooss

DATA

024

os is 94

ii is 92

00i66

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PURGEABLE PETROLEUM HYDROCARBONS ANALYSIS

SDG W2552 RFW 92i05249 9290S292 92i052 92i05306

ADMIN RECORD VOLATILES
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M0068 000858 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 1119 92 CLP GC MS VOLATILES ANALYSIS

00166 ITCORPORATION SDG W2S82RFW 9210S2499211S2 89211S2929211S306
0324 02

M0068

DATA

035

000859 05 18 94

1119 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS

SDG W23 RFW 9210S02 9210S039 9210S065 9210S108

ADMIN RECORD HERBICIDE

M0068

DATA

01

000855 05 18 94

11 20 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP INORGANIC METALS ANALYSIS

SDG W2383 RFW 9210S038 9210S064

ADMIN RECORD lOG

METALS

M0068

DATA

0188

000856 05 18 94

11 20 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANIC NON CLP ANALYSIS

SDG W2383 RFW 9210S038 9210S064

ADMIN RECORD lOG

M0068

DATA

0536

0008 05 18 94

11 20 92

00166

02

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS SEMIVOLATILE ANALYSIS

SDG W2SO6RFW 9210S1649210S1929210S2199210S248

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0354

0008 05 18 94

11 20 92

00166

02

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS VOLATILE ANALYSIS

SDG W2SO6RFW 9210S1649210S1929210S2199210S248

ADMIN RECORD VOLATILES

M0068

DATA

342

03

001141 05 25 94

11 23 92

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M0068

DATA

34314

0191

001145 05 25 94

11 23 92

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M0068

DATA

3429

01

001146 05 25 94

11 23 92

022

CH2M HILL

PEGGY NORTON

IT CORPORATION
DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M0068

DATA

053

001185 05 26 94

11 24 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCBCAMP PENDLETON

GC MS VOLATILES ANALYSIS SDG W2555 RFW 9210S23

9210S265 9211S293 9211S30 92115323

ADMIN RECORD VOLATILES
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M0068 001142 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 11 25 92 PEGGY NORTON METALS

34369 IT CORPORATION

00 022 DAVEMARK

M0068

DATA
343

0063

001143 05 25 94

11 25 92

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

METALS SDG WESTON4

ADMIN RECORD METALS

M0068

DATA
343

0066

001144 05 25 94

11 25 92

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

METALS SDG WESTONS

ADMIN RECORD METALS

M0068

DATA
343

0066

00114 05 25 94

11 25 92

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

METALS SDG WESTONS

ADMIN RECORD METALS

M0068

DATA
34325

0188

001148 05 25 94

11 25 92

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TPH

METALS

M0068

DATA

34296

19

001153 05 25 94

11 25 92

00166

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH

ADMIN RECORD VOLATILES

SEMIVOLATILES

TPH

M0068

DATA

09

001186 05 26 94

11 25 92

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PURGEABLE PETROLEUM HYDORCARBONS ANALYSIS

SDG W2506 RFW 9210S192 9210S219 9210S248

ADMIN RECORD TPH

M0068

DATA

0652

001189 05 26 94

11 2592

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS SEMIVOLATILES ANALYSIS SDG W2555 RFW 9210S23

9210S265 9210S265 9211S293 9211S30 9211323

ADMIN RECORD SEMIVOLATILES

M0068

DATA

034

001193 05 26 94

11 25 92

00166

022

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PURGEABLE PETROLEUM HYDROCARBONS ANALYSIS

SDG W2SSSRFW 9210S23 92105265921152939211530

ADMIN RECORD TPH

M00681 002315

DATA

000000000000000

0022

21 94

11 28 92

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG W2555

ADMIN RECORD WATER
HERBICIDE
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M0068 001152 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

VOLATILES PESTICIDES PCBs TFH HERBICIDES

TFH

HERBICIDES

METALS

PESTICIDESM0068

DATA

0243

001190 05 26 94

11 30 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG W2506

RFW 9210S192

ADMIN RECORD

M0068

DATA

025

001194 05 94

11 30 92

00166

022

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG W2555

RFW 9210S23 9210530

ADMIN RECORD PESTICIDES

M0068

DATA

34349

0406

00988 05 18 94

12 01 92

00166

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES

ADMIN RECORD VOLATILES

M0068

DATA

0124

000862 05 18 94

12 02 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS SEMIVOLATILE ANALYSIS

SDG W25 82 ADDITION RFW 9211S358

ADMIN RECORD SEMIVOLATI

LES

M0068

DATA

0068

000863 05 18 94

12 02 92

00166

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PURGEABLE PETROLEUM HYDROCARBONS ANALYSIS

SDG W2582 RFW 9211S358

ADMIN RECORD VOLATILE

M0068

DATA

0110

000864 05 18 94

12 02 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS VOLATILE ANALYSIS

SDG W2582 ADDITIONAL RFW 9211S358

ADMIN RECORD VOLATILES

M0068

DATA

0328

000865 05 18 94

12 02 92

00166

02

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PURGEABLE PETROLEUM HYROCARBONS ANALYSIS

SDG W2S9ORFW 9211S2 92115359921153 09211S400

ADMIN RECORD VOLATILES

M0068

DATA

0252

000861 05 18 94

12 03 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2506 RFW 9210S192 9210S219 9210S248

ADMIN RECORD TEH

M0068

DATA
343

0069

000982 05 18 94

12 03 92

00166

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

INORGANIC

ADMIN RECORD lOG

DATA 11 30 92 PEGGY NORTON
34348 00166 IT CORPORATION

0239 02 DAVE MARK
METALS

PESTICIDES

PCB
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M0068 002236 19 94 CH2M HIL ANALYTICAL DATA FOR JACOBS ENGINEERING LRD LAB ADMIN RECORD DATA

DATA 12 03 92 PEGGY NORTON REFERENCE NO 343 DISPOSAL

ROY WESTON INC HAL WASTE
00 022 KELLY MORGAN

M0068 001000 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 12 04 92 VOLATILES SEMIVOLATILES TFH METALS PESTICIDES PCB SEMIVOLATILES

343 00166 IT CORPORATION HERBICIDES TFH

026 022

METALS

PESTICIDES

PCB

HERBICIDE

M0068 00101 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 12 04 92 VOLATILES SEMIVOLATILES SEMIVOLATILES

34364 00166 IT CORPORATION

0382 02 DAVE MARK

M0068 000838 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILE

DATA 12 92

00166 IT CORPORATION

GC MS VOLATILE ANALYSIS SDG W2590

RFW 921152 92115359921153 92115400

0514 022

M0068 000839 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILE

DATA 12 92

00166 ITCORPORATION

GC MS SEMI VOLATILE ANALYSIS SDG W2628

RFW 9211540192115413

0168

M0068 000966 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TEH

DATA 12 92

00166 ITCORPORATION

TOTAL EXTRACTABLE HYDROCARBONS SDG W2555

RFW 9210523 92105265921152939211530 92115323

0328 02

M0068 000942 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 12 08 92 VOLATILE PURGEABLE PETROLEUM HYROCARBONS
ANALYSIS SDG W2630 RFW 92115402 92115414

0216

00166

022

IT CORPORATION

M0068 000943 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 12 08 92

00166 ITCORPORATION

ORGANOCHLORINE PESTICIDES ANALYSIS SDG W2590

RFW 92115359921153

0218 022

M0068 00099 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 12 03 92 METALS

34403 00166 IT CORPORATION

005 022
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M0068 000960 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 120892 GC MS SEMIVOLATILE ANALYSIS SDG W2630 RFW 9211S402

00166 ITCORPORATION 9211S414

0349 02

M0068 051894 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON

DATA 12 08 92 CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG W2582

00166 ITCORPORATION RFW 9211S3069211S358

0223 02

M0068 051894 WESTON MANAGERS ANALYTICAL DATA FOR CAMP PENDLETON

DATA 12 08 92 VOLATILES PESTICIDES PCB SEMIVOLATILES TFH

34429 00166 IT CORPORATION HERBICIDES METALS

0322 02 DAVE MARK

00096

001016

ADMIN RECORD PESTICIDES

ADMIN RECORD VOLATILES

PESTICIDES

PCB

SEMIVOLATILES

TFH

HERBICIDE

METALS

M0068

DATA

0525

000835 05 94

12 09 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

GC MS SEMIVOLATILE ANALYSIS SDG W2590

RFW 9211S2 92115359921153 9211S400

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0135

000959 05 18 94

12 09 92

00166

022

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS VOLATILE ANALYSIS SDG W2628 RFW 9211S401

9211S416

ADMIN RECORD VOLATILES

M0068

DATA

0U

00083 05 94

12 10 92

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS SDG W2582

RFW 9210S249 9211S2 89211S2929211S3069211S358

ADMIN RECORD TEH

M0068

DATA

0251

000836 05 94

12 11 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP ORGANOCHLORINE HYDROCARBONS ANALYSIS SDG W2630

RFW 9211S402 9211S414

ADMIN RECORD PESTICIDES

M0068

DATA

0245

000963 05 18 94

12 14 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS SDG W2506 RFW 9210S192

ADMIN RECORD HERBICIDE

M0068

DATA

0095

000964 05 18 94

12 1492

00166

02

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS SDG W2628

RFW 9211S4019211S413

ADMIN RECORD TEH
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M0068 000965 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 12 14 92 GC MS VOLATILE ANALYSIS SDG W2630 RFW 9211S402

00166 ITCORPORATION 9211S414

0353 02

M0068 000841

DATA

0114

05 94

12 15 92

00166

022

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PURGEABLE PETROLEUM HYDROCARBONS ANALYSIS

SDG W2628RFW 9211S4019211S413

ADMIN RECORD VOLATILE

M00681 002352

DATA
000000000000000

0015

21 94

12 16 92

00166

022

CH2M NILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS PESTICIDES PCBs

SDG 34688

ADMIN RECORD PESTICIDES

PCB

M0068 000834

DATA

030

05 94

12 92

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS SDG W2590

RFW 9211S2 92115359921153 9211S400

ADMIN RECORD TEH

M0068 000840

DATA

0205

05 94

12 92

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS SDG W2630

RFW 9211S402 9211S414

ADMIN RECORD TEH

M00681 002234

DATA

0008

19 94

12 17 92

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TPH GASOLINE SDG 34729

ADMIN RECORD WATER

TPH

M0068 000843

DATA

036

05 94

12 18 92

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS

SDG W2582 RFW 9211S308 9211S358

ADMIN RECORD HERBICIDE

M0068 000822

DATA

0425

05 94

12 22 92

00166

02

WESTION MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS SDG W2555

RFW 9210S23 9210530

ADMIN RECORD HERBICIDE

M0068 000824

DATA

038

05 94

12 22 92

00166

022

WESTION MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS SDG W2590

RFW 9211S3599211S3

ADMIN RECORD HERBICIDE

M0068 000842

DATA

0292

05 94

12 22 92

00166

02

WESTON MANAGERS

ITCORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANICS NON CLP ANALYSIS

SDG W2SO6RFW 92105164921051929210521992105248

ADMIN RECORD lOG
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M0068 000844 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 12 22 92 CLP INORGANIC METALS ANALYSIS METALS

00166 ITCORPORATION SDG W2SSSRFW 9210S23 92105265921152939211530

0386 022

M0068 000961 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 12 22 92

00166 ITCORPORATION

CLP INORGANICS METALS ANALYSIS SDG W2506

RFW 9210S1929210S2199210S248

METALS

024 022

M0068 000962 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 12 22 92

00166 ITCORPORATION

INORGANICS NON CLP ANALYSIS SDG W2555

RFW 9210S23 92105293921152939211530 92115323

0442 02

M0068 000823 05 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 12 23 92

00166 ITCORPORATION

HERBICIDES ANALYSIS SDG W2630

RFW 9211S4029211S411

026 022

M0068 000818 05 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 12 29 92

00166 IT CORPORATION

CLP\INORGANICS METALS ANALYSIS SDG W2582

RFW 9210S249 9211S2 89211S2929211S3069211S358

lOG

0291 022

M0068 000819 05 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 12 29 92

00166 IT CORPORATION

INORGANICS NON CLP ANALYSIS

RFW 9210S249 9211S2 89211S2929211S3069211S358

0390 02

M0068 000826 05 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 12 29 92

00166 IT CORPORATION

INORGANICS NON CLP ANALYSIS SDG W2590

RFW 9211S2 92115359921153 9211S400

0363 02

M0068 000821 05 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 12 30 92

00166 IT CORPORATION

CLP INORGANIC METALS ANALYSIS SDG W2590

RFW 9211S2 92115359921153 09211S400

METALS

0362 02

M0068 000831 05 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 30 91 PEGGY NORTON OLATILES SEMI\ OLATILES PESTICIDES PCB TPH SEMI\ OLATILES

345 00166 IT CORPORATION METALS PESTICIDES

0222 02 DAVE MARK
PCB

TPH

METALS

M0068 000820 05 94 WESTION MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 12 31 92

00166 IT CORPORATION

INORGANICS CLP ANALYSIS SDG W2628 W2630

RFW 9211S4019211S4029211S413 9211S414

0408 02
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000825 05 94

1231 92

00166022

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANICS NON CLP ANALYSIS SDG W2628 W2630

RFW 9211S4019211S4029211S4139211S414

M00681

DATA

IT CORPORATION

FROM
FROM SIGNATURE

TO SUBJECT CLASSIFICATION KEY WORDS Site Location

TO SIGNATURE

WESTION MANAGERS ADMIN RECORD lOG

0212

M0068 00082 05 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 12 31 92 PEGGY NORTON VOLATILES SEMIVOLATILES SEMIVOLATILES

34585 00166 IT CORPORATION

0061 02 DAVE MARK

M0068 000828 05 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 12 31 92 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCB HERBICIDES SEMIVOLATILES

34563 00166 IT CORPORATION TFH PESTICIDES

0245 02 DAVE MARK

PCB

HERBICIDE

TFH

M0068 000829 05 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 12 31 92 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCB HERBICIDES SEMIVOLATILES

34583 00166 IT CORPORATION TFH METALS PESTICIDES

0284 02 DAVE MARK

PCB

HERBICIDE

TFH

METALS

M0068 0009 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 01 04 93 TFH VOLATILES SEMIVOLATILES PESTICIDES PCB VOLATILES

34633 00166 IT CORPORATION HERBICIDES METALS SEMIVOLATILES

041 01

PESTICIDES

PCB

HERBICIDE

METALS

M0068 000990 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 0115 93 VOLATILESSEMIVOLATILES PESTICIDES PCB TFH HERBICIDES SEMIVOLATILES

34652 00166 IT CORPORATION METALS PESTICIDES

0226 02

PCB

TFH

HERBICIDE

METALS

M0068 000968 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 0118 93 VOLATILIES SMIVOLATILES PESTICIDES PCB TFH PCB

34688 0166 IT CORPORATION HERBICIDES METALS TFH

02 022

HERBICIDE

METALS

VOLATILES

SEMIVOLATILES
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M0068 VOLATILES

DATA SEMIVOLATILES

34640 PESTICIDES

0260

PCB

TFH

HERBICIDE

METALS

000969 05 18 94

0118 93

00166

02

FROM
FROM SIGNATURE

TO SUBJECT CLASSIFICATION KEY WORDS Site Location

TO SIGNATURE

WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD

VOLATILES SEMIVOLATILES PESTICIDES PCB TFH
IT CORPORATION HERBICIDES METALS

M0068 001013

DATA
34689

1014

05 18 94

0118 93

00166

022

WESTON MANAGERS

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

SEMIVOLATILES PESTICIDES

ADMIN RECORD SEMIVOLTILES

PESTICIDES

M0068 000986

DATA

346

0223

05 18 94

01 28 93

00166

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMI VOLATILES PESTICIDES PCB TFH METALS

HERBICIDES

ADMIN RECORD VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

TFH

METALS

HERBICIDE

MOoS 002335

DATA

000000000000000

0020

21 94

02 02 93

00166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX SOIL

PARAMETERS SEMIVOLATILES

SDG 350

ADMIN RECORD SEMIVOLATILES

M00681 002341

DATA

000000000000000

0030

21 94

02 02 93

00166

02

ESE

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TRIAZINE PESTICIDES CASE NUMBER NACPW

SDG G36215 AND G35443

ADMIN RECORD WATER
PESTICIDES

M00681 002366

DATA
000000000000000

002

21 94

02 02 93

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS CARBAMATE UREA PESSTICIDES CASE NACPW
SDD G35130 AND G35999

ADMIN RECORD WATER

PESTICIDES

M00681 002392

DATA
000000000000000

0040

22 94

02 02 93

00166

02

ESE

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS PESTICIDES PCBs

SDG G35546 AND G36508 CASE NACPW

ADMIN RECORD WATER
PESTICIDES

PCB

M0068 002406

DATA

0010

22 94

02 02 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX SOIL

PARAMETERS TPH-DIESEL

SDG 350

ADMIN RECORD FUEL

MUU61 002442

DATA
000000000000000

0032

2294

02 02 93

00166

02

ESE

MCB CAMP PENDLETON

MAIRIX WAlER

PARAMETERS CHLORINATED HERBICIDES CASE NACPW
SDG G35201G3616

ADMIN RECORD WAlER

HERBICIDE

SOUIHWESI DIVISION
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M0061 002342

DATA

000000000000000

0019

PRC DATE

DOC DATE

CTO NO
EPA CAT

21 94

02 03 93

00166

02

M0061 002364 21 94 ESE MATRIX WATER ADMIN RECORD WATER

DATA 02 03 93 PARAMETERS GENERAL CHEMISTRY CASE NACPWD
000000000000000 00166 MCB CAMP PENDLETON SDGG36526 G36446 G36442 G36029 G35334 G35493 G35 103

0015 022

M0061 002365 21 94 ESE ADMIN RECORD PESTICIDES

DATA 02 03 93 PARAMETERS CARBAMATE UREA PESSTICIDES CASE NACPS4E WATER
000000000000000 000166 MCB CAMP PENDLETON SDG G35299 AND G35301

001 022

Muuô1 uu2393 22 94 EE MATRIX WATER ADMIN RECURD WATER

DATA 02 03 93 PARAMETERS PESTICIDES PCBs PESTICIDES

000000000000000 00166 MCB CAMP PENDLETON SDG G356 AND G36519 CASE NACPWD PCB

0032 02

M0061 00239 22 94 ESE MATRIX WATER ADMIN RECORD WATER
DATA 02 03 93 PARAMETERS CARBANATE UREA PESTICIDES PESTICIDES

000000000000000 00166 MCB CAMP PENDLETON SDG G3524 AND G35941 CASE NACPW
0015 022

M0061 002399 22 94 ESE MATRIX WATER CASE NACPWD ADMIN RECORD WATER
DATA 02 03 93 PARAMETERS TRIAZINE PESTICIDES PESTICIDES

000000000000000 00166 MCB CAMP PENDLETON SDG G3540 AND G36215

0022 02

M0061 002441 22 94 ESE MATRIX WATER ADMIN RECORD WATER SOUTHWEST

DATA 02 03 93 PARAMETERS CHLORINATED HERBICIDES CASE NACPWD HERBICIDE DIVISION

000000000000000 00166 MCB CAMP PENDLETON SDG G35333 G3616

0020 02

M0061 002331 21 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 02 04 93 PARAMETERS SEMIVOLATILES SEMIVOLATILES

000000000000000 00166 MCB CAMP PENDLETON SDG 350

0021 022

M0061 0023 2194 CH2M HILL MATRIX SOIL AND WATER ADMIN RECORD WATER

DATA 02 0493 PARAMETERS TCL METALS WITH MOLYBDENUM METALS

000000000000000 00166 MCB CAMP PENDLETON SDG 35104

0030 02

M0061 002396 22 94 ESE MATRIX WATER ADMIN RECORD WATER
DATA 02 04 93 PARAMETERS TPH-GASOLINE AND TPH-DIESEL FUEL

000000000000000 00166 MCB CAMP PENDLETON SDG G35304 CASE NACPW
0015 022

FROM
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TO SIGNATURE

ESE ADMIN RECORD PESTICIDES

PARAMETERS TRIAZINE PESTICIDES CASE NUMBER NACPS4E

MCB CAMP PENDLETON SDG G35419 AND G35426
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002246 20 94

02 10 93

02

MATRIX WATER AND SOIL

PARAMETERS CLP METALS AND MOLYBDENUM SDG W2666

M006 00224

DATA

0004

20 94

02 10 93

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER AND SOIL

PARAMETERS TPH GASOLINE AND TPH DIESEL SDG W2666

ADMIN

RECORD

WATER

FUEL

M006 00224 20 94 ROY WESTON MATRIX WATER AND SOIL ADMIN WATER SOUTHWEST

DATA 02 10 93 PARAMETERS VOLATILES SDG W2666 RECORD VOA DIVISION

000000000000000 00000 MCB CAMP PENDLETON

0004 02

M006 002249 20 94 ROY WESTON MATRIX WATER AND SOIL ADMIN WATER SOUTHWEST

DATA 02 10 93 PARAMETERS SEMIVOLATILES SDG W2666 RECORD SEMIVOLATILES DIVISION

000000000000000 00000 MCB CAMP PENDLETON

0010 022

M0061 002241 2094 ROYF WESTON MATRIX WATERAND SOIL ADMIN WATER

DATA 02 11 93 PARAMETERS CLP METALS AND MOLYBKENUM SDG W264 RECORD
MCB CAMP PENDLETON

000 02

M006 002250 20 94 ROY WESTON MATRIX WATER AND SOIL ADMIN WATER SOUTHWEST

DATA 02 11 93 PARAMETERS VOLATILES SDG W264 RECORD VOA DIVISION

000000000000000 00000 MCB CAMP PENDLETON

000 02

M0061 0051 94 RO\ VESTON MATRIX VATERAND SOIL ADMIN VATER SOLTHVEST

DATA 02 11 93 PARAMETERS TPH GASOLINE AND TPH DIESEL SDG W264 RECORD FUEL DIVISION

000000000000000 00000 MCB CAMP PENDLETON

0004 02

M006 002252 20 94 ROY WESTON MATRIX WATER AND SOIL ADMIN WATER SOUTHWEST

DATA 02 11 93 PARAMETERS SEMIVOLATILES SDG W264 RECORD SEMIVOLATILES DIVISION

000000000000000 00000 MCB CAMP PENDLETON

000 02

M006 00030 05 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN VOLATILES

DATA 02 12 93 PEGGY NORTON VOLATILES RECORD

34 29 00166 IT CORPORATION

04 02 DAVE MARK

M006 00032 05 94 CH2M HILL LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN VOLATILES

DATA 02 12 93 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCB TPH RECORD SEMIVOLATILES

34 00166 IT CORPORATION METALS HERBICIDES PESTICIDES

0326 02 DAVE MARK
PCB

TPH

METALS

HERBICIDE

M0061

DATA

0006

ROY WESTON

MCB CAMP PENDLETON

FROM
FROM SIGNATURE

TO SUBJECT CLASSIFICATION KEY WORDS Site Location

TO SIGNATURE

ADMIN
RECORD

WATER
METALS
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M00681 000833

DATA

34681

0328

PRC DATE

DOC DATE

CTO NO
EPA CAT

05 94

02 12 93

00166

02

VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

TFH

METALS

HERBICIDE

SEMIVOLATILES

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

FROM
FROM SIGNATURE

TO SUBJECT CLASSIFICATION KEY WORDS Site Location

TO SIGNATURE

ADMIN RECCORDLABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES PESTICIDES PCB TFH

METALS HERBICIDES

M0068 002242

DATA

0028

20 94

02 12 93

02

ROY WESTON

MCB CAMP
PENDLETON

MATRIX SOIL

PARAMETERS SEMIVOLATILES SDG W2684

ADMIN RECORD

M0068 002243

DATA

002

20 94

02 12 93

022

ROY WESTON

MCB CAMP
PENDLETON

MATRIX SOIL

PARAMETERS VOLATILES SDG W2684

ADMIN RECORD VOA

M0068 002244

DATA

0006

2094

02 12 93

02

ROY WESTON

MCB CAMP
PENDLETON

MATRIX WATER AND SOIL

PARAMETERS TPH GASOLINE AND TPH DIESEL SDG W2684

ADMIN RECORD WATER
FUEL

M0068 002245

DATA

0030

20 94

02 12 93

02

ROY WESTON

MCB CAMP

PENDLETON

MATRIX WATER AND SOIL

PARAMETERS CLP METALS AND MOLYBDENUM SDG W2684

ADMIN RECORD WATER

METALS

M00681 002343

DATA

000000000000000

0050

21 94

02 16 93

00166

02

ESE

MCB CAMP
PENDLETON

MATRIX WATER
PARAMETERS VOLATILES CASE

NUMBER NACPWJE
SDG G35 90 G35 92 G35 93 G36496

ADMIN RECORD WATER
VOLATILES

M00681 00236

DATA

000000000000000

0050

21 94

02 16 93

00166

02

ESE

MCB CAMP
PENDLETON

MATRIX WATER
PARAMETERS TCL METALS WITH BORON CYANIDE AND
CARBAMA

MOLYBDENUM SDG G35648 G35 33 G35 G35818

ADMIN RECORD WATER
METALS

CYANIDE

SOUTHWEST DIVISION

M00681 002394

DATA

000000000000000

0029

M00681 002438

DATA

000000000000000

0030

22 94

02 16 93

00166

02

22 94

02 16 93

00166

02

ESE

MCB CAMP
PENDLETON

CH2M HILL

MCB CAMP
PENDLETON

MATRIX WATER
PARAMETERS TPH-GASOLINE AND TPH-DIESEL

SDG G35623 G35615 G36420 G365503 G36494 G35812

MATRIX WATER
PARAMETERS GENERAL CHEMISTRY CASE NACPWSE

SDG G35849 G35881 G36526 G35950 G35951 G36442 G35896

ADMIN RECORD

ADMIN RECORD

WATER
FUEL

WATER

SOUTHWEST DIVISION

SOUTHWEST DIVISION
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M00681 001255 05 94

DATA 02 18 93

00166

0016 022

M00681 002361 21 94

DATA 02 25 93

000000000000000 00166

0015 022

M00681 000 22 051694

DATA 02 26 93

00166

0238 02

M00681 05 1694

DATA 02 26 93

00166

0158 022

M00681 05 1694

DATA 02 26 93

00166

0156 022

M00681 05 1694

DATA 02 28 93

00166

0318 022

MUUh
DATA

0496

M00681

DATA

0542

M00681

DATA

0121

M00681

DATA

0316

000619 05 13 94

03 01 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC\MS VOLATILE ANALYSIS SDG W2684

RFW 9302S1129302S133

ADMIN RECORD VOC

000 26 05 16 94

03 01 93

00166

02

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLTON

CLP GS MS SEMI VOLATILE ANALYSIS

SDG W2666 RFW 9302S098 9302S111

ADMIN RECORD SOLVENTS

000 05 16 94

03 01 93

00166

02

WESTON MANAGERS

MCBCAMPPENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLTON

VOALTILE PURGEABLE PETROLEUM
HYDROCARBONSANALYSIS

SDG W2684RFW 9302S112

ADMIN RECORD TPH

000 28 05 16 94

03 01 93

00166

02

WESTON MANAGERS

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLTON

CLP AND NO-CLP INOGRANICS ANALYSIS

SDG W2666 RFW 9302S098 9302S111

ADMIN RECORD lOG

000 24

000 21

IT CORPORATION

CH2M HILL MATRIX WATER

PARAMETERS CHLORINATED HERBICIDES

ADMIN RECORD WATER

HERBICIDE

MCB CAMP PENDLETON SDG 35235

WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLTON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2666

ADMIN RECORD TPH

MCB CAMP PENDLETON RFW 9302S098 9302S111

WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLTON

VOLATILE PURGEABLE PETROLEUM HYDROCARBON
ANALYSIS

ADMIN RECORD TPH

MCB CAMP PENDLETON SDG W2666 RFW 9302S098 9302S111

WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLTON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

ADMIN RECORD TEH

MCBCAMPPENDLETON SDG W2684 RFW 9302S1112

WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLTON

CLP GS\MS VOLATILE ANALYSIS SDG W2666

ADMIN RECORD VOC

MCB CAMP PENDLETON RFW 9302S098 9302S111

WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

INORGANIC RFW 9302S098
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M00681 000 29 05 1694

DATA 03 01 93

00166

0549 02

M00681 002353 21 94

DATA 03 01 93

0000000000000000 00166

0015 022

M00681 00029 051194

DATA 03 03 93

0000000000000000 00166

0110 022

M00681 000621 051394

DATA 03 03 93

00166

0401 022

M00681 000622 05 13 94

DATA 03 03 93

00166

0146 022

M00681 000550 05 1294

DATA 03 04 93

01F1665920066 00166

0005 02

M00681 002305 02094
DATA u3 u4 93

0000000000000000 00000

0006 02

M00681 002306 02094
DATA 03 04 93

0000000000000000 00000

0006 02

M00681 002464 02294
DATA 03 04 93

0006 02

M00681 00538 05 12 94

DATA 03 05 93

01F1665920066 00166

0020 02

CH2M NILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 35251

ADMIN RECORD WATER
HERBICIDE

WESTON MANAGERS LABORATORY REPORT FOR IT CORP CLP ORGANOCHLORINE ADMIN RECORD PESTICIDES SOUTHWEST DIVISION

ROY WESTON PESTICIDES ANALYSIS SDG W2 00 RFW 9302S205 9302S215

IT CORPORATION 9303S23 9303S245

WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON

Cl AND NONCI INORGANICS ANAl YSIS SDG 2624

ADMIN RECORD lOG

IT CORPORATION RFW 9302S112 9302S133

WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON

SEMIVOLATILES BY GC\MS LAB ID 9302S098-00

ADMIN RECORD SOLVENTS

IT CORPORATION

DAVE MARK

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380 ADMIN RECORD DATA
MATRIX SOIL PARAMETER PCDDs AND PCDFs

MCB CAMP PENDLETON LAB ROY WESTON SDG NA

ROY WESTON MATRIX SOIL

PARAMETERs uLATILEs

ADMIN RECORD VOLATILES

MCB CAMP PENDLETON SDG W2 00

ROY WESTON MATRIX SOIL

PARAMETERS VOLATILES

ADMIN RECORD VOLATILES

MCB CAMP PENDLETON SDG W2 00

ROY WESTON MATRIX SOIL

PARAMETERS ORGANOCHLORINE PESTICIDES PCBs

ADMIN RECORD PESTICIDES

PCB

MCB CAMP PENDLETON SDG W2 00

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380 ADMIN RECORD WATER

MATRIX WATER SOIL PARAMETER PESTICIDES\PCBs PESTICIDES

MCB CAMP PENDLETON LAB CH2M HILL SDG 33142 PCB

WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLTON ADMIN RECORD SOLVENTS

CLP AND NON-CLP SEMIVOLATILE ANALYSIS

MCB CAMP PENDLETON SDG W2684 RFW 9302S112 9302S133
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M00681 000539 05 12 93 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380 ADMIN RECORD WATER

DATA 03 05 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32946

0002 02

M00681 000540

DATA

05 12 94

03 05 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER SEMIVOLATILE

ADMIN RECORD WATER

SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33559

0032 02

M00681 000541

DATA

05 12 94

03 05 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER

PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 336 PCB

0018 022

M00681 000542

DATA

05 12 94

03 05 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER PESTICIDESPCBs

ADMIN RECORD WATER

PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33682 PCB

0018 022

M00681 000543

DATA

05 12 94

03 05 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER CHLORINATED HERBICIDES

ADMIN RECORD WATER

HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33682

0014 022

M00681 000544

DATA

05 12 94

03 05 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER

PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 18 PCB

0018 022

M00681 000545

DATA

05 12 94

03 05 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER CHLORINATED HERBICIDES

ADMIN RECORD WATER

HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 18

0015 022

M00681 000546

DATA

05 12 94

03 05 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX SOIL PARAMETER PESTICIDES\PCBs

ADMIN RECORD PESTICIDES

PCB

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32452

0020 02

M00681 00054

DATA
05 12 94

03 05 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER
PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 19 PCB

0019 022

M00681 000548

DATA

05 12 94

03 05 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER

PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 33 PCB

0019 022

FROM
FROM SIGNATURE

TO SUBJECT

TO SIGNATURE

CLASSIFICATION KEY WORDS Site Location
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M00681 000549 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380 ADMIN RECORD WATER

DATA 03 05 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32946

0014 022

M0068 000628

DATA

05 13 94

03 05 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER

PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34118 PCB

0018 022

M0068 000629

DATA

05 13 94

03 05 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER

PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34348 PCB

0018 022

M0068 000630

DATA

05 13 94

03 05 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER PESTICIDESPCBs

ADMIN RECORD WATER

PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34349 PCB

0019 022

M0068 000631

DATA

05 13 94

03 05 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER GENERAL CHEMISTRY

ADMIN RECORD WATER

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3429

0013 022

M0068 000632

DATA

05 13 94

03 05 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE

ADMIN RECORD WATER

TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33820

0013 022

M0068 000633

DATA

05 13 94

03 05 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE

ADMIN RECORD WATER

TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34314

0013 022

M0068 000634

DATA

05 13 94

03 05 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE

ADMIN RECORD WATER

TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34296

0013 022

M0068 000635

DATA
05 13 94

03 05 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH DIESEL

ADMIN RECORD WATER
TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33820

0013 022

M0068 000636

DATA

05 13 94

03 05 93

QUANTALEX DATA VALIDATION REPPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH DIESEL

ADMIN RECORD WATER

TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34314

0012 022

FROM
FROM SIGNATURE

TO SUBJECT

TO SIGNATURE

CLASSIFICATION KEY WORDS Site Location
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M00681 00063

DATA

01F1665920066

0013

PRC DATE

DOC DATE

CTO NO
EPA CAT

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH DIESEL

LAB CH2M HILL SDG 34296

M00681 002345

DATA
0000000000000000

0025

21 94

03 05 93

00166

02

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS VOLATILES CASE NUMBER NACPW6D
SDG G35 93 AND G36496

ADMIN REPORT WATER

VOLATILES

M00681 002395

DATA

0000000000000000

0016

22 94

03 05 93

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TPH-GASOLINE AND TPH-DIESEL

SDG G35812 AND G36494

ADMIN REPORT WATER

FUEL

M00681 002398

DATA

0000000000000000

0045

22 94

03 05 93

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER CASE NUMBER NACPW6D
PARAMETERS TCL METALS WITH BORON CYANIDE
MOLYBDENUN

SDG G36251 G36110 G36361 G36331 G36246 G36245 G36224

ADMIN RECORD WATER
METALS

CYANIDE

M0068 002440

DATA

0000000000000000

0020

22 94

03 05 93

00166

02

ESE

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS GENERAL CHEMISTRY CASE NACPW6D

SDG G35881 G26526 G36442 G36234 G36446 G35961 G36031

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 001258

DATA

0450

05 94

03 06 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

SOIL RFW 9303S245

ADMIN RECORD DATA

M0068 000325

DATA

01F1665920066

0013

05 11 94

030893

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

\4AIRIX WAILRIARAMLILR 1IHUILSLLLAB LH2M HILL

SDG 33806

ADMIN RECORD WATER

TPH

M0068 000326

DATA

01F1665920066

0014

05 11 94

03 08 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE LAB CH2M HILL

SDG 33806

ADMIN RECORD WATER
TPH

M0068 00032

DATA
01F1665920066

002

05 11 94

03 08 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER SEMIVOLATILES LAB CH2M HILL

SDG 34325

ADMIN RECORD WATER

SOLVENTS

v100681 0003S

DATA

01F1665920066

0024

05 11 94

03 08 93

00166

02

QIiANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR vICB CAMP PENDLETON

MATRIX WATER PARAMETER SEMIVOLATILES LAB CH2M HILL

SDG 34364

ADMIN RECORD WATER

SOLVENTS

FROM
FROM SIGNATURE

TO

TO SIGNATURE

QUANTALEX

MCB CAMP PENDLETON

05 13 94

03 05 93

00166

02

SUBJECT CLASSIFICATION KEY WORDS Site Location

ADMIN REPORT WATER
TPH
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M0068 000329 05 11 94 QUANTALEX DATAVALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 08 93 MATRIX WATER PARAMETER SEMIVOLATILES LAB CH2M HILL SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON SDG 34314

002 022

M0068 000330 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 08 93 MATRIX WATER PARAMETER SEMIVOLATILES LAB CH2M HILL SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON SDG 34402

0028 02

M0068 000331 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 08 93 MATRIX WATER PARAMETER VOLATILE LAB CH2M HILL VOC
01F1665920066 00166 MCB CAMP PENDLETON SDG 33806

0019 022

M0068 000332 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 08 93 MATRIX WATER PARAMETER VOLATILES LAB CH2M HILL VOC
01F1665920066 00166 MCB CAMP PENDLETON SDG 34364

0020 02

M0068 000333 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 08 93 MATRIX WATER PARAMETER VOLATILES LAB CH2M HILL

01F10665920066 00166 MCB CAMP PENDLETON SDG 34314

0021 022

M0068 000334 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 08 93 MATRIX WATER PARAMETER VOLATILES LAB CH2M HILL

01F10665920066 00166 MCB CAMP PENDLETON SDG 34402

0023 02

M0068 000335 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 08 93 MATRIX WAER PARAMETER VOLATILES LAB CH2M HILL

OlFlooS9OOoo OOloo vICB CAMP PENDLETON SDG 34o3

0025 02

M0068 000496 05 12 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 08 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 33

0012 022

M00681 00049 05 12 94 QUANTALEX DATA VALIDATION REORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 08 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENLETON LAB CH2M HILL SDG 33 33

0013 022

M00681 000498 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 08 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 336

0013 022
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MUU6S1 UUU499 US 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA U3 US 93 MATRIX WATER PARAMETER TPH DIESEL TPH

U1F166592UU66

UU13

UU166

U22

MCB CAMP PENDLETON LAB CH2M HILL SDG 336

MUU6S1 UUU5UU Us 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD SOLVENTS

DATA U3 US 93 MATRIX SOIL PARAMETER SEMIVOLATIES

U1F166592UU66 UU166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32452

UU24 U2

MUU6S1 UUU5U1 Us 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD VOC
DATA U3 US 93 MATRIX SOIL PARAMETER VOLATIES

U1F166592U66 UU166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32452

UU1S U22

MUU6S1 UUU5U2 Us 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA U3 US 93 MATRIX SOIL WATER PARAMETER TPH DIESEL TPH

U1F166592UU66 UU166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3294S

UU14 U22

MUU6S1 UUU5U3 Us 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA U3 US 93 MATRIX SOIL WATER PARAMETER TPH GASOLINE TPH

U1F166592UU66 UU166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3294S

UU31 U22

MUU6S1 UUU5U4 Us 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA U3 US 93 MATRIX WATER PARAMETER TPH DIESEL TPH

U1F166592UU66 UU166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 iS

UU13 U22

MUU6S1 UUU5U5 Us 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA U3 US 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

U1F166592UU66 UU166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 iS

UU13 U22

MUU6S1 UUU5U6 Us 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA U3 US 93 MATRIX WATER PARAMETER VOLATILES VOC
U1F166592UU66 UU166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33696

UU2U U2

MUU6S1 UUU5U Us 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA U3 US 93 MATRIX WATER PARAMETER TPH DIESEL TPH

U1F166592UU66 UU166 MCB CAMP PENDLETON LAB CH2M HILL SDG 336S3

UU13 U22

MUU6S1 UUU5US Us 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA U3 US 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

U1F166592UU66 UU166 MCB CAMP PENDLETON LAB CH2M HILL SDG 336S3

UU13 U22
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M0068 000509 05 12 94 QUANTALEX DATAVALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 08 93 MATRIX WATER PARAMETER VOLATILES

01F1665920066

0033

00166

02

MCB CAMP PENDLETON LAB CH2M HILL SDG 32520

M0068 000510

DATA
01F1665920066

004

05 12 94

03 08 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATAVALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER SEMIVOLATILES

LAB CH2M HILL SDG 32520

ADMIN RECORD SOLVENTS

M0068 000511

DATA

01F1665920066

0031

05 12 94

03 08 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATAVALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER SEMIVOLATILES

LAB CH2M HILL SDG 33042

ADMIN RECORD SOLVENTS

M0068 000512

DATA

01F1665920066

0053

05 12 94

03 08 93

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATAVALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL WATER PARAMETER VOLATILES

LAB CH2M HILL SDG 33024

ADMIN RECORD WATER
VOC

M0068 000324

DATA

0102

05 11 94

03 10 93

00166

022

ESE

JEFF THOMAS

IT CORPORATION

DAVIDMARK

SAMPLE DATA PACKAGE FOR MCB CAMP PENDLETON

ROLLOFF SOILS QC DATA
ADMIN RECORD DATA

QC

M0068 001232

DATA

0015

05 94

03 10 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANICS SDG W2684 RFW 9302S 112

ADMIN RECORD lOG

M00681 002390

DATA
000000000000000

0020

21 94

03 10 93

00166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS PESTICIDES PCBs

SDG G36519 CASE NACPW6D

ADMIN RECORD WATER

PESTICIDES

PCB

M00681 002391

DATA
000000000000000

0023

22 94

03 10 93

00166

02

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS PESTICIDES PCBs

SDG G36519 CASE NACPWSE

ADMIN RECORD WATER

PESTICIDES

PCB

M0068 002443

DATA
000000000000000

0015

22 94

03 10 93

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS CHLORINATED HERBICIDES CASE NACPW6D
SDG G3616

ADMIN RECORD WATER

HERBICIDE

SOUTHWEST DIVISION

M0068 002444

DATA

000000000000000

0019

22 94

03 10 93

00166

022

ESE

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES CASE NACPW6D

SDG G3616

ADMIN RECORD WATER
HERBICIDE

SOUTHWEST DIVISION
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M0068 002330 21 94 CH2M HILL ANALYTICAL DATA FOR CTO 166 LRD LAB REFERENCE NO ADMIN RECORD DATA
DATA 03 11 93 PEGGY NORTON 34364 LAB

000000000000000 00166 IT CORPORATION

0022 02 DAVE MARK

M00681 002336

DATA

000000000000000

0020

21 94

11 93

00166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS SEMIVOLATILES

SDG 35326

ADMIN RECORD WATER
SEMIVOLATILES

M0068 000336

DATA
01F1665920066

002

05 11 94

03 12 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER SEMIVOLATILES LAB CH2M HILL

SDG 34633

ADMIN RECORD WATER
SOLVENTS

M0068 00033

DATA
01F1665920066

0022

05 11 94

03 12 93

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATA VAILDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER VOLATILES LAB CH2M HILL

SDG 34633

ADMIN RECORD WATER

M0068 000338

DATA
01F1665920066

0002

05 11 94

03 12 93

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER SOIL PARAMETER SEMIVOLATILES

LAB CH2M HILL SDG 33062

ADMIN RECORD WATER

M0068 000339

DATA

01F1665920066

0013

05 11 94

03 12 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER TPH DIESEL

LAB CH2M HILL SDG 32520

ADMIN RECORD TPH

M0068 000340

DATA

OlFlooS9OOoo

0016

05 11 94

03 12 93

OOloo

022

QUANTALEX

MCBCAMPPENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL WATER PARAMETER CHLORINATED HERBICIDES

LABCFrMHILLSDG 393

ADMIN RECORD WATER
HERBICIDES

M0068 000341

DATA

01F1665920066

0053

05 11 94

03 12 93

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL WATER PARAMETER SEMIVOLATILES

LAB CH2M HILL SDG 33062

ADMIN RECORD WATER
SOLVENTS

M0068 000342

DATA

01F1665920066

0014

05 11 94

03 12 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER CHLORINATED HERBICIDES

LAB CH2M HILL SDG 33611

ADMIN RECORD WATER
HERBICIDES

M0068 000343

DATA
01F166592006

0015

05 11 94

03 12 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER CHLORINATED HERBICIDES

LAB CH2M HILL SDG 33683

ADMIN RECORD WATER

HERBICIDES
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M0068 000344 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 03 12 93 MATRIX SOIL PARAMETER TPH GASOLINE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32520

0013 022

M0068 000345 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDES

DATA 03 12 93 MATRIX SOIL PARAMETERS CHLORINATED HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33141

0014 022

M0068 000346 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3300

0014 022

M0068 00034 05 11 94 QUANTALEX DATA VAILDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 40

0026 02

M0068 000348 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 40

0012 022

M0068 000349 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 33

0014 022

M0068 000350 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDES HERBICIDES

OlFlooS9OOoo OOloo MCBCAMPPENDLETON LABCFrMHILLSDG 33 19

0018 022

M0068 000351 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 19

0013 022

M0068 000352 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33 40

0015 022

M0068 000353 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDES

DATA 03 12 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33942

0015 022
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M0068 000354 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33643

0015 022

M0068 000355 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETERS CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33624

0016 022

M0068 000356 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 336

0013 022

M0068 00035 05 11 94 QUANTALEX DATA VAILDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34689

0019 022

M0068 000358 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER SOIL PARAMETER CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32948

0019 022

M0068 000359 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 03 12 93 MATRIX SOIL PARAMETER TPH DIESEL

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32452

0013 022

M0068 000360 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 03 12 93 MATRIX SOIL PARAMETER TPH GASOLINE

OlFlooS9OOoo OOloo VICB CAMP PEINDLETON LAB CHM HILL SDG 34j
0012 022

M0068 000361 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX SOIL WATER PARAMETER CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32936

0016 022

M0068 000362 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDES

DATA 03 12 93 MATRIX SOIL PARAMETER CHLORINATED HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32943

0018 022

M0068 000431 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 12 93 MATRIX WATER PARAMETER VOLATILES VOC
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34325

0021 022
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MATRIX WATER PARAMETER VOLATILES

LAB CH2MHILL SDG 34365

ADMIN RECORD WATER
VOC
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M0068 000432 05 12 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

DATA 03 12 93

01F1665920066 00166

001 022

M00681 000433 05 12 94

DATA 03 12 93

01F1665920066 00166

0021 022

M00681 000434 05 12 94

DATA 03 12 93

01F1665920066 00166

0033 02

M00681 000435 05 12 94

DATA 031293

01F1665920066 00166

0026 02

M00681 000436 05 12 94

DATA 31293

01F1665920066 00166

0020 02

M00681 00043 05 12 94

DATA 03 12 93

01F1665920066 00166

0023 02

M00681 000438 05 1294

DATA u3 12 93

01F1665920066 00166

0016 022

M00681 000439 05 12 94

DATA 03 12 93

01F1665920066 00166

0013 022

M00681 000440 05 12 94

DATA 03 12 93

01F1665920066 00166

0029 02

M00681 000441

DATA

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER VOLATILES

LAB CH2MHILL SDG 343

ADMIN RECPRD WATER
VOC

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

MATRIX WATER PARAMETER VOLATILES VOC
MCB CAMP PENDLETON LAB CH2MHILL SDG 343

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

MATRIX WATER PARAMETER Vol AT ES VOC
MCB CAMP PENDLETON LAB CH2MHILL SDG 34414

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

MATRIX WATER PARAMETER VOLATILES VOC
MCB CAMP PENDLETON LAB CH2M HILL SDG 34583

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
MATRIX WATER PARAMETER VOLATILES VOC

MCB CAMP PENDLETON LAB CH2MHILL SDG 34429

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
MATRIX WATER PARAMETER CHLuRINATED HERBICIDE HERBICIDE

MCB CAMP PENDLETON LAB CH2MHILL SDG 34118

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
MATRIX WATER PARAMETER GENERAL CHEMISTRY

MCB CAMP PENDLETON LAB CH2MHILL SDG 34348

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
MATRIX WATER PARAMETER TCL METALS W\MOLYBDENUM BORON

MCB CAMP PENDLETON LABCH2MHILL SDG 34314

05 1294 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

03 12 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2MHILL SDG 34365

0022 02
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M0068 000442 05 12 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 12 93 MATRIX WATER PARAMETER SEMI VOLATILES ADMIN RECORD SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2MHILL SDG 3423

002 022

MOoS 000443

DATA
01F1665920066

0024

05 12 94

03 12 93

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MARTIX WATER PARAMETER SEMI VOLATILES

LAB CH2MHILL SDG 343

ADMIN RECORD WATER
SOLVENTS

M0065 000444

DATA
01F1665920066

0060

05 12 94

03 12 93

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER SEMI VOLATILES

LAB CH2MHILL SDG 343

ADMIN RECORD WATER

M00651 000445

DATA

01F1665920066

0032

05 12 94

031293

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETER SEMIVOI AT ES

LAB CH2M HILL SDG 34414

ADMIN RECORD WATER

SO VENTS

M00651 000446

DATA
01F1665920066

0029

05 12 94

03 12 93

00166

02

QUANTALEX

MCN CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETER SEMI VOLATILES

LAB CH2M HILL SDG 34429

ADMIN RECORD WATER

SOLVENTS

M00651 00044

DATA
01F1665920066

0025

05 12 94

03 12 93

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETER SEMI VOLATILES

LAB CH2M HILL SDG 34553

ADMIN RECORD WATER
SOLVENTS

M0068 000323

DATA

0436

05 11 94

u3

00166

02

WESTION MANAGERS
Ru WEsTuN
IT CORPORATION

LABORATORY REPORT FOR IT CORP MCB CAMP PENDELTON

CLPuC MsvuLATILEANALsIs sDu W2 vu

RFW 93024S205 9302S215 9303S23 93035245

ADMIN RECORD VOC

M00681 002334

DATA
000000000000000

0025

21 94

03 93

00166

02

CN2M HILL

MCB CAMP PENDLETON

MARTIX WATER
PARAMETERS SEMIVOLATILES

SDG 353

ADMIN RECIRD WATER
SEMIVOLATILES

M0068 002434

DATA

0030

22 94

03 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TLC METALS WITH BORON CYANIDE AND
MOLYBDENUM SDG 353

ADMIN RECORD WATER
METALS

CYANIDE

MOoS 000316

DATA
35104

183

05 11 94

03 18 93

00166

022

CH2M HILL

PEGGY NORTON
MCB CAMP PENDLETON

ANALYTICAL DATA BlO ACCUMULATION PESTICIDES\PCBs

ORGNAICS INORGANICS

SDG 35104

ADMIN RECORD PESTICIDES

PCB

lOG
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M0068 000315 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34365 PCB

001 022

MOoS 000320 05 11 94 WESTION MANAGERS LABORATORY REPORT FOR IT CORP VOLATILE PURGEABLE ADMIN RECORD TPH

DATA 03 19 93

00166

ROY WESTON

IT CORPORATION

PETROLEUM HYDROCARBONS ANALYSIS SDG W2 00

RFW 9302S205 9303S245

0083 02

M0068 00038 05 11 94 QUANTALEX DATA VALIDATION FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33624

0012 022

M0068 000388 05 11 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33642 PCB

0018 022

M0068 000389 05 11 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34689 PCB

0020 02

M0068 000390 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 03 19 93 MATRIX SEDIMENT PARAMETER CHLORAINATED HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32452

0018 022

M0068 000391 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER VOLATILES VOC

OlFlooS9OOoo OOloo VICB CAMP PEINDLETON LAB CHM HILL SDG 34088

0020 02

M0068 000392 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECIRD WATER
DATA 03 19 93 MARTIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34688

0012 022

M0068 000393 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34688

0012 022

MOoS 000394 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34688

001 022



DATE-082498 PAGE-S
MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE

UIC No DOC NO PRC DATE FROM
DOCUMENT TYPE DOC DATE FROM SIGNATURE

CONTRGUID NO CTO NO TO SUBJECT CLASSIFICATION KEY WORDS Site Location

APPROX OF PAGES EPA CAT TO SIGNATURE

M0065 000395 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34688

0024 02

M0068 000396 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MARTIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34640

0019 022

M0068 00039 05 11 94 QUANTALEX DATA VALIDATION FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 19 93 MATRIX WATER PARAMETER TPH DIESEL

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34640

0012 011

M0068 000398 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 031993 MATRIX WATER PARAMETER TPH ASOI INE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34640

0012 022

M0068 000399 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 19 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34640

0030 02

M0068 000400 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 1993 MATRIX WATER PARAMETER VOLATILE VOC
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32640

0022 02

M0068 000401 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA u3 19 93 MATRIX WATER PARAMETER CHLuRINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34633

0019 022

M0068 000402 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MARTIX WATER PARAMETER TCL METALS W\BORON MOLYBDENUM CYANIDE

01F1665920066 00166 MCB CAMP PENDLETON CYANIDE LAB CH2M HILL SDG 34633

0031 022

M0068 000403 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34633 PCB

0020 02

MOoS 000404 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 19 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34633

0013 022
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M0062 000405 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34633

0013 022

MOoS 000406

DATA
05 11 94

03 19 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MARTIX WATER SOIL PARAMETER CHLORINATED

ADMIN RECORD WATER
HERBICIDE

HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32904

0016 022

M0062 00040

DATA
05 11 94

03 19 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER SOIL PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER
PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32904 PCB

0023 02

M00621 000402

DATA
US 11 94

03 19 93

QI ANTA EX DATA VA IDATION REPORT FOR MCR CAMP PENDI ETON

MATRIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER
PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33623 PCB

0016 022

M0062 000409

DATA
05 11 94

03 19 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER CHLORINATED HERBICIDE

ADMIN RECORD HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 32520

00W 022

M0062 000410

DATA
05 11 94

03 19 93

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX 14 SOIL WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER
PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3300 PCB

0043 02

Muuô8 uuu4l

DATA
11

03 19 93

yIJANTALEX DATA vALIDATIuN REPuRT FuR MCB CAMP PENDLETuN

MATRIX WATER PARAMETER CHLORINATED HERBICIDE

ADMIN RECuRD WATER
HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 33696

0019 022

M00621 000442

DATA
05 12 94

03 19 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON

MARTIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER
PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 343 PCB

0012 022

M00621 000449

DATA
05 12 94

03 19 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER
PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34563 PCB

0022 02

MOoS 000450

DATA
05 12 94

03 19 93

QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETER PESTICIDES\PCBs

ADMIN RECORD WATER
PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34523 PCB

0019 022
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M00681 000451 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34414 PCB

0022 02

M00681 000452 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MARTIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34402 PCB

0021 022

M0068 000453 05 12 94 QUANTALEX DATA VALIDATION FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 1993 MATRIX WATER PARAMETER TCL METALS W\BORON CYANIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM CYANIDE LAB CH2M HILL SDG 343

0028 02

M00681 000454 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 031993 MATRIX WATER PARAMETER TCI METAl SW RORON CYANIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM CYANIDE LAB CH2M HILL SDG 34583

002 022

M00681 000455 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 1993 MATRIX WATER PARAMETER TCL METALS W\BORON CYANIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM CYANIDE LAB CH2M HILL SDG 34563

0031 022

M00681 000456 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 1993 MATRIX WATER PARAMETER TCL METALS W\BORON
01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 34429

0029 02

M00681 00045 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA u3 19 93 MATRIX WATER PARAMETER TPH DIEsEL TPH

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 34429

0013 022

M00681 000458 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MARTIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 34429

0013 022

M00681 000459 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 34402

0020 02

MOoS 000460 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 34429

0020 02
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M00651 000461 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

1F1 66S920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 3411

0016 022

M00651 000462 05 i2 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 33820

0020 02

M00681 000463 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 33806

001 022

M00681 000464 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 34364

0018 022

M00681 000465 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 34349

0018 022

M00681 000466 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBCIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 343

0018 022

M00681 00046 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB PENDLETON ADMIN RECORD WATER
DATA 03 1993 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

OiFiooS9OOoo OOioo vICB CAMP PENDLETON vlOLiBDENIiM LAB CHM HILL SDG 343o

001 022

M00681 000468 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 34563

0022 02

M00681 000469 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB PENDLETON ADIMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34583

0016 022

M00681 0004 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB PENDLETON ADMIN RECORD WATER

DATA 03 19 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34348

0016 022
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M00681 0004 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 19 93 MATRIX WATER PARAMETER CHORINATED HERBICIDE HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34414

0020 02

M0068 000298

DATA

000000000000000

0488

05 11 94

03 22 93

00166

02

WESTON MANAGERS
ROY WESTON

IT CORPORATION

LABORATORY REPORT FOR IT CORP CLP GC\MS SEMIVOLATILE

ANALYSIS SDG W2 00 RFW 9302S205 9302S215

9303S23 93035245

ADMIN RECORD SOLVENTS SOUTHWEST DIVISION

M00681 00233

DATA
000000000000000

0012

21 94

03 22 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-GASOLINE

SDG 3542

ADMIN RECORD WATER
FUEL

M00681 002421

DATA

0030

22 94

03 22 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TCL METALS WITH BORON CYANIDE AND
MOLYBDENUM SDG 35549

ADMIN RECORD WATER
METALS

CYANIDE

M0068 000253

DATA
35235

0336

05 10 94

03 23 93

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCLB BARSTOW VOLATILES PCB

SEMIVOLATILES PESTICIDES DIESEL GASOLINE TOTAL

FUEL HYDROCARBONS

ADMIN RECORD PESTICIDES

DIESEL

FUEL

SOUTHWEST DIVISION

M0068 000291

DATA

35218

0402

05 11 94

03 23 93

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA SELECTED ORGANIC

AND INORGANIC PARAMETERS MCB CAMP PENDLETON

ADMIN RECORD lOG SOUTHWEST DIVISION

M0068 000293

DATA

3f
0289

05 11 94

03 23 93

OOloo

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA SELECTED ORGANIC

AND INORGANIC PARAMETERS PESTICIDES PCB TPH
HERBICIDES CAMP PENDLETON

ADMIN RECORD PESTICIDES

PCB

TPH

HERBICIDES

SOUTHWEST DIVISION

M00681 002333

DATA
000000000000000

0019

21 94

03 23 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS SEMIVOLATILES

SDG 35441

ADMIN RECORD WATER

SEMIVOLATILES

M0068 002424

DATA

0020

22 94

03 23 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TCL METALS WITH BORON CYANIDE AND
MOLYBDENUM SDG 35441

ADMIN RECORD WATER

METALS

CYANIDE

M0068 000292

DATA

35251

03

05 11 94

03 2493

00166

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCLB BARSTOW SELECTED ORGANIC

AND INORGANIC PARAMETERS

ADMIN RECORD lOG SOUTHWEST DIVISION
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M0068 00296 05 11 94 WESTON MANAGERS LABORATORY REPORT FOR IT CORP TOTAL EXTRACTABLE ADMIN RECORD TEH SOUTHWEST DIVISION

DATA 03 2493 ROY WESTON HYDROCARBONS ANALYSIS SDG W2 00 RFW 9302S205

000000000000000 00166 IT CORPORTATION 9303S245

0110 022

M0068 00125 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 03 24 93

00166 IT CORPORATION

INORGANIC RFW 9303S345

0018 022

M0068 002506 08 2494 QUANTALEX MCB CAMP PENDLETON MATRIX WATER PARAMETER TPH ADMIN RECORD DATA SOUTHWEST DIVISION

DATA 03 25 93 DIESEL WATER
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 354 TPH

0012 022

M00681 000254 05 10 93 QUANTALEN DATA VALIDATION REPORT MCB CAMP PENDLETON MATRIX ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 03 26 93 WATER PARAMETER VOLATILES SDG 34689 VOC
01F1665920066 00166 CH2M HILL

0020 02

M00681 000255 05 10 94 QUANTALEN DATA VALIDATION REPORT MCB CAMP PENDLETON MATRIX ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 03 26 93 WATER PARAMETER SEMI VOLATILES SDG 34689

01F1665920066 00166 CH2M HILL

0020 02

M00681 000256 05 10 94 QUANTALEN DATA VALIDATON REPORT MCB CAMP PENDLETON MATRIX ADMIN RECORD TPH SOUTHWEST DIVISION

DATA 03 26 93 WATER PARAMETER TPH-DIESEL SDG 34689

01F1665920066 00166 CH2M HILL

0020 02

M00681 00025 05 10 94 QUANTALEN DATA VALIDATION REPORT MCB CAMP PENDLETON MATRIX ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 03 26 93 WATER PARAMETER CYANIDE FOR SDG SEE ADDL INFO

OlFlooS9OOoo OOloo CHM HILL

0020 02

M0068 000258 05 11 94 QUANTALEN DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 03 26 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 34 29

0015 022

M0068 000259 05 11 94 QUANTALEN DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH SOUTHWEST DIVISION

DATA 03 26 93 MATRIX WATER PARAMETER TPH-DIESEL WATER

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 34 28

0015 022

M0068 000260 05 11 94 QUANTALEN DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 03 26 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 34 28

0015 022
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M00681 000261

DATA

11 Fl 66S970066

0015

M00681 000262

DATA

01F1665920066

0015

PRC DATE FROM
DOC DATE FROM SIGNATURE

CTO NO TO SUBJECT CLASSIFICATION KEY WORDS Site Location

EPA CAT TO SIGNATURE

WATER SOUTHWEST DIVISION

TPH

M0068 000263

DATA

01F1665920066

05 11 94

03 2693

00166

QUANTALEX

JACOBS

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TCL METALS W\BORAON
MOLYBDENUM CYANIDE LAB CH2M HILL SDG 34688

ADMIN RECORD WATER

CYANIDE

SOUTHWEST DIVISION

0015 022

M0068 000264

DATA

01F1665920066

05 11 93

03 93

00166

QUANTALEX

JACOBS

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER PETIIDE FBs
LAB CH2M HILL SDG 34681

ADMIN RECORD WATER

PESTICIDES

PCB

SOUTHWEST DIVISION

0020 02

M0068 000265

DATA

01F1665920066

05 11 94

03 26 93

00166

QUANTALEX

JACOBS

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE

LAB CH2M HILL SDG 34652

ADMIN RECORD WATER

TPH SOUTHWEST DIVISION

0012 022

M0068 000266

DATA

01F1665920066

05 11 94

03 26 93

00166

QUANTALEX

JACOBS

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH DIESEL

LAB CH2M HILL SDG 34652

ADMIN RECORD WATER

TPH

SOUTHWEST DIVISION

0012 022

M0068 00026

DATA

01F1665920066

0028

05 11 94

03 2693

00166

02

QUANTALEX

JACOBS

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TCL METALS W\BORON
MLYBDENUM

CYANIDE LAB CH2M HILL SDG 34640

ADMIN RECORD WATER

CYANIDE

SOUTHWEST DIVISION

M0068 000268

DATA

01F1665920066

05 11 94

03 26 93

00166

QUANTALEX

JACOBS

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH DIESEL

LAB CH2M HILL SDG 34 28

ADMIN RECORD WATER

TPH

SOUTHWEST DIVISION

0012 022

M0068 000269

DATA

01F1665920066

05 11 94

03 26 93

00166

QUANTALEX

JACOBS

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE

LAB CHM HILL SDG 34

ADMIN RECORD WATER

TPH

SOUTHWEST DIVISION

0012 022

M0068 0002

DATA

01F1665920066

05 11 94

03 26 93

00166

QUANTALEX

JACOBS

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER CYANIDE

LAB CH2M HILL

ADMIN RECORD WATER

CYANIDE

SOUTHWEST DIVISION

0026 02

05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD

03 26 93
MATRIX WATER PARAMETER TPH GASOLINE

00166 ACORS LAB CH2M HILL SDG 34689

02

05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

03 26 93 MATRIX WATER PARAMETER CHLORINATED HERBICIDE HERBICIDE

00166 JACOBS
LAB CH2M HILL SDG 34681

02
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DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD

MATRIX SOIL WATER PARAMETER TPH GASOLINE

LAB CH2M HILL SDG 32904

WATER SOUTHWEST DIVISION

TPH

M0068 0002 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 03 26 93 MATRIX SOIL WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 32904

0012 022

M0068 000294 05 11 94 CH2M HILL ANALYTICAL DATA SELECTED ORGANIC ADMIN RECORD PESTICIDES SOUTHWEST DIVISION

DATA 03 26 93 PEGGY NORTON AND INORGANIC PARAMETERS PESTICIDES PCBs TPH PCB

35262 00166 IT CORPORATION HERBICIDES CAMP PENDLETON TPH

02 022 DAVEMARK
HERBICIDES

M0068 000295 05 11 93 CH2M HILL ANALYTICAL DATA SELECTED ORGANIC ADMIN RECORD PESTICIDES SOUTHWEST DIVISION

DATA 03 26 93 PEGGY NORTON AND INORGANIC PARAMETERS PESTICIDES PCBs TPH lOG

35262 00166 IT CORPORATION HERBICIDES CAMP PENDLETON PCB

02 022 DAVEMARK

TPH

HERBICIDES

M0068 000303 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 26 93 MATRIX WATER PARAMETER TCL METALS W\BORON ILL CYANIDE

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM CYANIDE LAB CH2M HILL SDG 34118

0025 02

M0068 000304 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 26 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

ulFlhhs92uuhh uulôô MCB CAMP PENDLETuN LAB CH2M HILL sDu 3411 PCB

0019 022

M0068 000305 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 03 26 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34365

0019 022

M0068 000306 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 26 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34365

0012 022

M0068 00030 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 26 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F166920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34563

0013 022

M0068 000308 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 03 26 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34563

0013 022

UIC No DOC NO

DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

M00681 0002

DATA
01F1665920066

0012

05 11 94

03 26 93

00166

02

QUANTALEX

JACOBS

KEY WORDS Site Location
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M00681 000309

DATA

01F16659OOoo

0025

ADMIN RECORD WATER

CYANIDE

M0068 000310

DATA

01F1665920066

05 11 94

03 2693

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TCL METALS W\BORON
MOLYBDENUM CYANIDE LAB CH2M HILL SDG 342966

ADMIN RECORD WATER

CYANIDE

0026 02

M0068 000311

DATA

01F1665920066

05 11 94

03 26 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH DIESEL

LAB CH2M HILL SDG 343

ADMIN RECORD WATER

TPH

0012 022

M00oS 0003

DATA

01F1665920066

05 11 93

03 26 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA \ALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH DIESEL

LAB CH2M HILL SDG 34583

ADMIN RECORD \k ATER

TPH

0012 022

M0068 000313

DATA

01F1665920066

05 ii 94

03 26 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE

LAB CH2M HILL SDG 343

ADMIN RECORD WATER

TPH

0013 022

M0068 000314

DATA

01F1665920066

05 ii 94

03 26 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE

LAB CH2M HILL SDG 34583

ADMIN RECORD WATER

TPH

0012 022

M0068 001256 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD DATA

DATA 03 93 DIOXION RFW 9303L019

00166 IT CORPORATION

0013 022

M0068 000301 05 ii 94 WESTON MANAGERS LABORATORY REPORT FOR IT CORP CLP\INORGANICS ADMIN RECORD lOG SOUTHWEST DIVISION

DATA

000000000000000

03

03 29 93

00166

02

ROY WESTON

IT CORPORATION

NON-CLP INORGANICS ANALYSIS SDG W2 00 RFW

9302S205 9302S215 9303S23 93035245 MCB CAMP
PENDLETON

M0068 002430 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER

DATA 03 29 93

166 MCB CAMP PENDLETON

PARAMETERS TCL METALS WITH BoRoN CYANIDE AND
MOLYBDENUM SDG 35491

METALS

CYANIDE

0025 02

M0068 002433 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER

DATA 03 30 93

166 MCB CAMP PENDLETON

PARAMETERS TCL METALS WITH BORON CYANIDE
ANDMOLYBDENUM SDG 35502

METALS

CYANIDE

0030 02

UIC No DOC NO
DOCUMENT TYPE

CONTRGUID NO

APPROX OF PAGES

05 ii 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON
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M00651 002338 21 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 03 31 93 PARAMETERS TPH-GASOLINE FUEL

000000000000000 00166 MCB CAMP PENDLETON SDG 35518

0012 022

M0068 002422

DATA

0030

22 94

03 31 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TCL METALS WITH BORON CYANIDE AND
MOLYBDENUM SDG 35518

ADMIN RECORD WATER
METALS

CYANIDE

M0068 002426

DATA

0025

22 94

03 31 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TCL METALS WITH BORON CYANIDE AND
MOLYBDENUM SDG 35531

ADMIN RECORD WATER

METALS

CYANIDE

M0068 002435

DATA

0029

22 94

0331 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TCI METAl WITH RORON CYANIDE AND
MOLYBDNUM SDG 35520

ADMIN RECORD WATER

METAl

CYANIDE

M0068 002450

DATA
000000000000000

0010

22 94

03 31 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS GENERAL CHEMISTRY

SDG 35520

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 002451

DATA
000000000000000

0010

22 94

03 31 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS GENERAL CHEMISTRY

SDG 35518

ADMIN RECORD WATER SOUTHERN DIVISION

M0068 002454

DATA
000000000000000

0010

22 94

u3 31 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERs uENERAL CHEMIsTRY

SDG 35531

ADMIN RECORD WATER SOUTHERN DIVISION

M00681 002339

DATA
000000000000000

0010

21 94

04 01 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-GASOLINE

SDG 35533

ADMIN RECORD WATER
FUEL

M0068 00242

DATA

0025

22 94

0401 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TCL METALS WITH BORON CYANIDE AND
MOLYBDENUM SDG 35533

ADMIN RECORD WATER
CYANIDE

METALS

M0068 002453

DATA
000000000000000

0015

22 94

0401 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS GENERAL CHEMISTRY

SDG 35533

ADMIN RECORD WATER SOUTHWEST DIVISION
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M0068 002425 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 0402 93 PARAMETERS TCL METALS WITH BORON CYANIDE AND METALS

166 MCB CAMP PENDLETON MOLYBDENUM SDG 35539 CYANIDE

002 022

M0068 002432

DATA

0025

22 94

0402 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TCL METALS WITH BORON CYANIDE AND
MOLYBDENUM SDG 35540

ADMIN RECORD WATER
METALS

CYANIDE

M0068 002452

DATA
000000000000000

0013

06 22 94

0402 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS GENERAL CHEMISTRY

SDG 35539

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 002460

DATA

000000000000000

0013

22 94

0402 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS GENERAl CHEMISTRY

SDG 35540

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 000954

DATA

0289

05 18 94

0405 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS VOLATILE ANALYSIS SDG W2 14 RFW

9303S312

9303S321

ADMIN RECORD VOLATILES

M0068 001128

DATA

35268

0351

05 25 94

0405 93

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARX

ANALYTICAL REPORT FOR MCB CAMP PENDLETON

INORGANIC METALS

ADMIN RECORD lOG

METALS

MuuôSl uu23

DATA

000000000000000

0015

21 94

0405 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 35548

ADMIN RECuRD WATER
HERBICIDE

M00681 0023

DATA

000000000000000

0010

21 94

04 05 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS PESTICIDES PCBs

SDG 35549

ADMIN RECORD WATER
PESTICIDES

PCB

M00681 002384

DATA
000000000000000

0018

21 94

04 05 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS VOLATILES

SDG 35549

ADMIN RECORD WATER
VOLATILES

M00681 002389

DATA
000000000000000

0010

21 94

0405 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 35549

ADMIN RECORD WATER
HERBICIDE
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M00681 002401 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 04 05 93 PARAMETERS TPH-GASOLINE FUEL

166 MCB CAMP PENDLETON SDG 35548

0010 022

M0068 002405

DATA

0012

22 94

04 05 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-DIESEL

SDG 35549

ADMIN RECORD WATER
FUEL

M00681 002416

DATA

0022

22 94

04 05 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS SEMI VOLATILES

SDG 35548

ADMIN RECORD WATER

SEMI VOLATILES

M0068 002420

DATA

0015

22 94

04 US 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS SEMIVOI AT ES

SDG 35549

ADMIN RECORD WATER

SEMIVO AT ES

M0068 002429

DATA

0025

22 94

0405 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TCL METALS WITH BORON CYANIDE AND
MOLLYBDENUM SDG 35548

ADMIN RECORD WATER

METALS

CYANIDE

M0068 00243

DATA

0019

22 94

04 05 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS VOLATILES

SDG 35548

ADMIN RECORD WATER
VOLATILES

M0068 002449

DATA
000000000000000

0010

22 94

u4 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERs UENERAL CHEMIsTRY

SDG 35549

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 00245

DATA
000000000000000

0010

22 94

0405 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS GENERAL CHEMISTRY

SDG 35548

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 002463

DATA
000000000000000

0010

22 94

04 05 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-DIESEL

SDG 35548

ADMIN RECORD WATER
FUEL

SOUTHWEST DIVISION

M0068 00246

DATA

0010

22 94

04 05 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TPH-GASOLINE

SDG 35548

ADMIN RECORD WATER

FUEL
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M0068 0024 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 04 05 93 PARAMETERS TPH-GASOLINE FUEL

166 MCB CAMP PENDLETON SDG 35549

0012 022

M0068 052 94 WESTON MANGAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON

DATA 04 06 93 CLP GCMS SEMIVOLATILES ANALYSIS SDG W2 14

166 IT CORPORATION RFW 9303S312 9303S321

0559 02

M0068 0518 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON

DATA 04 93 VOLATILES SEMIVOLATILES TFH METALS

35352 00166 IT CORPORATION

0219 022

001252

0009

ADMIN RECORD SEMI VOLATILES

ADMIN RECORD VOLATILES

SEMI VOLATILES

TFH

METALS

M00621 000921

DATA

3533

0325

US 1294

04 93

00166

02

WESTON MANAGERS

IT CORPORATION

ANAl YTICAI DATA FOR MCR CAMP PENDI ETON

VOLATILES SEMIVOLATILES TFH METALS PESTICIDES

PCB

HERBICIDES

ADMIN RECORD VOl AT ES

SEMIVOLATILES

TFH

METALS

PESTICIDES

PCB

HERBICIDES

M0068 001133

DATA

35326

038

05 25 94

04 93

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS PESTICIDES

PCB
HERBICIDES

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALs

PESTICIDES

PCB

HERBICIDE

M00681 0023

DATA

000000000000000

0013

21 94

040 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 35565

ADMIN RECORD WATER
HERBICIDE

M00681 0023

DATA
000000000000000

0015

21 94

040 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 35569

ADMIN RECORD WATER
HERBICIDE

M00681 0023

DATA
000000000000000

0020

21 94

04 93

00166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS PESTICIDES PCBs

SDG 35565

ADMIN RECORD WATER
PESTICIDEES

PCB
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M00681 0023 21 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 04 93 PARAMETERS VOLATILES VOLATILES

00000000000000 00166 MCB CAMP PENDLETON SDG 35565

0020 02

M00681 002380

DATA
00000000000000

0013

21 94

04 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS VOLATILES

SDG 35569

ADMIN RECORD WATER
VOLATILES

M0068 002403

DATA

0013

22 94

04 93

166

022

CH2M HILL

MCB CAM PENDLETON

MATRIX WATER

PARAMETERS TPH-DIESEL

SDG 35569

ADMIN RECORD WATER

FUEL

M0068 002409

DATA

0010

22 94

040 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TPH-DIESEI

SDG 35565

ADMIN RECORD WATER

FL El

M00681 002413

DATA

0025

22 94

04 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS SEMI VOLATILES

SDG 35565

ADMIN RECORD WATER

SEMI VOLATILES

M00681 002415

DATA

0020

22 94

04 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS SEMI VOLATILES

SDG 35569

ADMIN RECORD WATER
SEMI VOLATILES

M0068 002423

DATA

0025

22 94

u4 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERs TCL METALs WITH BuRuN CYANIDE AND
MOLYBDENUM SDG 35569

ADMIN RECORD WATER
METALs

CYANIDE

M0068 002448

DATA
00000000000000

0013

22 94

040 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS GENERAL CHEMISTRY

SDG 35565

ADMIN RECORD WATER SOUTHWEST DIVISION

M00681 002461

DATA
000000000000000

0013

22 94

040 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS GENERAL CHEMISTRY

SDG 35569

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 0024

DATA

0010

22 94

04 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TPH-GASOLINE

SDG 35569

ADMIN RECORD WATER

FUEL
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M0068 0024 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 04 93 PARAMETERS TPH-GASOLINE FUEL

166 MCB CAMP PENDLETON SDG 35565

0010 022

M00681 002368

DATA
00000000000000

0020

21 94

0408 93

00166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 355

ADMIN RECORD WATER
HERBICIDE

M00681 0023

DATA
000000000000000

0013

21 94

04 08 93

00166

022

CH2M HILL

MCB CAM PENDLETON

MATRIX WATER

PARAMETERS PESTICIDES PCBs

SDG 355

ADMIN RECORD WATER

PESTICIDES

PCB

M00681 00241

DATA

0032

22 94

040293

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS SEMIVO AT ES

SDG 355

ADMIN RECORD WATER

SEMIVO AT ES

M0068 002428

DATA

0035

22 94

0408 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TCL METALS WITH BORON CYANIDE AND
MOLYBDENUM SDG 355

ADMIN RECORD WATER

METALS

CYANIDE

M0068 002436

DATA

0020

22 94

04 08 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS VOLATILES

SDG 35520

ADMIN RECORD WATER
VOLATILES

M00681 002458

DATA
000000000000000

0015

22 94

u4 uS 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERs UENERAL CHEMIsTRY

SDG 355

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 0024

DATA

0010

22 94

04 08 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-GASOLINE

SDG 355

ADMIN RECORD WATER
FUEL

M00681 0023

DATA
000000000000000

0015

21 94

0409 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 35583

ADMIN RECORD WATER
HERBICIDES

M00681 0023

DATA
000000000000000

0018

21 94

04 09 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS PESTICIDES PCBs

SDG 35583

ADMIN RECORD WATER

PESTICIDES

PCB
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M0061 00232 21 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 04 09 93 PARAMETERS VOLATILES VOLATILES

000000000000000 00166 MCB CAMP PENDLETON SDG 3553

0020 02

M0061 002410

DATA

0010

22 94

04 09 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-DIESEL

SDG 3553

ADMIN RECORD WATER
FUEL

M0061 002419

DATA

0025

22 94

04 09 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS SEMIVOLATILES

SDG 3553

ADMIN RECORD WATER
SEMIVOLATILES

M006 00244

DATA

000000000000000

0010

22 94

04 09 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS GENERAL CHEMISTRY

SDG 3553

ADMIN RECORD WATER SOUTHWEST DIVISION

M0061 002465

DATA

0012

22 94

04 09 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-GASOLINE

SDG 3553

ADMIN RECORD WATER
FUEL

M0061 0024

DATA

2020

22 94

04 09 93

02

ENVIRON SCI ENG

MCB CAMP PENDLETON

ESE FIELD GROUP SAMPLES CASE NACPWD 1-4 ADMIN RECORD QC

GC MS
VOLATILES

SEMI VOLATILES

M0061 0011 3S

DATA

35335

021

OS 25 94

04 12 93

022

CH2M HI

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANAl YTICAI DATA FOR MCR CAMP PENDI ETON

METALS

ADMIN RECORD METAl

M006 00 126

DATA

0100

05 94

04 12 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PURGEABLE PETROLEUM HYDROCARBONS

ANALYSIS

SDG W2 63RFW 9304S44

ADMIN RECORD VOLATILES

M0061 002369

DATA
000000000000000

0013

21 94

04 13 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 35601

ADMIN RECORD WATER
HERBICIDE

M0061 00240

DATA

0013

22 94

04 13 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-DIESEL

SDG 35601

ADMIN RECORD WATER
FUEL
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M0068 002456 2294 CH2M HILL MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 04 13 93 PARAMETERS GENERAL CHEMISTRY

000000000000000 00166 MCB CAMP PENDLETON SDG 35601

0013 022

M0068 0024

DATA

0013

22 94

04 13 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-GASOLINE

SDG 35601

ADMIN RECORD WATER
FUEL

M0068 001134

DATA

353

0332

05 25 94

04 14 93

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M00681 002381

DATA
000000000000000

002

21 94

04 14 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS VOLATILES

SDG 35623

ADMIN RECORD WATER

VOLATILES

M00681 00238

DATA

000000000000000

0020

21 94

04 1493

00166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 35623

ADMIN RECORD WATER
HERBICIDE

M00681 002418

DATA

0030

22 94

04 14 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS SEMIVOLATILES

SDG 35623

ADMIN RECORD WATER

SEMIVOLATILES

M0068 002462

DATA
000000000000000

0010

22 94

04 14 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TPH-DIESEL

SDG 35623

ADMIN RECORD WATER

FUEL

SOUTHWEST DIVISION

M0068 002468

DATA

0010

22 94

04 14 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MARTIX WATER

PARAMETERS TPH-GASOLINE

SDG 35623

ADMIN RECORD WATER

FUEL

M0068 000926

DATA

0205

05 18 94

04 15 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS VOLATILE ANALYSIS SDG W2 63 RFW
9304S448 9304S462

ADMIN RECORD VOLATILES

M0068 001131

DATA
35441

0184

05 25 94

04 15 93

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH
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M0068 001132 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA
3542

0196

04 15 93

022

PEGGY NORTON
IT CORPORATION

DAVEMARK

VOLATILES SEMIVOLATILES TFH METALS SEMIVOLATILES

TFH

METALS

M0068 001136

DATA

353

0224

05 25 94

04 15 93

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M0068 001138

DATA

3540

01

05 25 94

04 15 93

022

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M0068 00128

LAIA

0048

05 94

u4 1393

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VULAIILLSIU-W 93U3S33

ADMIN RECORD VOLATILES

M0068 001288

DATA

0071

05 94

04 15 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILES RFW 9303S390

ADMIN RECORD VOLATILES

M00681 002383

DATA
000000000000000

0020

21 94

04 15 93

00166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS VOLATILES

SDG 35633

ADMIN RECORD WATER
VOLATILES

M00681 002388

DATA
000000000000000

0018

21 94

04 15 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 35633

ADMIN RECORD WATER
HERBICIDE

M0068 002402

0010

22 94

04 15 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-DIESEL

SDG 35633

ADMIN RECORD WATER
FUEL

M00681 002412

DATA

0023

22 94

04 15 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS SEMIVOLATILES

SDG 35633

ADMIN RECORD WATER

SEMIVOLATILES

M0068 002431

DATA

0029

22 94

04 15 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TLC METALS ITH BORON CYANIDE
AND MOLYBDENUM SDG 35633

ADMIN RECORD WATER
METALS

CYANIDE
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M0068 002455 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA
000000000000000

0010

04 15 93

00166

022

MCB CAMP PENDLETON

PARAMETERS GENERAL CHEMISTRY

SDG 35633

M0068 002469

DATA

0010

22 94

04 15 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-GASOLINE

SDG 35633

ADMIN RECORD WATER
FUEL

M00681 002385

DATA

000000000000000

0018

21 94

04 16 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS VOLATILES

SDG 3563

ADMIN RECORD WATER
VOLATILES

M00681 002386

DATA

000000000000000

0016

21 94

04 16 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS CHLORINATED HERBICIDES

SDG 3563

ADMIN RECORD WATER
HERBICIDE

M0068 002408

DATA

0013

22 94

04 16 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS TPH-DIESEL

SDG 3563

ADMIN RECORD WATER

FUEL

M00681 002414

DATA

0015

07 22 94

04 16 93

166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS SEMIVOLATILES

SDG 3563

ADMIN RECORD WATER
SEMIVOLATILES

M0068 002459

DATA

000000000000000

0010

22 94

04 16 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS GENERAL CHEMISTRY

SDG 3563

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 002466

DATA

0008

22 94

04 16 93

166

02

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS TPH-GASOLINE

SDG 3563

ADMIN RECORD WATER
FUEL

M0068 0009

DATA

35091

006

05 18 94

04 19 93

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

DIESEL FUEL

ADMIN RECORD DIESEL FUEL

M00681 002285

DATA
000000000000000

0005

20 94

04 19 93

00000

02

ROY WESTON

MCB CAMP PENDLETON

MATRIX WATER

PARAMETERS CYANIDE

SDC S184

ADMIN RECORD WATER

CYANIDE

SOUTHWEST DIVISION
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M0068 0009 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 04 20 93 PESTICIDES PCBs PCB

35235 00166 IT CORPORATION

004 022

M0068

DATA
35223

0064

0009 05 18 94

04 20 93

00166

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

PESTICIDES PCBs

ADMIN RECORD PESTICIDES

PCB

M0068

DATA

0068

002235 19 94

0420 93

166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR CTO 166 LRD LAB REFERENCE

NO 35218

ADMIN RECORD DATA
LAB

M0068

DATA

0041

000958 05 18 94

04 21 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOA RFW 9303S40

ADMIN RECORD VOA

M0068

DATA
35458

19

0009 05 18 94

04 21 93

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

TFH

ADMIN RECORD TFH

M0068

DATA

354

0210

000973 05 18 94

04 21 93

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

TFH VOLATILES SEMIVOLATILES

METALS

ADMIN RECORD TFH

VOLATILES

SEMIVOLATILES

METALS

M0068

DATA
35502

0240

0009 05 18 94

04 21 93

00166

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

TFH VOLATILES SEMIVOLATILES

METALS

ADMIN RECORD TFH

VOLATILES

SEMIVOLATILES

METALS

M0068

DATA
354

0245

000980 05 18 94

04 21 93

00166

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMI VOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M0068

DATA
354

0623

000991 05 18 94

04 21 93

00166

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES

ADMIN RECORD VOLATILES

M0068

DATA
35491

0282

000992 05 18 94

04 21 93

00166

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMI VOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS
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M0068 0009 05 18 94 WESTON MANAGERS ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 04 23 93 VOLATILES SEMIVOLATILES PESTICIDES PCB TFH SEMIVOLATILES

35532 00166 IT CORPORATION METALS PESTICIDES

0244 022

PCB

TFH

METALS

M0068

DATA
35520

0315

00098 05 18 94

04 23 93

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES PESTICIDES PCB TFH
METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

TFH

METALS

M0068

DATA
35531

034

000989 05 18 94

04 23 93

00166

u22

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

PESTICIDES PCB SEMIVOLATILES

ADMIN RECORD PESTICIDES

PCB

SEMIVOLATILES

M00681

DATA

0421

0024 22 94

04 23 93

022

ENVIRON SCI ENG

MCB CAMP PENDLETON

ESE FIELD GROUP SAMPLES CASE NACPW5E334 ADMIN RECORD QC

GC MS
METALS

TPF

PESTICIDES

PCB

M0068

DATA

35518

020

000983 05 18 94

04 26 93

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

METALS

M0068

DATA
35533

000984 05 18 94

04 26 93

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

GC MS SEMIVOLATILES

ADMIN RECORD SEMIVOLATILES

M0068

DATA

35540

0241

000985 05 18 94

04 26 93

00166

02

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES PESTICIDES PCB TFH
METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

TFH

METALS

M0068

DATA

0145

000 30 05 16 94

04 93

00166

022

MCB CAMP PENDLETON

LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD DATA
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M00681 000 31

DATA

35539

0815

MuuôSl

DATA

PRC DATE

DOC DATE

CTO NO

EPA CAT

05 16 94

04 28 93

00166

02

rn 18

04 28 93

00166

02

05 16 94

04 29 93

uuu8ôu

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

WEsTuN MANAUERS

ANALYTICAL DATA FOR MCB CAMP PENDLTON ORGANIC

AND INORGANIC PARAMETERS

0091

M00681 000 19

DATA

IT CORPORATION

ADMIN RECORD lOG

LABuRATuR REPuRT FuR MCB CAMP PENDLETuN ADMIN RECuRD uLATILE
CLP GC MS VOLATILE ANALYSIS

SDG W2 63 RFW 9304S569

00166 MCB CAMP PENDLETON

ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

PCB

VOC

103 022

M0068 000 20 05 16 94 ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 04 29 93 PCB

00166 MCB CAMP PENDLETON VOC

1018 022

M0068 000 32 05 16 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLTON ADMIN RECORD PESTICIDES

DATA 0429 93 PEGGY NORTON PESTICIDES PCBs PCB

35091 00166 CH2M HILL

0125 022 EARLHILL

M00681 000520

DATA

01F1665920066

05 12 94

04 30 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX SOIL PARAMETER TPH GASOLINE TPH DIESEL

LAB CH2M HILL SDG G28558

ADMIN RECORD

0015 022

M00681 000521

DATA

01F1665920066

uu3

05 12 94

04 30 93

00166

u22

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETER SEMIVOLATILES CASE

NACPBI

LAB ESE SDG G29064G28950G28341G28342

ADMIN RECORD WATER

SOLVENTS

M00681 00052

DATA

01F1665920066

05 12 94

04 30 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE TPH DIESEL

CASE NACPB1 LAB ESE SDG G285 2G28 26G291 2G29354

ADMIN RECORD WATER

TPH

0021 022

M00681 000523

DATA

01F1665920066

05 12 94

0430 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON G283

MATRIX WATER PARAMETER CHLORINATED HERBICIDES

CASE NACPB1 LAB SDG G29116G28115G28458G28994

ADMIN RECORD WATER

HERBICIDE

0025 02

M00681 000524

DATA

01F1665920066

05 12 94

04 30 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER TRIAZINE PESTICIDES

CASE NACPB1 LAB ESE SDG G29289 G29015G28626G2 029

ADMIN RECORD WATER

PESTICIDES

0062 02
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M00681 000525

DATA

01F1665920066

0096

ADMIN RECORD PESTICIIDES

PCB

M00681 000526

DATA

01F1665920066

05 12 94

04 30 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX SOIL PARAMETER SEMIVOLATILES

CASE NACPB1 LAB ESE SDG G26992

ADMIN RECORD SOLVENTS

0026 02

M00681 000530

DATA

01F1665920066

0106

05 12 94

04 30 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX SOIL PARAMETER TCL METALS

MOLYBDENUM

LAB ESESDG G28859SEEADDLINFO

ADMIN RECORD METALS

M00681 000531

DATA

01F166592066

0045

05 12 94

04 30 93

00166

02

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX WATER PARAMETER TCL METALS

MOLYBDENUM
LAB ESE SDG 228 28 SEE DOCUMENT FOR MORE SDG

ADMIN RECORD WATER

METALS

M00681 000532

DATA

01F1665920066

05 12 94

04 30 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX SOIL PARAMETER PESTICIDES PCBs

LAB ESE SDG G29554 G28

ADMIN RECORD PESTICIDES

PCB

0024 02

M00681 000533

DATA

01F1665920066

05 12 94

04 30 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

MATRIX SOIL PARAMETER PESTICIDES TRIAZINE

LAB ESE SDG G29565 G28910

ADMIN RECORD PESTICICIDES

0033 02

M0068 000620 05 13 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SOLVENTS

DATA 04 30 93

00166 IT CORPORATION

CLP GC SEMIVOLATILE ANALYSIS SDG W2 63

RFW 9304S448 9304S462 9304S569

039 022

M0068 000 36

DATA

01F1665920066

05 16 94

04 30 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER TPH GASLINE TPH DIESEL

LAB ESE SDG G2910

ADMIN RECORD TPH

0014 022

M0068 000

DATA

01F1665920066

05 16 94

04 30 93

00166

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER VOLATILES

LAB ESE SDG G28 51

ADMIN RECORD VOLATILES

0020 02

M0068 000 38 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX SOIL PARAMETER SEMIVOLATILES

ADMIN RECORD SEMIVOLATIL

ES

DATA 04 30 93 LAB ESE SDG G28609

01F1665920066 00166 MCB CAMP PENDLETON

0024 02

UIC No DOC NO

DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

PRC DATE

DOC DATE

CTO NO
EPA CAT

05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380

04 30 93 MATRIX SOIL PARAMETER PESTICIDES PCBs

00166 MCB CAMP PENDLETON
CASE NACPB1 LAB ESE SDG G29292G28 83G29104

02

CLASSIFICATION KEY WORDS Site Location
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DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER CARBAMATE UREA
PESTICIDES

LAB ESE SDG G326

M0068 000 40 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 04 30 93
MATRIX SOIL PARAMETER TRIAZINE PESTICIDES PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON
LAB ESE SDG G32 52

002 022

M0068 000 41 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 043093 MATRIX WATER PARAMETER CHLORINATED HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON
HERBICIDES

001 022
LAB ESE SDG G33069

M0068 000 42 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 0430 93
MATRIX WATER PARAMETER CARBAMATE UREA PESTICIDES

01F166592066 00166 MCB CAMP PENDLETON PESTICIDES

0026 022
LAB ESE SDG G28540 G29189

M0068 000 43 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 0430 93
MATRIX SOIL PARAMETER CHLORINATED HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON
LAB ESE SDG G28841 G295

0022 02

M0068 000 44 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 043093 MATRIX WATER PARAMETER CHLORINATED HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON
HERBICIDES

0050 022
LAB ESE SDG G3108 G305 G302

M0068 000 45 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 04 30 93 MATRIX WATER PARAMETER SEMIVOLATILES

01F1665920066 00166 MCB CAMP PENDLETON
LAB ESE SDG G306

0082 02

M00681 000 46 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 0430 93
MATRIX WATER PARAMETER TCL METALS BORON METALS

01F1665920066 00166 MCB CAMP PENDLETON CYANIDE CYANIDE

0041 02
MOLYBDENUM LAB ESE SDG G3045 G30624 G30428

M0068 000 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 04 30 93 MATRIX SOIL PARAMETER TCL METALS

01F1665920066 00166 MCB CAMP PENDLETON
MOLYBDENUM

0066 022
LAB ESE SDG G2914 G28 59 G29521 ETC

M0068 000 48 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 0430 93
MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB ESE SDG 34681

0014 022

UIC No DOC NO PRC DATE

DOCUMENT TYPE DOC DATE

CONTRGUID NO CTO NO
APPROX OF PAGES EPA CAT

M00681 000 39 05 1694

DATA 04 30 93

01F1665920066 00166

0015 022

QUANTALEX

MCB CAMP PENDLETON

CLASSIFICATION KEY WORDS Site Location

ADMIN RECORD PESTICIIDES

WATER
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M00681 000 49

DATA

01F166S920066

0019

FROM

FROM SIGNATURE

TO SUBJECT

TO SIGNATURE

M0068 000 50 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 04 30 93
MATRIX SOIL PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON
LAB ESE SDG G330 G32534 G32 82 G32965

0016 022

M0068 000 51 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 043093 MATRIX WATER PARAMETER CHLORINATED HERBICIDE

01F1665920066 00166 MCB CAMP PENDLETON
HERBICIDES

0023 022
LAB ESE SDG G330

M0068 000 52 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 04 30 93
MATRIX WATER PARAMETER VOLATILES VOLATILES

01F166592066 00166 MCB CAMP PENDLETON LAB ESE SDG G3243 G3248

0040 02

M0068 000 53 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 0430 93
MATRIX WATER PARAMETER TCL METALS BORON METALS

01F1665920066 00166 MCB CAMP PENDLETON
CYNAIDE

CYNAIDE

00 022
MOLYBDENUM LAB ESESDG G33335G33133ETC

M0068 000 54 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 0430 93 MATRIX WATER PARAMETER TCL METALS BORON METALS

01F1665920066 00166 MCB CAMP PENDLETON
CYNAIDE

CYNAIDE

0026 02
MOLYBDENUM LAB CH2MHILL SDG 33643

M0068 000 55 05 16 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 04 30 93 MATRIX WATER PARAMETER SEMIVOLATILES

LAB ESE SDG G304 G30 06

SEMIVOLATIL

ES

01F1665920066 00166 MCB CAMP PENDLETON

005 022

M0068 000 56 05 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 0430 93 MATRIX WATER PARAMETER TCL METALS CYNAIDE ADMIN RECORD CYNAIDE

01F1665920066 00166 MCB CAMP PENDLETON
MOLYBDENUM LAB ESE SDG G30306 etc

0084 02

M0068 000 05 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 043093 MATRIX SOIL PARAMETER ORGANOPHOSPHORUS WATER

01F1665920066 00166 MCB CAMP PENDLETON
PESTICIDES

0040 02
LAB ESE SDG G32924 G3352

M0068 000 58 05 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 0430 93 MATRIX WATER PARAMETER ORGANONITROGEN PESTICIDES

01F1665920066 00166 MCB CAMP PENDLETON
PESTICIDES

LAB ESE SDG G32924 G3352

UIC No DOC NO

DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

PRC DATE

DOC DATE

CTO NO
EPA CAT

05 1694 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

0430 93 MATRIX WATER PARAMETER GENERAL CHEMISTRY

00166 MCB CAMP PENDLETON
LAB ESE SDG G3041 ETC

02
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M00681 000 59

DATA

01F1665920066

0031

05 94

04 30 93

00166

M0068 000 60 05 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 0430 93 MATRIX SOIL PARAMETER CARBAMATE UREA

01F1665920066 00166 MCB CAMP PENDLETON
PESTICIDES

0096 02

LAB ESE SDG G26905 ETC

M0068 000 25 05 16 94 WESTON MANAGERS LOBORATORY REPORT FOR MCB CAMP PENDLTON ADMIN RECORD TEH

DATA 05 0493

00166 MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2 63 RFW 9304S448

014 022

M0068 000 33 05 16 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLTON ADMIN RECORD lOG

DATA 05 0493 PEGGY NORTON ORGANIC AND INORGANIC PARAMETERS PESTICIDES

35549 00166 IT CORPORTATION PCB

0225 02 DAVE MARK

TFH

HERBICIDE

METALS

M0068 000615 05 13 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLTON ADMIN RECORD METALS

DATA 05 05 93 PEGGY NORTON METALS PESTICIDES PCB TFH HERBICIDES PESTICIDES

35583 00166 IT CORPORTATION PCB

0293 02 DAVE MARK

TFH

HERBICIDE

M0068 000616 05 13 94 CH2M HILL ANALYTICAL DATA MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 93 PEuu NoRToN METALS PESTICIDES PCB TFH HERBICIDES PEsTICIDEs

35601 00166 IT CORPORATION PCB

0336 02 DAVE MARK

TFH

HERBICIDE

M0068 00061 05 13 94 CH2M HILL ANALYTICAL DATA MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 05 05 93 PEGGY NORTON METALS PESTICIDES PCB TFH HERBICIDES PESTICIDES

35565 00166 IT CORPORATION PCB

0333 02 DAVE MARK

TFH

HERBICIDE

M0068 000618 05 13 94 CH2M HILL ANALYTICAL DATA MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 05 05 93 PEGGY NORTON METALS PESTICIDES PCB TFH HERBICIDES PESTICIDES

355 00166 IT CORPORATION PCB

0426 02 DAVE MARK

TFH

HERBICIDE

UIC No DOC NO
DOCUMENT TYPE

CONTRGUID NO

APPROX OF PAGES

PRC DATE

DOC DATE

CTO NO

EPA CAT

02

QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

MATRIX WATER PARAMETER GENERAL CHEMISTRY

MCB CAMP PENDLETON
LAB ESE SDG G300 ETC
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M0068 000614 05 13 94 CH2M HILL ANALYTICAL DATA MCB CAMP PENDLETON BlO ADMIN RECORD lOG

DATA 05 06 93 PEGGY NORTON ACCUMULATION METALS INORGANICS METALS

35558 00166 CH2M HILL

02 02 EARL BYRON

M00681 002340 21 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 05 06 93 PARAMETERS TCL METALS WITH BORON CYANIDE AND METALS

000000000000000 00166 MCB CAMP PENDLETON MOLYBDENUM SDG 35533 CYANIDE

0030 02

M00681 002344 21 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER

DATA 05 06 93 PARAMETERS VOLATILES VOLATILES

000000000000000 00166 MCB CAMP PENDLETON SDG 35 81

0021 022

M00681 002346 21 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER

DATA 05 06 93 PARAMETERS SEMIVOLATILES CASE NUMBER NACPW6D
SDG 35 81

SEMIVOLATILE

000000000000000 00166 MCB CAMP PENDLETON

oo 01

M00681 002362 21 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 05 06 93 PARAMETERS TPH-DIESEL FUEL

000000000000000 00166 MCB CAMP PENDLETON SDG 35 81

0013 022

M0068 002400 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER
DATA 05 06 93 PARAMETERS TPH-GASOLINE FUEL

000000000000000 00166 MCB CAMP PENDLETON SDG 35 81

0013 022

M0068 002439 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 06 93 PARAMETERS GENERAL CHEMISTRY

000000000000000 00166 MCB CAMP PENDLETON SDG 35 81

0015 022

M0068 002445 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 06 93 PARAMETERS CHLORINATED HERBICIDES HERBICIDE

000000000000000 00166 MCB CAMP PENDLETON SDG 35 81

0015 022

M0068 002446 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 06 93 PARAMETERS PESTICIDES PCBs PESTICIDES

000000000000000 00166 MCB CAMP PENDLETON SDG 35 81 PCB

0020 02

M0068 00031 05 11 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD PCB

DATA 05 93 PEGGY NORTON PCBs PESTICIDES VOLATILES TFH GASOLINE AND DIESEL PESTICIDES

000000000000000 00166 IT CORPORATION HERBICIDES VOC

0353 02 DAVE MARK
TFH

HERBICIDES
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M0061 00031 PCB

DATA PFSTCDFS

35623 VOC
0369

TFH

HERBICIDES

PCB

PESTICIDES

VOC

05 11 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON PCBs\PESTICIDES ADMIN RECORD
US PFY NflRTflN Vfl AT FS TFH ASfl NF AND DFSF HFRRCDFS

00166 IT CORPORATION

022 DAVEMARK

M006 000319 05 11 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON PCBs\PESTICIDES ADMIN RECORD

DATA 05 93 PEGGY NORTON VOLATILES TFH GASOLINE AND DIESEL HERBICIDES

3563 00166 IT CORPORATION

0309 02 DAVE MARK
TFH

HERBICIDES

M0061 000534 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G2930 ADMIN RECORD WATER

DATA 05 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

U1F1tjS9UUtj UU1t MCB CAMP PENDLETON LAB CHM HILL SD 34
0024 02

M0061 000535 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G2930 ADMIN RECORD WATER

DATA 05 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 353

0026 02

M0061 000536 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G2930 ADMIN RECORD WATER

DATA 05 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35352

0024 02

M0061 00053 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G2930 ADMIN RECORD WATER

DATA 05 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3540

0022 02

M006 000623 05 13 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3533

0026 02

M006 000624 05 13 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 93 MATRIX WATER PARAMETER VOLATILES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 353

0022 02

M006 000625 05 13 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DkTk MkTRIX \\ kTER PkRAMETER LkTILES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3533

0021 022
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M0068 000626 05 13 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA US MATRIX WATER PARAMETER VU AT ES

01F1665920066

0019

00166

022

MCB CAMP PENDLETON LAB CH2M HILL SDG 3540

M0068 00062 05 13 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 93 MATRIX WATER PARAMETER VOLATILES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35352

0020 02

M0068 000322 05 11 94 WESTION MANAGERS LABORATORY REPORT FOR IT CORP MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 05 10 93 ROY WESTON CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG W2 63

00166 IT CORPORATION RFW 9304S569

0166 022

M0068 000321 05 11 94 WESTION MANAGERS LABORATORY REPORT FOR IT CORP MCB CAMP PENDLETON ADMIN RECORD lOG

DATA UD 11 93 RO\ WESTON CLP4NORuANIC METALS ANAL\ SIS SDu o3

00166 IT CORPORATION RFW 9304S448 9304S569

0331 022

M0068 000420 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 353

0014 022

M0068 000421 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35352

0013 022

M0068 000422 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3533

0013 022

M0068 000423 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35326

0013 022

M0068 000424 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35326

001 022

M00o8 0004Th UD 11 94 yLANTALEX DATA vALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 1493 MATRIX WATER PARAMETER CHLORINATED HERBICIDES HERBICIDES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3533

0019 022
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M0068 000426 05 12 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA US 14 MATRIX WATER PARAMETER TPH DIESEl TPH

01F1665920066

0013

00166

022

MCB CAMP PENDLETON LAB CH2MHILL SDG 35441

M0068 00042 05 12 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 14 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2MHILL SDG 35441

0013 022

M0068 000428 05 12 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD DATA
DATA 05 1493 MATRIX SOIL PARAMETER TCL METALS W\MOLYBDENUM
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2MHILL SDG 350

0026 02

M0068 000429 05 12 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA UD 1493 MATRIX WATER PARAMETER TCL METALS MOL\ BDEN

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2MHILL SDG 350

0025 02

M0068 000430 05 12 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETERTCL METALS W\BORON MOLYBDENUM CYANIDE

01F1665920066 00166 MCB CAMP PENDLETON CYANIDE LAB CH2MHILL SDG 34414

0032 02

M0068 000513 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 354

0015 022

M0068 000514 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3540

0013 022

M0068 000515 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3542

0013 022

M0068 000516 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35441

0013 022

M00o8 001 UD 94 yLANTALEX DATA vALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 354

0009 02
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M0068 000518 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA US 14 MATRIX WATER PARAMETER ENERAI CHEMISTRY

01F1665920066

0013

00166

022

MCB CAMP PENDLETON LAB CH2M HILL SDG 353

M0068 000519 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 354

0013 022

M00681 00052 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380 ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35502

0014 022

M00681 000528 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380 ADMIN RECORD WATER
DATA UD 1493 MATRIX WATER PARAMETER UENERAL CHEMISTR\

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35491

0013 022

M00681 000529 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON G29380 ADMIN RECORD WATER
DATA 05 1493 MATRIX WATER PARAMETER GENERAL CHEMISTRY

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35458

0013 022

M00681 000486 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 05 93 MATRIX SOIL PARAMETER CPL METALS MOLYBDEUM

01F1665920066 00166 MCB CAMP PENDLETON LAB ROY WESTON SDG W2 00

0010 022

M0068 0002 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35539

0022 02

M0068 0002 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35540 PCB

001 022

M0068 0002 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35218 PCB

0022 02

M00o8 000 OD 11 94 yLANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIvISION

DATA 05 21 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35223 PCB

0020 02
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M0068 0002 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA US 71 MATRIX WATER PARAMETER PESTICIDES PCRs PESTICIDES

01F1665920066

0022

00166

02

JACOBS LAB CH2M HILL SDG 35235 PCB

M0068 0002 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35251 PCB

0020 02

M0068 0002 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35520 PCB

0018 022

M0068 000280 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 93 MATRIX WATER PARAMETER PESTICIDESPCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 350 PCB

0016 022

M0068 000281 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35533 PCB

0016 022

M0068 000282 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35531 PCB

0016 022

M0068 000283 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35539 PCB

001 022

M0068 000284 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOC SOUTHWEST DIVISION

DATA 05 21 93 MATRIX SOIL PARAMETER VOLATILES

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35091

0023 02

M0068 000285 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES SOUTHWEST DIVISION

DATA 05 21 93 MATRIX SOIL PARAMETER PESTICIDES\PCBs PCB

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 350

0020 02

M00o81 00W80 11 94 yLANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES SOUTHWEST DIvISION

DATA 05 21 93 MATRIX SOIL PARAMETER PESTICIDES\PCBs PCB

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35091

0021 022
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M0068 00028 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA US 71 MATRIX WATER PARAMETER CYANIDE CYANIDE

01F1665920066

0023

00166

02

JACOBS LAB CH2M HILL SDG 33683

M0068 000288 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 JACOBS LAB CH2M HILL SDG 35104

0013 022

M0068 000289 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 05 21 93 MATRIX WATER SOIL PARAMETER PESTICIDES\PCBs PESTICIDES

01F1665920066 00166 JACOBS LAB CH2MHILL SDG 35104 PCB

0026 02

M0068 000290 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD DATA SOUTHWEST DIVISION

DATA UD 93 MATRIX SOIL PARAMETER TCL METALS MOL\BDENIiM METALS

01F1665920066 00166 JACOBS LAB CH2MHILL SDG 35091

002 022

M0068 000363 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35502

0029 02

M0068 000364 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 353

0012 022

M0068 000365 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34681

0013 022

M0068 000366 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35520

0012 022

M0068 00036 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35531

0013 022

M00o8 0003o8 UD 11 94 yLANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD vOC

DATA 05 21 93 MATRIX SOIL PARAMETER VOLATILES

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 350

0019 022
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M006S1 UUR69 US 11 94 QI ANTA EX DATA VA IDATION REPORT FOR MCR CAMP PEND ETON ADMIN RECORD WATER

DATA
01F1665920066

0022

05 21 93

00166

02

MCB CAMP PENDLETON

MATRIX WATER PARAMETER VOLATILES

LAB CH2M HILL SDG 35502

VOC

M0068 0003 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35502

0020 02

M0068 0003 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35518

0021 022

M00o8 0003 GD 11 94 yLANTALEX DATA vALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35491

0021 022

M0068 0003 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC

01F166S920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 354

0021 022

M0068 0003 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 354

0019 022

M0068 0003 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 354

0019 022

M0068 0003 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3411

001 022

M0068 0003 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35326

0022 02

M0068 0003 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 353

0023 02
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M0068 0003 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA US 71 MATRIX WATER PARAMETER VU AT ES VUC

01F1665920066

0019

00166

022

MCB CAMP PENDLETON LAB CH2M HILL SDG 35441

M0068 000380 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35458

0020 02

M0068 000381 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35531

0018 022

M0068 000382 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 93 MATRIX WATER PARAMETER OLATILES OC

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 350

0019 022

M0068 000383 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER SOIL PARAMETER VOLATILES VOC
01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35104

0026 02

M0068 000384 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35533

0018 022

M0068 000385 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER VOLATILES VOC

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35540

0019 022

M0068 000386 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35491

0012 022

M0068 000412 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35520

0023 02

M00o8 000413 GD 11 94 yIJANTALEX DATA vALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 21 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35518

0029 02
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M0068 000414 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA US 71 MATRIX WATER PARAMETER SEMIVO AT ES SO VENTS

01F1665920066

0028

00166

02

MCB CAMP PENDLETON LAB CH2M HILL SDG 354

M0068 000415 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 354

0022 02

M0068 000416 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 354

0022 02

M0068 00041 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA UD 93 MATRIX WATER PARAMETER SEMIvOLATILES SOLvENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35458

0023 02

M0068 000418 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35533

0020 02

M0068 000419 05 11 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER SEMIVOLATILES SOLVENTS

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35540

0022 02

M00681 0004 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35502

0012 022

M00681 0004 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER SOIL PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35104

0014 022

M00681 0004 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35326

0013 022

M00o81 0004 GD 94 yLANTALEX DATA vALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 21 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3533

0013 022
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M00681 0004 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA US 71 MATRIX WATER PARAMETER TPH DIESEl TPH

01F1665920066

0013

00166

022

MCB CAMP PENDLETON LAB CH2M HILL SDG 353

M00681 0004 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 353

0012 022

M00681 0004 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 34681

0012 022

M00681 0004 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35520

0012 022

M00681 000480 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH DIESEL TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35531

0013 022

M00681 000481 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35502

0012 022

M00681 000482 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35491

0012 022

M00681 000483 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 35326

0012 022

M00681 000484 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 3533

0013 022

M00o81 00048D UD 94 yLANTALEX DATA vALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 05 21 93 MATRIX WATER PARAMETER TPH GASOLINE TPH

01F1665920066 00166 MCB CAMP PENDLETON LAB CH2M HILL SDG 353

0013 022



DATE 082498 PAGE-uS
MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE

UIC No DOC NO PRC DATE FROM
DOCUMENT TYPE DOC DATE FROM SIGNATURE

CONTRGUID NO CTO NO TO SUBJECT CLASSIFICATION KEY WORDS Site Location

APPROX OF PAGES EPA CAT TO SIGNATURE

M00681 00048 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA US 71 MATRIX WATER PARAMETER TCI METAl SW RORON CYANAIDE METAl

01F1665920066

0029

00166

02

MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 3423

M00681 000488 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TCL METALS W\BORON CYANAIDE METALS

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 353

0030 02

M00681 000489 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TCL METALS W\BORON CYANAIDE METALS

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 3540

002 022

M00681 000490 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 93 MATRIX WATER PARAMETER TCL METALS \BORON Ct ANAIDE METALS

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 35218 CYANIDE

0034 02

M00681 000491 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TCL METALS W\BORON CYANIDE METALS

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 35235 CYANIDE

0032 02

M00681 000492 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TCL METALS W\BORON CYANIDE METALS

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 35251 CYANIDE

0029 02

M00681 000493 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TCL METALS W\BORON CYANIDE METALS

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 35326 CYANIDE

0030 02

M00681 000494 05 12 94 QUANTALEX DATA VALIDATION REPORT MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETERTCL METALS W\BORON CYANIDE METALS

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 3533 CYANIDE

0031 022

M0068 000495 05 12 94 QUANTALEX DATA VALIDATION REPORT FOR MCB CAMP PENDLETON ADMIN RECORD WATER
DATA 05 21 93 MATRIX WATER PARAMETER TCL METALS W\BORON CYANIDE METALS

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB CH2M HILL SDG 35352 CYANIDE

0028 02

M00o81 00W99 UD 11 94 WESTON MANAuERS LABORATOR\ REPORT FOR IT CORP CLP SEMIvOLATILES ADMIN RECORD SOLvENTS SOUTHWEST DIvISION

DATA 05 26 93 ROY WESTON ANALYSIS SDG W2 RFW 9304S68 930SS 00

000000000000000 00166 IT CORPORATION

06 022
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M0068 000300 05 11 94 WESTON MANAGERS LABORATORY REPORT FOR IT CORP DIOXION EED ADMIN RECORD HPCDD SOUTHWEST DIVISION

DATA US ROY WESTON RFW QThSS

000000000000000

023

00166

022

IT CORPORATION

M0068 000302

DATA
01F1665920066

0019

05 11 94

05 28 93

00166

022

QUANTALEX

MCB CAMP PENDLETON

DATA VALIDATION REPORT FOR MCB CAMP PENDLETON

MATRIX WATER PARAMETER VOLATILES LAB CH2M HILL

SDG 35539

ADMIN RECORD WATER
VOC

SOUTHWEST DIVISION

M0068 001224

DATA

0059

05 94

06 01 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILES RFW 9305 41

ADMIN RECORD VOALTILES

M0068 001289

DATA

0213

05 94

Do 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

PURuEABLE PETROLEUM H\ DROCARBON ANAL\ SES SDu 818

RFW 9305S 59305S 93055 98 935S804 9305S812

ADMIN RECORD TPH

M0068 001290

DATA

0213

05 94

06 02 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS SDG W2

RFW 9304S68 93055 00

ADMIN RECORD TPH

M0068 001291

DATA

0196

05 94

06 02 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

PURGEABLE HALOCARBONS ANALYSIS SDG W2

RFW 9304S68 93055 00

ADMIN RECORD DATA

M00681 002332

DATA

000000000000000

0019

21 94

06 02 93

00166

022

CH2M HILL

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS SEMIVOLATILES

SDG 35531

ADMIN RECORD WATER
SEMIVOLATILES

M0068 002481

DATA

01F1665920066

0013

08 09 94

06 02 93

00166

022

QUANTLEX

MCB CAMP PENDLETON

MCB CAMP PENDLETON MATRIX WATER PARAMETER
TPH GASOLINE LAB CH2M HILL SDG 35539

ADMIN RECORD WATER
TPH

SOUTHWEST DIVISION

M0068 00248

DATA
01F1665920066

0012

08 10 94

06 02 93

00166

022

QUANTLEX

MCB CAMP PENDLETON

MCB CAMP PENDLETON MATRIX WATER PARAMETER
TPH GASOLINE LAB CH2M HILL

SDG 35540

ADMIN RECORD WATER
TPH

SOUTHWEST DIVISION

M00o81 00488

DATA
01F1665920066

0012

08 1094

06 02 93

00166

022

yLANTLEX

MCB CAMP PENDLETON

MCB CAMP PENDLETON MATRIX WATER PARAMETER

TPH GASOLINE LAB CH2M HILL

SDG 3540

ADMIN RECORD WATER

TPH

SOUTHWEST DIvISION
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M00681 002489 08 10 94 QUANTLEX MCB CAMP PENLETON DATA VALIDATION REPORT ADMIN RECORD WATER SOUTHWEST DIVISION

UIC No DOC NO

DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

PRC DATE

DOC DATE

CTO NO
EPA CAT

Site Location

DATA

01F1665920066

0012

06 02 93

00166

022

MCB CAMP PENDLETON

MATRIX WATER PARAMETER TPH GASOLINE LAB
CHM HILL

SDG 35352

TPH

DATA

M00681 002490 08 10 94 QUANTLEX MCB CAMP PENLETON DATA VALIDATION REPORT ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 06 02 93
MATRIX WATER PARAMETER TPH GASOLINE LAB

TPH
CH2M HILL

01F1665920066 00166 MCB CAMP PENDLETON SDG 350 DATA

0012 022

M00681 002491 08 10 94 QUANTLEX MCB CAMP PENDLETON DATA VALIDATION REPORT ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 06 02 93
MATRIX WATER PARAMETER TPH GASOLINE LAB TPH
CH2M HILL

01F1665920066 00166 MCB CAMP PENDLETON SDG 354 DATA

0012 022

M00681 002492 08 10 94 QUANTLEX MCB CAMP PENDLETON DATA VALIDATION REPORT ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 06 02 93
MATRIX WATER PARAMETER TPH GASOLINE LAB

TPH
CH2M HILL

01F1665920066 00166 MCB CAMP PENDLETON SDG 354 DATA

0012 022

M00681 002493 08 10 94 QUANTLEX MCB CAMP PENDLETON DATA VALIDATION REPORT ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 06 02 93
MATRIX WATER PARAMETER TPH GASOLINE LAB

TPH
CH2M HILL

01F166S920066 00166 MCB CAMP PENDLETON
SDG 354

DATA

0013 022

M00681 002494 08 10 94 QUANTLEX MCB CAMP PENDLETON DATA VALIDATION REPORT ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 06 02 93
MATRIX WATER PARAMETER TPH GASOLINE LAB

TPH
CH2M HILL

01F1665920066 00166 MCB CAMP PENDLETON
SDG 35458

DATA

0013 022

M00681 002495 08 10 94 QUANTLEX MCB CAMP PENDLETON DATA VALIDATION REPORT ADMIN RECORD PESTICIDES SOUTHWEST DIVISION

DATA 06 02 93
PARAMETER ORGANOINTROGEN PESTICIDE LAB ESE WATER

01F1665920066 00166 MCB CAMP PENDLETON
SDG G2 55 G2 581 G2 664 G2 18

DATA

0041 02

M00681 002496 08 10 94 QUANTLEX MCB CAMP PENDLETON DATA VALIDATION REPORT ADMIN RECORD PESTICIDES SOUTHWEST DIVISION

DATA 06 02 93
PARAMETER CARBAMATE UREA PESTICIDE LAB ESE DATA
SDG G2 393 G2 423 G2 468 G2 593

01F1665920066 00166 MCB CAMP PENDLETON

0044 022

M00681 00249 08 10 94 QUANTLEX MCB CAMP PENDLETON DATA VALIDATION REPORT ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 06 02 93
MATRIX WATER PARAMETER TPH DIESEL LAB CH2M DATA
HILL

01F1665920066 00166 MCB CAMP PENDLETON
SDG 35533

TPH

0013 022

M00681 002498 08 10 94 QUANTLEX MCB CAMP PENDLETON DATA VALIDATION REPORT ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 06 02 93
MATRIX WATER PARAMETER TPH DIESEL LAB CH2M DATA
HILL

01F1665920066 00166 MCB CAMP PENDLETON
SDG 35352

TPH

0012 022
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M00681 002499 08 10 94 QUANTLEX MCB CAMP PENDLETON DATA VALIDATION REPORT ADMIN RECORD WATER SOUTHWEST DIVISION

UIC No DOC NO

DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

PRC DATE

DOC DATE

CTO NO
EPA CAT

Site Location

DATA

01F1665920066

0012

06 02 93

00166

022

MCBCAMPPENDLETON

MATIRX WATER PARAMETER TPH DIESEL LAB CH2M
HILL

SDG 35518

DATA

TPH

M00681 002500

DATA

01F1665920066

08 10 94

06 02 93

00166

QUANTLEX

MCB CAMP PENDLETON

MCB CAMP PENDLETON DATA VALIDATION REPORT

MATRIX WATER PARAMETER TPH DIESEL LAB CH2M
HILL

SDG 354

ADMIN RECORD WATER

TPH

DATA

SOUTHWEST DIVISION

0012 022

M00681 002501

DATA

01F1665920066

08 10 94

06 02 93

00166

QUANTLEX

MCB CAMP PENDLETON

MCB CAMP PENDLETON DATA VALIDATION REPORT

MATRIX WATER PARAMETER TPH DIESEL LAB CH2M
HILL

SDG 35539

ADMIN RECORD WATER

DATA

TPH

SOUTHWEST DIVISION

0013 022

M00681 002502

DATA

01F16659220066

08 10 94

06 02 93

00166

QUANTLEX

MCB CAMP PENDLETON

MCB CAMP PENDLETON DATA VALIDATION REPORT

MATRIX WATER PARAMETER TPH DIESEL LAB CH2M
HILL

SDG 35540

ADMIN RECORD WATER

DATA

TPH

SOUTHWEST DIVISION

0012 022

M00681 002503

DATA

01F166S920066

08 10 94

06 02 93

00166

QUANTLEX

MCB CAMP PENDLETON

MCB CAMP PENDLETON DATA VALIDATION REPORT

MATRIX WATER PARAMETER TPH DIESEL LAB CH2M
HILL

SDG 3542

ADMIN RECORD WATER

TPH

DATA

SOUTHWEST DIVISION

0013 022

M00681 002504

DATA

01F1665920066

08 10 94

06 02 93

00166

QUANTLEX

MCB CAMP PENDLETON

MCB CAMP PENDLETON DATA VALIDATION REPORT

MATRIX WATER PARAMETER TPH DIESEL LAB CH2M

HILL

SDG 350

ADMIN RECORD WATER

TPH

DATA

SOUTHWEST DIVISION

0012 022

M00681 002505

DATA

01F1665920066

08 10 94

06 02 93

00166

QUANTLEX

MCB CAMP PENDLETON

MCB CAMP PENDLETON DATA VALIDATION REPORT

MATRIX WATER PARAMETER TPH DIESEL LAB CH2M

HILL

SDG 354

ADMIN RECORD WATER

TPH

DATA

SOUTHWEST DIVISION

0013 022

M0068 001293

DATA

05 94

06 03 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS SEMIVOLATILE ANALYSIS SDG W2 92

RFW 9305S 01 9305S 25 9305S 63

ADMIN RECORD SEMIVOLATILES

0634 02

M0068 00129 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TEH

DATA

0252

06 93

00166

02

IT CORPORATION

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2 92

RB\ 9305S 01 935S 9305S 63

M0068 001298 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILE

DATA 06 93

00166 IT CORPORATION

CLP GCMS SEMIVOLATILE ANALYSIS SDG W2818

RFW 9305S 59305S 93055 98 93055804 93055812

0520 02
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DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

M00681 001300

DATA

PRC DATE

DOC DATE

CTO NO
EPA CAT

052 94

060 93

00166

WESTON MANAGERS

IT CORPORATION

FROM
FROM SIGNATURE

TO SUBJECT CLASSIFICATION KEY WORDS
TO SIGNATURE

ADMIN RECORD VOLATILES

Site Location

0502 02

M0068 001294 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 06 08 93
CLP GCMS VOLATILE ANALYSIS SDG W2836 RFW

00166 IT CORPORATION
93055820 93055828 93055842 9305S851 93055858

93055866

0453 02

M0068 001295 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 06 08 93

00166 IT CORPORATION

CLP GCMS VOLATILE ANALYSIS SDG W2818 RFW
93055 59305S 93055 98 93055804 93055812

0430 02

M0068 001296 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 06 08 93

00166 IT CORPORATION

HERBICIDES ANALYSIS SDG W2 92 RFW 93055 63

0150 022

M0068 001299 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TEH

DATA 06 08 93

00166 IT CORPORATION

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2818

RFW 93055 59305S 93055 98 93055804 93055812

0216 02.2

M0068 001125 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 06 10 93 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCB TFH PCB

35 81 IT CORPORATION
HERBICIDES METALS

TFH

0408 02 DAVE MARK

HERBICIDES

MET LS

VOLATILES

SEMI VOLATILES

M0068 001126 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 06 10 93 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCB SEMIVOLATILES

35848 IT CORPORATION
METALS

PESTICIDES

0216 022 DAVEMARK

PCB

METALS

M0068 001231 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 06 10 93

00166 IT CORPORATION

CLP SEMIVOLATILES ANALYSIS SDG W2858 RFW

93055843 93055852 9305585

0821 022

M0068 001248 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 06 10 93

00166 IT CORPORATION

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG

W2 RFW 9304568 93045 00

0364 02
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M0068 0012 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 06 10 93
CLP GCMS VOLATILES ANALYSIS SDG W2858 RFW

0492

00166

02

IT CORPORATION

M0068

DATA

001234 05 94

11 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS SDG W2818 RFW 9305S

9305S 93055 98 9305S804 9305S812

ADMIN RECORD HERBICIDE

033 022

M0068 001236 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 06 11 93

00166 IT CORPORATION

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG

W2 92RFW 9305S 01 9305S 63

035 022

M0068 00123 05 94 WESTON MANGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 06 11 93

00166 IT CORPORATION

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG

W2818 RFW 9305S 59305S 93055 98 9305S804

9305S812

0321 022

M0068 001249 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 06 11 93

00166 IT CORPORATION

CLP GCMS VOLATILE ANALYSIS SDG W2890 RFW
9305S8 9305S8 9305S891

0505 02

M0068 001233 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 06 15 93

00166 IT CORPORATION

VOLATILE PURGEABLE PETROLEUM HYDROCARBONS

ANALYSIS SDG W2 92 RFW 9305S 01 9305S 25

9305S 63

VOLATILES

0252 02

M0068

DATA

001235 05 94

06 16 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP INORGANIC METALS AND CYANIDE ANALYSIS

SDG W2 92 RFW 9305S 01 9305S 25 9305S 63

ADMIN RECORD lOG

METALS

CYANIDE

0563 02

M0068 001238 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TEH

DATA 06 16 93

00166 IT CORPORATION

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2858 RFW 9305S843 9305S852 9305S85

0249 02

M0068 001239 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 06 16 93

00166 IT CORPORATION

INORGANICS ANALYSIS SDG W2 92 RFW 9305S 01
9305S 25 9305S 63

0160 022

M0068 001263 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA

0356

06 93

00166

02

IT CORPORATION

CLP ORGANICHLORINE PESTICIDES ANALYSIS SDG

W2836 RFW 9305S820 9305S828 9305S842 9305S851

9305S858

010c5841 QlOcSgc2 QlOcSgc
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M0068 002404 22 94 CH2M HILL MATRIX WATER ADMIN RECORD WATER

DATA 06 93
PARAMETERS TPH-DIESEL

FUEL
SDG

0010

166

022

MCB CAMP PENDLETON

M0068

DATA

001241 05 94

06 18 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP INORGANIC METALS ANALYSIS SDG W2 RFW
9304S68 9304S 00

ADMIN RECORD lOG

METALS

03 022

M0068

DATA

001240 05 94

06 19 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2890 RFW 9305S8 9305S8 89305S891

ADMIN RECORD THE

018 022

M0068

DATA

0258

001242 05 94

06 19 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2836 RFW 9305S820 9305S828 9305S842

9305S851 9305S858

ADMIN RECORD TEH

M0068

DATA

02

001243 05 94

06 19 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PURGEABLE PETROLEUM HYDROCARBONS

ANALYSIS SDG W2836 RFW 9305S820 9305S828

9305S842 9305S851

ADMIN RECORD VOLATILES

TPH

M0068

DATA

001244 05 94

06 19 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS SDG W2836 RFW 9305S820

9305S828 9305S842 9305S851 9305S858 9305S866

ADMIN RECORD HERBICIDE

0385 022

M0068

DATA

001246 05 94

06 19 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS SEMIVOLATILE ANALYSIS SDG W2836

RFW 9305S820 9305S828 9305S842 9305S851 9305S858

ADMIN RECORD SEMIVOLATILE

063 022

M0068

DATA

0230

001245 05 94

06 21 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2905 RFW 9305S8 9305S889 9305S902

9305S904

ADMIN RECORD TEH

M0068

DATA

00124 05 94

06 21 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS VOLATILE ANALYSIS SDG W2905 RFW

9305S8 9305S889 9305S904

ADMIN RECORD VOLATILE

0449 02

M0068

DATA

0263

001250 05 94

06 21 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG

W2905 RFW 9305S8 99305S8899305S902

ADMIN RECORD PESTICIDES
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VOLATILE PETROLEUM HRDOCARBONS ANALYSIS

SDG \\ 88 RF\\ 010c5841 QlUcSgc QlUcSgc

0101

00166

022

IT CORPORATION

M0068

DATA

001253 05 94

06 21 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS SDG W2905 RFW 9305S8

9305S889

9305S902

ADMIN RECORD HERBICIDE

023 022

M0068 001254 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA

0391

06 21 93

00166

022

IT CORPORATION

CLP GCMS VOLATILE ANALYSIS SDG W2926 RFW

9306S011

9306S024 9306S030 9036S03 93065044 9306S050

ADMIN RECORD VOLATILES

M0068 001262 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 06 22 93

00166 IT CORPORATION

CLP INORGANIC METALS ANALYSIS SDG W2818

RFW 9305S 59305S 93055 98 9305S804 9305S812
METALS

0332 02

M0068 001264 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 06 22 93

00166 IT CORPORATION

INORGANIC WET CHEMISTRY ANALYSIS SDG W2818

RFW 9305S 59305S 93055 98 9305S804 9305S812

0198 022

M0068 000920 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 06 23 93

00166 IT CORPORATION

CLP GC MS SEMIVOLATILE ANALYSIS SDG W2890

RFW 9305S8 930558 9305S891

0608 02

M0068

DATA

000921 05 18 94

06 23 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS SEMIVOLATILE ANALYSIS SDG W2945

RFW 9306S051 9306S058 9306S059 9306S060 9306S068

ADMIN RECORD SEMIVOLATILES

0464 02

M0068

DATA

00092 05 18 94

06 23 93

00166

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS SEMIVOLATILE ANALYSIS SDG W2905

RFW 9305S8 9305S889 9305S902 9305S904

ADMIN RECORD SEMIVOLATILES

0522 02

M0068 001261 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 06 23 93

00166 IT CORPORATION

VOLATILE PETROLEUM HYDROCARBONS ANALYSIS

SDG W2890 RFW 9305S8 930558 89305S891

TPH

0269 02

M0068 0012 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA

0395

06 23 93

00166

02

IT CORPORATION

CLP GCMS VOLATILE ANALYSIS SDG W2945 RFW

9306S051 9306S058 9306S059 9306S060 9306S068

M00681 001251

DATA

05 94 WESTON MANAGERS

06 21 93

LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

VOLATILES
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M0068 000913 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 06 25 93 CLP INORGANIC METALS ANALYSIS SDG W2836 lOG

00166 IT CORPORATION RFW 9305S820 9305S828 9305S842 9305S851 9305S858

033 022

M0068

DATA

0350

000916 05 18 94

06 25 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANIC WET CHEMISTRY ANALYSIS

SDG W2836 RFW 9305S820 9305S828 9305S842

9305S851

ADMIN RECORD lOG

M0068

DATA

0330

00091 05 18 94

06 25 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PETROLEUM HYDROCARBONS ANALYSIS

SDG W2905 RFW 9305S8 99305S8899305S902

9305S904

ADMIN RECORD VOLATILE

M0068

DATA

051

00090 05 18 94

06 28 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS SEMIVOLATILES ANALYSIS

SDG W2926 RFW 9306S011 9306S024 9306S030

9306S03

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0234

000914 05 18 94

062893

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOA
RFW 9306S224

ADMIN RECORD VOA

M0068

DATA

0360

000915 05 18 94

06 28 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

SEMIVOLATILES

RFW 9306S224

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0084

000918 05 18 94

06 28 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILES

RFW 9306S224

ADMIN RECORD VOLATILES

M0068

DATA

0112

000919 05 18 94

06 28 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

DIESEL FUEL

RFW 9306S224

ADMIN RECORD DIESEL FUEL

M0068

DATA

0224

000928 05 18 94

06 28 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

PESTICIDES PCBs

RFW 9306S224

ADMIN RECORD PESTICIDES

PCB

M0068

DATA

0223

000929 05 18 94

062893

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

WATER

RFW 9306S224

ADMIN RECORD WATER
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M0068 000910 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 06 29 93 VOLATILE PETROLEUM HYDROCARBONS ANALYSIS

SDG W2926

00255

00166

02

IT CORPORATION RFW 9306S01 19306S0249306S0309306S03 93065044

M0068

DATA

00352

000933 05 18 94

06 29 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP INORGANIC METALS ANALYSIS SDG W2890 RFW
9305S8

905S8 89305S891

ADMIN RECORD lOG

METALS

M0068

DATA

0229

00093 05 18 94

06 29 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS SDG

W2926

RFW 9306S01 19306S0249306S0309306S03 93065044

ADMIN RECORD TEH

M0068

DATA

0383

000938 05 18 94

062993

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS SDG W2926 RFW 9306S011

9306S024

9306S030 9306S03 9306S0449306S050

ADMIN RECORD HERBICIDE

M0068

DATA

0320

000932 05 18 94

06 30 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP INORGANIC METALS ANALYSIS SDG W2926 RFW
9306S011

9306S024 9306S030 9306S03 93065044 9306S050

ADMIN RECORD lOG

METALS

M0068

DATA

0256

000934 05 18 94

06 30 93

00km

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANIC WET CHEMISTRY ANALYSIS SDG W2890

RFVv 9o0o501 930o508 930o509 930o50o0 930o50o8

ADMIN RECORD lOG

M0068

DATA

0151

000935 05 18 94

06 30 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INOGRANIC ANALYSIS SDG W2905 RFW 9305S8

9305S889 9305S902 9305S904

ADMIN RECORD lOG

M0068

DATA

0255

000955 05 18 94

06 30 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

INORGANIC WET CHEMISTRY SDG W2926

RFW 9306S0119306S0249306S0309306S03 93065044

ADMIN RECORD lOG

M0068

DATA

00

000908 05 18 94

01 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

DIESEL FUEL

W2926 RFW 99306S258

ADMIN RECORD DIESEL FUEL

M0068

DATA

0061

000909 05 18 94

01 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILES

RFW 9306S258

ADMIN RECORD VOLATILES
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M0068 000911 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 01 93 INORGANICS

00166 IT CORPORATION RFW 9306S258

0160 022

M0068

DATA

0161

000912 05 18 94

01 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

PESTICIDES\PCBs

RFW 9306S258

ADMIN RECORD PESTICIDES

PCB

M0068

DATA

0203

000930 05 18 94

01 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

SEMI VOLATILES

RFW 9306S258

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0093

000931 05 18 94

Ui 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERRICIDES

RFW 9306S258

ADMIN RECORD HERBICIDE

M0068

DATA

0430

000939 05 18 94

01 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP INORGANICS METALS ANALYSIS SDG W2905 RFW
9305S8 99305S8899305S9029305S904

ADMIN RECORD lOG

METALS

M0068

DATA

038

000940 05 18 94

01 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP INORGANICS METALS ANALYSIS SDG W2858 RFW

9305S843 9305S852 9305S85

ADMIN RECORD lOG

METALS

M0068

DATA

0351

000941 05 18 94

ul 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP uRuANuCHuRINE PEsTICIDEs ANAL sls sDu

W2926

RFW 9306S011 9306S024 9306S030 9306S03 93065044

ADMIN RECORD PESTICIDES

M0068

DATA

0504

000925 05 18 94

02 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS VOLATILE ANALYSIS SDG W2960 RFW

9306S06 RFW 9306S0 9306S0 9306S0 9306S080

9306S091

ADMIN RECORD VOLATILES

M0068

DATA

0526

000936 05 18 94

02 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GC MS SEMIVOLATILES ANALYSIS SDG W2960

RFW 9306S06 930650 09306S0 89306S0 99306S080

ADMIN RECORD SEMIVOLATILES

M0068

DATA
35908

0244

0009 05 18 94

02 93

00166

022

WESTON MANAGERS

IT CORPORATION

ANALYTICAL DATA FOR MCB CAMP PENDLETON

TFH VOLATILES SEMIVOLATILES PESTICIDES PCB

HERBICIDES

ADMIN RECORD TFH

VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

HERBICIDE



DATE 08 2498 PAGE 126

MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE
UIC No DOC NO PRC DATE FROM
DOCUMENT TYPE DOC DATE FROM SIGNATURE

CONTRGUID NO CTO NO TO SUBJECT CLASSIFICATION KEY WORDS Site Location

APPROX OF PAGES EPA CAT TO SIGNATURE

M0068 000922 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 06 93 TOTAL PURGEABLE PETROLEUM ANALYSIS SDG

00166 IT CORPORATION W2945 RFW 9306S501 9306S058 9306S059 9306S060

022 02 9306S068

M0068 000923 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TEH

DATA 06 93 TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

00166 IT CORPORATION SDG W2945 RFW 9306S501 9306S058 9306S059

0189 022 9306S060 9306S068

M0068 000924 05 18 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 06 93 GCMS VOLATILES ANALYSIS SDG W2984 RFW
00166 IT CORPORATION 9306S103 RFW 9306S119 9306S120 9306S135 9306S136

0428 022 9306S13

M0068 001192 05 26 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 0693 HFRRICIDFS ANAl YSIS SDG W294S RFW 9306S0S1

00166 IT CORPORATION 9306S058 9306S059

0389 022

M0068 001196 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 06 93 ORGANOCHLORINE PESTICIDES ANALYSIS SDG 2945

00166 IT CORPORATION RFW 9306S051 9306S058 9306S059

0252 02

M0068 00119 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD TPH

DATA 06 93 TOTAL PURGEABLE PETROLEUM ANALYSIS SDG 2960

00166 IT CORPORATION RFW 9306S06 930650 09306S0 89306S0 99306S080

0224 02

M0068 001198 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA uô 93 METALs ANALsIs sDu 294 RFW 93ucjswl 93ucjswS

00166 IT CORPORATION 9306S059 9306S060 9306S068

0311 022

M0068 001199 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES SOUTHWEST DIVISION

DATA 06 93
GCMS VOLATILES ANALYSIS SDG W3004 RFW

000000000000000 00166 IT CORPORATION
9306S163 9306S164 9306S180 9306S181 9306S182

9306S192 9306S205

0409 02

M0068 001191 05 26 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 93 GCMS SEMIVOLATILES ANALYSIS SDG W2984 RFW

00166 IT CORPORATION 9306S103 9306S119 9306S120 9306S135 9306S136

0506 022 9306S13

M0068 001195 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 93
HERBICIDES ANALYSIS SDG W2960 RFW 9306S06

00166 IT CORPORATION
9306S0 09306S0 89306S0 89306S0 99306S91

9306S102

032 022
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M0068 001202 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 08 93 INORGANICS WET CHEMISTRY SDG W2960 RFW

00166 IT CORPORATION 9306S06 930650 09306S0 89306S0 99306S080

0265 022 9306S091 9306S102

M0068 001200 05294 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON

DATA 12 93 HERBICIDES ANALYSIS SDG W2984 RFW 9306S 103

000000000000000 00166 IT CORPORATION 9306S135

0249 02

M0068 001204 05294 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON

DATA 12 93 INORGANIC RFW 9306S14

00166 IT CORPORATION

003 022

M0068 05294 WESTON MANAGERS

DATA 1293

00166 IT CORPORATION

0203 02

M0068 05294 WESTON MANAGERS
DATA 1293

00166 IT CORPORATION

0156 022

M00681 05 25 94 CH2M HILL

DATA 13 93 PEGGY NORTON
3596 00166 IT CORPORATION

0232 02 DAVE MARK

001205 LABORATORY REPORT FOR MCB CAMP PENDLETON

VU AT PETROl El HYDROCARRONS ANAl YSIS

SDG W2984

RFW 9306S1039306S119 9306S120 9306S135 9306S136

ADMIN RECORD TPH

Vol AT ES

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG

2984

RFW 9306S103

ADMIN RECORD PESTICIDES

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES PESTICIDES PCBs TFH
METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

TFH

METALS

M0068

DATA
35926

0242

001154 05 25 94

13 93

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH PESTICIDES PCBs
METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

PESTICIDES

PCB

METALS

M0068

DATA
35914

0316

00115 05 25 94

13 93

00166

022

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVEMARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH PESTICIDES PCBS
METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

PESTICIDES

PCB

HERBICIDE

ADMIN RECORD SOUTHWEST DIVISION

ADMIN RECORD lOG
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M0068 001158 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 13 93 PEGGY NORTON VOLATILES SEMIVOLATILES TFH PESTICIDES PCBs SEMIVOLATILES

35945 00166 IT CORPORATION METALS TFH

02 022 DAVEMARK
PESTICIDES

PCB

METALS

M0068

DATA

35901

029

001159 05 25 94

13 93

00166

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH PESTICIDES PCBs

METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

PESTICIDES

PCB

METALS

M0068

DATA
35934

0380

001160 05 25 94

13 93

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH PESTICIDES PCBs

METALS

ADMIN RECORD VOLATILES

SEMIVOLATILES

TFH

PESTICIDES

PCB

METALS

M0068

DATA
35966

0960

0011 05 25 94

13 93

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES TFH PESTICIDES PCBs

ADMIN RECORD VOLATILES

SEMIVOLATILES

PESTICIDES

PCB

MuuôSl

DATA

009

uul2ul

13 93

00166

022

WEsTuN MANAuERs

IT CORPORATION

LABuRATuR REPuRT FuR MCB CAMP PENDLETuN

CLP GCMS VOLATILE ANALYSIS SWG W3030 RFW

9306S258

ADMIN RECuRD vuLATILEs

M0068

DATA

0202

001203 05 94

13 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS VOLATILES ANALYSIS SDG W3020 RFW

9306S193 99306S194 9306S225

ADMIN RECORD VOLATILES

M0068

DATA

0252

001206 05 94

13 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2960

RFW 9306S06 930650 09306S0 89306S0 99306S080

ADMIN RECORD TEH

M0068

DATA

0239

001209 05 94

13 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W2984

RFW 9306S1039306S119 9306S120 9306S135 9306S136

ADMIN RECORD TEH
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M0068 0011 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 14 93 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCBs SEMIVOLATILES

35984 00166 IT CORPORATION PESTICIDES

0966 02 DAVE MARK

PCB

M0068 0011 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 14 93 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCBs SEMIVOLATILES

35985 00166 IT CORPORATION TFH METALS PESTICIDES

0280 02 DAVE MARK
PCB

TFH

METALS

M0068 001225 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 1493

00166 IT CORPORATION

CLP INORGANICS METALS ANALYSIS SDG W2960

RFW 9306S06 930650 09306S0 89306S0 99306S080

METALS

0412 022

M0068 001226 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 15 93

00166 IT CORPORATION

CLP INORGANICS METALS ANALYSIS SDG W2984

RFW 9305S1039305S119 9306S120 9306S135 9306S136

METALS

022 022

M0068 001228 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 15 93

00166 IT CORPORATION

GC MS SEMI VOLATILE ANALYSIS SDG W3020 RFW
9306S193 9306S194 9306S225

0210 022

M0068 001229 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 15 93

00166 IT CORPORATION

CLP INORGANICS WET CHEMISTRY ANALYSIS SDG

2984

0328 022 RFW 9306S103 9306S119 9306S120 9306S135 9306S136

M0068 001265 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 15 93

00166 IT CORPORATION

CLP GCMS SEMIVOLATILE ANALYSIS SDG W3004

RFW 9306S163 9306S164 9306S180 9306S181 9306S182

041 022

M0068 00112 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 16 93 PEGGY NORTON VOLATILES SEMIVOLATILES TFH METALS SEMIVOLATILES

36008 IT CORPORATION TPH

0303 02 DAVE MARK

M0068 001266 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD
METALS

PESTICIDES

DATA

0294

19 93

00166

02

IT CORPORATION

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG

W2960

RFW 9306S06 930650 09306S0 89306S0 99306S091
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M0068 00126 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 20 93 VOLATILE PETROLEUM HYDROCARBONS ANALYSIS TPH

00166 IT CORPORATION SDG W3004RFW 9306S163 9306S164 9306S181 9306S182

0231 022

M0068 001269

DATA

039

05 94

20 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP INORGANIC METALS ANALYSIS SDG W3004

RFW 9306S163 9305S164 9306S180 9306S181 9306S182

ADMIN RECORD lOG

METALS

M0068 001268

DATA

0318

05 94

21 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

WET CHEMISTRY ANALYSIS SDG W3004

RFW 9306S163 9306S164 9306S180 9306S181 9306S182

ADMIN RECORD DATA

M0068 0012

DATA

0205

05 94

21 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HFRRICIDFS ANAl YSIS SDG W3004 RFW 93065164

9305S180 9305S182

ADMIN RECORD HERBICIDE

M0068 0012

DATA

0194

05 94

21 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG W3004 RFW 9306S163 9306S164 9306S180

9306S181 9306S182

ADMIN RECORD THE

M0068 001259

DATA

0122

05 94

22 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

VOLATILE PETROLEUM HYDROCARBONS ANALYSIS

SDG W3020

RFW 9306S1939306S1949306S225

ADMIN RECORD TPH

VOLATILES

M0068 001260

DATA

0189

05 94

22 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP uRuANuCHLuRINE PEsTICIDEs ANAL sls sDu

W3004

RFW 9306S164 9306S180 9306S182

ADMIN RECORD PESTICIDES

M00681 002363

DATA

0000000000000000

0026

05 25 94

23 93

00166

02

ESE

MCB CAMP PENDLETON

MATRIX WATER
PARAMETERS GENERAL CHEMISTRY CASE NACPW

G35 14 G36446 G36029 G35 103 G35334 G35 15 G36442

ADMIN RECORD WATER

M0068 0012

DATA

0113

05 94

93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG

W30201 RFW 9306S193 9306S194 9306S225

ADMIN RECORD TEH

M0068 0012

DATA

0269

05 94

93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP INORGANICS METALS ANALYSIS SDG W3020

RFW 9306S193 9306S194 9306S206 9306S225 9306S259

ADMIN RECORD lOG

METALS



DATE 082498 PAGE-131

MCB CAMP PENDLETON ADMINISTRATIVE RECORD FILE INDEX SORTED BY DOC DATE
UIC No DOC NO PRC DATE FROM
DOCUMENT TYPE DOC DATE FROM SIGNATURE

CONTRGUID NO CTO NO TO SUBJECT CLASSIFICATION KEY WORDS Site Location

APPROX OF PAGES EPA CAT TO SIGNATURE

M0068 0012 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 93 HERBICIDES ANALYSIS SDG W3020 RFW 9306S225

00166 IT CORPORATION

0153 022

M0068 0012 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 93

00166 IT CORPORATION

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG

W2984

0193 022 RFW 930 S405 9306S135

M0068 0012 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 93

00166 IT CORPORATION

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG

W3020

0161 022 RFW 9306S225

M0068 0012 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD DATA

DATA 2293

00166 IT CORPORATION

WET CHEMISTRY SDG W3020 RFW 9306S193 9306S194

9306S205 S9306S225 S9306S259

0230 02

M0068 002482 08 09 94 QUANTLEX MCB CAMP PENLETON MATRIX WATER PARAMETER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 28 93 VOLATILES LAB ESE SDG G35398 G3649 VOLATILES

01F1665920066 00166 MCB CAMP PENDLETON

0032 02

M0068 002483 08 09 94 QUANTLEX MCB CAMP PENLETON MATRIX WATER PARAMETER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 28 93 VOLATILES LAB ESE SDG G35939 G35398 G35399
01F1665920066 00166 MCB CAMP PENDLETON G36496

0050 02

M0068 002484 08 09 94 QUANTLEX MCB CAMP PENLETON MATRIX WATER PARAMETER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 28 93
TCL METALs WITH BuRuN CYANIDE AND

01F1665920066 00166 MCB CAMP PENDLETON
MOLYBDENUM SDG G35338 G3610 G35 40 G36332

G35 51 G363 G36336

0063 02

M0068 002485 08 10 94 QUAMTLEX MCB CAMP PENLETON MATRIX WATER PARAMETER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 28 93 TCL METALS WITH BORON CTANIDE AND METALS

01F1665920066 00166 MCB CAMP PENDLETON MOLYBDENUM LAB ESE SDG G36251 G35621 CYANIDE

0051 022

M0068 002486 08 10 94 QUANTLEX MCB CAMP PENLETON MATRIX WATER PARAMETER ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 28 93 TPH GASOLINE TPH DIESEL LAB ESE CASE TPH

01F1665920066 00166 MCB CAMP PENDLETON NACPW8DSDG G35462

0014 022

M0068 001129 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 30 93 PEGGY NORTON VOLATILES SEMIVOLATILES PESTICIDES PCB TFH
METALS

SEMIVOLATILES

36209 IT CORPORATION PESTICIDES

0233 02 DAVE MARK

PCB

TFH

METALS
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M0068

DATA
36234

0332

001139 05 25 94

08 06 93

02

CH2M HILL

PEGGAY NORTON
IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES RFH METALS

PESTICIDES PCB RISK ASSESSMENT

ADMIN RECORD VOALTILES

SEMIVOLATILES

TFH

METAl

PESTICIDES

PCB

RA
M0068

DATA

0112

001280 05 94

08 11 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS SEMIVOLATILE ANALYSIS SDG S3060

RFW 930 S468

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0096

001285 05 94

08 11 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP GCMS VOLATILE ANALYSIS SDG S3060 FRW
9230 S468

ADMIN RECORD VOLATILES

M0068

DATA

00

001284 05 94

uS lô 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TuTALPIRuEABLE PETRuLEIiM HDRuCARBuNs
ANALYSIS

SDG S3060 RFW 930 S468

ADMIN RECORD TPH

M0068

DATA

0145

001283 05 94

08 19 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

HERBICIDES ANALYSIS SDG S3060 RFW 930 S468

ADMIN RECORD HERBICIDE

M0068

DATA

0065

001282 05 94

08 26 93

00166

02

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

TOTAL EXTRACTABLE HYDROCARBONS ANALYSIS

SDG S3060

RFW 930 S468

ADMIN RECORD TEH

M0068

DATA

0159

001281 05 94

08 31 93

00166

022

WESTON MANAGERS

IT CORPORATION

LABORATORY REPORT FOR MCB CAMP PENDLETON

CLP ORGANOCHLORINE PESTICIDES ANALYSIS SDG

S3060

RFW 930 S468

ADMIN RECORD PESTICIDES

001130M00681

DATA

36198

0258

05 25 94

3093

02

CH2M HILL

PEGGY NORTON

IT CORPORATION

DAVE MARK

ANALYTICAL DATA FOR MCB CAMP PENDLETON

VOLATILES SEMIVOLATILES PESTICIDES PCB TFH
METALS

ADMIN RECORD

M0068 00113 05 25 94 CH2M HILL ANALYTICAL DATA FOR MCB CAMP PENDLETON ADMIN RECORD

DATA 08 06 93 PEGGY NORTON VOLATILES SEMIVOLATILES RISK ASSESSMENT

36235 IT CORPORATION RA
0912 022 DAVEMARK

VOLATILES

SEMIVOALITILES

PESTICIDES

PCB

TFH

METALS

VOLATILES

SEMI VOLATILES



001108

001140

001150

CH2M HILL

PEGGAY NORTON
IT CORPORATION

DAVE MARK

CH2M HILL

PEGGY NRTN
IT CORPORATION

DAVE MARK

IT CORPORATION

ADMIN RECORD
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M0068 001292 05 94 WESTON MANAGERS LABORATORY REPORT FOR MCB CAMP PENDLETON ADMIN RECORD lOG

DATA 09 08 93 CLP INORGANIC METALS ANALYSIS SDG S3060 METALS

00166 IT CORPORATION RFW 930 S468

0163 022

M0068 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON HERBICIDE

DATA 09 10 93 SDG CPOO2 HERBICIDE

0166

0295 02

M0068 05 25 94 ANALYTICAL DATA FOR MCB CAMP PENDLETON

DATA 09 93 METALS RISK ASSESSMENT

36562

0322 02

M0068 05 25 94 ANALYTICAL DATA FOR MCB CAMP PENDLETON

DkTk METAt RISK 4SEMENT
36563 00166

032 022

M0068 001091 05 25 94 INORGANIC ANALYSIS DATA SHEET FOR MCB CAMP

DATA 09 22 93 PENDLETON SDG CPOO6 MATRIX SOIL AND WATER
0000000000000000 00000

1385 022

M0068 001149 05 25 94 ANALYTICAL DATA FOR MCB CAMP PENDLETON

DATA 09 24 93 RISK ASSESSMENT PESTICIDES PCBs

36561 00166

0235 02

M0068 0010 05 24 94 CERTIFICATE OF ANALYSIS FOR MCB CAMP

PENDLEION

DATA 10 11 93 SDG CPOO3 TAL METALS CYANIDE AND

MOLYBDENUM

0460

M00681 0010

DATA

0269

M00681 001106

DATA

0120

M00681 00110

DATA

0281

00166

02

CH2M HILL

PEGGY NORTON
IT CORPORATION

DAVE MARK

IT CORPORATION

05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADM IN RECORD PESTICIDES

10 11 93 SDG CPOO2 PESTICIDES AND PCBs PCB

0166

02

ADMIN RECORD METALS

RA

ADMIN RECORD METALS

RA

ADMIN RECORD WATER

lOG

ADMIN RECORD RA

PESTICIDES

PCB

ADMIN RECORD METALS

CYANIDE

05 2494

10 11 93

IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP

PENDLETON

SDG CPOO3 VOLATILE ORGANICS

ADMIN RECORD VOC

00166

02

05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD TFH

10 11 93 SDG CPOO2 GASOLINE FUEL HYDROCARBONS
00166

02
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M0068 001109 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 10 11 93 SDG CPOO2 DIESEL FUEL HYDROCARBONS

0166

0142 022

M0068

DATA

0360

001110 05 25 94

10 11 93

0166

02

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO2 VOLATILE ORGANICS

ADMIN RECORD VOC

M0068

DATA

0696

001111 05 25 94

10 11 93

0166

02

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO2 SEMI VOLATILES ORGANIC

ADMIN RECORD SEMIVOLATILES

M0068

DATA

009

001112 05 25 94

10 11 93

00166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPUU2 METAl RORON CYANIDE AND
MOLYBDENUM

ADMIN RECORD METALS

CYANIDE

M0068

DATA

0838

001069 05 2494

10 12 93

00166

02

IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON

ODG CPOO3 SEMIVOLATILE ORGANICS

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0118

0010 05 2494

10 12 93

00166

022

IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON

SDG CPOO3 GASOLINE FUEL HYDROCARBONS
ADMIN RECORD TFH

M0068

DATA

0122

0010 05 2494

hi 12 93

00166

022

IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON

sDu CPuu3 DIEsEL FUEL DRuCARBuN
ADMIN RECORD TFH

M0068

DATA

0286

0010 05 2494

10 12 93

00166

02

IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON

SDG CPOO3 PESTICIDES AND PCBs

ADMIN RECORD PESTICIDES

PCB

M0068

DATA

080

001119 05 25 94

10 1493

00166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO1 SEMIVOLATILE ORGANICS

ADMIN RECORD SEMIVOLATILES

M0068

DATA

04

001120 05 25 94

10 1493

00166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO1 -0 WATER

ADMIN RECORD WATER
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M0068 001121 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 10 1493 SDG CPOO1 METALS TFH PESTICIDES PCBs TFH

00166 PESTICIDES

04 022

PCB

M0068

DATA

014

001122 05 25 94

10 1493

00166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO1-D GASOLINE FUEL HYDROCARBONS
ADMIN RECPRD TFH

M0068

DATA

0219

001123 05 25 94

10 1493

00166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO 1-E DIESEL FUEL HYDROCARBONS
ADMIN RECORD TFH

M0068

DATA

0850

001124 05 25 94

10 1493

00166

02

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CP00 1-A METALS BORON CYANIDE AND MOLYBDENUM
ADMIN RECORD METALS

CYANIDE

M0068

DATA

1068

001113 05 25 94

10 15 93

00166

02

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO4-O WATER
ADMIN RECORD WATER

M0068

DATA

065

001114 05 25 94

10 15 93

00166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO4-A METALS BORON CYANIDE AND MOLYBDENUM
ADMIN RECORD METALS

CYANIDE

M0068

DATA

08

001115 05 25 94

10 15 93

00166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO4-C SEMIVOLATILE ORGANICS

ADMIN RECORD SEMIVOLATILES

M0068

DATA

0410

001116 05 25 94

10 15 93

0166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO4-N VOLATILE ORGANICS

ADMIN RECORD VOLATILES

M0068

DATA

0148

00111 05 25 94

10 15 93

00166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO4-E DIESEL FUEL HYDROCARBONS
ADMIN RECORD TFH

M0068

DATA

018

001118 05 94

10 15 93

00166

022

IT CORPORATION ANAL\ SIS DATA FOR MCB CAMP PENDLETON

SDG CPOO4-D GASOLINE FUEL HYDROCARBONS
ADMIN RECORD TFH
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M0068 01085 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 10 21 93 SDG CPOO -H HERBICIDES WATER WATER

UUloo

0369 02

M0068 001095 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 10 21 93 SDG CPOO6-H HERBICIDES WATER WATER
00166

0195 022

M0068 001099 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 10 21 93 SDG CPOOS-O WATER

00166

1243 02

M0068 001100 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOC

DATA 10 21 93 SDG CPOOS-N VOLATILE ORGANICS

00166

0480 02

M0068 001101 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 10 21 93 SDG CPOOS-C SEMIVOLATILES

00166

093 022

M0068 001102 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 10 21 93 SDG CPOOS-A METALS BORON CYANIDE AND MOLYBDENUM CYANIDE

0166

042 022

M0068 001105 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD DATA

DATA 10 21 93 SDG CPOO2-O CARBONATE\BICARBONATE

00166

049 022

M0068 001093 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 10 28 93 SDG CPOO6-D GASOLINE FUEL HYDROCARBONS

00166

0162 022

M0068 001094 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 10 28 93 SDG CPOO6-E DIESEL FUEL HYDROCARBONS

0166

0200 02

M0068 001096 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD VOC

DATA 10 28 93 SDG CPOO6-N VOLATILES ORGANICS

00166

0446 02
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ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CPOO6-C SEMIVOLATILES

M0068

DATA

0943

001083 05 2494

10 29 93

00166

02

IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON

SDG CPOO -C SEMIVOLATILE ORGANICS

ADMIN RECORD SEMIVOLATILES

M0068 001084 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 10 29 93 SDG CPOO -O WATER

00166

1056 02

M0068 001086 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 10 29 93 SDG CPU -A METALS BORON CYANIDE AND MOLYBDNUM CYANIDE

00166

0552 02

M0068 00108 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 10 29 93 SDG CPUU -E DIESEL FUEL HYDROCARBONS

00166

0215 022

M0068 001088 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 10 29 93 SDG CPUU -F PESTICIDE AND PCBs PCB

0166

0530 02

M0068 001089 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD VOLATILES

DATA 10 29 93 SDG CPUU -N VOLATILE ORGANICS

00166

050 022

M0068 001090 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 10 29 93 SDG CPUU -D GASOLINE FUEL HYDROCARBONS

00166

0199 022

M0068 001092 05 25 94 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 10 29 93 SDG CPUU6-F PESTICIDES AND PCBs PCB

0166

0235 02

M0068 001103 05 25 94 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 10 29 93 SDG CPUUS-D GASOLINE FUEL HYDROCARBONS

00166

0142 022

UIC No DOC NO
DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

M00681 00109

DATA

PRC DATE

DOC DATE

CTO NO
EPA CAT

05 25 94

10 28 93

UUloo

041 022

IT CORPORATION ADMIN RECORD SEMIVOLATILES

Site Location
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M0068 001104 05 25 94 IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 10 29 93 SDG CPOOS-E DIESEL FUEL HYDROCARBONS

UUloo

0186 022

M0068 001066 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD HERBICIDE

DATA 11 03 93 SDG CPOO9-H HERBICIDES

00166

010 022

M0068 0010 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 11 03 93 SDG CPOO8-H HERBICIDES WATER HERBICIDES

00166

0199 022

M0068 0010 05 2494 IT CORPORATION CERFITICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD WATER

DATA 11 05 93 SDG CPOO8-O WATER

00166

1180 022

M0068 0010 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES

DATA 11 05 93 SDG CPOO8-C SEMI VOLATILE ORGANIC

00166

098 022

M0068 0010 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES

DATA 11 05 93 SDG CPOO8-F PESTICIDES AND PCBs PCB

00166

083 022

M0068 0010 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD VOC

DATA 11 05 93 SDG CPOO8-N VOLATILE ORGANICS

0166

0403 02

M0068 001080 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD METALS

DATA 11 05 93 SDG CPOO8-A METALS BORON CYANIDE AND MOLYBDENUM CYANIDE

00166

0935 02

M0068 001081 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 11 05 93 SDG CPOO8-E DEISEL FUEL HYDROCARBONS

00166

01 022

M0068 001082 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 11 05 93 SDG CPOO8-D GASOLINE FUEL HYDROCARBONS

00166

0185 022
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M00681 001054

DATA

000000000000000

0100

05 2494 IT CORPORATION

111193 DAVEMARK

UUloo

02

CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON

SDG CPU 10-H WATER

ADMIN RECORD WATER SOUTHWEST DIVISION

M0068 001098

DATA

0581

05 25 94

1111 93

00166

022

IT CORPORATION ANALYSIS DATA FOR MCB CAMP PENDLETON

SDG CP006-A METALS BORON CYANIDE AND MOLYBDENUM

ADMIN RECORD METAL

CYANIDE

M0068 001050 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD VOA SOUTHWEST DIVISION

DATA 1112 93 DAVE MARK CSQB CPU 10-N VOLATILE ORGANICS USING COMBINED GAS

000000000000000 00166 CHROMATOGRAPHY-MASS

035 022

M0068 001051 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD METALS SOUTHWEST DIVISION

DATA 1112 93 DAVE MARK CSQB CPU 10-A TAL METALS BORON CYANIDE AND CYANIDE

000000000000000 00166 MOLYBDENUM

066 022

M0068 001052 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATIL

ES

SOUTHWEST DIVISION

DATA 1112 93 DAVE MARK CSQB CPU 10-C SEMIVOLATILE ORGANICS

000000000000000 00166

0320 02

M0068 001053 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD TFH SOUTHWEST DIVISION

DATA 1112 93 DAVE MARK CSQB CPU 1U-E BOILING FUEL HYDROCARBONS DIESEL

000000000000000 0166

0141 022

M0068 001056 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES SOUTHWEST DIVISION

DATA 1112 93 DAVE MARK SDG CPU 10-F PESTICIDES AND PCBs PCB

000000000000000 00166

0319 022

M0068 00105 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 1112 93 DAVE MARK SDG CPU 10-0 WATER

000000000000000 00166

1013 022

M0068 001058 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD TFH GROUP SOUTHWEST DIVISION

DATA 1112 93 DAVE MARK SDG CPU 1U-D FUEL HYDROCARBONS GASOLINE

000000000000000 00166

0124 022

M0068 001061 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD METALS SOUTHWEST DIVISION

DATA 1112 93

00166

DAVE MARK SDG CPUU9-A TAL METALS BORON CYANIDE AND

MOLYBDENUM

CYANIDE

064 022

UIC No DOC NO
DOCUMENT TYPE

CONTRGUID NO
APPROX OF PAGES

PRC DATE

DOC DATE

CTO NO
EPA CAT

Site Location
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M0068 001062 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 1112 93 DAVE MARK SDG CPUU9-O WATER

UUloo

1540 02

M0068 001064 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES SOUTHWEST DIVISION

DATA 1112 93 DAVE MARK SDG CPUU9-C SEMICOLATILES ORGANICS

00166

046 022

M0068 001065 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD VOA

DATA 1112 93 DAVE MARK SDG CPOO9-N VOLATILE ORGANICS

00166

0502 02

M0068 00106 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 1112 93 SDG CPOO9-E DIESEL FULE HYDROCARBONS

00166

013 022

M0068 001068 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD TFH

DATA 1112 93 ODG CPOO9-D GASOLINE FUEL HYDROCARBONS

00166

0162 022

M0068 001055 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD METALS SOUTHWEST DIVISION

DATA 1116 93 DAVE MARK SDG CPU 1-A TAL METALS BORON CYANIDE AND CYANIDE

000000000000000 0166 MOLYBDENUM

0382 022

M00681 001059 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD WATER SOUTHWEST DIVISION

DATA 111693 DAVE MARK SDG CPU 12-H WATER AND SOIL

000000000000000 00166

0150 022

M00681 001060 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD SEMIVOLATILES SOUTHWEST DIVISION

DATA 111 93 DAVE MARK SDG CPU 1-C SEMIVOLATILES ORGANICS

000000000000000 00166

0538 02

M00681 001063 05 2494 IT CORPORATION CERTIFICATE OF ANALYSIS FOR MCB CAMP PENDLETON ADMIN RECORD PESTICIDES GROUP SOUTHWEST DIVISION

DATA 1119 93 DAVE MARK SDG CP000-F PESTICIDES AND PCBs PCB

000000000000000 00166

050 022

M00681 002168 06 30 94 IT CORPORATION UNDERGROUND STORAGE TANK SITE ASSESSMENT ADMIN RECORD PR SOUTHWEST DIVISION

DATA 12 03 93 THORNTON ESR

000000000000000 00000 MCB CAMP PENDLETON UST

000 000
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M0068 002211 06 30 94 CORPORATION CORRECTIONS TO SDG SENT BY THE IT LAB ADMIN RECORD SOUTHWEST DIVISION

DATA 17 94 SHERRY A771I
000000000000000 00166 SOUTHWEST DIVISION

0052 044 CHRIS POTTER

M00681 003293

DATA
000000000000000

0021

08 25 MISCELLANEOUS DATA INCLUDING ATTENDANCE SHEET TO ADMIN RECORD DATA 1D SOUTHWEST DIVISION

03 08 95 MAR 1995 ECOLOGICIAL RISK ASSESSMENT SCOPING INFO REPOSITORY SOIL 1E MCB CAMP PENDLETON

00000 SESSION AND SOIL EXPOSURE FOR VARIOUS SITES HABITAT 2B

011

RA 2C

10

16

25N

26

29

30

35
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N-NITROSODIMETHYLAMINE
CAS No 62-75-9

First Listed in the Second Annual Report on Carcinogens

OH3

CH3

CARCINOGENICITY

N-Nitrosodimethylamine is reasonably anticipated to be human carcinogen based on

sufficient evidence of carcinogenicity in experimental animals IARC 1978 1982 When
administered orally N-nitrosodimethylamine induced liver hemangiosarcomas hepatocellular

carcinomas and kidney and lung tumors in mice When mice were exposed by inhalation the

compound induced tumors in the lung liver and kidney When administered by intramuscular

injection the compound induced hemangiosarcomas of the liver and abdominal tissues and lung

tumors in adult mice and parenchymal cell and vascular tumors of the liver and lung adenomas

in new born and suckling mice When administered by intraperitoneal injection the compound
induced liver tumors in adult and newborn mice and increased the incidence of lung and kidney
tumors in mice When administered orally N-nitrosodimethylamine induced kidney and bile

duct tumors in rats when rats were exposed by inhalation it induced tumors of the lung liver

kidney and nasal cavity When administered by intramuscular injection the compound induced

kidney tumors in adult rats and kidney and liver tumors in newborn and suckling rats it induced

kidney and nasal cavity tumors in rats when administered by intraperitoneal injection When
administered orally N-nitrosodimethylamine induced hepatocellular carcinomas and bile duct

tumors in hamsters when administered by intramuscular injection it induced hemangiosarcomas
in the liver and bile duct and nasal cavity tumors in hamsters When administered orally the

compound induced hepatocellular carcinomas and bile duct tumors in rabbits and guinea pigs

liver hemangiosarcomas in ducks and liver adenomas and adenocarcinomas in fish When
administered by intramuscular injection the compound induced bile duct tumors in mastomys
when administered by intraperitoneal injection it induced liver tumors in newts

No adequate human studies of the relationship between exposure to

nitrosodimethylamine and human cancer have been reported IARC 1978 1987

PROPERTIES

N-Nitrosodimethylamine is volatile yellow oily liquid of low viscosity It is soluble in

water alcohol ether other organic solvents and lipids The compound is sensitive to light

especially ultraviolet light and undergoes relatively rapid photolytic degradation

Nitrosodimethylamine is combustible and when heated to decomposition it emits toxic fumes of

nitrogen oxides It is incompatible with strong oxidizers and strong bases HSDB 2000
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N-Nitrosodimethylamine Continued

USE

N-Nitrosodimethylamine is used primarily as research chemical Prior to April 1976
the compound was used as an intermediate in the electrolytic production of 11-

dimethylhydrazine storable liquid rocket fuel containing approximately 0.1%

nitrosodimethylamine as an impurity Other uses of N-nitrosodimethylamine include the control

of nematodes inhibition of nitrification in soil plasticizer for rubber and acrylonitrile polymers
in active metal anode-electrolyte systems high-energy batteries in the preparation of

thiocarbonyl fluoride polymers and as solvent in the fiber and plastics industry an antioxidant

softener of copolymers and an additive to lubricants Sittig 1985 Merck 1983

PRODUCTION

Current production data were not available and there was no evidence that

nitrosodimethylamine is manufactured commercially in the United States IARC 1978 HSDB
2000 Chem Sources 2001 reported that there were nine U.S suppliers of

nitrosodimethylamine in 2000 The 1979 TSCA Inventory reported four U.S companies

producing 1000 lb in 1977 with some site limitations No import or export data were reported

TSCA 1979 The last commercial producer of N-nitrosodimethylamine closed its plant in

1976 Commercial production began in the mid 1950s for use in the manufacture of 11-

dimethylhydrazine IARC 1978

EXPOSURE

The primary routes of potential human exposure to N-nitrosodimethylamine are

ingestion inhalation and dermal contact There is some potential for occupational exposure of

laboratory copolymer lubricant and pesticide workers The National Occupational Exposure

Survey 1981-1983 indicated that 747 workers including 299 women were potentially exposed

to N-nitrosodimethylamine NIOSH 1984 OSHA regulations concerning

nitrosodimethylamine designate strict procedures to avoid worker contact Mixtures containing

1.0% N-nitrosodimethylamine must be maintained in isolated or closed systems workers must

observe special hygiene rules and certain procedures must be followed for movement of the

material and in case of accidental spills and emergencies Synthetic cutting fluids semisynthetic

cutting oils and soluble cutting oils may contain nitrosamines either as contaminants in amines

or as products from reactions between amines and nitrite Concentrations of nitrosamines have

been found in certain synthetic cutting oils at levels ranging from to 1000 ppm There are

approximately to 12 additives that could be responsible for nitrosamine formation in cutting

oils Approximately 750000 to 780000 workers employed by more than 1000 cutting fluid

manufacturing firms are potentially exposed to nitrosamines in cutting oils In addition there is

potential exposure of an undetermined number of machine shop workers who use these fluids

The general population may possibly be exposed to unknown quantities of

nitrosodimethylamine present in foods and beverages tobacco smoke herbicides pesticides

drinking water and industrial pollution Estimates indicate that air diet and smoking contribute

to potential human exposure at levels of few micrograms per day N-Nitrosodimethylamine is

present in variety of foods including cheeses soybean oil canned fruit various meat products

bacon various cured meats frankfurters ham cooked fish and fish products spices used for

meat curing apple brandy other alcoholic beverages and beer Concentrations in these

foodstuffs have been measured to be between and 85 ag/kg FDA and CPSC have determined

that N-nitrosamines such as N-nitrosodimethylamine are frequently produced during rubber

processing and may be present as contaminants in the final rubber product Potential exposure
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N-Nitrosodimethylamine Continued

depends on the ability of the nitrosamine to migrate from the product into the body

Nitrosodimethylamine has been detected in numerous drugs formulated with aminopyrine

including tablets suppositories injections drops and syrups at concentrations ranging from 10
to 371 ag/kg N-Nitrosodimethylamine has been detected in tobacco smoke at concentrations of

to 140 ng/cigarette Mainstream smoke of nonfiltered cigarettes contained 13 to 65

ng/cigarette and 5.7 to 43 ng/cigarette for filtered cigarettes Sidestream smoke of nonfiltered

cigarettes contained 680 to 823 ng/cigarette and 1040 to 1770 ng/cigarette for filtered

cigarettes An analysis of smoke-filled rooms such as bars indicated concentrations of 90 to

240 ng/m3 N-nitrosodimethylamine and residences contained ng/m3 Indoor air polluted with

tobacco smoke has been shown to contain up to 0.24 ng/L N-nitrosodimethylamine HEEP
1980

N-Nitrosodimethylamine is widespread in the environment but it is rapidly decomposed

by sunlight and thus does not usually persist in ambient air or water illuminated by sunlight

HEEP 1980 N-Nitrosodimethylamine was detected as an air pollutant in Baltimore MD and

in Belle WV In Baltimore the prime source was found to be chemical plant that

manufactured 11 -dimethylhydrazine The concentration of N-nitrosodimethylamine at the

factory ranged from 6000 to 36000 ng/m3 1000 ng/m3 in adjacent residential neighborhoods
and approximately 100 ng/m3 two miles away in downtown Baltimore This plant was closed in

April 1976 In Belle the source of the N-nitrosodimethylamine was found to be chemical

factory manufacturing and using dimethylamine the N-nitrosodimethylamine was being

produced as an unwanted by-product Concentrations in downtown Belle and Charleston WV
ranged from to 40 ng/m3 Similar concentrations of N-nitrosodimethylamine have been

detected at chemical factories making and/or using dimethylamine including plants in New York

City Boston and New Jersey N-Nitrosodimethylamine has been detected in sea water adjacent

to the Baltimore factory at concentrations of 0.08 to 0.25 g/L and in an adjacent sewage
treatment facility at g/L Industrial wastewater from chemical factories was found to contain

0.2 to g/L IARC 1978 N-Nitrosodimethylamine has been detected in deionized water at

concentrations of 0.012 to 0.34 g/L in high-nitrate well water at 0.01 g/L and in chlorinated

drinking water at 0.02 to 0.82 g/L Soil samples taken from locations near industrial plants

contained to 15.1 ng/g N-nitrosodimethylamine Dimethylamine-formulated pesticides and

herbicides were found to contain 190 to 640 mg/L IARC 1978 Significant levels of N-nitroso

compounds have been identified in number of materials including pesticides cosmetics drugs

cutting fluids and fire-resistant hydraulic fluids The N-nitroso compounds found in these

products were apparently formed in situ during storage or handling as the result of reaction

between amines present in the mixture and inorganic nitrite which may have been added as

corrosion inhibitor CHIP 1978 Additional exposure information may be found in the ATSDR
Toxicological Profile for N-Nitrosodimethylamine AT SDR 1989

REGULATIONS

EPA regulates N-nitrosodimethylamine under the Comprehensive Environmental

Response Compensation and Liability Act CERCLA which established reportable quantity

RQ of 10 lb EPA also regulates N-nitrosodimethylamine under the Resource Conservation

and Recovery Act RCRA as constituent of hazardous waste and under the Clean Water Act

CWA with respect to accidental releases of the compound The Superfund Amendments and

Reauthorization Act SARA identifies N-nitrosodimethylamine as an extremely hazardous

substance and establishes threshold planning quantities and facility notification responsibilities

for state and local emergency response plans SARA also subjects N-nitrosodimethylamine to

reporting requirements and requires the preparation of its toxicological profile Under the Toxic

Substances Control Act TSCA EPA has prohibited the addition of nitrites to fluids used in
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N-Nitrosodimethylamine Continued

metal cutting if they contain triethanolamine salt tricarboxylic acid or tricarboxylic acid

intermediate

An enforcement policy was issued by the Consumer Products Safety Commission

CPSC announcing that the Commission may take action against pacifiers containing more than

60 ppb nitrosamines entering interstate commerce These studies have determined the presence

of specific nitrosamines including N-nitrosodimethylamine in pacifiers and nipples and the

amounts released into saliva stimulant and food

FDA has set 10-ppb limit on nitrosamines in rubber nipples for baby bottles An
ASTM standard has been developed which sets the level of nitrosamines in pacifiers at 10 ppb
for any individual nitrosamine FDA also established action levels of ppb

nitrosodimethylamine in malt beverages and 10 ppb in barley malt which is expected to reduce

or eliminate exposure from these sources

NIOSH recommends that levels of N-nitrosodimethylamine be kept as low as feasible

OSHA promulgated standard for N-nitrosodimethylamine that includes requirements for

protective clothing respirators medical surveillance and engineering controls OSHA regulates

N-nitrosodimethylamine under the Hazard Communication Standard and as chemical hazard in

laboratories Regulations are summarized in Volume II Table 128

REFERENCES

ATSDR Agency for Toxic Substances and Disease Registry Toxicological Profile for

Nitrosodimethylamine Final Report Atlanta GA ATSDR Public Health Service U.S

Department of Health and Human Services 1989 130 pp NTIS Accession No PB9O-182130

Chem Sources Chemical Sources International Inc http//www.chemsources.com 2001

CHIP Chemical Hazard Information Profile N-Nitroso Compounds Office of Pesticide

Programs and Toxic Substances U.S EPA Washington DC 1978

HEEP Health and Environmental Effects Profile Nitrosamines No 137 Washington DC
Office of Solid Waste and Emergency Response U.S EPA 1980

HSDB Hazardous Substances Data Bank Online database produced by the National Library of

Medicine N-nitrosodimethylamine Profile last updated June 12 2000 Last review date

January 31 1998

IARC International Agency for Research on Cancer IARC Monographs on the Evaluation of

the Carcinogenic Risk of Chemicals to Humans Some N-Nitroso Compounds Vol 17 365 pp
Lyon France IARC 1978

IARC International Agency for Research on Cancer IARC Monographs on the Evaluation of

the Carcinogenic Risk of Chemicals to Humans Chemicals Industrial Processes and Industries

Associated with Cancer in Humans Supplement 292 pp Lyon France IARC 1982

IARC International Agency for Research on Cancer IARC Monographs on the Evaluation of

Carcinogenic Risks to Humans Overall Evaluations of Carcinogenicity Supplement 440 pp
Lyon France IARC 1987

REASONABLYANTI CI PA TED TO BE HUMAN CARCINOGEN TENTH REPORT ON CARCINOGENS



N-Nitrosodimethylamine Continued

Merck The Merck Index Tenth Edition Rahway NJ Merck Co Inc 1983

NIOSH National Institute for Occupational Safety and Health National Occupational Exposure

Survey 198 1-83 Cincinnati OH Department of Health and Human Services 1984

Sittig Handbook of Toxic and Hazardous Chemicals and Carcinogens Second Edition 950

pp Park Ridge NJ Noyes Publications 1985

TSCA Toxic Substances Control Act Chemical Substance Inventory 1979 public record

REASONABLYANTI CI PA TED TO BE HUMAN CARCINOGEN TENTH REPORT ON CARCINOGENS



Water Quality Management Plan for HOAs and Property

Management Companies

In Aliso Viejo approximately 50 percent of all street mileage and 95 percent of public

parks and landscaped areas are maintained and managed by HOAs and property

management companies Water quality is critical element to the quality of life in Aliso

Viejo and the City of Aliso Viejo is committed to protecting the water quality of our local

water-bodies which include Aliso Creek and Wood Canyon Creek and ultimately the

ocean from pollution

In order to protect and preserve these water-bodies the City and HOAs/property

management companies must work together to achieve the common goal of improving

the water quality To accomplish our water quality objectives the City of Aliso Viejo is

requiring all HOAs and Property Management Companies to develop and implement

Water Quality Management Plan WQMIP through City Council action WQMP is

practical plan that is designed to address and manage threats to water quality These

management plans will require the use Best Management Practices BMP5 that in

essence are practical and effective methods for preventing urban runoff from entering the

storm drain system and our local water-bodies

Urban runoff has been identified as one of the most significant sources of pollution in our

nations streams creeks and oceans According to the U.S Environmental Protection

Agency EPA urban runoff is the second largest source of water quality damage in

waterways and significant contributor to the damage to lakes rivers and bays Urban

runoff occurs when excessive water use from irrigation car washing and other activities

drains off paved surfaces and into the storm drain system carrying with it pollutants such

as oil trash vegetation pesticides and bacteria These pollutants carried by urban

runoff flow untreated directly into our local water-bodies and eventually into the Pacific

Ocean Under the City of Aliso Viejos Water Quality Ordinance which was adopted

earlier this year all non-storm water discharges including irrigation water are prohibited

from entering the storm drain system Common violations include washing down

sidewalks or streets or any other facility if no preventive measures are taken to protect the

storm drain system Also prohibited is excessive runoff from over-irrigation or faulty

irrigation systems which lead to runoff from lawns gardens and other irrigated surfaces

The Water Quality Ordinance was adopted in order to meet the requirements of the

Municipal Storm Water Permit as issued by the San Diego Regional Water Quality

Control Board SDRWQCB of which the City is regional member This regions

permit is one of the toughest in the state The City must implement all provisions of the

permit which also addresses water quality pollution from HOAProperty Management

managed areas The Municipal Storm Water Permit contains provisions that allow the

SDRWQCB to levy fines against the City for non-compliance These fines can reach

maximum of $25000 day per violation so it is imperative that the City and

HOAs/property management companies work together to achieve compliance



To address the prohibitions under the Water Quality Ordinance the City of Aliso Viejo

has identified the following conditions as contributory factors to urban runoff and

prohibited discharges of non-storm water

Over-irrigation

Improper maintenance and cleaning procedures/activities

Improperly maintained facilities such as

Streets

Dumpster enclosures

Catch Basins

Residential car-washing

WQIVIIP includes the following seven basic elements for the prevention of urban runoff

Common Area Landscaping and Irrigation

Resident/Tenant Area Landscaping and Irrigation

Cleaning and Maintenance Activities

Private Street Maintenance

Street Sweeping

Inspections/Cleaning of Storm Drain Catch Basins

Carwashing

Education residents tenants staff and contract staff



WQMP Program Elements

Each major WQMP Program Element is discussed in the following pages

COMMON AREA LANDSCAPING IRRIGATION

Common area landscaping and irrigation activities can be major contributors to ocean

pollution Soils yard wastes and garden chemicals combined with over watering

become part of the urban runoff mix that winds its way through streets gutters and storm

drains before entering the ocean Poorly functioning sprinklers and over watering for

example waste water and increase the number of pollutants flowing into storm drains

Fertilizers including organic manures pesticides and herbicides are washed off lawns

and landscaped areas These chemicals fecal bacteria and excess nutrients from

fertilizers and pet-waste contaminate ground and surface waters Leaves grass

clippings and tree trimmings that are swept or blown into the street and gutters clog

catch basins increasing the risk of flooding on your street

To prevent pollution from landscaping and over irrigation from entering the storm drain

system each HOA or property management company must develop and implements

methods/programs for pollution prevention These methods/programs must be

implemented on all sites where landscaping and irrigation occurs that are maintained by

the HOA or property management company Bellow are general and site-specific BMIPs

that are to be implemented to prevent pollution from landscaping and irrigation activities

Landscaping

Protect stockpiled materials mulch fertilizer sod etc from wind and rain by storing

them under tarps or secured plastic sheeting All stockpiles must be effectively

bermed to prevent materials from leaving area due to rain or run off

Schedule grading and excavation projects for dry weather

Protect all storm drain inlets grates and culverts when working in an area where

there is soil disturbance or use of landscaping materials mulch fertilizer sod etc.

Place landscaping materials away from sidewalks streets and pathways

Downstream storm drains with possible contamination from bulk landscaping

materials must be protected

Do not wash down sidewalk or driveways Instead sweep up loose materials and

place in trash can

Store pesticides fertilizers and other chemicals in covered area to prevent runoff

Provide secondary containment where necessary



Irrigation controllers must be adjusted to seasonal requirements Controllers must

have radio feed for weather control or be manually adjusted All controllers need rain

gauges to eliminate watering during rain event

Irrigation

Do not over water Conserve water by using irrigation practices such as drip

irrigation soaker hoses or micro-spray systems

Group plantings according to water requirements and whenever possible select

drought-tolerant native plants which naturally require little fertilizer or water once

established

Periodically inspect and fix leaks and misdirected and/or broken sprinklers

Landscape Maintenance

Do not blow or rake leaves into the street gutter or storm drains

Do not wash down sidewalk or driveways Instead sweep up loose materials and

place in trash can

Use organic or non-toxic fertilizers if possible

Do not over fertilize and do not fertilize near ditches streams or other water bodies

Read labels and use only as directed Spot apply rather then blanketing and entire

area

Never apply pesticides or fertilizers when rain is in the forecast

Store pesticides fertilizers and other chemicals in covered area to prevent runoff

Use native vegetation where applicable

Schedule irrigation and chemical application to minimize runoff and contamination of

the storm drain system

Emphasize the proper collection and disposal of unused pesticides herbicides and

fertilizers

Remove animal feces leaves paper and other debris on daily basis

Train and keep records of that training the workers in the proper procedures

Obtain permits certifications and other measures required for applicators

Minimum BMPs

The following Best Management Practices BMP5 need to be implemented at every site

where landscaping activities are underway



Erosion and Sediment Control BMPs for Landscaping Projects

All landscaping projects regardless of size are required to implement BMIPs to prevent

discharges into the storm drain system or water bodies At minimum all landscaping

proj ect sites are to implement and be protected by an effective combination of erosion

and sediment controls and waste and materials management BMIPs The minimum

requirements are summarized in the table shown below These minimum requirements

are to be conveyed to landscaping staff/contractors as part of the WQMP requirements

MinimumRequirementsfor All Landscaping Sites

CATEGORY MINIMUM REQUIREMENTS

Erosion and Sediment Control Sediments from areas disturbed by landscaping activity shall

be retained on site using an effective combination of erosion

and sediment controls to the maximum extent practicable and

stockpiles of soil shall be properly contained to minimize

sediment transport from the site to streets drainage facilities or

adjacent properties via mnoff vehicle tracking or wind

Protect all storm drain inlets/catch basins from sediment

Waste and Materials Landscaping-related materials wastes spills or residues shall

Management Control be retained on site to minimize transport from the site to

streets drainage facilities or adjoining property by wind or

mnoff Protect all storm drain inlets/catch basins from

landscaping waste and materials

Examples of Erosion and Sediment Control BMPs

Sandbag berms

Sandbag berms may be used during landscaping activities to contain sediment in place

and prevent sediment and landscaping waste and materials from leaving the landscape

project site Sandbag berms can also be used in conjunction with waterproof tarps and

plastic sheeting to cover and protect storm drain inlets/catch basins All landscaping

materials and waste should be covered with
tarp or other water proof cover when not

actively being used as part of the landscaping proj ect At no time should landscaping

materials or waste be place on the sidewalk or street regardless of containment

Appropriate Applications

Along the perimeter of the project site

Across swales with small catchments

Around stockpiled landscape materials and waste



To divert or direct flow away from storm drain inlets/catch basins

To capture and detain non-storm water flows for proper disposal into sanitary

sewer or permeable turf areas for infiltration

SILT FENCE

silt fence is made of filter fabric that has been entrenched attached to supporting

poles and sometimes backed by plastic or wire mesh for support This silt fence

detains sediment-laden water promoting sedimentation behind the fence

Appropriate Applications

Along the perimeter of the project site

Below the toe or down slope of exposed and erodible slopes

Around temporary spoil areas and stockpiles

Below other small cleared areas

STRAw BALE BARRIER

straw bale barrier is series of straw bales placed on level contour to intercept sheet

flows Straw bale barriers pond sheet-flow runoff allowing sediments to settle out and

prevent runoff

Appropriate Applications

Along the perimeter of the project site

Below the toe of slopes and erodible slopes

Below other cleared areas

Down slope of exposed soil areas

Parallel to roadway to keep sediment off paved areas

IRRIGATION

Improper irrigation can lead to runoff of irrigation water Runoff from improper

irrigation carries many pollutants from landscaped areas such as fertilizer pesticides

herbicides and sediment into the storm drain system Improper irrigation also invites

disease increases the need for fertilizer and wastes water An efficient and

environmentally friendly irrigation program must include three basic steps

Determining how much should be applied

Deciding how water is to be applied

Maintenance of irrigation system



Amount of water to apply

The amount of water to apply at any one time varies with the amount of water present in

the soil the water-holding capacity of the soil and drainage characteristics An efficient

watering wets only the turf grass root-zone does not saturate the soil and does not allow

water to run off Generally turf grasses require no more than 0.3 inches of water per day

Under extreme summer conditions water use can be as high as 0.4 inches of water per

day During the winter when grasses are not actively growing water use can be as little as

0.05 inches of water per day

simple watering schedule would be to apply inch of water when the turf grasses

show water deficiency symptoms as discussed earlier Once this inch of water is

applied do not apply any more until water stress symptoms are again noticeable

Typically two to three waterings per week in the summer and once every 10 to 14 days

in the winter are required If rainfall occurs irrigation should be suspended according to

the rainfall amount

Manner of applying water

Water should never be applied at rate faster than it can be absorbed by the soil If the

sprinkler applies too much water water runs off and is wasted and contributes to water

quality pollution

Avoid extremes in watering frequency and amount Light frequent watering is inefficient

and encourages shallow root systems Excessive irrigation which keeps the root system

saturated with water is harmful to landscape Roots need balance of water and air to

function and grow properly and the time of watering is important The best time for lawn

irrigation is in the early morning hours Watering during the day can waste water by

excessive evaporation and during very hot periods can scald the lawn

Maintenance of Irrigation Systems

Proper maintenance of an irrigation system is required to insure efficient uniform

irrigations and to prevent runoff Ensuring that the sprinklers and emitters are working

properly is major part of irrigation system maintenance The following items help keep

sprinklers operating properly

Keep heads properly aligned leveled and rotating

Clean plugged sprinklers emitters and filters when needed

Replace broken sprinklers worn nozzles and emitters with appropriate parts to

maintain matched application rates and uniformity



Keep grass and plants away from sprinklers so spray patterns are not disturbed by

them Raise sunken heads

Insure that sprinklers apply water to landscape area and do not overspray onto

sidewalks or streets

RESIDENT/TENANT LANDSCAPING IRRIGATION

Residential and tenant owned and maintained landscape and hard surfaces also require

the same pollution prevention methods/programs to be implemented It is the duty of the

HOA or property management company to ensure that residents and tenants abide by the

same rules and proper methods of landscaping and irrigation

As part of the WQIVIP HOAs and Property Management Companies must develop

program to encourage residents/tenants to use pollution prevention methods to prevent

pollution and runoff from improper irrigation This program should also contain

provisions for enforcement and penalties should violations of the Water Quality

Ordinance occur repeatedly Staff may wish call Aliso Viejos Water Pollution

Reporting Hotline the Hotline number is 949 425-2554 to report violators City staff

will respond in timely manner to take the appropriate action However it is the

responsibility of the HOAproperty management company to ensure that residents do not

violate any provisions of the Water Quality Ordinance This will require educating and

informing residents/tenants of proper landscaping and irrigation methods

Residents/Tenants are also required to apply for Water Quality Permit the Water

Quality Permit will be discussed in further detail under the Education component should

they engage in any activity that results in the disturbance of soil such as grading

excavation clearing construction structure construction or structure demolition and

sites where uncovered storage of materials and wastes such as dirt sand or fertilizer

occurs or exterior mixing of cementaceous products such as concrete mortar or stucco

will occur Residents/Tenants should be advised of the new requirements and plan for

informing residents/tenants should be developed Methods for informing

residents/tenants can include newsletters brochures and workshops

Cleaning and Maintenance Activities

When cleaning and maintaining HOAProperty Management facilities you need to

follow these guidelines in order to prevent waste or washwater from entering the storm

drains where it flows untreated to the ocean



Do not wash down sidewalk or driveways Instead sweep up loose

materials and place in trash can If water must be used steam cleaning

pressure washing to remove stains or other residues block all local

downstream storm drains and collect all water/waste for disposal to the

sanitary sewer

Clean floormats filters and garbage cans in mop sink or in an area with

floor drain that is connected to the sanitary sewer or in an area which will

contain the washwater

Pour all washwater into ajanitorial or mop sink

Keep dumpster areas clean and lids closed If water must be used steam

cleaning pressure washing to remove stains or other residues block all

local downstream storm drains and collect all water/waste for disposal to the

sanitary sewer

These methods or BMIPs must be implemented for the cleaning and maintenance for all

facilities and hard surfaces These BMIPs also apply to resident/tenant cleaning activities

and each HOAProperty Management is required to ensure that residents/tenants are

aware of and comply with these regulations

STREET SWEEPING

One major contributor of pollutants to local water bodies such as Aliso Creek and Wood

Canyon Creek are our streets both public and private During rain storm public and

private streets act as conveyance structures for rainfall as it makes its way into the storm

drain system before discharging into Aliso or Wood Canyon Creek Any pollutant or

contaminant on the street is carried by the rainwater directly into the storm drain system

thus negatively impacting the water quality of Aliso and Wood Canyon Creeks Typical

pollutants found on our local streets include trash vegetation sediment cigarette butts

and animal waste

As part of the WQIVIIP HOAs/Property Management Companies are required to sweep

their privately owned/maintained streets at least once month All public streets that are

maintained by the City are swept twice month and the City would like the cooperation

and assistance of your association by developing and implementing similar protective

measures and activities that would eliminate or effectively reduce the threat to water

quality posed by pollutants on public/private streets In order to verify compliance with

this new requirement please attach invoices or work orders for street sweeping to the

WQMP when you submit copy to the City These invoices or other types of

documentation will be used to ensure that the most effective measures are in place for

dealing with pollutants and contaminants



INSPECTION/CLEANING OF STORM DRAIN CATCH BASINS

Another basic measure for pollution prevention is annual cleaning of storm drain catch

basins prior to the commencement of the rainy season which starts on October of each

year The annual cleaning of storm drain catch basins prior to the rainy season is and

should be implemented by October 15th of each year Cleaning catch basins prior to the

rainy season will remove trash and other debris that is captured in the catch basin This

trash and debris is often washed out by the first rain storm and is flushed out into our

local water-bodies via the storm drain system

In order to verify compliance with this new requirement please attach invoices or work

orders for catch basin cleaning services to the WQI\IIP when you submit copy to the

City These invoices or other types of documentation will be used to ensure that the most

effective measures are in place for dealing with pollutants and contaminants

PRIVATE STREET MAINTENANCE

Slurry sealing cutting concrete repairing or replacing asphalt and other activities related

to the maintenance of private streets can potentially have negative impact on water

quality if not conducted properly To prevent pollution from entering the storm drain

system and ultimately into local water bodies specific minimum BMIPs must be

implemented These minimum BMPs should be implemented to achieve the following

goals

Protect the storm drain system All storm drain inlets must be covered with an

impermeable material during street maintenance

Eliminate vehicle tracking from project site

Implement spill prevention and clean-up program

Designate clean up area for equipment Post procedures forjob in progress

Place all temporary outhouses away from drainage facilities such as catch

basins and provide secondary containment

Prior to commencement of street maintenance or street improvement proj ects the City

must be notified at least three days in advance Please call the Public Works

Department at 949 425-2530 for notification
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CARwAsHING

When washing car wash water containing soap and detergent residues from exhaust

fumes brake pads gasoline and motor oil washes off the car flows off the pavement and

into nearby storm drains Alone one car may not create significant adverse

environmental impact But collectively car washing by residents/tenants can contribute

significant amounts of wash water and pollutants to the storm drain system

To address this potentially negative impact to water quality HOAs/Property Management

Companies must designate specific areas/locations for car-washing These

areas/locations must be designed to allow all wash water to either drain into the sanitary

sewer or be located at site where the wash water can soak into grass gravel or be

diverted to nearby landscaping This will allow the wash water to filter through the

vegetation and/or soil instead of flowing directly into storm drain If you select site

that drains into street block off the storm drain with sandbags and either divert the

wash water to an area where the water can pool and evaporate throughout the day or

arrange to dispose of the wash water down sanitary sewer drain

Under the WQMP these specific locations for carwashing should be identified and

methods/procedures to inform both staff and residents/tenants of these new car-washing

requirements Please provide map of the locations/sites as well as details regarding

how the wash water will be prevented from entering the storm drain system

EDUCATION

Public education is an essential part of the WQIVIIP Developing programs to inform and

involve residents/tenants are an effective method for controlling urban sources of

pollution Emphasizing the relevant impact of stormwater pollution to each particular

target audience increases the likelihood that the messages will be noticed and that the

audience will support and participate in the program implementation Target audiences

for the education program under the WQI\IIP include HOAproperty management

company staff residents/tenants contract cleaning/maintenance staff
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The City recognizes that when community has clear idea of where the pollution

comes from how it directly affects them and what they can do to prevent those affects it

will be more willing to support and participate in the pollution prevention program

implementation comprehensive public education is needed to change their behaviors

The following are goals for education under the WQIVIIP

Measurably increase the knowledge of target audiences regarding the storm drain

system impacts to urban runoff on receiving waters and potential BMP solutions

for the
target

audiences

Measurably change the behavior of target audiences and thereby reduce pollutant

releases to the storm drain system and the environment

Target Audiences

The education element of the WQMP should be designed to target two audiences

HOAProperty Management staff other contract staff Residents/tenants These two

core audiences require different approaches to the same problems which is urban runoff

and the pollutants that are associated with urban runoff There will be some overlap due

to similarities in some of the activities conducted by members of each of the core

audiences and that will be reflected in the educational material and information

disseminated to these groups The sections below describe the basic elements that should

be the core of the educational outreach to the
target

audience

HOA/lProperty Management Company Staff Contract Staff Education

Members of this audience need to be aware of basic pollution prevention BMIPs as related

to specific landscaping and maintenance activities The WQI\IIP must detail the approach

that your HOAproperty management company will take in order to educate staff on

issues regarding pollution prevention awareness and BMPs that are necessary to prevent

pollution as related to specific landscaping irrigation and maintenance

activities/programs The training and education of staff should be documented and

records should be maintained for review Training/education needs to be conducted on

least minimum of twice year and should be part of the orientation process for new

employees and/or contract staff

Resident/Tenant Education

The WQIVIIP should have program to outreach to residents/tenants regarding pollution

prevention from urban runoff typical associated with residential activities such as

landscaping over irrigation washing down of sidewalks and walkways and other

impervious surfaces and the of Water Quality Permit Residents/Tenants should also be

aware of the fact that non-storm water discharges into the storm drain are in violation of

the Water Quality Ordinance and residents/tenants may be subjected to citations and fines

should they be found liable for incidences of non-storm water discharges from their

property Residents/tenants should also be aware that they are liable for contracted staff

12



hired to work on their property i.e landscaping pool maintenance irrigation in the

event of prohibited discharge or failure to comply with terms of the Water Quality

Permit

The Water Quality Permit is permit that is required for any projects that are defined as

follows

Any site where an activity results in the disturbance of soil such as soil

movement grading excavation clearing road construction structure

construction or structure demolition and sites where uncovered storage of

materials and wastes such as dirt sand or fertilizer occurs or exterior mixing of

cementaceous products such as concrete mortar or stucco will occur

It is this Citys responsibility to regulate any and all project activities which fall under

this definition whether or not building and/or encroachment permit is otherwise

required The Citys water quality enforcement will consist of system of escalating

administrative procedures and fines Chronic violators will be subject to permit

revocation and/or permit denial Residents/tenants should be aware of the Water Quality

Permit and they must be informed that there should be Water Quality Permit for any

work as defined above conducted on their property The Water Quality Permit is issued

by the Build Safety Department at City Hall and will require applicants to

To effectively prohibit non-storm water discharge into the storm sewer

Control and reduce discharge of pollutants in the storm water discharge

system to the maximum extent practical including management practices

control techniques and systems design and engineering methods and other

provisions as the administrator or the State determines appropriate for the

control of such pollutants

There is also $192.00 fee for issuance of the Water Quality Permit and applicants must

follow the terms of the Water Quality Permit or they may be subjected to escalating

administrative procedures and fines

The City of Aliso Viejo is more than willing to assist you in the development of your

education program The Citys educational outreach program provides common

message and pollution prevention theme and we would like to coordinate with your

HOAproperty management company to get that message out to the public including your

constituents to ensure that media overflow messages are compatible and provides

accurate practical information In coordination with the County of Orange the City has

developed and has available the following brochures and informational materials that can

be made available per your request

The Ocean Begins at Your Front Door Brochure

Do You Know Where The Water in Your Storm Drain Goes Brochure

Mobile Detailing and the Water Quality Act Brochure

Pool Maintenance and the Water Quality Act Brochure

Waste Oil Collection Centers South Orange County Brochure
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Water Quality Guidelines for Exterior Restaurant Cleaning Operations

Brochure

Keeping Pest Control Products Out of Creeks Rivers and the Ocean

Brochure

Water Quality Guidelines for Pet Care Activities Brochure

Water Quality Guidelines for Carpet Cleaning Brochure

Water Quality Guidelines for Permitted Lot and Pool Drains Brochure

Water Quality Guidelines for Car Wash Fundraisers Brochure

Please contact Jim Mend at 949 425-2530 if you would like to receive copies of any of

the brochures listed above
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Large Quantity Generators by State

INTRODUCTION TO THE LIST OF LARGE QUANTITY GENERATORS

This document contains list of large quantity generators LQG of hazardous waste

RCRA hazardous waste generation information is obtained from data reported by RCRA LQGs

The RCRA hazardous waste generation quantities in this Report are limited to generation

quantities that are managed in units subject to RCRA permitting standards All hazardous waste

generation reported to be managed on-site in units exempt from RCRA permitting standards

such as treatment systems permitted by the National Pollutant Discharge Elimination System

NPDES is excluded from the RCRA generation quantities provided in this Report There are

20867 LQGs on this list

The Federal Definition of Large Quantity Generator

generator was defined as Federal LQG in 1995 if it met or exceeded any one of the

following Federal criteria

The generator generated in any single month 1000 kg 2200 pounds or 1.1 tons

or more of RCRA hazardous waste or

The generator generated in any single month or accumulated at any time kg

2.2 pounds of RCRA acute hazardous waste or

The generator generated or accumulated at any time more than 100 kg 220

pounds of spill cleanup material contaminated with RCRA acute hazardous

waste

The EPA and the States endeavor to control for variation in State programs and ensure

that only federally regulated wastes are counted in the determination of Federal LQGs However

it is not always possible to determine if generator has correctly classified itself as Federal

LQG solely on the basis of its Federally regulated waste generation and the Federal generation

thresholds This difficulty is due to the fact that LQG status is primarily based on the monthly

generation thresholds but the generation amounts reported are for the entire report year For

data quality purposes EPA separated generators that reported as LQGs into three categories

based on the Federal LQG thresholds
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Generators who must be Federal LQGs based on their reported Federal waste

generation amounts This category includes generators who in the Report year

either

Generated at least 13.2 tons of RCRA hazardous waste or

Generated at least 26.4 pounds 0.0132 tons of RCRA acute hazardous

waste or

Generated or accumulated more than 220 pounds 0.11 tons of spill

cleanup material contaminated with RCRA acute hazardous waste

These generators must be Federal LQGs because they could not have generated

their reported quantities without exceeding monthly threshold in at least one

month of the report year

Generators for whom Federal LQG status cannot be definitively determined based

on their reported Federal waste generation amounts This category includes

generators who in the report year either

Generated at least 1.1 tons but less than 13.2 tons of RCRA hazardous

waste or

Generated at least 2.2 pounds 0.0011 tons but less than 26.4 pounds

0.0132 tons of RCRA acute hazardous waste

The Federal generator status for these generators cannot be definitively

determined on the basis of their reported generation because they could have

generated the quantities reported without exceeding the monthly threshold in any

one month of the report year

Generators who cannot be Federal LQGs based on their reported Federal waste

generation amounts This category includes generators who in the report year

Generated less than 1.1 tons of RCRA hazardous waste and

Generated less than 2.2 pounds 0.0011 tons of RCRA acute hazardous

waste and
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Generated or accumulated 220 pounds 0.11 tons or less of spill cleanup

material contaminated with RCRA acute hazardous waste

These generators cannot be Federal LQGs because their reported generation

quantities for the entire year are less than the monthly quantity thresholds

Of the 20873 generators who identified themselves as LQGs in 1995 13576 are

generators who must be Federal LQGs based on their reported Federal waste generation

amounts 6297 are generators for whom the Federal LQG status cannot be definitively

determined based on their reported Federal waste generation amounts and 1000 are

generators who cannot be Federal LQGs based on their reported Federal waste generation

amounts

For complete description of what is included in this Report please see the Executive

Summary sections RCRA Hazardous Waste and RCRA Hazardous Waste Generation

Wastes exempt from regulation under 40 CFR 264.1 or 265.1 and not subject to the

substantive standards in 40 CFR Parts 262 and 263 are not counted when determining whether

generator is an LQG

What Is on This List

The generators on this list are here because they identified themselves as LQGs by

entering the appropriate value in Box Al Section on the Identification and Certification Form of

the 1995 Hazardous Waste Report Instructions and Forms or on State-developed Biennial

Report forms

generator on the list may no longer be an LQG because the list is based on information

concerning waste generation practices in 1995 This would be the case where

generator was one-time waste generator possibly as the result of cleanup activity

EPA hopes that users of these data recognize and support clean-up actions that result in

one-time waste generation which are activities that are often undertaken at significant

expense

generator introduced waste minimization procedures thereby reducing their waste

generation below the LQG thresholds
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generator discontinued the activity that resulted in the generation of the waste

generator on the list may not have been an LQG if for example

It applied lower state-defined threshold in its self-appraisal as an LQG This would

lead to respondent identifying itself as an LQG when according to the Federal

definition it is not

It counted wastes regulated only by its state and not by the Federal government toward

the LQG threshold thereby crossing the Federal threshold for an LQG with wastes that

are not Federal wastes

It counted wastes exempt from regulation under 40 CFR 264.1 and 265.1 and not

subject to the substantive standards in 40 CFR Parts 262 and 263

generator on the list may have its associated generation quantity listed as zero if

It identified itself as an LQG but did not report any information about its generation

quantities

It identified itself as an LQG because of wastes it shipped but did not generate Transfer

facilities for example may receive wastes from other generators and then ship them

without having actually generated any waste yet still be classified as an LQG

The presence of generator on the list is not intended to suggest that any of its wastes

were subsequently managed in an improper fashion Strict Federal requirements for treatment

prior to land disposal mean that generators that managed their hazardous waste in accordance

with those requirements were acting responsibly to ensure that their hazardous waste did not

cause environmental or human health problems

States with Different Definition for Large Quantity Generators

The generators on this list are here because the States submitted data stating that

these generators were LQGs of hazardous waste regardless of the actual waste generation

quantities reported by the generator Either the generator or the State provided the

appropriate value for Box Al Section on the Identification and Certification Form of the

1995 Hazardous Waste Report Instructions and Forms or corresponding State-developed
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Biennial Report form that identified generator as an LQG Even though the generator supplied

the value indicating it was an LQG that does not necessarily mean that generator generated

enough waste to meet the Federal criteria

The Federal definition of an LQG of hazardous waste is minimum regulatory standard

States with delegated RCRA authority may use standards that are broader in scope or more

stringent They may use different definitions of an LQG of hazardous waste or use different

methods of calculating waste generation quantities to apply to the regulatory threshold Though

these States are expected to report the correct number of generators according to the Federal

definition some may report higher number The following States used different definitions of

an LQG in 1995

California Kansas

Kentucky Maryland

Massachusetts Maine

Missouri Nebraska

New Hampshire New Jersey

New York Oregon

Pennsylvania Washington

Wisconsin

For More Information Regarding Generators Status

For more information regarding the status of an LQG you may wish to contact the person

listed for your State in the following List of Contacts by State

Confidential Business Information

LQGs that submitted their data as Confidential Business Information CBI in Georgia are

not included in the States list of reported LQGs
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LIST OF CONTACTS BY STATE

Alabama

Alabama Land Div Report Section

Alabama Dept of Environmental Management

P.O Box 301463

Montgomery AL 361 30-1 463

Questions Amy Zachry

334-27 -7736

Alaska

U.S EPA Region 10

Office of Waste and

Chemicals Management

1200 6th Avenue WCM122

Seattle WA 98101

Questions Maureen Toelkes

206-553-0758

Arizona

Arizona Dept of Environmental Quality

Waste Programs Division

Technical Programs Unit

3033 North Central Ave

Phoenix AZ 85012

Questions Kathy Feliberty

602-207-4214

Arkansas

Arkansas Dept of Pollution Control Ecology

Hazardous Waste Division

P.O Box 8913

Little Rock AR 72219

Questions Tom Ezell

501 -682-0876

California

Biennial Report Staff

CA Dept of Toxic Substances Control

P.O Box 806

Sacramento CA 95812-0806

Questions Biennial Report Staff

916-322-2880

916-322-5585

916-323-4721 FAX

Colorado

Colorado Dept of Public Health and Environment

4300 Cherry Creek Drive South

Mailcode HMWMD HWC B2

Denver CO 80222-1530

Questions Mira Neumiller

303-692-3350
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Connecticut

Connecticut Department of Environmental

Protection

Waste Bureau

79 Elm Street

Hartford CT 06106

Questions Inga Rubecka

203-424-3566

Delaware

Delaware Dept of Natural Resources and

Environmental Control

Hazardous Waste Mgt Branch

P.O Box 1401

89 Kings Highway

Dover DE 19903

Questions Jane Frank

302-739-3689

District of Columbia

DCRAIERA

Hazardous Waste Mgmt Branch

2100 Martin Luther King Jr Avenue SE

Suite 203

Washington DC 20020

Questions Mark Hughes

202-645-6080 ext 3023

Florida

Jack Griffith

Florida DEP

BRS Coordinator-MS-4555

2600 Blair Stone Road

Tallahassee FL 32399-2400

Questions Jack Griffith

904-921-9219

Georgia

Georgia Dept of Natural Resources

Hazardous Waste Management Branch

205 Butler Street

Floyd Tower East Ste 1154

Atlanta GA 30334

Guam

Guam Environmental Protection Agency

P.O Box 22439 GMF

Barrigada GU 96921

ATTN Francis Damian

Questions Francis Damian

671 -472-5703

Hawaii

Hawaii Dept of Health

Solid Hazardous Waste Branch

Waterfront Plaza Suite 250

919 Ala Moana Boulevard Rm 212

Honolulu HI 96814
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Idaho

Idaho Div of Environmental Quality

1410 North Hilton Third Floor

Boise ID 83706

Questions John Brueck

208-378-0502

Illinois

Illinois EPA

Bureau of Land 24

P.O Box 19276

Springfield IL 62794-9276

Questions Helpline

217-782-6760

Indiana

Jenny Ranck Dooley

Solid and Hazardous Waste

Indiana Dept of Environmental Management

100 North Senate Ave

P.O Box 7035

Indianapolis IN 46207-7035

Questions Jenny Ranck Dooley

317-232-8925

Iowa

U.S EPA Region

ARTD/l OWA

726 Minnesota Avenue

Kansas City KS 66101

Questions Beth Koesterer

913-551-7673

Kansas

Kansas Dept of Health Environment

Bureau of Waste Management

Hazardous Waste Section

Forbes Field Building 740

Topeka KA 66620-000

Questions Candy Williamson

913-296-6898

Kentucky

Kentucky Dept of Environmental Protection

Frankfort Office Park

14 Reilly Road

Frankfort KY 40601

Questions Van Friffs

502-564-6716

Louisiana

Louisiana Dept of Environmental Quality

Hazardous Waste Division

ARIM Section-Sth Floor

P.O Box 82178

Baton Rouge LA 70884-21 78

Questions 504-765-0332

Maine

Maine Dept of Environmental Protection

BHM SWC

State House Station 17

Augusta ME 04333-0017

Questions Cherrie Plummer

207-287-2651



National Biennial RCRA Hazardous Waste ReDort Based on 1995 Data

Maryland

Maryland Dept of the Environment

Hazardous Waste Program

2500 Broening Highway

Baltimore MD 21224

Massachusetts

Massachusetts Dept of Environmental

Protection

Div of Hazardous Waste 7th Floor

One Winter Street

Boston MA 02108

Questions Beth McDonough

617-574-6895

Michigan

U.S EPA Region

P.O Box 3587

Chicago IL 60690

ATTN Mary Villarreal

Questions Mary Villarreal

312-886-7439

Minnesota

Minnesota Pollution Control Agency

HW/PD

520 Lafayette Road North

St Paul MN 55155

Mississippi

Mississippi Dept of Environmental Quality

Hazardous Waste Division

P.O Box 10385

Jackson MS 39289-0385

Questions Terrell Chester

601-961-5038

Missouri

Missouri Dept of Natural Resources

Hazardous Waste Program

P.O Box 176

Jefferson City MO 65102

Montana

Montana Dept of Environmental Quality

WMD Hazardous Waste

P.O Box 200901

Helena MT 59620-090

Questions Chellie Longmire

406-444-2891

Navajo Nation

Navajo Nation EPA

P.O Box 339

Window Rock AZ 86515

ATTN Debbie McBride

Questions Debbie McBride

602-729-4146
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Nebraska

Nebraska Dept of Environmental Quality

1200 Street Suite 400 The Atrium Building

Lincoln NE 68509-8922

Questions Ten Swarts

402-471-4217

Nevada

Nevada Div of Environmental Protection

333 West Nye Lane Capitol Complex

Carson City NV 89710

Questions Hazardous Waste

Information Line

800-882-3233

within NV only

New Hampshire

New Hampshire Dept of Environmental

Services

Waste Management Division-Reporting Section

Hazen Drive

Concord NH 03301

Questions Karen Way

603-27 -6350

New Jersey

New Jersey DEP

Bureau of Revenue

do Solid and Hazardous Waste

CN 417

New Mexico

New Mexico Environment Dept

Hazardous and Radioactive Materials Bureau

525 Camino de Los Marquez

Santa Fe NM 87502

New York

New York Department of Environmental

Conservation

Division of Solid and Hazardous Materials

Bureau of Technical Support

Reporting Section

Room 493

Albany NY 12233

Questions Technical Assistance

Helpline

800-452-1925 In NY

518-457-0532 Outside NY

North Carolina

North Carolina Hazardous Waste Section

DEHENR

P.O Box 27687

Raleigh NC 27611-7687

North Dakota

North Dakota Dept of Health

P.O Box 5520

Bismarck ND 58506-5520

Questions Christine Roob

701-328-5166

Trenton NJ 08625-0417

Questions 609-292-8341
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Ohio

Ohio EPA

Div of Hazardous Waste Management

Data Management Section

P.O Box 1049

Columbus OH 43216-1 049

Questions Paula Canter/Mike Rath

614-644-2977

Oklahoma

Oklahoma Dept of Environmental Quality

Waste Management Div

1000 N.E 10th Street

Oklahoma City OK 73117-1212

Oregon

Oregon DEQ

Waste Management Cleanup Div

811 SW6th Ave

Portland OR 97204

Questions 503-229-6938

Pennsylvania

PA DEP-LRWM

Division of Reporting and Fee Collection

P.O Box 8550

Harrisburg PA 17105-8550

Questions Robert Finkel

717-783-9258

Puerto Rico

Environmental Quality Board

Land Pollution Control Area

P.O Box 11488

San Juan PR 00910

Questions Ms Carmen Nunez

809-767-8181 ext 2805

Rhode Island

Rhode Island DEM

Div of Waste Management

291 Promenade Street

Providence RI 02908

South Carolina

South Carolina DHEC

Solid and Hazardous Waste Management

2600 Bull Street

Columbia SC 29201

Questions Lisa Yeager

803-896-4138

South Dakota

South Dakota DENR

Waste Management Program

319 South Coteau

523 East Capitol Avenue-Joe Foss Bldg

Pierre SD 57501

Questions Carrie Jacobson

605-773-3153
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Tennessee

Tennessee Dept of Environment Conservation

Div of Solid Waste Management

5th Floor Tower

401 Church St

Nashville TN 37243-1 535

Questions 800-237-7018 In TN

615-532-0878 Outside TN

Texas

Texas Natural Resource Conservation

Commission

Industrial Hazardous Waste Division

Waste Evaluation Section

P.O Box 13087

Austin TX 78711-3087

Questions 512-239-6832

Trust Territories

U.S EPA Region

H-2-1

75 Hawthorne St

San Francisco CA 94105

Questions Bridget Coyle

415-744-2046

Utah

Utah DEQ/DSHW

P.O Box 144880

Salt Lake City UT 84114-4880

Questions Jim Smith

801-538-6170

Vermont

Vermont Agency of Natural Resources

Hazardous Materials Management Div

Technical Services Section

103 South Main Street/West Building

Waterbury VT 05671-0404

Questions Technical Services Section

802-24 -3888

Virgin Islands

U.S EPA Region

290 Broadway

New York NY 10007-1866

Questions Elizabeth Van Rabenswaay

212 637-4119

Virginia

Virginia Dept of Environmental Quality

OTA/Waste

629 East Main Street

Richmond VA 23219

Questions Claire Slaughter

804-762-4177

Washington

Washington Dept of Ecology

Hazardous Waste Information

P.O Box 47658

Olympia WA 98504-7658

Questions 206-407-6170
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West Virginia

West Virginia DEP

Office of Waste Management

1356 Hansford Street

Charleston VVV 25701

Wisconsin

Wisconsin Dept of Natural Resources

Bureau of Solid Hazardous Waste Mgmt

P.O Box 7921

Madison WI 53707-7921

Questions 608-266-2621

Wyoming

U.S EPA Region

Hazardous Waste Mgt Div

8HWM-HW

999 18th Street Suite 500

Denver CO 80202-2466

ATTN Biennial Report
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data
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National Biennial RCRA Hazardous Waste Renort Based on 1995 Data
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Large Quantity Generators by State
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Lame Quanfltv Generators by State
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data
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Lame Quanfltv Generators by State
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Intns QuAntity snsrntnrs hv Stnts
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data
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Lame Quanfltv Generators by State
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ci ci vci 00
91 SSNRN NN NVW 961

19 MRSN SN NA

1699 SN AR
69 NR SSMSR 1.6

611 RWSN 1.6
NNR MRS NS SN
NS WS WMNCN .1SNN NN NN 1.6
SRMRN I1N MRR

61 NR
69 VNSRN SN AR

911 SN AR 11
6619 MN RSE .9

91 MN .S. SN RRMN .S. 6.6
996661 SN 1.16

SRWR NSR
NSR .1

9166 RMS RVRSE .1
NR NN RSNSN SN RS 6.1

91 -N SN SN RNN
66 NS MN RSW .96

SSMS RR SN 6.1
91 RR N1WR

91 SMS RSN RSNS RS
96161 RM NWRB .1

RMR 15 11 .99

61 RMR N-i RN
NR NR 61
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CALIFORNIA

Lame Quantity Generators by State

RR NRA RS RRA NRA

NSRRA
UNSRRA

-MR UNS

SWS
SWS

tkA

RA RR NRA

NRA RNAJ1

NRA RSW MS

SS MN
91 16 R- NS

11 RA SR

91 SS

61

66 RR

RS

SN
SN

RRA NS RRA
NRA NRA

kN

MN
NSRV

RM

tkAR

NRA

PU

11

99

bb

61

19
66

91

196

11
19

61 19

SRV S-WS
NR

WRS

MS

RA

NAJ1

NAJ1

RS R.VN

NN
RA

RA

RA

RA

RA

RA

NS

.19

9.6

61.99

961
.19

96 .6

.6

.6

.6

.9
11 .6

16
.9

SR

SN SRN
SNNV
SN

RV

RN
SN
RS

RMN MN ON

RMN MN ON

SN
SN

SN RAN

SN
RG

N-R MN
VS SN
VS SN

NRAJVLA

SN
SN

SR

RMN
tll1

SR
SN

RAN

SW

MN
SN SRN

MS
VSN NDR

VR
WS

NV
RG

RSNS
J\
SN NVRNMN

19

VE

RS

66

91 16 RA

9669
96 R-M

16 96

SR
96 RA RS
9196 WS RN

WS RN

99 RSW SR
NR VSS

919 NR
96S NR N.M

VRNMN SS MS

SR
96 StkAN

119

9119
116

91

966

11

RA

SRAJ1 RS
SRV

RS

..M

.9

.9

11

6.1

6.6

.6

66

.6

1.9

.9

9.6

.6

.9

.6

6.6

19

.6

.1
6.9

RA

RAN

ON

NV

SN

MN
NS

NN

RN ARA

tkAR

AJ41N

19
96 66

SN
RRA
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MJFCRNIA

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

6696 RW RR RN UbMN
66 SSRSNV

11 RN NNSSMS SN 1.1
611169 RN 19

99 SN .6

19 MN RWN .61 16RR SN
91 RN RR RSM 1.6

R- NRVS SN RS 19
61

MN SN .6

91 MN NWR .9

611 MN SN 1.1
99 66W MNSN SNRR VRMRE

669 NR 1.9
99 -S RRN 69

91 .N SN
96 RS .N NR .1SN RN 1.1

166M RMN .9
9966 VNN

16 SR .9

61 RNN.V 1.9
RN RSN
RR SSS ND 9.6

619 RR RN RN 6.9
166619 RR RRN 6.1

9116 RR MN- .6 RN
RR MNRS SN ND 1.9

61 RR RRN RRN 1.91
991 SMSS SS MS MN MN 1.69

SMSSSMS .SbMR MR .1

116969 SRS 11696 SS t1N NS ND .1
99 NR RS 1.6

SbMR SNCN 19.6
916 NR SN

NW NN MN .1

91 NW NN MN WMNCN
91616 SN 1.1 16
916 RN SN 99.1

R-R VRN RN 1.11RR NNCN .9

9191 RNR MN
16 ... SN RW .6WNRSR NR SN .1

99 99 RSR SSMS VSN SN
99 RN 9.11

16 SN 19.1
11 SN SRV NVRNMSN

91 916 SR SN ROS 1.9
919N5R NNCN 66.9
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Lame Quanfltv Generators by State

CAIJFCRNIA

RH NRRS RH NH
NRRSW MS RR NH

51 NSRH SWS
UNSRH SWS

-MR UNS WR
RH NS RH

NH RNbM NH NH NH

SR RNS HN G1N 16
91 NS SNS

116 SN
96 NS .1RH N-WRSbMS SN .6

6669 RH N-MSSNbMS SN
1NRMR NSRS bMNA

19 NRN NSRV HO 19.1
RN RS MH

191 NHN RAM SN .9

RN ND

911 6NRN MR
R.S WRRSNS RNE .1

916 99 RS WS VN
911 RH RN 1.6

SS RW RS 61.1

11119.9
91 MNN SN 1.9

RS NRS 16
.19

99 NNN SN NA .6

9966 VNN
.-

.-W .6

011 .D

19 SN SN .16

RWNNRN NRRG
91 91 NSN HN 1.9

SN HR SN .6
69 NSN WR

NSN NRS RN .66

91 NSNbMN NN RSN 1.1
91 NSNW SNHRSN NSR

NW NR RSN
SNSNN RH SR .1

91 NS SNRH RN 119.6

919 MN 1.6
6661 MN
966 SR SN NDR 1.11 1.6

169 SR MNM RH SNCN 1.6
91 SR MNM SN
9169 SR NN.SHMN
91 SR SNHNS
91 SR WRN WRN
9166 SR RWNN -SN RS SN RS 1.9
91 19 SR RWNN RRW RW .9
916 SR RWNN NR SN 1.1
91 69 SR RWNN S.SN HN
91 SR HWNN NR SNHE .9

96 SR HWNN NR RSN 1.6

SR HWNN NR
91 SR HWNN HMN HMN
91 61 SR HMNN WR 1.1
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MJFCRNIA

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

969 SRR RR
SRR RVN

91916 NNSRS WM RNSMV
NSSMS MN RMN

9199 RR MR RY

91 NRWN RN VSN RN 19
61 RN 1.9

91 -MR MNN SN ROS
9169 RRSRN WR NRSN NA .9

11- RI4P RN
NSRS RSSWN SN

91 WN 1.9
VRNN

911 RSNSRSN RV 66
16 itS RR .16

969 RbMR SN 11
61 RN 16

911669 SN
VRN VRN

9169 MR NRNSR SN 19.6
96 WNVRNMN SRV NW
91 NNR WN SER

.1
96 WRN 96

WRN VRMR WN VRMRE
99 WRN VRMRN 1.1 11

661 NRN 1.99
NRN 16.1

9166 RNNRN
916 SS SR

16 WNS 16
69 RN MN

66 SR MN 11.9
1911 SR RN .69

66 SN 16
9699 NR RR

66 RN NSRS MS 61.61

RN VS .9
99 NR SSMSW 1.91

616 NN RN VS SN ROS
696 WRN RR SRV NR

9RNSRN 5- NSN 16.6

WRNSRN RNSN
91 9RNMSS SNS SNNVE
919 9RNMSS SNS 1.1

9166 9RNMSS SNS SNNVE
916966 WR NMSS
9196 WR NMSS 1.6

969 WRNSNWRS Ni 119
MRNSNWRSS 16.91

9RNSNWRSS
116 SN MNN

119 RNS 1.1
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Lame Quanfltv Generators by State

CAIJFCRNIA

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

6669 SN
9199 RN RN RSM RN SM 1.9
961 WNSNSRS 1.61

RS .6
961 SN SWR .6

16 RR
RS RVRSE 19

9161 VN .N SN 1.9
1196 WR

M. RR MN 66.9
HP Sb HP 9.9
NSRMN

691 69W MbN RRN 9.6
699 NR RN WR 1.6
19MNS MN WN

9196 WR RN RN .1

WR MRNVA 6.1
WRN RS WN NN 116.9

9MRN RSMN NWRR RNR .9
WRN RSRR WRR SN 6.6

69 1MR MNS SN RS 19.9

9999MR MN NVW 1.1
91669W RRSN SN 1.1

919 MM
01

91 MS SN SN NA .6

9M SN RN 199
611M NN

NN RS NNN CII .99

NM RR SN RR 16
16M SN

61 MWRR SN NW .6 96
RN SN NA

RR
66 RN

996MM RN WR SN SN
1MN MN

69 MR NSM 96
1199MRR SNRN WR 66.1

SR SN RDNS
MR MN SN 16

1MRM SN NRRG 16.6
691 1MRM SR SN .1

96 MRM SSMSN RNO 99
MRSM SN NA .1

1969M MN
1M RVRSE .6

R.- RRN NR RRN
9969M NR WS .1

966 1M WS RN MR
991M RN MN 55

996619 MN RAM RS NRS t1R 1.9
MN RMN- VRNS RMN .6

9M RR RRN RRN
9MR RN SN SN 11
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

CALIFORNIA

RR NRA RS RRA NRA

NRA RSW MS RA RR NRA

Si NSRRA SWS
UNSRRA SWS

-MR UNS MA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

MR RN tkA

11MR RN SN
-MS1 RVN 19

96 MN
91669M NM SN SN RAN 1.1
9161 RN 16

61 RVN 96
91 RVN 91

SS MS SN 6.1
MRS NR RA MN 16.6

NR RP

RS NR RA ON 66.69

91 911 RS

11 RA

RS SN
RM RA 16

96N SM SN ARA 11 .61

919 MSN .66

19 RANN RWN .9
61 RO

91 NV RS NMRAJVLAR SN
91 1NV RW NSS MG
91 NV A4 RN SN 6.19

6NV SN MN SN .99

IVIN4I\

11NV RSRV NM
9NV RSN SN .6

11 91 NV RN.NR RI .6

NV SR SN SN RAN .6

NV RANN SN 6.6

61 NN RS RS

11 RN RSV
SN

916 SN RN 1.1
996 SNNkM

61 NV MN
NW RtkAN RN RMN 11

69 NW NW RB .1
196 NS

99 RR NV NM RV RN .19

NR kMR MR
691NR kMR MN RN

66 NR kMR RANS RMR 1.9
NR NR
NR RtllvLAN VS RVERA

NR RtllvLAN RA N-tkAS RNE 169

tllvLAN RA N-tkAS RNE

NR RtllvLAN RA N-tkAS ND

tllvLAN

NR SN RNAR 16
NV 11
N-M NS SN ARA 6.9
NS RN

SS MN
11699 SN SR 19.6
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Lrnns Qiinntitv snsrntnrs hv Stnts

RR

MJFCRNIA

NR RS RR NR

Si NSRR
UNSRR

-MR UNS

SWS
SWSWR

69

96i

6i 9i

66
9i69

6i

9ii

6i
i9

9i ii

i9
696

01

9i

9i

i96 6i

ii6

69

6i

i99

96

9i
9ii6

ii6

ii

966

6i

ii6

66

6i

669

i9

i6

RS

RNN

SM

WNS-R it SS NR
WNS- SN

SPY

MN
MRS
NN MN

RS VR
MN NVRNMN

MN
SNRNN

MM

RN
RM1N
RM1N

ci

RbM
NN

NN
NN bit

SMN NRR
-R MNN

RS

NS
RN

NNS
NNS

RN

SSM
SSM

RS

RV

SN NA

SNNV
NN

RN

SN NA
RPN

RV

SN
SN

RV
SN

SN
SN
SN AR

RAM
SN

RMN
RV

RV
RV

RRN

RN
RN

MN
MN

SR
RN

SR
RR

SR
SN RNO
SN SRN
NN

SNNV
SNNV
VNN

MR
SN

SN

VER
RV

MN

RR NS

.69

.i

.i

.i

.99

.9

69 .9

6.96

6.i
.6

96
i9

i.96

6i .6

.i
6.6

.9
i.i

.i

.9

.i

.6
96

i6
9i

i6

.6
i9

.9

.6
i6

i6

NR RSW MS RR NR

NR RNbM

9i RN RR
RN

NR NR

SR

MS

bMN SN
MR SS MS

RR

SRS MR
NN MR

RS

RS

MR

RS
MN
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MJFCRNIA

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

161 NR SN NA
919 96 RN 11.91

61 bMN SN NA .9

996 WR SN SN NA
WRN MM 19.1

NSRSN SN
669 SNN
9199 SN NRSN SN NDR

61R SNM SN .1

16 SNMROS
Kb b.9

19 SR 69.6
916 RM SNV

1RN SNM RN UbMN .1
69 RNRN RVNSNNRN 9.1

66 RRSSV NSNSRM1N 1.99
916 NNRN RR SNNVE

RSSR VRNN .6
91 NN SN .9

66 bMN SN
66 SVR 66.1

199 SS MS
16 RR WS RM1N WS RM1N .6 1699

100
RR SN NA .6

6969 RN SN SN SN
66 966 NSR
919 9R V.WR MN

1RAMR RSN t1R
91 RR N-WNS MN9R NSM MVW 19.11

9191 -R RR 9.6
96 9R -R RR N-RMN RMN 191.1

RMN MNM RRN
166R SN NR .1

NSN SN NA
RM SN
RN SM MN RRN .6

9RN- SN .61

WD
99RN- 9RN .9

611 RN- RSN
96 MN RMN MN 6.1

991R RN SN NA
6996R RN RVN 119

91 RVRW NRN SN RSE 19.99

19R
NSN MN RRN
SN-R SNN

91 SR CII

96R it RS
1919R it RR WI .1
69 it NRN .1

96 it NSS SM
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CALIFORNIA

Lame Quantity Generators by State

RPR NRA RS RRA NRA

NSRRA
UNSRRA

-MR UNS

SWS
SWS

tkA

NRA RSW MS RA RR NRA

SS

RSS
SS tNN

NRA RNAJ1

699
SM
WR

1R -R

RS RA

9R MN
61 RARN

NS

NVRNN
RM NVRNMN
RSN

SM .6

MS NW
NS NW 1.1

RRA NS RRA
NRA NRA

MN
RN

91

V.- AR
SN

MRA MRAA
NN

RV RVRS
VS

NRA

.M

69 SR NRS

SN

SN NA

NS SN
RS

RN SM
SR

996 SkMS

SN
116

619 SN
65N

SM
VN

NVRS

SN
SN

RS
SN

tTJ1\

SN RAN

NVRS SN RAN

91 19 SN RAN

11695N RAN

SN
19 SN MR NWS

91 965N WRS
19 SN
69

61.1

.1

9.6

.9

.6

.1

.1

16
6.6

19
.6

.1

161

6.1

16.1

69

.6

1.9
.9
.96

.6

.9

69
961

19

69
69

96
9111

91

916
9166

61
61

199

99

11
96

91

11

RA

SN
SNMN
SNMN
SNMN
SNMN
SN RA RS
SN RARS
SN RA

SN MN tllvRJN

SN RS tllvllJN

MN
RN

MA

kMS
kMS

SV
SR RA

tkAN

SM RA

SN
NS

SPJVLA

SN
SN RC

RM RE

SN
SN
SN
RMN

SN RA

RSSN
SN MN
SN

RAN

WS

RS

SVA

SN
RMN

NW
RN

SN ARA
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CAIJFCRNIA

RR NR RS RR NR

Si NSRR
UNSRR

-MR UNS

SWS
SWSWR

liii

iii

ii

iii

iii

iii

91

96

661 9S
61

Yb
619

16

91 9S
916

i9SuS
61

666
65

11

9S
16 669

691 6S
66166

66
661

uS
696

6S65
91

91966
9S

96 SM
SM

SM

9111
19

66 9S
9191

99
99

616

666

66
6S

616
91 66S

RMN
..- NRS

RSN RMN
..-MSSNV

-NRW
RMN

MSNM RN

MN
MN
MN
MN
MN
MN
MN

RWN-W bitS VRS

MNS NNS
MNSS SR
RN MNM MN
RN MNM MN

RN NS MM
-S

SNR RN

RMR
NRS
NRS
MS

NSS MS
NV RRNN

bMR
bit

-RN
-N RR

NS
NS

RS
VNSRV

RN N.--SN
RSS

RS

RM1N

NR
SN

RMN SN
NRW

SNRN
SN

Cit

VN
VNN

PNS
RN

NO
bi9R

NN
RVRS

SMR
RN MS

VS SN AR
NE

MM OS

RVRNY

SN
SN RU
SN
SN AR

141

SNNV
VNN

RM1N

SN
SN
SN
SN NA

SN
SN SRN

RR NS

.1

19.6

19

1.9

.11

66
.1

.9

19 .9

9.1

69
16

19
16

611
ii

191
16 .9

.9

69

NR RSW MS RR NR

NR RNbM NR NR

SN
VRS

SN
SN
SNMN
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Lrnns Qiinntitv snsrntnrs hv Stnts

RR

CAIJFCRNIA

NR RS RR NR

91 161

95
619

91 6S
9169

915
696

169 11

6S

911

61S
9661
11

19 SR
66

SR

9199 WR
661

161

9S
916

SR
16

9199S
91 9SR

61 SR
1699

95N
6111 SN

995N
91

19
SR

11 SN
11SN

19

61

96 N-S RR
911 NS SN

RN

SNSRV
RN
RN

99

RN
NRN RN

61 RW
91 RR

51 NSRR
UNSRR

-MR UNS

SNNV

RN
WN

RPM

WSMNS
SNSSN MEN

.SNSSN MEN

SN
RMN
kEN

SN

Cit

SN NA
MN

SN
MN
SNR

SW

ci

NR
SN

MN
VR

SN
SN AR
SN

VNN

AR

bit

RSN AR
NR

NV

MN
SN

RN ORV
RNE

SN
SR

SN
SN

SWS
SWSWR

RR NR

NR RNbM

NR RSW MS

Wit-V RV MN
RN RN SN
RN RN SN
RN RN SN
RN RN SN
RN RN SN
RN RN SN
RN RN

WS MRN
Nb RN kEN

WS MRN
SS MS

NS
MN

NN

RN

NR
-RMM

NR RR
RS

NR

MN
SR

MRSS MS
MN

SRN WRSS MS

RWRSRRNSRSNRN

RR NS RR
NR NR NR

.9

.1

19.1

6.96

1.99
16.16

.b

9.9

9.1 11

.6

19
.1

16.6

.9

.61

96.9

.9

9.6
11.6
1.61

.9

.6

6.6

.9

.61

.6

1.9
.99

.1

.9

.6

NNSR
SM

NN
SN

SN

RN
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MJFCRNIA

RPI NPI RS RPI NPI

Si NSRPI
UNSRPI

-MR UNS

SWS
SWSWR

66
6i

669i

i6

96
i9

6i

6i

i9 i6

9i

9i 9i
9i

69
10

i9

69

69

9i

i966i

99
69
99

9996

69

6i

99

666 66

96

i9

i9

69

NNMM
NNMM

.-MN
SN

NN
NN
NN VI MM
NN VI MM
NN VI MM

Rb lIMP
NR

VRS

RPIN

MN
VI

MN
NR

NPI MN
PISN

VI
SR SRS

PI

RW NbMS
V4R

NR
NNS

NN MN
SR

RN SN
R-
RN NSNRN MNRN MN
PiNS RN SMN
RN SPIN
SN

.S RM

.S

.S.NS V4SRS
VSM NR

SM NR
RAMR

6R
NN

SR
NS RM1N

MN
MN CII

RS

RS

MN
N.SN

RS

ND

CII

VR
NR

RPIN

SN RO

SN MN
MS

SN
RN PIMN

SN

NR
RPIN

RVR NY

SN
MM

MN
RMN

SM
RMN

SN NDR

SN SRN
SN SRN
MN
SN MEN

RN
PIR MN
NR

PIMN
SN

MN CII

RR PIN
RPIN

PiP SN PIN

SN
NR

RPI NS RPI
NPI NPI

.i

.69

6.66

.9

9.i

.6

.9

.9

6i

ii

i9

i69

.6

.6

.6

ii

.6

.6
i6.6

6.9

ii9i

.69

.6
ii6

9i .9

i.9

i96

NPI

NPI RSN MS PiP RR NPI

NPI RNbM

NN
SR
SR

6i

6i

99

MN
MPN

NS

PiP

i6

i6

i6

SSN MPR
PiP

NS
NSWN NN
NSNR RMN
NSS
NS
MN
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Intns QuAntity snsrntnrs hv Stnts

RR

CAIJFCRNIA

NR RS RR NR

Si NSRR
UNSRR

-MR UNS

SWS
SWSWR

NR RNbM

NSiN
WS RN

NVRS
ii NVRS
99 NVRS

NVRS
69 NVRS

6696 NVRS
NVRS
NVRS
NVRS
NVRS

6i6i NVRS
6i NVRS
6i NVRS
6ii

i9
66 i96 MN
99ii RM1N
9i SN RN
69iN SN 9RR

96 SR
00

SNV

15
WRS

SM
9199

PVS
195 VNNR

SRJ4 bIt1N

SP.M RN
11 RN

RMSN
61 SMMS

SM bM
SNV RS
SNV RS

16 SNV RS
61 SNV NSR
61 19 SNV

SNVMR SN
11 SNV
61 SNV SN

91SNVW NSS
SNVW NSS

91 19 SS SR
69 SW

666V SR
9699 SR

911 9V
6191

SN -WN SN RU

vs
SN

RS

SN
RN

RN

RN

MN
RM1N

NSN MR
SN

NSS

WRSAR

NRR Rt1
RV

VN
RVRNY

RN

MR
SN NA

bM ND

MR
SN

NM

SN
SN

NR
RG

MN
MN

SN NA

SN

RR NS

.1

.99

1.1

.6

.1

11

.6

.1

.6

16

.1

9.91

.9
11

16

99.99

69
19

.6

.1

116.6

.1

9.69

11

6.96

.6

.6

NR RSW MS RR NR

MS
MN

RRSS

SN
t1R

SN
bNR

SN NA

RS

NR

-S

.9

RSN RR
MN

vs
SN

RVRS

RN

RN

RN

RN

RN

RN

RN

RN

RN

RN

NR
RN

RN

SN RN
SN
SN

NR
MS

NV RW

NR

.1

91

19

66

91

bMNM
NNR

NV

SN

NR

NR
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MJFCRNIA

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

SN
166V WRS

11 WR 16.9
661VN MN NN 111

VNN VNN
611 VNN RMN VRNR 0VNN 6.9

VNW RSR RSN SN 11
19 6VNW RSW RSN SN
166 1VNW RSW RS WS RM1N 16.6
91 VR SS SN 16

9bb VRNS HP 1K KR
166V SN MS

VR RR MN
6169 VRNN RMN VRNN 1.6

RR VN .6
6V RSN SN

1661 SSMN SN
91 RN. RN VSS
9161V SSSM NR 1.6

96V5 SN 1.1
9199 SN RS VSN RN
91 9WRNR RS.S RN

616 9W NS- NSN MN 11
1691 WSN RRS Ni RN

WS SR RN G1N
1WS RSN SWR 6.6

WS MN .9

966 WS SN
961W5 SNV

966 1WS MS RS
66W5 WR NR SN

61 WS NS NN 11
99 WS SNNV
69 9W5 RN SN RO

611 WS RNM RN UbMN 11.1
916 WS RNR NRVRS
16 1WSN RR SNNVE

NSR .9
69W WR 69

666W SN RMN WMNCN
666 WRN WRN

1WNNS
696 WNN SN RN 116

6W RR 19
91 RR ND

6961 RSR NR
916 RN

RMM RSW RSW .1
RNS NR
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SN 19

RSN 1.9

WR WR
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Large Quantity Generators by State

CALIFORNIA

RR NRA RS RRA NRA

NRA RSW MS RA RR NRA
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UNSRRA SWS
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MJFCRNIA
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NRP RNbM NRP NRP NRP

RP NNRN SNV 1.16
61 RPM RSN

66 SR SRG 1.19
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9166 SN RRP MN NVW
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.S RNRV 9.1

6616 WM SN RVRSE
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96bMR SRN RRP RRPN
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969 RRP SN NA .6

96 RM RRP RVN .6

16 SN RP
11 XMPN NSRMNS

661 109N NSRMNS .6

919 NSRS MN NVW .96

19 RPRSN RSE .1
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Intns QuAntity snsrntnrs hv Stnts
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6R RSNNN SN 6.i
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Lame Quanfltv Generators by State

CAIJFCRNIA
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

CALIFORNIA
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Intns QuAntity snsrntnrs hv Stnts
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CAIJFCRNIA

NR RS RR NR
NR RS RW NN RMN RR NR
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9i99 6S RS

9i65 itS RN

9i6 iS WR RN

MN
999S

i66 RS

i65 RS
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MJFCRNIA

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS
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NR RNbM NR NR NR

11195 ..RSN RMN RSN
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91 11 MN SN RN
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916 MN
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61S WN RN RNbN
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66S MNSM SS MS

19 SMNSRM 1443N NSN SN
1695W SN VSNSNRR SN SRN
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NR .N NE

SM -RS NS
6SNMS NVRS NR

96 SRN RVN
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96 RN RN SN ND
61 RN RN SN
61 6S RN RN SN NR
61 RN RN SN NNCN 1.1
611 RN RN SN 1.1

611 RN RN SN SN RNAN
969 RN RN SN

iS RN RN SN MR .6

1666S RN RN SN VS .1
91 699S RN RN SN .69

91611 RN RN SN .6

9161 RN RN SN RSM
91616 RN RN SN NR .9
916 9S RN RN SN RI 1.1

916 6S RN RN SN RY
9169 RN RN SN RyE
9169 9S RN RN SN VN
91699 RN RN SN RVN
9169 RN RN SN RR 1.6
91691 RN RN SN NE
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9169 RN RN SN MSRNS .11

969 RN RN SN RY
61S RN RN SN RY

11 9616S WS WRN SN
16 SNRE
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911 SN RWRS .9

16 RRNSRSNRN VNNS
RRM NR
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Lame Quanfltv Generators by State

CAIJFCRNIA

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

1995W NSN SN 6.66

16 SS NVRNMN SR
919 MN NSS RV
916 61 NN
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16 VN RM MN 11.61

19 SN SPY SR
966 RN S-MMN NVW
99 NRN RNS SN 1.1

RNRVR Rb .9
NNbNMR NN.R MN .6

RS RR ND
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9196 WS SN NDR .1
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SSPY
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699 SPY
RNSWR RNS SN .1
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6916 RSR VRSN MN NSR .1

RSR VRSN WSSRM1N
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91 R-SRNNR
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11 RM RS WR 11.6

91 uRNS RNSR RN
916691 RR SR .19
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99 SN .9

911 SNM WRN SN 1.96

11 SN RN NR SN RN
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96 NN RR SN
161 RR SN .6

NVRS RN
661 WSSRM1N
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96 19 RRSRV SN RO .9

99 SW .61

669 SN RN .19

969 NRSN SN RO .9
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VRNSS SWN WN .1
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National Biennial RCRA Hazardous Waste Renort Based on 1995 Data

CALIFORNIA

RR NRA RS RRA NRA

NRA RS RW RA NN RMN RR NRA

1.1 SS Ni NSRRA SWS
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RRA NS RRA
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RA RN ND ii
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64



Lame Quanfltv Generators by State

CAIJFCRNIA
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55 UNSRR SWS

NSR 55 WR
RR NS RR
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-- MRPA
911 WSRN SN

NS MN SR ENR .61
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191S RN RN SN MNRV

9699S RN RN SN MN
RN RN SN MNR .69
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Lame Quanfltv Generators by State
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Intns QuAntity snsrntnrs hv Stnts
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data
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Lame Quanfltv Generators by State
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NW VN 1.6

16 RN RN .1
NR NV 9.1

166 NRM RS RS 11
1116 RNM NSN bMN .6

1919 RS9N SN 11
..VS VSN RRWR NW VN

1696 NNW NR NWN 1.1
669 NS WNDSR 91 61

11 ibM NSNR WNSR 6.9RRSRN SR RD 99.6
16619 RWN-
11996 NN RM WS 9.9
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Large Quantity Generators by State

CONNECTICUT

RR NRA RS RRA NRA

NRA RSW MS RA RR NRA

51 NSRRA SWS
UNSRRA SWS

-MR UNS MA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

119 MNW WN

11 RNS NRW
69 RA NW VN 9.16

66 WM NNS WNS
6.6

66 RV WRN
11 MR NR VN
1161 AS 96.1
9999 MNR .16

919 SN RMN ON 11
VR VR

NS tkA SN RA NW VN 1.1

9961 PJVLAN NRA 6.1
69 RRV

16 NNNR NW AN 1.99

119 SV MN
11 AflAJ\J RS 69.6

91 AJVLAN RS MS .11

611 AJVLAN RS -R WN

AflA 1.6
196

61 tkAN RN
116 WN 66
1119 NWN 9.1

96 kM WNS .61

116 WS .9

1166 RN 16.9
11961 NWN .1

MR
96 RW

NS

116 99tkA RM

11 lltkAN NVRS
6tkA VS 16

tkAR 1.9
tkARV SRWtkA 19
tkA NRW 16.6

11 NS RSV 96
11 MR NM NS kM 16.9 16169

69 MR SR
119 MR 19

19 SN WRS RD .9
11666 MRRR 19
11 66M
116 9MR RN 5kM 69

1MSS SNS NR VN
11 9M RMN ON 16
116 uN RM NkM

11 RA

11 NV SV

1NW VN RMN NW VN .1
6NR kMR RN RV 19

116 6NR RN 9.1

NR VS NW VN
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CCNFECTUT

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

119NR SS RSV
NR RN RN 69.1

1169NM RM WS
11 RRV

19 -WNS
99169 MRRSR NR SR 1.9

11 RSMRS NSR RSS RR 61.6
11 NW VN

SRM1SSVN 1t4 9.6
61WNSR SRS RR

V1
116 NR SNR RR
11 .N NWRAN 61.96

91 SM RNSN WS yEN .6

RN MR NRW
916 RN RR .19

11

61 RN SR
11 NVRNMN WN SER

11619 WS 5M .6

1199 NV MN NV

99 NM bMN

110

1911R NR VN 6.6
99 itt 16.6

996 1R11R SR 9.9
99R RR 9.9

11R NW NW
11 NbM SNR 1.11
1161 11.1

NSN itt .11

SN .9
RMN NR

619 RS WS .61

116 RSN RR NR 11.99
99 SS RN

11116 RS RS

69 RN SN
11 61S WN SER 9.96

WS 16
11 SN SM NR ROSVNR 1.1

SRNM MbN NW VN 19
111 RRNSN

RM NSN WS yEN 96
69 RS RR SR RD

RS RR WS yEN 16.6

19 RS RR 11.6
19 RS RR SR RD

9669 RS RR .6

16S RS RR 6.1
11 NS 1.91
11 65R NRN .66
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Lame Quanfltv Generators by State

CCNFECTUT

RR NRRS RR NR
NRRSW MS RR NR

S1 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

16SRN SR SN
11 SN MV WNSR

1619 SN
11 65N RWR NWRAN

165N RR NWRAN
SN NWRAN 6.6

96995t1 MR MS
11 6S RR RS
11666S RR 16.1

11 SRM NSV
9b SWN lIMP

1196 SN SN SR RD .9
65N SR RD

11 19 NS VN
SN NR 1.61

SRNRRRSS RMN
VN MN NR VN 9.1

116 MNN.VN NR VN
RRN NWN

11 RRN SN RRNCN
16 RRN RRNCN
99 RN WR

.19

11 RN NN MNNS RN NWN 9.9
11 00

NNR SSMS WN SER
699 NR MR NRN .6

.S RM SR RD 199.9
6991 .S.R 4S MN NW VN 61.6

.S.R WIS MN NW VN .6
69 WR NR VN .19

1161 NR .6 16
196NR MNN 19

11 MN NS NS .1
SSR NR VN

66 SSR NRW 6.61uN SRSR 6.9

RS NN RRS .9 1119
116 NW VN

69119 SNR WRWNSR
SNV SWRN RN 6.9

111 VN 11 .6
11166 VRN SN 11
1161VRM1NNRR MNR 11.61
1166W bMR RN RR

WRNRbMR 1.66
11669W RR RR .9

11119W RR RR 1.6
1166W RRR NM SN RR

9W SN1W RMM WSN 19.6
6W NNbM RSRN

91WN SR RNS R1N .6
961W WN .1

111 9WMN RNNVSMN SNS RN
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CCNFECTUT

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

NVRS NW VN 1.1996 NVRS NW VN .1 19
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Lame Quanfltv Generators by State

CCNFECTUT

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

99161 RNN MNNSRV WNSR .9

111 MR
11 MN

RN WNSR
166 PMISMSS RMt .6VSNN NOR

9999999999 MNM MR NR VN
696 6bMR NN NRRYE .9

9b9 bRb
66 WSN .1

91 RS
666 SSSN

NS VN VN
611R5 R1t4 1.1

91 9.1

SN .9

699 SR 9.6
1161 RW NN OR

NN yEN 11.9

119 MS RN WNSR .19

61 MNN NWN
19 NN MN RS

11611 RAMR RAMR
WRM itt 1.96

1199 .16

91919 9.16

RNS .9

bMN MNE
191 NW VN 6.96

1996 NR RW NR .6
1169 NN RRSNS
1119 NW MN SER .6

116 RSSR SNSRS .1
11 1MR 55W NR SN WNSR

91196 N-M RN
RR 1.9

9111 .S
1119 WRSN Ritt

9196 RR 6.6
11 RR SNM NWM OR

91 RMN R.N NR 6.9

11 NR .1
116 NW itt

RVR .9
9191 NRSRV

1116 NS RMN Cit

11 RWN RR .1
SMR .1

116 SR
11999 RM itS
119 NW SNNRVV NWRAN
116 RN NRW .9

119 RN 6.9
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RR

CCNFECTUT

NR RS RR NR
NR RS RW NN RMN RR NR

1.1 55 Ni NSRR
55 NSRR

SWS
SWS

NR RNbM

166 91

iii MRN
ii

91 96 NR
NSN

99 MR
ii

916 RM

9116 f5

96 NS
ii

1161116

116 iNiN
ii

69i

ii699

ii

9i
11

ii

69

ii6

66
ii

ii

96

ii

ii

NS
RN
NSNM

R.NWM

NR

SSMS

WNSR

NW AN
NR

NWM OR

RR
NR
RN

MR
RN

NW NCN
NW VN
NW VN
NR VV

itt

NW VN

SR
ci

NR VN
RN

MN SER
NR

WNbM

RN
RS

WS
RVR

NW NCN

NW VN
WS

RN
RRN CN

WNSR
NW AN
WS
NW VN

RR NS

i.9
.6

i.9
.6

ii
.i

.i
i.i

.i

.i

.96

.9

.i6

i.i

.i

.i9

ii
.9

.9

NSN

RN
SS

NRS WRR NR
VNM
VN RN

NNW VN

RM SRSR
MR

RSR
16

ii

96

66

ii

9i

RS

RS

95V
9S
6S

NR

i9

WR

MN
NS

NR

WS RNSRV
.S

MN
MN

6WSN SNRN
WNSRM RNS
WNSW
WRM

NVRS NS
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Lame Quanfltv Generators by State

CCNFECTUT

RR NRRS RR NR
NRRSW NN RR NR

SS N1.1 NSRR SWS
SS UNSRR SWS

NSR SS WR
RR NS RR

NR RNbM NR NR NR
11 MNM NSN

RN
1116

RNS NW VN .9
99 MVNR

RNSNNRN VS .66

96196 NVRNMN SPY NW VN
111 RS9RN NN .6
1166 SM .6

9b RPNSR
RN MR .9

1169S
9669 RNR

961 RS RR .6
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RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

919 SR MNN WMNCN
91 MR .9

6bMRWMN NWN WMNCN 1.6
161RNNRR

11 NW
ibM bMN .9

6611 RM RR NWR .6
RSR RR NWR .1

MNS NWR 16
66 SN MN

KNS
11 NR WMNCN .6

WR SN RV NW 191.1
VR VR .1

611 MR WMNCN 1.9
99 N- SN RN WMNCN 16

N- MR MR
11 N-N NR NWR

66 N- SW SW
N-S .6

99 NSNS NWR
RMN WMNCN 96.6

16 NMR WMNCN 19.9 19
91 NWR 1.9

11
669 NR MN

69 MSSM VSN WMNCN 11.6
66 RR WMNCN

SN
116 SRSR NR WMNCN 91.9

911161 NW
bMR NS NW 16

6969 bMSRVR RR NW 19.6

NSN NRS itt .6
91 W.M .69. 1.9

NWR
19 SN NS itt .1

191NN MSN RNWD 19
6966NRM MN CIt .9
9166 RR WR 91

bM VR
99R 1.69

9669R NWR .19

11 SN RN WR 99SRNRRS WR
NVRS WR NWR

6W SS NWR 19.9

66 M.N NW
99 WMNCN
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Lame Quanfltv Generators by State

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 55 Ni NSRR SWS
55 N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

91191 RN NWR
619 WR WR
9166 NWR

N- RN NWR
-MR NWR

161 NWR 1.6
99 N-W RM WMNCN .6

111 WMNCN .99

11 NS WR WMNCN .11

It 14 -N NW
91 VR .9

11 6R SW

iS NW .9
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

DELAWARE

RP NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

919 -M MN ON .9
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Lame Quanfltv Generators by State

DflCT CF CCLUESA

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

11 16 WS CII .9

WSNCN 19.6
WSNCN 1.9

MNSR WS CII 11 1696
91 flINVRS WSNCN

11NV RS WS CII 11 19
1916 NNN NR WS CII

NRVN RN NWS CII 9.9

196 SWS VS WS CII

116W RR RMM NR WSNCII .1

Wb WS ON

WS NWS WS CII

19 WS NWS R-S WS CII

91 19 RNW WS CII
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National Biennial RCRA Hazardous Waste Renort Based on 1995 Data

DISTRICT OF COLUMBIA

RR NRA RS RRA NRA

NRA RS RW RA NN RNN RR NRA

1.1 SS NS RA

SS NSRRA
SWS

SWS

NRA RNAJ1

VRNNN RN
91 SNV SR WS

WIVLA NS

9699 1WMIX RR

RRA NS RRA
NRA NRA

WS ON 1.9
ON

ON

ON

11
.96

NRA
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Lame Quanfltv Generators by State

OR
RR NRRS RR NR

NRRSN MS RR NR
51 NSRR SNS

UNSRR SNS
-MR UNS WR

RR NS RR
NR RNbM NR NR NR

9119 NN NR MM .9
RS MbM .9

MNR MN SN 6.1
691966 VN RNE .1

16
RR -S

19 RR 19
11 .N MbM

196161 SN RN ER
9161 t1R VNS MNB 9.9

Wb NRSRV SIV
19 NNS- RNN 19

99119 NRS NS .9

96 MR SS SN SN 6.6
MR SS

MR SS ER 6.6

96 1bMR SN
999 .S RN .9

919 99 MN RS
916 SN NB

Nb19 69 11

911611R MN NS 6.11
961 SN MbM
699 11.9

RN RN
66 SN .6

669 VS 6.9
91 RN 19

RR RN NSV
91 MNM 69.9

6199 NbMNM NS SN
996 RRAM MbM 9.91

19 MMR NN
99199 RS NN RSMbM

196 NS SSMSS .9

9611 RN ER .9

11 RR 1.6
911 t1N RCN 6.99

91 616
9196 RN NS SN SN

16 NN SN
1611 NVR RS 11 19 .9

NR SN RN
19 NR RN .6

9166 NR Nb19 .9
61 VRN
6119 VRN SNV 1.6

11 RSR SRS .19

RW SN
91 SN RNER

6966 61

SWR N- NAVR 9.66

66 SWR N- RWN
16 SWR N-R VR DR 1.61
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OR
RR NRRS RR NR

NRRSW MS RR NR
Si NSRR SWS

UNSRR SWS
-MR UNS WR

RR NS RR
NR RNbM NR NR NR

911966 SWR SN 69.6
SSMSS RN NbN 11

91 RWN NN SPY RN

11

199 NS NSSN RN .6

NNN SN SS RR 1.69
11 MS MRS RN .96

RN MN
RR .99 19
RR MbM rS 161
lIMP .b

16 RN MS .96

RflI 16
11 NSRSN.SN RS

NRN MbM .6
691 .19

91619 NSN RR 16
RNE

SN
91 SN

SS MS6. NMRS SN
69 RR SPS 19

SN 141 RMERS 16
10

91 RW SRS SNV 1.6
99 SS MR RSR 11.1

1VR MNN
166 ..SR RN 6.9

69 RRSR 11.19
RN RRSN NSV 16

966 MSP 115

NSMRSPY 11 19.9
NSMR RS 141 .91

NSMRSR S.WVR .6

SS 9.9
1611 RM MN NS .1

RN NSRS
916 NNR SR MbM .1

61 WR .WRN N0I 19.1
WRN .MRS .MRS 1.9

96 NNNRNN NB 6.69196 NNNRNN RMN
61 NVRS SS 6.9

SNV 1.9
RN VSR 1.16

99 NS RNN 1.69
1M RR SNV 1.1 19

916M RR RN
.9 11.96

9111 SR RSR
61 RMN RR ER

166 RMN 11 1.61

WNS NS 19.1
NR MNNSN .9
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FLORIDA

Lame Quantity Generators by State

R9 N9 RS R9 N9

696
11

11

19

169

96

16 16

61

19

16

99
99

SR
tkA

tkR

tkR

tkR tkAR

tkS

NN

961

91

169

6199

16
61 11

661

19

91
966

16

16

RSRV
MN

RA

SN
NR

RV

RV

MN

NSRRA
UNSRRA

-MR UNS

kM

RN

NS

WN
RANS A4

RM

RAS

RM

NV

PS

SNV
NV

MN

NV

SV

RW ER

SN
tkAR NN

RN
NS

ER

MN
SN

SWS
SWS

tkA

RRA NS RRA
NRA NRA

16
.6

.9

69

96

1.6
.9

66

16

16

.9

96
.9

6.1

66

99

.9

.11

9.1

.6

16

NRA

RA RR NRA

NRA RNkM

NRA RSW MS

RA

NW

RMS RS
RtllvLAN RS

tllvLAN

tllvLAN

RAVR
SR

91 WR MN
916 .R

RR RN
RRS

PJVLAN SS MS

MN
kMR

ER

SN
SN

SR

AV

RSNW
SN

RtkARN

MNMR
M- NRA
M- MN NS

919 SR RSRV
91 SRR SRV

SNV RANS

RSNSMR RA

NSN NR
66 .S RN SR

1611 SR MNM
69 96 RR-M

RS

NVRNMN
NVRNMN

MNR
RN

916 SR
SR

96 SR
tkAR

tkAR RN SMSS RN
tkAR RN SMSS
tkAR IRJVLA MS

NR
NR
NR

WNS
691 RS RA

919 MA kM

RN RR

SS NAVRA

SV
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OR
RR NRRS RR NR

NRRSW MS RR NR
51 NSRR SWS

UNSRR SWS
-MR UNS WR

RR NS RR
NR RNbM NR NR NR

16M MbM
MRR SNRII NWSMBRN 1.6

619M NR RR NSV 19.9
91M NR RR SN

1611 6M VN SN 66.1
91 9MR SSMS RR .W CII

169 6M RR
191966MN5N MN 166

619 MN RS SR 191.6
691 1M ER 61

Rb RRP RRb
91 MR N.-
91 91 MR N.-S.WRS R115.WRS .9

91666 MR N.-bM RMN 16
NS NN NR NN .9

NV RS SN 66.9

61 NV RS SN SN .1

NV RS NW 111
11 NV NRS WRR NR SR RN .9

969 NV WRS NR NS 19
NWNNRRSS RWER 16.9

9166 NRR Rt9N RR RNE

91NVN RW MbM
1119NVN RW N- RS MbM 1.6

lit it t.
VR SR .9

96 S.WRS 1.1
6RN RR NR RN

RN NR 1.99

NR NR 1.9
61 66S SR RNN 6.1

6WNS-R it SS NRN 19
WR

RN.- RRS NSV .91

66 RN RN .6

91 NNS NSNN RN
111 RW NSV 9.6

16 SN 19
699NM SR

NVR NR NAVR
9699 RN MR

919 RRSSNVRNMN RRSbM 1.9
91 9RRSSR SRV RN VSR

99 66 RWR .6
91 NSN itS .9

91 MS SN .W CII

99R .S RRNR bMR RSR .1
9R SS

619R SN .9
96 6R SN NS

9RN WR SN
91 1RN VR MN RVRVW 6.9

15 6.9
15 RN .6
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Lame Quanfltv Generators by State

OR
RR NRRS RR NR

NRRSW MS RR NR
51 NSRR SWS

UNSRR SWS
-MR UNS WR

RR NS RR
NR RNbM NR NR NR

16 91S
91169S

969SN RN
96 11SM RN SN

19S SN MRR SN 1.9SN
19 SMN 1.69

6666SRW SPY SS NB
99S .166S MN ER 19

14W

91 95N RR MM .9
SN RN

RNW MN WN
9119SR RR

16 SRN RNS SV

91 1SN MV SS 16
16 1SMSN MNN MNBSR RNR NS

9111 SN
RR NN .1

96 5W111-R-MRR UN

915 RS .66

NNNS

166199 RN SS MS MM rs 1.1

91 99 SPY
SRNRRSS RMN ER 9.99

NW RR VR .9

696 MSN .. RN ER

919 RNS NS

66R SN 1.9
166 RNN .6

66 RN NN RN RN 9.1
699 WR NS 1.1 11
691 6.S RS RR
66 RWR MbM MbM

61 NSN SR SNV
66 NVRS MNESRN

NVRS NSV .61

696 NVRS 1.6 .6

69 MbM 61.9

16 NSV 1.1

61 SNV RS WS .9
91 SNV NW SNV .1

1SNV NRSSN
91 SNV WRS NR NS

.1

SM SN t9N SNV 19
SNS RMN NN WS 196

96.9
99 VS NS ER

SN WR NVS
1W Wit SPY NR 1.96
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OR
RR NRRS RR NR

NRRSW MS RR NR
Si NSRR SWS

UNSRR SWS
-MR UNS WR

RR NS RR
NR RNbM NR NR NR

19 MRN SPS 19
91 WS 19

WS NSN NVS
WVRN SN



Lrnns Qiinntitv snsrntnrs hv Stnts

RR

NR RS RW

OR
NR RS

NN

RR NR
RMN RR NR

1.1 SS Ni NSRR
SS NSRR

SWS
SWS

RS

NR
yR

RS

SS

MR MN

NS

RNS

NS RS
SN NV

NVRNMN
R-M

MNNN
NV .NW
NSMRSRV

WS
RN

WR
WR
WR
WR
WR RR

R-M

WR
P.RS RN

ii NW

NV
ER

NV
NV

RN
RW

NV
NV

SN
NS

ER

SR

Si5
MM NN

.W CII

SS

VN

RN

DR
NV

NV

RE

RR NS

966

.1

.6

b.9

.6

.99

.66

.6

ii

ii

19

9.6

.66

.9

.6

.6
ii

.9

.1

.1

NR RNbM

9969 WR SN
69 SN t1R VNS ER

699 bMR

NR NR

6bM MN-R VR
SRS

96 iN SRS
9666 RSN SN

96661

iS
HP lIMP

WRN -W
999 WRN

SRS RNS
it RRVSN

RNRS
NN RNNS

NR
RN

i9i

SS MM NN

qI

6969

6ii

9ii9i

i9 6i
11

RS

NV

RS

ER

MS RS MS

NN

RMN MbM

VR

99966

ii
i6

ii9

9i
i6

99

6ii9

66i

69

i6

9i6
i9

99

9i
9iii

i9i

VS

RNE

RN
ER

.SbMR
RS RVR

RS

SS SS

ii
SSMS

RWER
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OR
RR NRRS RR NR

NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

91 RCN
991 11.1

NRN RWRN bM
611 RN .1

916 WRN RNSMSS .19

RM4R MR VS
99 SS SRS 1.9

91 NSSSMS-- S9R .9

.R RSNSN RN 1.9
SRV NB

69196 WR
116 MN NSR 1.9

9116MM bMR RR
169 MR SSM RR .W CII .9

RS RMN
991 MR NE 9.1

N.bMR ER .6RR 9.9

19 RN t1S RN 1.9
RN RN

RMS 9.9
SRV RN

99 MSN RS NS SR
10

-w SRNS SRNS 1.6
SRNS SRNS 11

16 SSS N.MbMRN MbM
99 RN 1.61

919 RR WS .1

9961 RVRB
11 RSR MM

RWR MM .91

RMR VN .6

6R SNRS
6R NN

WRN NSRSN RN 1.9
91 19S SS 9.9

RWR
1965NN t1N NS RN 1.6

61 sw SN .MRS 1.9
SRWNW M5 WNRAVN 1.9

91665M SR 1.9
1695M NN wN 9.6

1SRN RNS NSRNS .1
919165N RS Rw 11.9

1611 SNNS .6

91 6.16

919 RN
96 RR

SR 11
SRV SSt1E

91 SRV RN 1.61

916 SRV MNB 1.1

91 SRV RCN
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Lame Quanfltv Generators by State

OR
RR NRRS RR NR

NRRS RWM NN RMN RR NR

51.1 55 Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbN NR NR NR

91 SPY NROS 1.1

SPY NWSMRN
SPY 1.61

919 SPY
199 SPY bI1NESRN
19969 SPY SS RR

91916 SPY RN .11

919 SPY RN
9191 SPY MRR SN .6

SRV lINE

9199 SPY WNRRN .9
919111 SPY SS RR 1.6
9191 SPY NN
911 RNNS
91 66 MSR .6

1691 .S SW
16 NW WR NN

91 NVRS RN .1
91 66V-NN RN VSR
999 VW MR SN 1.16

9VR-V NRRSSN .W Cit

916616W SN WR RNSNS RN 11.6
91 WRN SRS00
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

FLORIDA

RR NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

RS RA .1

NSRV RN
919 NVRNNN SRV NVR A4

616S
911163 SN
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Large Quantity Generators by State

GEORGIA

RR NRA RS RRA NRA

NRA RSW MS RA RR NRA

Si NSRRA SWS
UNSRRA SWS

-MR UNS MA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

91 WR MN NS

91 MRRW
96 RA .1

11
199 NW

WS NRSRV .6
WS NRSRV

SN
61 RN

RN

96AJVIRA SS

kMRA SS 1.9
966AJ1RA SS RAV RM RAV

966 kMR MR
991 96 kMR NN RS AR

91 AJ1R NW tkAR SN 1.1
kMR MRA

91 kM MRS
11 9AJ1R tkAR .9

SS RN RO NS
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91 WN 1.1
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66 NRA RA SVNN

69 NS NS 69.1

99 RRA

NRA RAV .99
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996 MN 6.6
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RM MN SSM 191

NNN SRM NNR NNN 16.91
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Lame Quanfltv Generators by State
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91 NVRS 11
91 SSNMN SNMUN 1.6
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NRMR NSRS

66 RSNSMR SNMUN .9
9969 SNNSRSN SNNA .9

9161 SRN .9
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9i 6WSS MS i9

i9iM MN SMRN
ItS

9i6iiMN SR
6i MWRR MS 9.6
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i96M RN .9

MNR MN RW
699MN5N
i9M

9i6 66MN bMR
9i66 NS WNRV
9i NbM i6.9
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Large Quantity Generators by State

GEORGIA
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199 RA RE 6.19
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1116 RA MS 19

RS WR
RN 9.1

911 RN 11.19
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

GEORGIA
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RR NR RS RR NR
NR RS RW NN RMN RR NR

1.1 SS Ni NSRR
SS NSRR

SWS
SWS

9i
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WS
MR

M4R

SS RN

HP

XMN
MN RN
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969 SWN 9.9
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Large Quantity Generators by State

GEORGIA

RP NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
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NS SS tkA

RRA NS RRA
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GUAM
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Lame Quanfltv Generators by State

GUAM

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 55 Ni NSRR SWS
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NR RNbN NR NR NR
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

GUAM

RP NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA
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Lame Quanfltv Generators by State

HAWM
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69 MMR SR NN 911 .91
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91 6SNVNV 6.6

SNVNV SWRN RR
61 9SNV RRNV RR .6 66
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HAWM
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61 VRNR .9
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Large Quantity Generators by State

HAWAII

RP NRA RS RRA NRA
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NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

919 RR .69
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Lame Quanfltv Generators by State

maMo
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

IDAHO
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Large Quantity Generators by State

ILLINOIS

RR NRA RS RRA NRA
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LUNOIS
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19 WN RN NN 1.1
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Lame Quanfltv Generators by State

LUNOIS
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LUNOIS
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Large Quantity Generators by State

ILLINOIS
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19 RRSS RAN 11
11 .6
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LUNOIS
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Lame Quanfltv Generators by State

LUNOIS
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LUNOIS

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

169
96 NVRNMN SPY MN 9.9

ill RS .61

WRN
16 NRN RS

SNSRWW
NSWN 9.19
R- VN

11 R-N .6
bb NVKN1 NWN .9

11 RS VEW 66.9
SN SM

91 SR .6

69 NR RRW RS MW
119 PINS VR 11.9

RNSR VR
NR RR MSNV .1

91 1.11
NS WR NN .1

NS WR RVN 6.9
61 MR SWN

19 MR 1.9
9191MR

10
911 SR RM NV .6

NRS NW .69

9196 NRS NW
66 NR

NRW SRN RV
66 NRN

91 RN WRS ES 16
696 NRS NS

NRN
SS MRNRV

161 RWN RN
11 bMS RN RSV 61.9
666 RSNSMR MRRS 1.61

RSNSMR SRbM .1
9191 119.1

NRN MRNRV
16 RVSRWRS MN

PYS RWRS 199.19

NSN NRS NV
99 96 NWN RN

669 MS SS 116
MSSS SN VW 69

966 -SRN
MN RCN

61 RR-M SN
SRS NSSNS WR RNV .1

1911 SN
61 WS RSSR 6.9

16611 RS SR
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Lame Quanfltv Generators by State

LUNOIS

RH NRRS RH NH
NRRSW MS RR NH

51 NSRH SWS
UNSRH SWS

-MR UNS WR
RH NS RH

NH RNbM NH NH NH

99 1991 RS SR HG
SRWSHN RN 19

19 MNNSSSMS RVEV
66 116.9

69 NR RO 1.6
19 RVR HMNS RSVW

SV 11
NNRN .6

11 HW .1

NM SN
WRN RSN SkIN b.9
WRN RSN- 66

66 WSNWR 9.1

116 SN 6.91

19 yR NRH SN NS .9

91 SR SN 6.9

NSNM MN .1

91 16.9

RN NSRS
SN NS 1.9

69991 SN 6.6 19
19 11
191 VS NN 19

66 VS WS 91
Up

SN WS 1.99

91 SNV 19
119 NM SN MN MR

M- WR HRRG 1.9
9999MN NS HR RVEV 11.66

91 WNRSRMRN 1.1
11MNN HMN WS WSRNS

6666MH
WH NSN 1919MH RN 661.9

11 9MH
66MH VHNN 1.66

WH MN
11 WH HMN NSN .1

WRS SN 19.9
11 MSN R-RS WS19MR SRV RH

WSS NSR HN61W SN SN
61W HRN NR HRN 1.1

61 SRRR SHG 19
1MR RN

91 99MNR NVRS 91.6

699
16MWRRN RN RSV 96

999 MWRRN RNRSV 6.6

6MWRR SN 66
666 69.9

961 -RNS MRS
169M SN 9.9
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LUNOIS

RH NHRS RH NH
NHRSW MS RR NH

Si NSRH SWS
UNSRH SWS

-MR UNS WR
RH NS RH

NH RNbM NH NH NH

MRS RMN .6MRS RMN
9M RR MN 5R11

RR NRN NR RO 9.9

9M SR 199.6
99911MRSW Ni
999 MRSW

199 MRSW 19.66
666 M-bMR HN 16

6999 M-bMR RVEV
Wb b.b

6M WS 66.1
96 6M NN

16 MW WR 1.9
11 6MWS RM 6.91

19 MWS RN SVS RN
669M SN .99

RM bMR NRW 11
RN .6

199M 96
RN R- 19

MNSN NSR 116.1
96 MN MR NSN WMNCN

6MRNMRS NSRS 1.9

MRNNHN 61.6
96 MRNNHN

96 9MRNNHN 1.6

MRNNHN NSN .1
11 MRNNHN RVEV .69

61 MRNNHN RNW 99
16 1MRNM MRN

96 9MRNM MN MRN 1.9
669M RW MN
961 MR MR 16

99 9M RN
9M RV .11

669 MS bMN MS RVEV 69.6
161 19

9119 119
RS SWN

1966 RNSN MRS 19
61 66MR RS SM .1

9919 NbMR
191

9196111N5 SR NSV .16

6N SN MRS
911 SNSN .9

161N SNSN MRS
1169 NSN SHG
16 RM NRSN
61 WN RN SRN
61N WN RN 6.19

9N NM WRSN RH 19
69N SR MR SR 9.6
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Lame Quanfltv Generators by State

LUNOIS

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

11 NM WS 6.l
619N RVEV .9

911 WN .6
191N bIt1N .96

NVSRNRN MRS .6

NV WRS NR rS 1.6
96

6669NS RR MN RN .6

1NW RN NSNV .91

61N 11S MN
b9N

.6
6616 NRRSSS SM .1

NR WS RNR SRN .19

919 91NR MR
16NR NRS NR

16NR RNM NSN .69

1199NR PBS VS 96.69

19 NRR NM WS 9.1
616NRWSRN VRSN WS 66.9

NRWSRNMMR 1.19 9.6
969NRWSRN NWRSN

61 NRWSPNS WR SRN
116NRWSRNNVRS .1 69.1
11 q3 11

1NV-RM RN .6

919 99N PPSW RSE 66.16

6.9
RRSRV RS

WRN .9
19 CII 16

61696 CII

WRN 19
61 R- WRN 1.6

16 RSWD .6

119961 MN NV 666.19 .6

169 RN SN 1.9
RMRN .1

66 VR
MN 1.6

1116 9R
9166 .9

NW NX 16.6
191 RRRG

1661 RN
1169 RY WM .99

6199 RN
9696 NN MNMNRN MR SOR

69 SS 11
55 16

9196111 RNN RES .6

6696 RVEV 11.1
NS SN 11

1696 RW VS 6.1
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LUNOIS

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

91
9916 MN RS .9

9161 16
191 119SVNS SRbM

NR SN MRS
169 NR MN

11 SR RR RR
SR .6

NSNV
RN kEN SN .9

NSRSN
919 NSRSN RE

919616 SR SN NRW 9.6
666 NSM SN RVEV

96 1R SN RM 9.1
119 SN NSN SRNVA

6R SN
66 WS RS 11 .1

91 6R .9

169 RN
RN 16.11W SN NS .6

96 .91
10

96661 SS MS NSN .6
NSN RN

16 NM MN .99 11
961 MRRS 1161

166 RRNNMMRRS MMRRS
199R MN Nl 1.9

RR NN SNS
99 RS WNS .1

96 NN RS 66
WNN .1

9616R RRNCN 1.9

9R NRVN RVEV 1.66
19 RWR MRS 11.1

RN NSN RVEV69R SN MRNRV 61
91 SN MRRS

6R NSRSN RN
VN 1.6

191R .9
919 WRR SN RN

1R
SNR

16 99
RVRWR NN .1

RbMM MN .9

RbMR
9RbMR WS .9
1RNR RR 1NRSGRV

RN SM
RSN RNS
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ILLINOIS

Lame Quantity Generators by State

RR NRA RS RRA NRA

11

19

66

11

999 16

666

61

111

695
61 91

69

666

95
699
691

95

11

RA

NS
SN

NVRS MS

R-
RAV

RA

NSRM

SN
kMR

RVRR
RWNW A45

RWNW A45

RWNW A45

RWNW A45

NStkA

NRS 11

SR

kMN

NSRRA
UNSRRA

-MR UNS

RA

RVR
RVR

SAN
VS

SN

RON

RA

RR

kMR

NRS
kM

VEW

RAN

MR
RV

VE

SN

SWS
SWS

tkA

RRA NS

RA

19 .6

9.9
.6

1.61

6.66

116

11991

.91

.1

16

1.9

.6
16

.6

.1
19

16969

9.6

.9

19 .6

9.6
.1

.1

11

.1

NRA

RA RR NRANRA RSW MS

NRA RNkM

1R
RV RV
RVR
RVR

tkAS

RSN

RS RS

RN

RR NN

RS RS NS
SN

RA

NRA

VE

tkAS RNS

SN

6619 19

9S MR
99 9S

99

NN
iS
9S

616

199

iS

NS

11 NV
1SMR

MMN NS

9199 NM NS
uS

NS
11611S MN

661 RM
RA MS

66 RA

RM
919S
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LUNOIS

RR NH RS RH NH

Si NSRH
UNSRH

-MR UNS

SWS
SWSWR

NH RNbM

SNRR SR
RN

196 NS
MN6SRN HRS

6S
19 SN

6SN
SN

191 95N R-
SN it
SN SS NVR

99 SNSHN RS
1966 SNSHN

SNRN
9119 HR RS

66 RRRN
SR

91 SWN
9SW

119119

91

96 16

ii
19

RN

bNN

SR

RS

RS

SN
SMN RN

NS

NN

NN

RSN

SR
SR

NN MR

NSN MN
RN

N-VN MbN
N-VN MbN
N-VN MbN

MSNMNW
RMN RNSNSRSN

NS MN
NS

SRN RV
yE

HRR

RN

NR

RSE

yE
MM

RN

RS

SS
HE

HN

SN
SN

NN
RS

RS

RV
NV

RN

HN
NR

HN

AR
MN ES

yE

RH NS

.1

.1
99

19

it

.9

.1

1.6
11

6.9
1.1

19.1

16

19
1.1

.99

6.1
1.9

19

iii
.6
.9

.6

.6

.1

.6
it

.9

ii

16

.1

NH RSN MS RR NH

NH

SN

SN

NH

-RN

MN

61

1696

91
99

66

99

19

61

96

19

69

91 99
91

96

119
961

61
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Lame Quanfltv Generators by State

LUNOIS

RRP NRPRS RRP NRP

NRPRSW MS RP RR NRP

51 NSRRP SWS
UNSRRP SWS

-MR UNS WR
RRP NS RRP

NRP RNbM NRP NRP NRP

NW NRN 16

96 RP WS NRP 116 .1

RPM RSCN
9619 RPNS- RNS WMN

69 RSR VRSN RVEV 199
169 RM 16.6

16 MN
9R SN RN 19

191 RM .9

11 Nb
91 66R-SM-V

RN MN RPN AN 91
RWRPNSR RNS WRS .96

1.6
WRSRV RSMN

696 N-RR NR SRN
RNS

16 RN RSMN
RNS RSMN 11
RNS RSMN 19.6

99 NS RS

96 RWN RN .1
bit it 11

WN RN 6.1
9619 NV WS

NVRS NS RVEV
9119 NVRS NS

919NVRS NRPA 6.1

NVRS RVEV
116 NVRS .11

1NVRS NS RN
NVN NS .91

N-VN NR MN 1.66
16 11

RSR NR NS
SRJI SRDN .1

61 166
119 iS MN 19

.6

1199S RW 69.9
99 96.6

16 16
119 SR RSE

SS .61

969V MbN .9
16VSRNN
1V RWN RN SR

191 VSR
VSR 91.6VSR

66 VN NRS 9.16
9196 VN RPN VN 9.61

6161VN RN MVRNN 1.9
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LUNOIS

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

911 VRN-R -R RN 19.6
VRNR MN SN 19

SSMSNRN 1.1

619V SS MS RN RVEV 169
961 VWRS 11.1 1.1

16W RS MN SMWRR MbN 19.1

1WRM WSN I1SRE
619 1.11

WRNR-R RVEV
1WN SN RYE

RWRNSSMSN RN 1.1
91WRNR RN 19

11WS SSN RR NS 19.11

WS ft 1.6
WS RRRS

1961WSNNVRNMN MRS NVRS
9916W bNSN 1.6
99 9W 19.11

9616 11 NRN NV 99 .1
69 WR VRNR VS 111

69 1W WR VRNR .1

619WR

NRN
RNS .1
RNS NVW

996 RNS MRS 11.11
11

.1

91919111 6.9
MN
MN RV .6

919 9MMWS SR NR
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Lame Quanfltv Generators by State

LUNOIS

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

SN RRRG .1

119 RWR SN
NS RRN RR Cit 11.6

11 VSN NS 6.1

91 R- VN .9

RR RR
616 MRNN .6

91 RSS RVEV 9.69

itS NRSRV .9
11 NV

969bMR NM it NV 1.66

11bMR NN
M4R VS

619bMR
it WSRNS

69bM RSVW .9

96 WSN 9.9
96 SSWN NbN WNES

NRW
NSN NR RO
RM

NSR
19 -SR SS NR

01

16 RNMN MR 1.9
SR .6

SSW NR RN
16 SN .96

611 RS RN
RE 6.96

RR RN
R-WRNR RN

16
919161 RSW

RMNNR NM NRW .6
1696 NSRSN RN

9666 MRWRS NV

WRN SV
66 MR RR

11 RW WSN
NSN NN 1.6996 RRW MMN

9619 SR NR MR flIRSGRV 1.9

96619 RN .6

16 SV RNNAS
66 Wit 1.1

96 bWN NS NRA .6
169 NR 11

91 NR .9
RNS

RMR RNN .6

RMMN .11

1.6

99 RV ER
99 RNV
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LUNOIS

RH NRRS RH NH
NRRS RWM NN RMN RR NH

51.1 SS Ni NSRH SWS
SS N6 NSRH SWS

RH NS RH
NH RNbM NH NH NH
RN RN 11MR RN

91 t1N NSN .1

19 VS 1.19
966 RSW RSWD .9

66 RSNS MHRS
WRS ES

919166 RVR 1.66

t1N RSN RS .999 Nit SN RRN ON .99

966 NN RSS
RflI RS
RNW SNS

16 SM MNMR GN
11966 .1

RSMN
91 SN RVEV 9.1

RN

61 MN NR
SN WRS

961 RV MR .1
RES .9

916 RH
10

16 SS SR SS
916 .9

MW WNN
99619 .9

NN
1111 6.9

11 NR RVEV .9

161 RM SbMN
19 RHN

666 HNS MN WS
66 SM 1.6

96161 SR RSE 9.9

9196 RNWR NR WSHNSRNS .1
NH

11 NH
NH SN

16 HM NWRSN
RN RN

61 SR
166 NW MRS 1.1

996 .9
NR RH

69 NR MbN
119 NVRNMN SRV RMV-MN NR 1.6

6116 MS SWR .6
NW RN 1.9

99166 NVRS
96 NSRSN SbMR

966 SN
NS NHHR NHA
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Lame Quanfltv Generators by State

LUNOIS

RH NHRS RH NH
NHRS RWM NN HMN RR NH

51.1 SS Ni NSRH SWS
SS N6 NSRH SWS

RH NS RH
NH RNbM NH NH NH

M- RVEV .9
96166MR NWR

NRS NW
9999 NRNN SSMSN
996 NHW

NHN 11
WSN NVW

RSNSMR RES 11.9

66 NHN RS
9bb NSN

911 NM 11
SR WN RN

161 WS RSSR RV
696 HN AN .99NNRNM .9

RN SN
6616 -WNS-

MRS
RH

616 SM NR 11.6

NVRS .1MW MN SN 1.9
19

6619MN RN 6.919W WS 9.9

6WSR-
66M -V SM .1

RS .1
NSNRSR

96MbMHW WRN MMH .6

1MH-NN SSNR HMN .1

96 6M RS
9MWS VS NS 1.9

111
69M SN SN 1.1

9611MNR RNV 6.1
66 9M RV

161M HS
9MR HN SN .6

1MR .119R MRW RR 11WR SN NV 11.1

61 RV

66 SS
NSNV

669 HW RN 1.19
NR WSHNHW

9916 NR WS HNHR
91 NR HN NS SRV MR

NR RN NS .1

66 NR RN NS MHRS
91 NR RN NS SS .1

1NR RN NSNVRS .19
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LUNOIS

RH NH RS RH NH
NH RS RW NN RMN RR NH

1.1 55 Ni NSRH
SS NSRH

SWS
SWS

RH NS RH
NH RNbM NH NH NH

966iNRWSRNNVRS VNSN
9i 6NN RN NS .ii

69i6 HRRM .9

R- WRN
iii6 WNS-R it SS NR SR .i

WNS-R it SS NR .9

WNS-R it SS NR
ii WNS-R it VN 6.i

i69 HRN CIt .96

bY SR b.b
i9 HRSN

RSS MR
SRSV

ii NSH WN
bMN NS RVEV

NSRMNS NS .66

9i RN-- MN ii.9
ii MN

RR NN SNS
HN MN HN i.i

iii HW NHVRSN
iii RN 9.i

96 RSS .9

9R SRi9R SR
9i6SN NS

SVNN RM SVNN
i66 NR

RS i9
995R5 MR .9

665R5 MV NR Rr
iSRSR RVW

66S RSR HES

9S RSR
RSR .i9

9i9 6S NVRNMN i.i
66S RN .6
iS NRS i.9

66i5 NRS SN
9S NRS

9iSN-N RM

SN NNMNSN i.i
i96i5 RN NSNVRS RN .6
i6 RSWN RN RES ii

666 SMSN ii
6i SMSN RH RSE

9iSNSHN .9
RbMR ii WM

9i SW ii
ii996 SWSS NW NN i.9

SN 9.9

99 RS ii
iiii HHNHN i.i

SHNR MN .6
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Lame Quanfltv Generators by State

LUNOIS

RH NRRS RH NH
NHRS RWM NN HMN RR NH

51.1 SS Ni NSRH SWS
SS N6 NSRH SWS

RH NS RH
NH RNbM NH NH NH

.9

RMN RN 11
119 .9

HM NRS RH NS 1.16
RN MN NSNV 1.16

96 N-HR WN NR SRN
16 NMNS MNHS

916 NN HMNS
919 NN

SKV
6669 NVRS NS

1669 SS .9

SN SN .9
VHM NR NV .6

19V MNVVM .9
1699W NR NS .6

WNR MRS .1

WHNR-M 6.9

61 WSMR HN .11W
1166 Rr .1

96 .96
01
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LUNOIS

RR NRRS RR NR
NRRSW NN RR NR

SS Nl.l NSRR SWS
SS UNSRR SWS

NSR SS WR
RR NS RR

NR RNbM NR NR NR
161 RRNSR
9191 RNSMSS MN
169 MR NWS SSN MPW

16bM -RVRRN RVER
91 1VNR SN NVW

99 RSR .6
SR NSR .1

NWR WRbMRM RVEV
itS Sb

RSVNNVRSV MRS
66 MS RMRN

flint
61 WN RN

19 MR RM
11 RWNN MNN VRN .96

166 RWNN MNN WS RN
SN NR

RPbM VRNS
NS

99
99119 RNSR VR .16

166 RNSR VR

WNVR SR
MMR NR

666MRRR SN
96M

99669 9MN -MN RS

NWNN NR RSN RMV .6
9NW MNSNR SNSN RN

WN NR
169 R-R WRN

-SMNSN MRS
RS/ NSN

NSN
69RR NN SNS

911S
9611S

91 RN
91919S SV

195N WNR NS
669 RWN-W M5

16 iS R-RNS SN WRO .9

61 RRN VN
MNNNSM RN

1NVRS NS

69 RV
9VN RRSS .9

9119 WS SSN
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Lame Quanfltv Generators by State

IIDIANA

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

N9 61
N9 6919 SS .1

99 NN WR
66 WR MN MN
666 WR MNN MN .1

16 111
61 1.1

116
9911 SN 6.6

N9 6619 R- NS
19 lIMP 1W VN .9
N9611 SN .S..M SMR

NS .1
66619 -WRR NS NW .1

66 SRSSMSNN MN
99 NRN itt 191

61 SN RR NNSS 1.61
6116 SN NR SSR SS 9.1

119 SN bMN SSMS RN 96.6

161 SN SS NNCN
61 SNNN .N .1 NOS .1

66 SNNN MNN NOS 66.9
SNNN MNN VNSV

61 SN RNS 05 19

6bM NR .6
Ni bMSW RMN .1

66 MR .91

N966 bMR NR MN RN
.-W NR NR 66.6

6lbM RN 999 .6
1.6

6969N SS NR WN SER 6.6

96NRSN MN
N19 WN RN 69

6161RVNN V.1 MS .6
N166165
N9 M-M .6

69 RR MN RR .6
N9 RR MN RR 9.1

VR NNSN RRV .6

999VR NNSNM 166.6
61 VS NW

66 NS NOS
6669 RR RN .9

MN RN WSN
19 RSS MNM NR RN

61 -SR SS NR WRN
WRSW 11

SV MN SV

N96 NSN MSWA
16 RR .9

RR 16
N9 969 RR 11

61 NWR MN MN 1.1
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IIDIANA

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

MS MNN RR 9.16
19961 RR NOS

91 MS RR P145 RR
N6 69 MbN WRN 6.6

991 P155 NW .1
N9619 RNRWNN MR NOS 1.9 96WRN

116 SN SR PP ii
N9 66 RNSW WRN

169 RNVR NSSMSN NSR .6

Kyb
691

N9
WRM .1

NNRSV
6191 6.1
966 RR 1.69

RS -M NR MN
61 RNRWN RN
61 69 RNRWN RN MN

RSNM SN .61

N919 66 MNR RR
91116 WS W4 MN RWN 19.6

66 PP .6
ci

11 ciG
N96 MR
N191 RRP NNCN

6119 RR NNWR RMN
RR NNWR NN bIt1N

SMRS
Ni 1MW SN .1

1966 VNSV .1
99 NRPN RWN 6.6

N9 NRPN .19

9616 MR RRP MS .6

99 NS .N 1.9
N16 MV SM 1.6
N996196 RR MN RN 1.6

RRP RSV 11
66 NRWR PP M.VRNCN

6196 RSSNSR NOS
RflI RS MN RPWRSV
RflINRN NN

6.6
N99 t1N5 .N

t1N5 MS 16.6

N9 SM RPN VNNNS
669 .N

SRN .N WRSW .9
6.1

P514
N9 R.R MNW MN

RPP
RPP NS .WNE

N9 NS MN 1.6
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Intns QuAntity snsrntnrs hv Stnts

RR

IIDIANA

NR RS RR NR

Si NSRR
UNSRR

-MR UNS

SWS
SWSWR

NR RSW MS RR NR

RR NS RR
NR RNbM NR NR NR

i9 VSMR NSN bIt1N i.6
6i RNS SS i6

66 RNS .i

i66i RM bMR RSN
VSSMS MN

N9 NR NNMM.SSM NRSN 6.i
N9 NRR NSS NRSN .6
N9i96 MN RNSR 6i

9ii SNNS bMR SR
6i6 R.S VNS NV.SRV NO 6.9
bb bitS

Ni6iii RR ii.i
N99 RR i6

VRS SSMSN NOS i6.66
i6i SN MNN RN

699 RR .6

N9 NOS .i

6i RSSRN.N.R NNRSV i.i
N9 9i RS MS NOS
Nii9 NNCN i.i
Ni6i VSN
N96 66 VSN 6.9

996 RRV
i6 MNM i99.iOO1

N9 9i NN
9i RM.N i6NSN NN

i96.9Vi NOS i66
6i .WR NOS .6

69 .M MM NOS 69
Ni9 .M RS .6 i66
Ni6 .-W RN

69 .-N NOS i9i
96 RP ND

66i 6i.i
66 SR

NS .i
N9i9 99 MR MS ii6.6

N9 99 NVRNMN SRV bMR ii
SS MR SSN RWN ii6.9

69 SS .WN RWN 6.i
i99 SS VNNNS

N9i SS RPN

SSR WR SN NSR
i6 RRP RPN 9i.6

ii RRP NSR .i
666i RR .bIt1NS bIt1N .i6

Ni6 RRVN MN WRSW .9

i6i 6.i
SS SR N.N VNSV

N9 99 RPM NS

6i996 RP-M MRSV
RP-M RRP RPN .9
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IIDIANA

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

RR bIt1N .16

69 RR RR .1

NS RN .1

616 RSN NSR SV
N9 966 RMS .6

69 NN VN .6

96 .WNE .1
699 RN SR NNRSV 161.6

66 19 .69

1961 RM MN NOS
N9 SR NW

SR .1
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Large Quantity Generators by State
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Intns QuAntity snsrntnrs hv Stnts
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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Lame Quanfltv Generators by State
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

LOUISIANA
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

LOUISIANA
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Lame Quanfltv Generators by State

LCUtIlA

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 55 Ni NSRR SWS
55 N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

161 NbMSRNS 1.1
RR SN SN NWRMSNN NW 9.9

91 SPY RV

NR MRR
S9RRN .9

1191 SN MN MN 1.6

119 SN SSP.D 11
99bb SR SICV

1996 RSPY
916 WS RS NR

1199 RS RS RS
69 NS RN 1.61

66 SS WNS 1.1

66 .- WN
191611 NR
1611 NR RR .6

16 .-WSS WS
16 ON

966 RSS 11.1

99 PINS

PINS -NR NR

911 SR RS SRV
16 SNM NRN NWRMS 11.9

16 S-RNW SN NV .1
96 .- PIN RV .9

91966 NbM NSRSN NW
RW RSRVN WNSPI

NR
969 RR NR NRU

91 RN RR MNN
16 PIN NSR NW

RMR MRS
9111 RN RNN
66 R.- SN

11 SN NN.-WS .1

WR RR NWRMS
.PIM RM bM

911 MN SRV 9.9

111 NR MN SRN .6
911 16 PINS SS 9.9

666 bMR RS SNN bIt1N

19 SM NW MS 1.11 16
MNNSR RS NSR NN MNN

19916 RV
19 NM NRU .1

969 11 MR MN NRU
SSR WR SSP.D

.M NRU 11NN NW
9191 RSNNRRSS RR NR .9
919 RSN RRSS

SSMSN SMR

173



National Biennial RCRA Hazardous Waste Renort Based on 1995 Data

LOUISIANA
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Large Quantity Generators by State
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19

19

16

69
.91

991

619
.9

11

66.16

.1

.1

NR

RR NR

NR RNbM

51 NSRR SNS
UNSRR SNS

-MR UNS WR

91

16
16

669
19

996
61

19 169 NV

MN

NR RN RN
MMN RN

NSVNN
MR RR

RN
SN

196 NR

11

99

1969
11

6661

MPN
6MPN

MPN
9M

19

199 SRAMS VN
SS

1911

19
NR SR

9161
66

1969 RM NNN
11 NRRN MN

196915 NS

96
665RM

91

69 9S
195

69

99

996

91
96

RS
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Lame Quanfltv Generators by State

MARIE

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

M9 69 NRS RN
19 VN RN .i6

16bMR MNS RM
P115 MN RN .6

ii WR NS RO

619 NR R- -WNS NR
i6 RNWRS RR RNSWY i.6i

19 91 NM RSN 1.1

19 NNRN SR .6

bb Nit RI4P
NR SN i.6

M9 RNN SR R-SRR SRRU i.69

11111 RNN SR RR NN NY

RNW NSRS i.6
M9199SM5MN RMN .6

i96 RMN RNS RS .1
19 t1N NS RPMN

M9 RSNN
69 RWR SN RD .1

ii SSN
ii69 NSSMS

NR MN NR
91 NSS NRR SNS i.6

MO
MN RWR .9

ii96 RRSN .6

19 SS MN NR RN 6.i

M9 695 RN .6

19 NRN
i6 RVN NNN MN RN
6i96 bMSRVR 9.9

6i
SM RN .11

M96i6 NN
.i6

M9i9 MN RMN Si RN

66MPNM NR RN
69i 9N WRS .66

199MPN WR MN WSSS
M9 6M RRNSRSRV .99

91 966M RN 9N MS .1

9iM NSRS RPMN
99MR RN

9i9N
9N NR

Mi NV t1N NS 1.1
Mi 9NV WNRRR
M9 NW NRR 1.1
M9i9i NWN NS WNbM

9N RN RN
M9ii NR SS PM

19 NNRM
M9 19 iM RS

R- bNRS WSRY .1
M96616R- RN
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MARIE

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

6996 WRRNSMRS SW .1

19 1SNRSR RS WSRr
696S WSRY

1915 WSRY .1

SbNMN NM
9S NR
99 bMRNS RN

M9 MNW NS RV

M9 69 bMN WSN
bb kISS SN

SN RR ROR .9

19 SNSRSN bMN
916 NS NR NR

1NR RR WSRY
NVRS NWN RD .6

SPY RN .9
H9 1V

1999 6W NS SR .1

H91 1WRSH RS SN RN .1

61111 RN RHN RN 9.9
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Lame Quanfltv Generators by State

MARIE

RR NRRS RR NR
NRRSW NN RR NR

55 Nl.l NSRR SWS
55 UNSRR SWS

NSR 55 WR
RR NS RR

NR RNbM NR NR NR
199 bMRS yR

91696 NR 0N WR .9
19 RNR MN WSN

M9 11 NR MN NR .9
111 RNRS RN

16 RR RSNS SbM
1199 MN WS .91

NRS MN .1
M919 9MPN RN RN .6

9bN RN .9
Ml VR WR SR RN .6

19 919MRN .66

M91916 MS tON RMN NR .9

M9191 RN MNNN RN
16 tON RN RNbM .1

M9661S
691 RNS SR RS .9M966 SNR .6

M9 619N NR NR .6

1191 RWN .19

WS NSVNSN RD

WS SS WS SS 1.9
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MARYLAND

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

11 -1 MRE .1

919 NV 16.9
RM MRE 6.99

RR SN
16 SN WSN 11

699611 SN MRE 9.1

M91 SN RS
M99169 RS SPY MRE .1

61 MRE 6.1
1991 MRR SV

HP Sb It kEN HE b9.9
M91 1bMR RPNSR

9119M4RSRS MRE 1.6
NRWS NRWSA

11 RM NSS MRE
99 MRE

91 NSRS ND

M9 SN MRE 66
99169 MR VN MRE 1.9
6199 MR MRE .9

M9 69 MR RN 16.6
99 RRN iqpi .1

91 MN 1.1
999 MRE

M9 19 NW NSRS RSBR 1.1
M9 661

MS SRRWS VSSRRWS 66
VSN MS SRRWS 6.9

91 RS NN SS 16.1
RN bMS .99

MN MRE
96 RWNN RRSN RN .9

RNN MRE
MS RN SPY SN

91 MR 161
M919 SN RSBR .1

96 yR .9

SN MRE 9.9

69 NS SN MRE 199.61

996616 VRN MR RMN MRE
RS SSN

M9 19 RRS MR MRE .1

1961
111 RN RS 9.69

NS NW MRE 1.6
699R11 NR MR MRE
96 RWN RS ND 1.9NSRSN yR .9

16 RNN SV .1

9919 SN RSBR
M99 MNM Rr 16.1

MR MR 61
Ml MRE .9

119 RM RSWN .6
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Lame Quanfltv Generators by State

MARYLAND

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

MNR MR MRE
M9 NS RWN1I 1.99

61961 Ml SV

M9 669 WSWRSR VSN .6

MRE .9
116 Rr 1.9 11

NRRSR Rr 6.9
96616 NVR 16.6

919 MR SR MRE 6.1
11 VSN MRE

HP HE
M9 SR
MR WR

NM MRE 19.9
M9 NN MRE .1

999 NRN NN
yR 1.1

19669 NS NS MRE
191 NS NSNVRS MRE 1.9

961 NS NS NVRS 66
M9 NS NSNVRS MRE 19

RM1SNSN .9
NRNS MRE

M9 WNVRNMN SPY 1.9 9.1
MO
M9 WNVRNMN SPY Rr .1

NWRN MRE 6.9

M9 SN Rr
199 MRN MRE .9

91616 MRN RN

M19 14 WNSM 19.1

696 MRNMR MRE .9
6MR NVRNMN SPY MRE .61

66MM NM MRE 1.6
MM MN MRE

M9 69 RN NV 1.6
M91 RN NV 9.6M9916M RD

MR MN MRE
NSN R51t4 61

M9 61 NS

1196MNR MNS SV
M9 16N5 RS NR RN 1.1
M9 616N NS RYE
M61 9N NS 16
Ml NV NR 11.1 11
M9 REM 6.6

91NV RS MNS .6
Ml 6NV RS NRVR NRVR 1.1
Ml 19NV SR WRR NR NE
M61 NV SR WRR NR NN 16

9N RN RSR NR MRE .9 16.11

99N NV 19
M9919 SV

M919 SPY RYE
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MARYLAND

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

M911116bMNNRN Rr 61.9

WSW RR MN MRE .1
bMR

991 SR SN MRE 1.6RRNNMM RN 11.9
99 NRN WNSM .1

M9 696R SR MRE .1

69 SN MRE
6RN- MRE .6

699 9R5 MR MSR 6.6

b9 ILK W1S
SM RNS MRE

NSUR 9.6
116 RWNW M5 MRE .69

SN SRN NS MRE66S RN VN MRE
M9 69 RN RSR

69 SRV MRE 19
99 SN SR 166.66

1915RS MR MRE 1.1
95W fllNSM

SS RSN SS

61 RMM
69 NVRN SR 6.9

11

WSM RNMl SRM RRSN NRVN 6.91

916 SN SRRWS 16.9
M9 NVRS

1616NVRS MRE .1
M91 RN RMD .9
Ml 1SNV NN

69 MRE 91.1

Ml RS RRSR SV 16
Ml RS SV SV 1.1

11 111 NS RSBR 16.19 16
M9966 VS MN MRE 16.1

69 SS

6W SS 16
961WR 96.9

WRW NR SV .6
M9 WSN 6.9

61 NS NSN RSBR
691WSRN SN bMR 1.9

M9 99W5N VbN NR .1

6191W5N WS
1669W5V 1.1

9M t1R VSN WSMNSR 1.6
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Lame Quanfltv Generators by State

MARYLAND

RR NRRS RR NR
NRRS RWM NN RMN RR NR

Si.i SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

69 SSMS NN

6ii MR MRE i.6
6i MR

ii6 MR MRE
M9 MR MRE i.9
M9 MR MRE
M9 RRN MRE
M9i 69 MR M4SR
M9699 RR NR

HP bN kiSS NSUIC 9.9

R1N RS MRE
M969i RNSR MRN i.6

69 VSM
RSSR RS SR 9.6

RSSRS SV i.6
MRE .9i

6i VM SV
MN MRE

9RNS RYE
i6i WR RRSM .6

M9 NN MN bM i.i
MRWV SR

66 VRR RS MRE .ii
MO

MRE .9

WR RN MRE
M9 MN SN 6.6

Mi 66NV SR WRR NR
Mi iNV NE

NW SV .96

i66 NW SV

6N NSNCN .9 .6

9ii9 NR ii
6ii SNWR MRE .9

Miii SN .9

NR SR
i66 RWN RRSN MRE .6

96 RS MRE
i96 WR RSN .6

966 WR NWR
699R RYE

9iSM MRE .i9

6S MRE
M6 65M SNNNS

666S MN NW .6

SRNRRSS MRE .96

ii MRE
996 WSNS NVRS WSN
66i RNS NN ii.i

Mi SRMRSR .i
RMRS i.6

Mi RR RR .i

WSN NN

183



National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

MARYLAND

RR NRA RS RRA NRA

NRA RSW NN RA RR NRA

33 N1.1 NSRRA SWS
33 UNSRRA SWS

NS 55 tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

MR MRE
911 RR tkAN WSMNS
919 9MN MR PANS RS

163 RN

95 VRSRN
91 RE

RNN SV

96 NV SV

99 961W5 .9bb
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Lrnns Qiinntitv snsrntnrs hv Stnts

MiWGHEflt

RRP NRP RS RRP NRP

MP

MP

MP

14

14

14

14 99

MM
14

14

11

14 99

M9
14 696
M9 61

14

Si NSRR
UNSRR

-MR UNS

VER
RV ND

RN
MN CM

NW
WR SN

NW OR
MN CM

MN CM

NW OR
Wit

WS
RN

VR
MN

RVR NRVN
NS WR

RS

RN

01

RN RNN
91 66

91 SN
69 RSS

91 SR SS

91 19 VS RSS MS

61 RR NR

61 SRINRR
91699 RN

16 NRMN
96

SN
69

RNN

96 RSW

SN
MN

SR
VN SR

WR
MN
RN

SNS
bMR MN
M4R SSMSRR

bM NM

RR
RNS

WMNCN
RN

WARS
MS

SN
MNS

RA

SN
RN

NN
RVER

SER
RVR

RO

NE

NW OR

NN
NN
MN

NR
SN

NW OR

RG
RO

SWS
SWSWR

6.6
16
19

.6

961

.66

If
.9

16
.9
.9

.9

166

.9
1.6

RR NR

NR RNbM

NR RSW MS

WR SS MS
.W SRMS

RPM NSN
RNN

NM SSN

RR NS RR
NR NR

96

19

11
61

61
11

61

NR

SN
RV

VS
VS

RR
KSS

RN

RN
bM

bMR

bM

bM

SSM
RS

RN

ER
NN

RD

NVRS

NR
VS

.1

11

61

96

16

19

1966
16

.9

11 .91

6.99

.6

6.1

.1

16

.6

.6

91

91

11

991

19

SN
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MiWGHEflt

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

1191 MR RN

16 RNN NS SW .9 11
M9 19 RSS WR 1.96

RNR
M911 RS NVRNMN SPY RNRE .9 .1

RRS RNRN RNRE
M9 RRS 1.6

NSN MRRM
N6161 NWN RVR .6

11169 NN RN WS 1.6

b9 IC

91 SSRV NW OR 19
N916 NRR RN 1.9
N9 61 SS MS M5 19

RR 69
RR NRNS SN .6

N916119 SRN
SRNN MN VR

N911 NSRMNS
161 V- NR 1.11

NSS SN .9
19 NNR RR RM1Nfl1

116 NNSNM RM1N AM .6
RMN RN VNSRSR VNS

00

NN VN VR .6

N9 NMR NR 19
61 NNNR NR .9 11

N9169 6.99

96 NMRS WMNCN 6.9
111 RN 9.1

N9 RNMN RN MS 61.9
116 SRNRR 99

N166 RR VR 1.1
11 RR .1

N9 19 RSR NS SNNVR 1.69

RSW 1.9
119 SRN 1.1

119 NW OR 11.9
N9 MNSER 16.9

VR RMN VR
N9 N-116 NS

.M NSN 11
96 RM NSNN RSI

99

116 NNSR SNR
N91 NRNN RN NWROR .1

MM 61 RMR VR .6
116 RN NVRNMN SPY WRN

N9 RS NS RO 6.1
1111 RN WRSR

N1 166 RN .19

N6 119 SRRGNRR VR 19.6
N1919 NR RR RM1Nfl1
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Intns QuAntity snsrntnrs hv Stnts

MiWGHEflt

RR NR RS RR NR

Si NSRR
UNSRR

-MR UNS

SWS
SWSWR

NR RSW MS RR NR

NR RNbM

NR
NR
NR
NR

NS

NS

NM

NS
NS

NM

9i

i96
69

i96i

96
9i

i6i

666

i9

99

96

99i

96

66i

i96

iii

.ii

96
i9

69

NN
NR
MR

RR
RN

bN
NW

Ut
MN

VN

RR NS RR
NR NR NR

.6
NN 19
NN .i

RG i9.9
RO

NVR
bMR .9 iii
bMR .6

NWROR i9.9

NN RN SN SN i.9
KVK

NN RN RVER .i
NWS MN NR

RNSN NWROR i.6

VRNMN SS MS.SRN NWN 9.i
Ri RNR

RNN RO 96
RNN 69

RVR NVRS
RVR NVRS

NR i.9

NVR
NNN VR i.9

9.9iWRSR i9
NVRS .9

6i999
N9i i6 VR i6
N9 141 RN

ii NN WRSR
NSR SN i.6

iii69NSR NN NME
NSR

N9ii ii NNV MMRN SS MS NRW
i6 NSNRR RltlN

N9 96 NSVSSMS NVRS
ii9 RR NWN

i9 NbM RR MSR
N9 NSNN WR i.6

N9 SS MS 69
9i69 NW .i

66 MMRN 55 MS WMN CII

N9669 WRSR .i
ii6i SSRR MN .9

SRV SN NR NDVR
NVRNMN SRV WRN

N9 66 WR NR .-M S0I .6 ii9
N966 RNR MN NR NNR
N9 RR i.9

NSRS i99.9
66 SN .6
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MiWGHEflt

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

RR NRW 9.1
116 NRR WNSSMS

W9 111 RR .1
M.W RR SMRV

W96 9M-MN196M-MN RNCN
W9 16
W91 WN MS1 MS VENS 16.1

6W RN 1.6
RN1

6W NM SNSRSN WRN .6

W9 WRNWR .6

1669 WRNWR RR RN CII

W9 161WSS NR SS NR- .9
WSS NR RR SN

9W55.NS MR 61
WSS SN .6

11WSS NR 69
W9 6WSSWR NR .1

16WR SNM .9
6661 SN SER .9

W1166 RNS WS RU .69

11 9MRSM RR RitI
OM

.1NR NG1 .1
61 SRN

W9 9611M SS WS 16.6

W9 NM RVER .1

111 MNSN SRN
N99 91 MNSN VR 11.9

MRNNRN VR
611MRNNRN 11

N9 WRNE
1669MS 9.1
11 iN NSN SRN 99

N1 NV RS WM 1.9
6NWN NM NR SN 96

11 1NW WR 166.6

N9 161NWN WR- NS
11661NWM .N WRSR
116 SSN RNR .9

61NR SRNNVRS SN 11
1966NRR Rt9N NRW 11

19 9NV SN MNSER .6

N91 6NV SN NR
N916 NW OR

WMNCN
N9 96 MN RR W.SRNG

11 SRAMS VN NVRS 9.6RR
..R NW OR

R-NR RN NRWW 1.6
N9166 RS 55 MS .61
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Lame Quanfltv Generators by State

MiWGHEflt

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

M9 RS SSMSN MR 1.9
M919 R- RRSN NR NDVR 169.6

RM- RRSN
M91691 RI9S RR SN
M99199 NNNRNN.M .9
M91 16 RNS

11 NW OR .61

.9

61 MR
669 RR MR 19.1
b9 lIMP SSN
99 RRRR NW OR

M616191 RR NRW 11
M919619 RNN NWRORM6 bMN SN

161 RN SN M5

NSN SRN
11 RN RR RN

M9 96 SSN NR SR NN .1

M919 NN 61
WR 66 NM SRWR 11 9.6

66 t1N 9.6

MN NVR 1.9 11
11

1111R MN
11 9R MN-RS .9

N9911 MN VN NVR
1919R MN .SSMS .9
19 MN RN SSMW 1.1

N996 RN SRV 6.1
1111R RN NN .6

169 RVR RR SN NW OR 1.99
1696 RVR SWRW

99R WS SRN .9

N9 RbMR 16.6
91R RS RR RM 9.1

N91 1RM
N9 61RM RG 1.9

1RSNRSVR NR 6.9
RS 1.9

N916 ER 61.9

11 9R55 1.6
N9 69S NN .16

116 SN- NR RSNRN WRSR 6.6
N916 SM NW OR .6

11169 SV RMS WS
N9 SN RD

6965M MNNS RNCN
N666 SNR NS-M WV SRN 1.6

9SRV RN SN 6.1
N9169 511 MS WS RDW 6.1

9S MN NR RU 6.1

SM MR RR RNR
111 65M WSSN SRN 111.6
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MiWGHEflt

RR NR RS RR NR

Si NSRR
UNSRR

-MR UNS

SWS
SWSWR

NR RNbM

NSRSWRW
SRN RN RRSN
SN
SN VRV

RN
SR NS
SRNN
SWN
SWSSRN

NRN
WS SR

NSRMNS
RNS
RNS

Wit

R-S

SN
.S
ci

NVR
NVRS

M99i NVRS
te

199
M9 i69V.
t9 i6V

MbN

M9 91 VN RM
16 VNW RS RS

6VN
M9 99 RN

119 NSRN
9W RS

96 RS

6W5 RRSRV
1119 WS NS

M6i 9W5 RN RR
WSV NV VSN

ii WWN- RN MN
696 RSNS

N9i9 19 SN SRV
WM

WR

WS SRN
NN

SRWS
MN Cit

NN
RO

Wit

NW OR
WS

RO

VR
SRN

SN
WN SER

WR
MRS
SN
NSMA

RA
RO

SRN
RN

SM
VER

RO
NN

WS
WS
SRN
NR RA

NR RO
MN Cit

SN

RR NS

66

.69

66
16
1.6

iii
.6

1.1

9.9

.9

69

1.9

.91

19

ii

69

.6

.69

.6

.9

.1

NR RSW MS RR NR

iii

616

669

N9
b9

1691
N9 6119

69

1199

96

N9 691

N9
999

9919

N9 61

NR

MN
NR NN RNR

SN
VR

MNSR

NSS.M
NSS bit RS

NSS
NSM

SN .R

NR

191

ii 66

.9
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Lame Quanfltv Generators by State

MiWGHEflt

RH NHRS RH NH
NHRS RWM NN RMN RR NH

51.1 SS Ni NSRH SWS
SS N6 NSRH SWS

RH NS RH
NH RNbM NH NH NH

M9 SN SN RM .9

M9 69 SN NW OR

M69 19 RS SNG
MM MR NNN NR AMS 1.9

99bM RS SN WMNCN 6.6

M9916 SSSM WSW
M9 RRW NSNN SER .9

161 RMSRN WR SR HNRE 9.69

M9 SH WS RU 1.6
b99 WRSR .9
11 RH
11996 MN ROSRN WS .9

M911 RSSMS VSN 6.61

11 MS MNN 9.6

M99 66 RN MN MNSERSNWNM9 99 SN SN MNNS 6.6

SN SNWR WN MN R1t4 1.16
M9 119 SNS R1t4
M616 SNNVRS NR SN .6

6966...NRR .6
111

tu- an 11
M9 RH RD .9

61 RN MR
1119 WS

11 HNN NS 11.9

M9 91 RRSNVHNMN SRV .6
M69 RS NR SN 1.6

91 t1NW SH NR AMS
t1N WRN.N VR 1.9
NH W.SRN HMNSRN

R1N WRNE
MN RO .19

M66969 RNSM .NR VR
61 MRS 1.6

MR f9 NM RMMN ARN i.E
M91 66 NbMSRSR NVR

111 NbMSRSR RH WMNCN 1.9
MRSN MNN NN .1

19616 NVRNMN SS SMR.-SMN HG 1.9

W9 MM 1.1

M9 999 .9

.6

M9 96 69 .1

M9 .-

M9 .- RA
M9 MN- NN

M9 916 MN-li
M9 9i6 MN- WR RU
M9 MN-
M9 69 MN-
M9 99 MN- RO

M9 SR WM 1.1
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MiWGHEflt

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

1111 MNN WSSRN .9

1199 NR WRN WRN
696 NR 6.6

911 NR RR NNS .6
W9 69 NR NS RO

196 NR RR NR 1.6

996 11.9

NWS MN SN 6.6

W9 1916 NS SN 1.9
lINKS

111 RS .9
W69 NN NN

61 .N MNS 1.6
111 NRN RN 9.1

t1N MR 1.66

W9 NRN MN MH
1999NRN RM1Nfl1 .9

11 SS MS 6.91

1961 NN
111 RSN bN 1.1N6199 WMNCN
199 RVR RVER

NR 6W NS SN 11.9
MO
N9 99 NRNNR
N9 NRNNR RR WMNCN .1

NSS .-N.S SR .6
119M RWNN RN WN SER

N96 NR SN 11
616 SN SRN .99NR NG1

N9 96 R.SS NN 1.1

N9 96 RSS 1.61

11961MRN NSR WRSR .6
99199 1MR RN NVRS 11

6MRNNRN NN N.NVER .6
N9116 MRNN VN NR RN .6
N91 1.6

9N5 RR MSR .9
1119 RRN RR NN
196 NWN WR MN SMRS
69 NRR Rt9N RR NRW

6116
N9 RRM RR WRSR 1.6

69 RS SS MS RM1N AM

N6669 RR NN 1.9
9R MN .9MN RN SSMNRW 1.16

N9 669 RN SRV NR 1.1
1991 NSRV RNCN .6

N91 6R MR 6.9
N9 RM4R

1R SN 6.6
N96 WS RO 9.6
N9 1191S RS NS RO 9.6
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Lame Quanfltv Generators by State

MiWGHEflt

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

W91 95 RN MM RU .9

M9 99

696 MN RVER .16

M9 9SR NR 145 NR AMS

119195 WR SR .6
WR 61 RWR N9 NSSM WS

19 RMR IQ NSS MS NSRWS .9
66996 MNN NRbM

NNSS NCN .6
9b NNSS .9

M9 61 SRV .99

M9 SRV WRSR
169 RNSSMS VSN WMNCN 9.9

N9 MN NR RU .6

N19 RM

N11 61 .S RM RSS MS t9N 1.1 1.96
N919 SRV MSR
N11 NVRS RS RI
N9 91 VRNRM NR VR

1191VRNN MN VR 11
11 VS .-NNS NNS
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MICHIGAN

Lame Quantity Generators by State
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Lame Quanfltv Generators by State
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Intns QuAntity snsrntnrs hv Stnts
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

MICHIGAN
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Lrnns Qiinntitv snsrntnrs hv Stnts
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Lame Quanfltv Generators by State
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National Biennial RCRA Hazardous Waste Renort Based on 1995 Data

MICHIGAN
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Lame Quanfltv Generators by State
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Intns QuAntity snsrntnrs hv Stnts
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Lame Quanfltv Generators by State
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NR RNbM NR NR NR

MN 661 RSMN RN
MN SN WER .1

MN RMNW NSRV .6
MN9 6199 VRS MNN
MN 696 RR MNN .69

MN9 RR NRR .61

MN RR VSS
MN9 9961 SW NR .6

MN9119 WRS
MN 69619 MSS RNRN 16

lb IN b.b
MN9 996 NVR- RS

MN9 NSN
MN 61 91 16.6
MN9 66 RN NSRSN VNSH 9.9

MN NNR MRS MR .1

MN 6169 R- MN MN
MN MN NN 16
MN 61 WNN
MN 6169 NRR WSS 1.9
MN RM 9.1

MN 696 RN NS SR 96
MN SS NN .1

MN9 6R N.-RVRS MNN

MN9 96 NM 111
MN 61 RRSR RR 19
MN 11 .99

MN 191 NW -M VNS MNN
MN 19 NW NVA .91

MN NW-S RNS 1.6
MN RM MNN .1
MNR MNN
MN669 SN MNN NY 19
MN 666 NSN NRR NSCN 11.1
MN 61616 RR SR 1.1
MN 66 MR NRR RE
MN9691 NN SSMS MN
MN966916NR RR VNSH .6
MN 11 S-SN MN MNN
MN 61919 NR RSRNN MNN .9

MN NSNM SM 11.9
MN 61 NR 11
MN96
MN 9616 RMN RN-MN MNN
MN 661 NR .- .WS RSMN 6.1 16
MN 6611 RSMN 16
MN9666 NM .9
MN NW 6.9
MN 19 RSN SRN SN AS
MN RSN MNN .66

MN 669 SN MNNS 11.9
MN91 66 1.9
MN NS 55 MS-
MN VS MNN MN ES 16.9
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Lrnns Qiinntitv snsrntnrs hv Stnts

RR

MNNESOTA

NR RS RR NR
NR RSW MS

MN 61

MN 61

MN99
MN 66
MN

MN 616

MN
MN

MN

MN
..N

MN
MN

MN

MN
MN

MN

MN
MN

MN

MN

MN

MN

MN
MN

MN
MN

MN

NH RNbM

RN
MR

-w
RSRNN

MWS PNSNS
6M VMNNS

9MN SN
MN

9MNNS RN

9MNNS WS

SMN
VRS

RN SN
NN

RM

RS SR
R-

WNN

NW
SR

HR

NN
NN

NR
NW

MNN

NW
NH

RSV

MNN
MRS

SM
MNN

ci lci
MNN

SRN RV

VR
MNN
MNN
MN

M5

MNN NY

NSRS
MNN

MNN

RS

RH NS

.9

.6

.69

.9

.6
1.9

.1

1.6

9.1

.1

16

.9

16

.1

.1

16

.1

.99

16

.6

.69

19.6

19

51
-MR

RR NH
NS

UN

UN

SS MN-WNN
SR

SWS
SWSWR

RN

11 tRV
99 tRW

11

6MN
99

WN

SR

WS

RN MN
MN RN

NS MNNS

96

966

19

RSS

SS RS

MN MN NM
MN9 NR HNS WR MN
MN 696 NRWS RNS
SO 10

MN
MN911961 SR
MN NR SRS MN
MN 91NR RN NHVN
MN 6NR MNMR
MN 6969NRSRMNN MN
MN NRWS
MN 6N5 SN SPY
MN NS MM SRbM
MN91 16 SN SR
MN 11 NN RH

NHNH

69

11

.1

.6

MN
MN

MN
MN

MN

MN
MN

MN

MN
MN

MN

MN

66

611 61

61

96

616

99
61

116

99
66

61

SS

RN
RN

AR

66 HAN HAMR
RM

61 96R5M RS
9RSMN
15

SN NS
SWNbMR

MNN
WRV

HNSV
SSEN

MNN

AR
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MNNESOTA

RH NRRS RH NH
NRRSW MS RR NH

Si NSRH SWS
UNSRH SWS

-MR UNS WR
RH NS RH

NH RNbM NH NH NH

MN 6S MN
MN 61 SNW SN 19
MN 61 6S NR 69
MN9 WS NR 111
MN966 SHH RH MNN NY 9.96

MN9 uS SN
MN NR SV
MN9 919S NHR SRMS SMNN .6

MN iS bMS bMS
MN61 19SR RN RE 196.1

SR SN RI4P .9
MN SN 16
MN9 SWNSN MNN
MN 69 HM RH MN
MN 119 t1N NSN.- 1.1

MN96 66 MR SN 1.9
MN NR WN .9

MN 61616 RM NS 1.6
MN969 RS
MN966 1R RWR- NN .9

MN 196 WN SRI1bIt1N NWRHN .1

MN 661 WN MNN
MN919 .S RR VR SRV N.RSV
MN 99 .S.S -MNN MN NRN .9110 111
MN NV MNNS -MNN MNN 19
MN9 NNN
MN NVRS SN .6
MN919 NVRS SN ROy 1.6
MN NVRS MNN
MN N-VNS HMN
MN1 SHM RN .1 .6
MN VSR RH MNN
MN6919V HNS RSM NR MNN
MN9 99V 1.9 11
MN116 9VSN-S RN NR
MN9996 MN .9

MN W.S..N VHN NN

MN9199W5 SN MN .1

MN91196 1W RS
MN 61 RH 1.6
MN 61W RSN 19
MN 616 RRMN .N
MN 61 RSNNRH
MN9 69 6W S.S.A 19.69
MN 9W RS NW 69
MN 6166 WRM MN 19
MN 696 RN MN 1.6
MN9 919M- VNSH
MN 99M NR NR .6
MN 619 MVR VMN1 NSCN
MN 1696 .9

MN 61969 MN GRV 6.6
MN SR NR
MN 61 HMN HMN .6

212



Lame Quanfltv Generators by State

MNNESOTA

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

MN MWN 91
MN 99MNW V.NW 9.9
MN 6MW R- 1.9
MN 661 MW R- 1.9
MN 61 11
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MNNESOTA

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

MN 19 SSMS NS NS .9

MN lbMSS RRSSN NVA 1.96
MN 69bMR NN
MN9 611 MNNS MNN .1

MN96 6SS VR RR
MN NN NRN
MN RR MN .11

MN9699 NNN RSV .6
MN9 61 MNR .6

RPN HP MS
MN9616 RR NR WN 1.6
MN 96 SN MNN MN
MN SN 14 AN 9.6

MN N.-MN MNN
MN9 MN VNSH 1.9
MN961 NN

MN91 MN 1.1
MN9 NW t1R NR
MN 61 RN SN 11.1

MN966 MRSSNSNRR 11.6
MN RMN RN MNN .6
MN9 66666 RMN RN NR 9.6
MN 9666 NM 11.61

MN96 9MR RSN 6.1

MN 61999 MNR RN NWRHN .1
MN MNNS MN MNN 9.9

MN 1MN RN
MN9699N NRNN .9

MN RSSMS NN 1.69
MN9991 NWR RMN RR NWR
MN NR RNS WR MN .1

MN9666 NR RNS WR MN ROy
MN 969 RN RR 11.9
MN 6616 SN MNN 1.6

MN 6R SN MN
MN96 RR NSN NR .9

MN969 SN 9.1

MN 1SRWN-W M5 MN
MN 969 6S NRS R.S 9.6
MN 61 1SM 11.16

MN 16 NNN MN NVA 1.1
MN 619 RN 1.1
MN WS NMN RN MN RN 9.1

MN 6W bitS .-RSV RSV 1.1
MN 66 MW R- 1.9
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Large Quantity Generators by State

MINNESOTA

RP NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS MA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

MN9 NV MNNS RSM RS RSM
MN 911 NV MNNS WM MNN
MN 66691AN SRN SRN VA

MN9 PJvLkMN SS MS VS RMR
MN1 61 NR NS MN
MN 911 RM RR MNN
MN MNNS
MN919
MN919
N3 bVN
MN 99 kMS

MN 6W kMS RA

MN kMS RA tkAN
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RR NR RS RR NR

Si NSRR
UNSRR

-MR UNS

SWS
SWSWR

NR RNbM

RS
RS

NS

RS NS
SS

NN
MN
MN

bb1
SR

SR
NW MN

WN NRN MN
MN

SR
RMNbMS RR

RNSW MRN
bM RNN

bM

NR

RMR RN

NS

MS
WRSSMS

RflI

RMbMR

WR
NMRS

19 ii

991
9991

19

169

69

MR

RR
R-

NN
VRN

RN

RV

RN

RSV
Sb

WS
NW
MS

SN
WS

RN

SO
SN

SN
VR NS

MSMRN
SV

V.-RN RNS
MR

NN
RS

SS RS
MS

RS bMR

RG

RNW
RN

RN
MS

RN
RN

UR

RS
RS
NNN

RN

RR NS

.1

.9

9.6

.1

16
.1

.9

6.1

.6

69 .9

6.66

.9
16

101
6.6

.9

.6

1.1

99 .1

66.91

.6
16

.1

16
.9

.1

19

91

NR RSW MS RR NR

MS 9996

MS 69

MS 116

MS
MS 99
MS 961 6bMR
MS 91919 bMR
MS 166119

RV

MN
NR

RN

VN

66

16

16
69

191
16

6961

966

99
10

69

MS

MS
..b

MS
MS

MS

MS
MS

MSR

MS
MS

MS

MS
MS

MS
MS

MS
MSR

MS
MS

MS

MS
MS

MS

MS
MS

MS

NR

RRWN
RS SR
VN

MN

996

91
19

16

66

66
99

96

MS9 966
MS ii

NR

MS
MS

MS

MS
MS

MS

MS
MS

MS

MS
MS

MS

MS
MS

MS
MS

MS

NRRS MN
NR NN VSN

RNW SR
RSN
RS

NR MRR

NM

66

196

96

669

ii
ii

99

MSSSS
NR
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Lame Quanfltv Generators by State

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

M59969 NNS SNS MN RN
M59961 SS 11
MS SS NWS .1
M596 NRN MN NS 1.1

M59661 RN VSNN RN 1.9
MS 116 SN MN SN 16.6
M599 NSN-M RN RM MS
MS 16 SR SRA 19 16
M599 MRRSSR RRS RS
MS 191 NSNW RSRVN .11

b99 bb

MS RSNSRSN
MS 91R RNRN 9.9

MS9 NSR MN
MS 61 MR .9

MS 61MPN NVRS MN RN MN 19
MS MN MNN
MS9 916 SV SV 19.6
MS9611MRNNRN WR MSS
MS 16 MRNNRN NN MSS 11
MS 911M55 NMRN WA
MS 969N RRAM MN RNWD
MS1919 NV RS N-MR MR 6.1
MS1 66NV NSR NR

MS 96 RNS MR 19
MS69 RM NW 61.1
MS991 NS .69

MS 661 69 NV .9

MS911 MN .6
MS9119 NVRNN St1
MS SN
MS 11 SSNNRN MNN SN
MS9 9696 MN RN NV
MS RN RN RN .9
MS MN RS .9 619
MS999 RNV
MS9111RMNN MRN
MS 9RN RbMR RN 1.9

MS61 MSR RR WS .1
MS 9161R NSN NS MR
MS 66S SN .6
MS 9191SNRSN MN SN MS
MS 99SMNSNR 1.16 11
MSR 16S RN NSN.-WS WS 19
MS9 6966 WR RY NS RY
MS RS SS

MS 99 RN NWRSN SV
MS9 169 NNS SN 1.19
MS9 16 SO
MS9 166 NN NN UR 69.9

MSR SRWN-W MS VN 19
MS9 96 RMS MbN SV .9
MS MSN-MNW RN .1
MS1 WS VN 11.9
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RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

MS 16 RN MRN
MS999 MRSRS
MS SM RSSMS MS
MS9 66 RS 1.6

MS9 VV RNN 19.1
MS 91VN RN NRSN NN 99.1

MS 966V RS SN
MS991 iv SR MN SP.G .6
MS61 91W RWS RMNS SP.G .1
MS 166W5 MN WS
b9 9b VICN IV
MS WN 11
MS 99 61.i
MS9 16 SMSSSS SUR
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Lame Quanfltv Generators by State

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

MS 9111
MS 11991 MR NW
MS 91 SN SN .6
MSR 69 1.9
M5616 NSRS- RV 1.6
M59 RANS NVRNSS NVRNSS
MS 666 -R yEN

M59 919 RNR yEN 1.1
MS RNSRS RNV 1.6
..b b9b RRN Sb
MS9 11

MS MR- R.- RN RN .9
MS91 -- MN
MS MSR- NW 1.1
MS61 MSS RM bIt1N NNSS
MS 161 MSS 1.1
MS 1M SN SRNS 1.1
MS1 69NV
MS91 VN
MS SN bM-S
MS9 RN 9.6

MS91 .6

MS9 91 MRSRS RAN
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

MISSISSIPPI

RR NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

MS kMR NM WRS RAN

MS9 RkNS NNR MW RV
MS9 91 RkNS RN RN .9
MS
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Lame Quanfltv Generators by State

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

966 WR RSN 1.1
M91 1.6

SS

NR NSS
M91 RM NSN NN 1.96
M91 VN

9961 WN RN NEN
611 SE

VN NSS
MR NbM RVR 199 .9

11 Nb Wit

bMR NN
96 MR NN .6

161 bM -S RR RRE
66 MSR

iS MN .9

M96 iS NSS .6
16 SSt1

NSS 6.19

161 NSS 9.6
61 RNSN SSt1 6.9

MSS MSS
M9 9199 RRS 1.6

91 RNRN NNW SE
100

M9116 RWRS
M9 6966R SSR RE .6

91 R- MN .19

M9 6R1IR 16.9
669 IMN RRSN .1
91 RN NNR RN SRN

MR 119 RN NNR RN 16
SSWNN SV 16.1

M9 111 VSNN
66991 bMRNSRS WRS 1.6

MN
M9 NV NV 16NRN NSRSN 9.1

NRN NSRSN SVRN 6.96

961 ER 6.6
1916 MS RN 1.9

MS
M9 MSNS RRS RRSNV 69

SR NSS RSN .1

19 RSR RE NN 111
691 RR NNWR 66

M9 11 RSS SN 1.1
66 RMN 11.9

M9 16 NRVRS RMRVRSE 1.6
6916 MNVRNNR MVRNN 19

NNN MN NN .1
NV NVS 19

69611 NV NVS 1.19
MS SbN MRS NR NSS

RWN RS .6
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RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

NS MSRVR 9.9
VS NR NSS 1.6
NNS .1

RMN RM NEN
669 NN
61116 RS MNR

66 SN
1RM 1.6

919 99.9 919
6699 NSRSN RSV

RNSRSN 1.6
M911 RR MN .1

191
6696 RNSNS 1.9

991 MRSN
MRSN NN .6

1MRSN RW -R RS 6.916111NNR RSSMSN
M969 NVRNMN SRV

91 966 NVRNMN SS NSS
VS

16 VR WRV .6
.M MN RN bNR .1

RES .9

69111 NSS .9

M91 61 NSS 1.6
11 19 .61

RM WD 111
NSN WD

691 .W MS SN 6.9
161M WNV WNV

66 NSS 6.9RN .N NSS
1111 MR RS NSS

RMN RNS MNNS WRRNSUR
M96699 WRNR SN WRRNSUR .1

SR 161.6

SR NR NSS
69 SR SRN

MR 61 RSV
M91 NVRNMN SRV NSS .6

119 WR NR SS NSS 1.9

996 NbMNS RSV 1.1
NSR NRA .9

69 RMNCN
66 SS9NN .66

916 SVS NVRNMN 166
99 SVS 96

199 NRN
M9 611 NRN SN

66996 -MSS RMN RR
619M4SRVR WD

611 RSNR WSNCN
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Intns QuAntity snsrntnrs hv Stnts

RR NR RS RR NR
NR RSW MS

11

19
1116

61

911
11

669
MR

MR
M9 MW

96

66 NR
669 Nfl Nfl

MM
NN
NN

NN

RPM
-S

MW
WS

19

MSS
MSS

199 MSS
1M

61 16M WN
91M

MNSN RN
111MNSN

MNSN
666 MNSN .-RSNRR
999 NS NR

966NRN MNM
16 NR WS RNR

91

66 19 SN
91 R-MR

169 RSNM
99

69 RNW
61

96

69

69

MR
RN SR

61 RSR

NSS

SRN

NS

WD
SRN

WS CII

SN

WD
RN NN

WD
SR VS RS

VN

Ut Ut
SRN

.S
NS

bM

RS

RN

NN
MR
SRN

SRN
RN

MN RN 55M4

MR
RV ER

SRN
NS

NSS

.6

.1

119
.1

11

1.16

1.6

96

11 .11

.6
1.9 .6

.1

1.6
.1

69.99

9.6

.1

.1

91
.99

.16

.9

.6

.1

.9

.66

9.1

11.9

51
-MR

RR NR

NR RNbM

NS

UN

UN

NS

RR

RR-M

RNS
NN

MRN
SV

SWS
SWSWR

RR NS RR
NR NR

SR

NSS MS VN

NR

6919

196
96

99

SS
RR

SS
SR

61

NS

NS
NRN

RS NS

ciRMN
RNS

RNS
RN

19
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RH NRRS RH NH
NRRSW MS RR NH

51 NSRH SWS
UNSRH SWS

-MR UNS WR
RH NS RH

NH RNbM NH NH NH

RNM SN
M9 NSN NSRSN NSS
M919 NHH 6.1

919R SSPN RS .1
919R SSPN RS .1

M9 HNW NS RH MRS 9.96

6919R SN 1.6
669 RSR VR NRM 6.1 669

M9 16RN NS
N- 111

bilVit Sb .b
SR NSN
SR NSN

996695 SR .1

19 165R NRN RV 1.1
16 SR NRNS NS 11.6

6691S RR
1199S RMN RN NSS

6666S WWR VSN MN SER .9

99S WSNCN
M9111 SR NR NSS 1.9

666 .1
99 SW 916SM MN 111 16MO
196S NRS RH MVRNN 16

NRSN SE 1.9
M9 SN RRS

6SNN NS .1

M9 96 SRN 11
MR St1R SR NSS

6699S RN SS MS 161.61

M9 VSN HR
699 SRNVV MN WSNCN

M91 9SRN RWN RN NRW WSRNS 1.66
696S

9S 55
M9 9S SWR691SNRM NWN RN 6.1

61S MN
69115RN RWN RN 61
699 RSR RN

SN .1
6SNbM RR NS 1.1

691 SNNNR .1

M9119 RRSVNS SRN
1616SW MN SRN

SN SNSSN VRN
95N SNSS SRN 169

66 SSMS RNSN WS NS

SR 16
NR NSS

19 MSN .6

RN HNSMSS HN 1.1
M9119 HRV 1.1
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Lame Quanfltv Generators by State

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

SR VRS ES 19.6
1966 69.1

RN
16

961 WSN SbMR VRN 1.1
11 NM NR NSS

9919 SMS 6.19SMSRN NV 1.6
M911 9RNSWR RNSN

RNSWR RNS NSS
RPNS b.b

6991 WN RN MN
M99 NR NSS NSS 1.6

99 RR 16
96 MRSN

16 SWS MN MN NSS
1999 MS NRS 55 .6 19.9

Ml NN 6.1

M1666 NN RR MN
M9 NVRS MSSR-SR
Ml 995RM NNR NR NRW .6 16

91 1VR-R SE
1V RSN

WSN NNVS 9.9

96W W-
19 MNM RR MN .6

119W5 RN9W MRRSR RRN 61
M9 911W NSRSN WRS
M9196 NSRSN NS 1.9

SRN 11
96

1M NV .9
19 WNA
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RH NRRS RH NH
NRRS RWM NN RMN RR NH

51.1 SS Ni NSRH SWS
SS N6 NSRH SWS

RH NS RH
NH RNbM NH NH NH

119 WR MN .9

M9 HNSR NEN 6.9

SN NV
669 SR

91 MR NRS NVRS 1.1

61RVNNR MR MV
199 SR SS NR

M9966 RM SN NEN 11.6

61 RfllS
Y9b Nb lIMP Wb ON

19 NSS
M9 19 RH 5511
MR 691 SR NN
M911 NNRN NN 1.9

666 RN NEM
RN SM SS

19 MN
NS SRV NSS

M9699 RS NS SRN
MSSRM

M1191 SS

6699 SR SSV
Mi NR MV RR RR 1.61
PAlO

99 RMN RNSN HNV
69969 NMW NA

MR HRSNS 9.1
M9 WSNS NHA

6N NRN
916999 NSS NSS .6

19 HRM NSS
96 MWS NS 9.1

M19 MN SR NN
696MR RH MM

M9 6MSR MNSRSN MR 1.6
M996 NN RH MN
M9 NN SS .1

191M NN SS SH WD 1.1NRN RN 6.9
1M-WS VR RSN RS

166 NR NSS 9.9
1MH RR MN MN
6MSSR RN

Mi 1MSSR RN .6
M9 MSSR HNSR RSN 11.6

M9 MNSN
M9111NRNN 1.11NRNN NV .9
MR 111NR NWSHNHW 6.6

661 VNNSRSN bNR .1

16 RS HR CII 1.9
119 SRV MN NRMR 1.9

M9 91 HMN
M911

RWNWR .6
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Intns QuAntity snsrntnrs hv Stnts

RR NR RS RR NR
NR RS RW NN RMN RR NR

1.1 SS Ni NSRR
SS NSRR

SWS
SWS

69 96R
M9 ii9RN-

9iii6 SRi9S
69S NRS

996 99SM
M9

9S SM
9S SS

SWNW
9ii69
9i RMRN
9i

Mi
99

ii

MR

MR

MO
ii
96i

MN

NR NSS

VR

MM

RS
VR

NN
RSV

RR NV

MM

ci

NS

WRS

.6

.i

.99

6.9

.i

.9

.9

ii
.6

.6

i.9

.9

ii

NR RNbM
RR NS RR

NR NR

NS

RN

NR

RMRN
R-RNS
RN RSV

NN
SI

66 NVRS RS
NVRS MSSRR

969 VNW RSR RS

9VNWS
i6WSWR SN

6W NSRSN
WR

SN
WR

bMR

SS
MM

NE

ci

227



RR NRRS RR NR
NRRSW NN RR NR

55 N1.1 NSRR SWS
SS UNSRR SWS

NSR SS WR
RR NS RR

NR RNbN NR NR NR
19 RN NNR RNRR

SR .9
M9111 SR RNWD

16 SS MSRV SR
M9 NRS RSWD

69 SR SRV NSS .6

911 19 SR NS RR
M9 91 WRNSR 1NONR

6R NVRNMN WSRNS
bb9b9b SkIN .9

61S RES .1

9166S
M99 6S NEN

6699S SN VSN .9
H911611 WR SSHN NEN
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Lame Quanfltv Generators by State

MONTANA

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

999 WS NRSRV 5- WM
99166R SM .6

11 VNSN VNSCN
66 yR yR 19.66

M966 RWSS9NSNSWR
NR 69 .6

M96619 RMN NV NV 6.11
616 MNM 91

69 NR NS .1

NR NS 11.66
9.b

16 SN MSS MSS .6
19 6MPMS RM WMS RM
9196MMSRM RS

M96 MNN MN
19MNNR NN MN

119 MN 69.1
16 MNN RSR NR
99 6M5 16

69 MS MN MN .99

t1N MRSR .96M96 995M RSRV 6.9
MR SRN SRV .6

91119 RNS NS .9
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MONTANA

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

116 SR NSRSN .9

MN SR 6.1
N- MR

MR iii WNS VN WN
M96 999 RM NSRS NS .1

RN RSR NSM96 VNSNR NRN VNSCN
MR MNSN MN WR MSS .6

M9 69MNN WR SR NS SR
.9b

MR 6MNN WR bM
96 11MN MSS MSS 1.1

M91 1MS NR RN yR

MR 1M W- NS 1.69M96 6M NV NV
M966969M Si VN

NS NS .1

MR 96 RR MN RR

MR 9S RN NS SN 1.9

M91191 WSRV WSN VS RNR .6
16WSRNNR MN RS MN SR

ii 1WS NSRV SW
01
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Large Quantity Generators by State

MONTANA

RP NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

RAN MNN WS WN

69 RAN UR

9199 tkAMSRM
MN RS
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NAVMO NATION

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

NN699 RSRV
NN SNRNN .96

NN1 WS RN 9.6
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Large Quantity Generators by State

NAVAJO NATION

RR NRA RS RRA NRA

NRA RS RW RA NN RNN RR NRA

1.1 33 Ni NSRRA SWS
SS NSRRA SWS

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

NN 99 NNRAS RN ND

NNi 99i RAN RNN ON ii
NN6 996
NN6i 6i NS RNAJ1

NNR 9.6
NN9666 SNSS SS RNN ON

NN 6S RVR
NNR WS RNNV .9
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NSRASKA

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

bMR NM NRS 1.1
MR 1.96

N9969 MN
9966 MN MS 1.1

66 RV MN SV

619 NSN MS 69
NM 669

RN NNR RNSN 9.1
N9669 VN RN

RM
KItS

N91 N.-SN RMN SN
RflI RS .N

RNS NR 6.9
RNSN MS

91996 SNS 9.9
NR 16

N991 NNV
N96 MS MS

919919 RS SNS
91111 SN 69

N96 NRSN .9

196 MNNS RNCN 11.19
6691 WS RSM .1

MN .6
61691 RR
61 RR NWS .6

0NS RMN 6.6
1MPNV

6619MNR MN 9.1

6N5 .9

616 RN RR WVR
61NW NNR bMR RN SN

69 RS NRS NR 19.6
RSNM .N .1

699 RNW .6RNWWR 1.1
RR RN NR .6

196 MN RMN 66.1

19 MN RMN .6

966696 MN RMN 11.9 19
iS MN 6.691SRR WN RN 1.9

99 SNSRN RS
N96 1SR SN

SR 66.9
969 t1N NSN

RN NNRN NR .6
661 RR 96.1

RN RR SN 66
N91 SWS 1.9

6616NV NRS-S bMS 1.6
66 NV NRS-N N- bM

NVRS NRS NM 1.6
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Lame Quanfltv Generators by State

NSRASKA

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

61VMN NSRSN 6.19
VNW RSR RS

619 RS .11

235



NERASKA

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 55 Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbN NR NR NR

669 M4R NS 11
N96 19M4R MNSN .1

RN 6.1

NS 11.1

RN NNR RNSN .6
91119
6666 SWN 9.66

6116 RR
16 RMN NSRS 6.1

RPN SN SSRS RPN SN
99 WNN

SN .1

191 WRS ft NSRMNS NS
9NRS

RMN
6666 SNS 1.1

16 RR NN .9
6R

61 RN
16 RN SN

SRSN 11 1.6
91 RS l9lbN 191 1.6

SR .6

ci
10

ci ci ci
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Large Quantity Generators by State

NEBRASKA

RP NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

91 RA RAN 1.6
96
919 tkA

96 61 NV RAS .RS .6
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

NEVADA

RR NRA RS RRA NRA

NRA RSW MS RA RR NRA

Si NSRRA SWS
UNSRRA SWS

-MR UNS MA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

NV 91 61ANR NW RN
NV 66 RR SR MNS RN 11 .1

NV 99 961

NV 696

NV9 RtkA NV RSN 1.6
NV96 61 RtkA NV RSN .6
NV96 61 SM SV 1.1
NV RMRN RS RN
NV9 99 RN Pt1N RN 1.11

NV9 PJ RN RSN
NV3 PU RR
NV 116 NVRNMN MN RN SS MS SV .1 111
NV91 RW VR MN SV
NV A4 RN 1.6
NV11 RN RM RNE 119

NV91 16 RN SV 1.1
NV RR-M RSN 1.1
NV9 RRA RN 16
NV9 61 RA SV
NV96 SR SV .99

NV9 NV RSRVN VRSRNS
NV9 NV VS RN 9.9

NV NV RS 9666 .6

NV NWMN RR RN 16
aaaa

NV 99 1R RN SVGS 1.16

NV9161 RR NN SNS RN
NV9 tkARSR NR RN 16.1
NV916 RWNW kMS RS .91

NV9 RRA RS .1
NV 96 RRA tkAN RS

NV 69 RN SN .9
NV 969 RWNW AJ45 RN
NV 11 NVRS NV SV SV .9

NV 196 RS

NV91 SNV NS
NV 11 -N SRAN SV 19.6

NV RV S-tkA .1

NV iS RANS RN .16

NV ii 99 16
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Lame Quanfltv Generators by State

NEVADA

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 55 Ni NSRR SWS
55 N6 NSRR SWS

RR NS RR
NR RNbN NR NR NR

NVR SN VNR SN
NV SS MS RN
NV9 SMWVV RN 1.9

NV9 96 SR RN .6
NVR MNS SV
NV91 yR RN
NV9 961 SR NRSN .1
NV9 NSRSN RSN
NV NRSN
IV by
NV96 NR MSRMNS SVGS
NV96 RS MSS MN .9
NV9 NRS RNRV
NV96 19 NV NR MRVMN NV .9
NV91 NSWS RN
NV 966 SV SV SR SV
NV RN MN RN RSN .6
NV96 69 MN VM .6
NV9 1916 RS SKY SV .6

NV96 NV RS .9
NV 61 N1I1N N.1 RN
NV9 9616 RS RSN RN
NV96666R it bI1NV .1

in

NV 6195 MN SRS
NV9 1SP.P WR MN SRS
NV9 SP.P WR MN RN
NVR RWR NRW NSSMS SRS .9
NV9196 NM RSN
NV96 NVRS NV RN-V RN
NV1 SV .9 11.6

NV 6116V NRSN .6

NV96 MM RSN
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

NEVADA

RR NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

NV 191 RN RN RNE

NV 661 NV RV

NVR WR SVGS
NV96 69R RSN
NV SVGS
NV9 RRA -RA SRV RN
NV .1
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Lame Quanfltv Generators by State

NEW KAWWE
RR NRRS RR NR

NRRSW MS RR NR
Si NSRR SWS

UNSRR SWS
-MR UNS WR

RR NS RR
NR RNbM NR NR NR

N9 RSN .1

N96 VN SSMSN RN .6
96 WN RN

66 SV MN NS
N9669 RR VR

RN NS
N96 SNSS RSS RNSN RSM .6

N96 691 MNN 1.6
SWRS NRM 19 .91

96666 NN NS .6

9b RSSN RPN

1996R11 RN 16
N961 MRN RMS SM 1.6

RM NVR
N9919 RR SR 16.6

RN WR NNRR .9

N96 69 ft NR NR .9
N96 SRNMN NSRS RRO 19.6

WN SER 1.6
RS SWN

SSNP.N NS 9.91

N961 SN
991 RM9M NN RSS 1.1

NR-N RS

191 SSN RN 9.1

616 R- .6
191 NR SMRSWR 1.19
661 NR 11

NR MN
N9 99 MR RR
N96 61 MR SMRSWR 1.6

991 SN SN 11.9
61 RR RR 16.6

N96616 RR SM 1.9
bMSR RR NS

69 P.RS VR 19.9
19 NR WR

NRWN RN
N91111 RNSN SMRSWR

66 NN .1

NSN-WRRN NW
11 S9N MRRWY 11.1

1919 SNRSN NS
N9 1996 SNRSN WN SER .91

91 SN RS NS
96669 NS

WRM RR
96 9MR MMR NN 6.6

RR
MN SN RN 19.9
MR RSSRSNS VSSM WN SER

N96 6N NSSN NNRR 1.66
11 9N5 SN NS

6969N5 MRRWY 6.9
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NEW KAWWE
RR NRRS RR NR

NRRSW MS RR NR
Si NSRR SWS

UNSRR SWS
-MR UNS WR

RR NS RR
NR RNbM NR NR NR

19 NS RR NS .9
N9 NVRNHRN SN 111
N991 NWN SNSSSPN RRO .1

161NWbMSR RNSN RRO
N96 NWbMSR NRN

NM-RN NS 1.6
NRWN SS SN 1.1RN 19

916 SRN4S VN 19 .9

SRN4S VN WN SER
SRPb VN SW

96 SR 1.61
99 RR- MRS SN .1

9.6
N9 16169 .9

bMN SN RN
996 bMN SN RN

996 RMRNSRS SN 1.6
N96 RMRNSRS SN .9

N9191 SN NNRR
9666 RSS 1.9

N919 RM MR 16.9

9696S RN NN
19 9SRMR MN NWR 1.9

it it it .it

N9661 NNRR .6

961 RN NS .1
NN NSS MS NS

RN MV NRRS VR
11616 RN MV NRRS RMNCN 1.1MSN MN SR 6.6

N9 WS MN MN NWN
99 N- NV RbM .9

NR RR MRRWY .1
99 NVRS RR

SVS NS
196V5 SR NR .6

96W SR RWSRVV RN 99
611W RNR SMRSWR 16

N9 RR
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Lame Quanfltv Generators by State

NEW KAWWE
RR NRRS RR NR

NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

61 SNMV NR VR .6

NSRMN .69

N9 RR MRRWY
N919 NS NNWN NWN .6
N919 MN .1

5PM SN VR
SSWN RN .9

969 NR SN NR SM 11.1
kEN NVK

RS -RN NS
6191W NSRMNS WN SER .9

16 NS SN MRRWY 6.6

69 WSSNRSN 6.6

91616 SN RS MRRWY
9916 MNS SS MS NN

N961 MN SN RN 1.1
911M RSM RMN NWN

N991 9MR SNSS RMSN VR
Ni 99 NWN WR MN MNR

19 NWbMSR RN SR ii
RM NNN SR ii

999R SSNNRN SW .1

N9666 WR NN WRNR .1
SR NR RR NWN

N991 6S VNNSRSN RMN
611 RN MV MN VR

91 RW NbMS WS MN .9

9N 1.9

N9 VS SR SN
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

NEW HAMPSHIRE

RR NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

99166 NRN
6NR NR SRV .9

96 96 SN SN MR
96 WR RA RSM
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Lame Quanfltv Generators by State

NEW JEEY

RH NHRS RH NH
NHRSW MS RR NH

Si NSRH SWS
UNSRH SWS

-MR UNS WR
RH NS RH

NH RNbM NH NH NH

N96 MN 11.6
N966 .6

HMN 66
N9 961 SPY NWR 1.1

NWR
11 VN

SR NNbMNSN 1.9
1119 RRO

N9691 RRSR MbN 1145 1.6
666 RS SbMR NWRNSW

SN SNNSN SMRS 19.11
169 SSMS NV 6.9

SN RS RRO 1.1
19 SN 69.6

996 SN MHRS itt 6.1
966 SN RS RO

N9 itS NRSRV RS

911 NNS EN

6661 SS SN it RG 1.9

1961 SN RS

SSN MNN
MNMS S.. 16

MH SS RH RRDN 91
9661 bMH SS RH NNS EN .1

111bMHS SS RH MB .9

6bMR NbM it 1.1
Ni 911bMR

96bMR VN SM
69bMR NN NS

966111 it

619bM MN RR 9.6
6lbM SPY SN 1.99

N96611 bit SPY SN
911 SN itHRN 1.9

6N SSRO 9.6
NR NS Hit .9

N966 it VSNMN
11 619 RS NH 19

961 HM SR MH 99.11
HRitR NSRSN

9116 SR itMR MB 19
69S RS

61 SN RR
16 SNR 1.1

699 HRS MHH .6

91 it it 91
6619 RSN

9661 SMRS 1.9HRS it 16.9
N9 SMN NRH HE 191.9

11 Sit RbM
HM SRN

691 -SR SS NR RR .6
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NEW JEEY

RH NHRS RH NH
NHRSW MS RR NH

51 NSRH SWS
UNSRH SWS

-MR UNS WR
RH NS RH

NH RNbM NH NH NH

16 SS NR 69
19 NNR RW SN 19

61 19 SS .6

RH RE .6

N966 16 NN -N MN NN

N9669 NN MN NN
61 SN 1.9
61 SN 1.9

69 NR SW SR .1

NSN SRHRR
NSRS .Y

NbMNMR NWR .9
N9111 HRSN WN
N9 SS RS

9696 RS 1.1
N16 MR NR HN .6

6666 HRS
N9 WRN

MN RS

661 SS RVR 1.6
611 RMS RNS 16.1
911 NN HR RM NWR

61 SbMR RMN RR 11
11

16 RS RSS WRN
16 RS -MRSR SR

RS -MRSS SN 99
MN 1.6

66 16
WNS 1666

11 WD 6.1
N9 16 VN SM MN WN .9

bM NR RRSN .1
N9661 141

N9 NWR 1.6
RN RSRNR RH NN 6.6

16 RNR MN WRN .9

RR-W HNR 9.1
MN NN 1.9

9969 SV VN .99

N91 RH WRRN
N9 bMR RNSN .1

1996 HRSN NWR 1.9

N91 M- RNRN NWR .1

Ni 661 NS NWR
9169 WS IWI MN NWR 1.9

RRSR .9

199 VRNR MN MB 66
MSRVER

1161 RH 5141 69.1
96 RH WS UN

SN RN1I

246



Large Quantity Generators by State

NEW JERSEY

RR NRA RS RRA NRA

NRA RSW MS RA RR NRA

Si NSRRA SWS
UNSRRA SWS

-MR UNS MA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

9669 tkAW

96 91 NNS EN

6911

11 RN RA WN .1

61 NVRNMN SN .19

11 -S RAR A4B .9

99 16 WSV 6.1
66916 MN WA

619 6.6

6696 1.1

NN
9119 RN SR HR .9

SSN kM

191 MRS RN ON 11
NR 16 SN MN SN

9199 SN AN
SR SN SN .9

96 RA RN 6.6
61 NS RMN NN

SR SN
966 NN NS NWR .6

NV RS -M RSS tkAN

MS MRS NNS EN 6.1

196 SN MNS NWR .9

61 RA SN 9.6
RNN RO

SN RS
11 991 SMA RS

96 StkAR RUNSW 1.6
16 SMAR

96 RS MMR SER 1.6

19 NS
119 SN SWRN 6.6

16 RN RS 66
RN NWR .6

1119 1.6
RA SVS NS MN NWR .1

NVR RS WN

96 NS
RA 16

6919 RM NW RS NWR
911 RWN SW SR

RWNR RSN 16.9
61 SM MW 161

11 SR SN
SR SN

6196 RANS VN 11
66 MN RS .6

166

19 SS RA N-M

tkA tkA NR RN 1.1
96691 RNM VN

11 NS NNS EN
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NEW JEEY

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

N966 SR RN VSN 19
96 69 SR RSSW FS .91

96 66 SR ft 16
96 661 SR 96

91 RSNS RR NN 9.1
N16 SN RS SN .11

19 bMN 19
1161 11

6RWNSR VS RN 19.6
916 R-RN SN RPW

RSRV NWIC NWIC
616 NR NSSV SRN

19 NN
NMRS 6119. N-R Sf4 9.6

66.1

11 .R.S SNS NR RUNSW 9.6 66
16 NSN RVW

11.1
1199 SS RNSW 19

96669 .1
VS-SNR SMRV

916 RR .N
NMRS RN

10
SM VSN Sf1 1.6

N96 NN 1.1
61 M-W RNN

9969 MN WD 19
16 NSSNN RR .69

69 MS RNWH
11 .S 16

119N RR SN1R 6.6
96NNR SN SN ft 1.99

N16 RN bMB .1

N96 NWR 6.9

1611 SMRV
N969 .6

N9 616 WNR RN SbMN 115 .1
bMR NN

699 bMR NN 99.1

N966 MRSN
N966 RSN
N96669 .S SR
N966 99 .S MN

MN NN 169.1

69111 NRS RN NNN 19
61 NRSR NNRN RbM 11

N691 NR 1.1
N9 19 NSN RSN .9

SR VWMNWR
19169 RR SN 1.61
191 SR NWR 99.1

61 RMN NSR
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Lame Quanfltv Generators by State

NEW JEEY

RR NRRS RR NR
NRRSW MS RR NR

S1 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

966911 RS SMRV
966 -VN WR 16.6RSNN RRO 1.6

616 NS

16 RR RR 11.1
RM SN .19

RRN RSRSN
1616

669 RW WR RMNA 1.9
616R RRRN NNVRS RN.1 IWR

66991 .M. NR NM SNW RNSW
N96611 SSMS RR RR .9

11 NS SN RS
NS SN NNSV 1161.1

11 RNSN RE

RMSRV RR 66.6
N9 666 RMNS RR RR .6
N96 96 RMNS RR SRO 11
NR 199 RMNS RR RR
N911 WRN RS

91 NR NR RN
199 NR bM SRHRR
1116 NR MN RS 669

110

1669 NRM RS R-NN NN 6.9
RG 1.6

91 NWR 11
N9 NRR RRN 1.9

16 N-RR RR .1
N969 N-RR RR NOVR 66 19
N9 SS SN 1.6

96 SS SR MN
19 WRM 6.96

99 MN RNNSN RN

N9 MNMNV 1.6 .9
966169 115 RS

N9 NR RN RN 19.9
991916 RNRS RE

119 SNR MN 1.6
11196W MN .6

11 RWN VSN RRS
191 MNCN 16

RN RS 6.1
69 MN RR 11.1

N911 RVR NSRSSN VSN NN .9
9199 RS .61

1996 WR RR NR RN
N9 66 NRM1R RNN 6.9

RR 1.1
1961 SN RN .9RRSNRR 511 .91

11919 MRS.N NN .9

RSS WSNW
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NEW JEEY

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

NR RMS MS
91 NS SMRV 16

NS SMRV
991 NS SMRV .9

61 NS RR St1 9.1
NS RR NWR .1

1191 NS RR RVRN 69
19111 MNN- .1

MNN- RE 19.9
699 NRR RSS

SNN .9

11 RR VR SN VR .91

116 SbMR
NN SN SM SN 16
NS9N WS 9.6

6166 WN RN NN
19 RN SN WRNV .9

RRN919 .9
Ni 161
N9 t1N RSNS NNN 1.9

N911 SNSPN NN .1
9191 SR RRS NM RN .6
96 RN VRS
10 11
169NRN VRSN RRN NN

6119 NRN WN .1
16 SVN

69 66 VRS WS DPi .16

96 SN NS 19
ibM SN RO 1.1

NSSN RW SV

N9 99 RS MS RS .1
19 MN MNM

99 NSN NSN NSMR .NS WN .6
619 NSN NSN NR RUNSW 16

96 NSN MR RV 1.1
N9 NSNW WS 6.66

661 NM SS NN NWR 19
96 NV SWN 6.6

NV AS .69

NR SN NN
SSN VN 11.1

RRNRRSSN RSN 1.6
11 RW

1RAMR SN RSN .6
199 ..R MN SN 19.1

RSS VS NWR
9669 SS VN

N91699 RR RR MR RR 1.9
9R RR

N9 RNS RflISM 9.6
NRNWN RN .9

MN 6.9NSRSN
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Lame Quanfltv Generators by State

NEW JEEY

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

RR VN
N9 66 SN SN

66 NSRS RE 19
N9111 NN RNSR NN
N9 19
N9699 NNN

6996 WNN SSM WS UN .9

N9 SRS WD 1.1N9691M NN SR .1
6969W NN RMR WSN NSN 6.9

IS INS ROy b9.9

111 WR MSVN NWRWSNNSRSN RG
91 WNS RN MN CII 69.61

11 NR RN SBR 19.1
96WNNN NM SN SM 6.6

WRS SX 116 .9

WRS bMB 11.1
966 WR NWR t1N NSSS 1.9

WRNWR RN SMRS1I
11W SW SR
1M RNCN 1.1

N91 NS SNSRV RN1I
11 MR .N RW 91 96 11

01 01 01
19 MM RR RS .9

9M RNSN NOR 1.9
Ni 6MR NMR 11
N966 AN 6.9

19 RSN
MN 6.6

MN RR SS .1
MNNS MNN NWN RN

N9 .R SN
11 MN SN .99

19M RR NNNCN
RSR MN SRO 19.9 91

99M RN RMN bMN
WR RR .9

N916669M RRRRNMN NWN 1.6
MNSN MN .6

N9661161MRSR MN
N9 969MRR5 NM RSRV NR RNOS

919 MRNNRN NR RNSW NR RUNSW

N966 9M NSSMS RR NitI .6hiM RRM SN NN
MR RAMS

NOVR 19
N9 NM MN

WN RNNM RNR 61.9

61 9N SM NW RS WI 19
119 SR .69

19 SR MN .61

NV RN RS 91
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NEW JEEY

RH NRRS RH NH
NRRSW MS RR NH

Si NSRH SWS
UNSRH SWS

-MR UNS WR
RH NS RH

NH RNbM NH NH NH

N91 69NV RWRR NR RNN 19.6

Ni NV NSS SN
N91 NSR RH

6NW RNSW NW RNSW 119N96 9NWR NRN RR NWR .6
NWRWR MN NWR 19.1

N96 iN RN ROR .1
N96699N HNS RG ii
N966 HNS WN

61 6N HNS St1 6.6

b9b RPNS RPR

91 611N HNS WSWN RN

N91 66N HNS NWR SM NWR
uN SN 16

96 MNSER
9N NN Nil-uN
6N NN Nil-i MNSER 16.6

N9661 NN NH
N96661 NN NH 9- NRS
N966 NN NH 9- RN1I .1
N9 696N HNW RNN
N96 iN WRNV WRN
NR SWNDSR .1

N96669N SR RNN

N96 NRV NN HMN NN
966 N-RN RSN

N-WR 16
91 RH RNCN 16
991 SN 51t4
619M SNNRN R.NWRNSW 19

NR 99M SR RS .6
N9 hR RH SBR 16.6

1991 RVNRNNN WS HN 1.66
61 NS SSMSN HR 1.9

9R -MN SR 6.6
NS RH NE 1.91

N966 RR RSSNN MN bMB

99 RS RN RR .1

N9 HW SRV .1
16 .1

9bI9R RSRVS MHRS NS .99

96991 SS SS

616969 SS SWH t155 NWR 1.9
ii RWVN RSN .1
iii SS MN 96

HWN NHN .6
iii HW NR RNSW NR RUNSW

RSN MN NR RUNSW
HW RN NS SN 1.9

RR
9661 NNS EN 1.6

N96 MN MN

252



Lame Quanfltv Generators by State

NEW JEEY

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

11116 SN
69 11

666 RM SN
16 NS RS 1.6

N9199 NN NR 1.91
N96 NW- R.WS
N9 9W RN RMNSN NN .9

61 1R SN SN N1t4 9.9
SNR MN RNE

SNR SN
bb Nit SN

NR WN .1

NR 199 SN
SVNS VN 6.1

N9 .- RS 16
.- RVN NS RS RVN

9961 SN NRNS RS 1.665 NN NRNS NN .6
9661 MRRS ft SWRS MRRS ft

RRSN RRSN 69S-NR SN
96 SS VSN 199.9

S-WS RS

6999 SRV RSN 119
ci

11

66 MS 19
N96 NSR NW RS SN .1

RNW
1RR NN

N9 RAMS RAMS

6RN MN RS
N9 RMS RE .16

N9 99 WNN WN .9
N9 669R NS

N9116 RVSNRN WN 1.66
919 SN NWR

919R SN NWR
19 RSS RR St .9

N9111 NVRNMN .1

N966 RVN NSMRR .1

RVNM MNS RVN 69.99

91R NSRSN RS 1.9
66R RR RNN 11

199RN- 6.99
N169 RN- SX

RN- NSR NSS NWRNSW 99
N9 9RM RR RNCN 1.6

116RM NNS NNS EN
N16 1R RW NSNNVRS SNWRNSW

16R NS SSMSN 6.9
991R RN MR WS RNN 1.9

9R NS NVRNMN 619.9
99969 RWN NW RS SS RO 6.9

9916RW NRN
16 NS MNN NOVR 99.1
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NEW JEEY

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

1919 RSS SN 116.1
95 NN ll

N966 15 RNCN 1.9
N9 SN NRN MN UR .1

SN RW NOVR
N16 165N NRN .6

11615 RN RR NN 11.1

9S RN RR NWR 111.1

15 RN RR .6
N9661 RN RSR NS NWR

RN RN WNSW WNS

61 SW
N9 96S MNN ERR 19
N96 9S RN SMRS

115 NSNSN RMNA 1.6

SRVM RR RROV 19
15 NVRS RN .6 1.9

SS NR SRV SN RR .1

19 MN SWRN 96
699 SRV NWR

N96 15 SRV RUNSW
96961615 SRV NWR

N969 SRV
1995 RR RS

ci 1111 cia
SSRS NVNS

96 SM RM 119.1
NS RR NNN96 1SN NR MRS1I .9

N9696 NR RR 6.6
N96995 MN RN1I

SR SRN RSR NR RN 9.6

RR
19 SNR

11SNR- -R NWD
9S NWR 19

69 SR- NSRSN RR
1195 MN 0W

16 MN SR .6
1616 VN bM bMB

166 SN-M RN RS 9.9
11 SNRN SASNR RSN NNNCN 16.1

6619995R NWR
169 RN 11

995N RRO .1
161 SN R.- RS RS 16.1

95W .6
NR966 SRN SN 1.9

N966 NN
N9 91 MS 16

111 NS .6

N9 1.9
166 VSN bMR AN .1
1196 NSN NWR
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Lame Quanfltv Generators by State

NEW JEEY

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

1199 NN NNWR NN

SRNRRSS RMNNWR 6.6
69 RN RANSMSS RV .96

N966 66 NN RN
NRMRR 19

N969 NMR RW
N966 MN 19.6

NSN RR RR 9.9
1696 SM MbN RN 66

bbb IN MR WN 99b9RRSN
61 RbM MN RN VN .1

N91611 RAM NWR 1.6
RR MAWS

RN MN RNN 1.6

1991 RR WD .99

96 WS .61

6996 RNSNNN RS .6

919 RNS RN RNSW 611RNNR SN RNN
6119R

91 RWR RR MV
16 .S

.S.RM RPNN NR- 1.1
N9 NN 111.6

11MNNWR bMS NWR .1

N9 61 RR SS 19.6
19999NNbM RR .RN WD

19NN .1
66 NN RR RR 1.11

N966 61NN RSRR NWR
196 NNN

N96666N RNSNWR RRNWR
NR MN RNCN

N96 RR RNE 11.6
69 RNW RS WR WR .9

N6196 RMSVRSNR SR .9
SRM RMNRSR NN RSN 11.6
SRM 141 t9N RMNM .61

191 N-RNN RNN 1.9
N69 RS NSN NS
N16 91 SN SN 199.6

115 SR NRMV NWR 1.6
SR Sf1 1.61

19 NW .6
61 VNW RSR RSN VN 6.6

N99 9VN RRSR NSRSN AN 16
999V MR NWV 16.9

16VR RS .1
66996WRM5N RR NN 16.91

16 9W.R RS

N9 11WRNR-bMRRSR MRRS NS
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NEW JEEY

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

N91 WRN WV NVR .1

166W RNSW .6
96696W NSV

9199W5 MS WS
1W WNN .19

619W RRSN bIt1NN
1661W RR MB 66.96

66 RR SBR .6

Nh WR yR WSV
N9 RSRSR MNM .9

INS IN

NS NN
19 RW NRVE 19.1

9669 SR RR 66
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Lame Quanfltv Generators by State

NEW JEEY

RR NRRS RR NR
NRRS RNM NN RMN RR NR

51.1 SS Ni NSRR SNS
SS N6 NSRR SNS

RR NS RR
NR RNbM NR NR NR

NR 691 RS itt

N9661 RSN
166 SN RN

N9 NSRS bNSitt
N9 69 NSRS

11 NRVN SS 1.91

N966 NR SN .91

161 VN NS 9.1

N9111 VN SRSR NR RUNSN .6

9b9b VN bRb
N9 RN NN
NR RN SN 1.66

N96691 VSN RR
1616 NR NSNCN .61

N9661 NR .61

N91 99 RRSRS MN
61 NRS MNS NNN 1.16

NR 616 bMR VR NN
SN bMR SM RS

69 RNR
N9616 SN RS

6196 NN RM4S

NR lbI9N SS NN 1.1

N966119bMR RNS NNR .9

N966 1bMR R-V SN SR
61916bMR NN

1969bM- RNOS
661bM SRI 1.1

ibM SRI SN 1.1

Nii i6bM VSN RN 6.9

N9 69 RNSR NR RN i.6
N966 MR NN .6

9666i RSS
111111 RNS MNV .6

96699ii SN
9699 SN i.6

i966 SN
N916 MRSR SN RMNA
N966 VW

i6ii RR RN RS .1

9666 VN .96

ii RR .9

69i RR RN i.6RR bMSRG
SN

N96 NSMR VSN RN .9

N9i R.M NNR
NN NSRSN NN i.6MSN .9SN RNiR

N966 NSNN MN RN .6

ii -R MNN .9

69i9 55

911 t1N NSRS MRRS itiN
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NEW JEEY

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

199 t1N NSRS .9
999 NbMNMR NRS .6

RNW 514RN NS MN SRHRR
116 RRS.R RVW

96 6916 RS RNSW
9661 bMR SBR .1

Ni 9196 NRW NR VR .9
116 NRW NR MN

1K SBK
99 NSN SW SR

91 NWN RRSN RS .9

916 SR SN NS 1.1
966 VRSR RS RV 1.19

N9 RN1ISMS RN14 6.6

14 MS 14 .1

NR S-RbNWR
N966 9RN NNRSN bMRV

69 RSNR MNV
t1N NR 9.9NN .6

99 RNS RN
VN SMO1

96 bMN NNS EN
N9 MS 1.9

96611 NS

N96666 NRS MPNNN 514
16 RRS RRNS RNOS .1NSRSN NNS EN .9

966 19 RN SE
N96 99 NS RN ii

999 NbMSN SRV
NR RN RN

99 SV WN
96616 WNS 1.1
1161 NS 1.1

16 NRS St1
966 RMN RN

N966 t9NW
ii NWN

NSR AN
699616 NVRS bMN .1

16 S9R 1.6WRN
MRRS RN

116RM NN NWS RSNR
161 RSS RS 9.1

N9 RItI SNSN
9696R1I RS NR RN 6.9

6169 t1NSMR WRN NWR 9.1

N9 SRO
69

66 RNRSRSN WN ii
N91161 55 RR RNSW
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Lame Quanfltv Generators by State

NEW JEEY

RH NRRS RH NH
NRRS RWM NN RMN RR NH

Si.i SS Ni NSRH SWS
SS N6 NSRH SWS

RH NS RH
NH RNbM NH NH NH

96699 AS
N9 NNV MN HR

NNbMNSN 6.i6RN RO
NR NNS EN .9

i6i6 SS MS itt

9i SR RO ii.6
N9 VRMS VR
N9 66W Nfl MbNN RUNSW

Wit Nb Rb RN .b

9669 HMS SMRI .i
N969 NOVR i.9

i6ii96 bit NNS EN

i6i .. MN NWR .i
N9696 NNMHS i.9

.V..R SN NN i.6

96 WNSRM WNDSR 6.6
i6 SHNNHVN SRN

N966i9 bMRNNSRV
i9 NS .iNHM

N9 ii iqpt .R SR
966i MS WSMN

1110 00
6i6NNHRN HN RN .ii

ii RH SN i.i
99i9i NVRNMN HNS RS

96699 VSbM 145 MR .iNSN .M SCN .9

N96969 .6

N9696 WD ii
N969 bit

N969 i6 itS DPi

NR i6 RS

9699i RS i.6
N9699 66 MHRS1Il .9

N9699i itt

N9ii .S it

NR i6 RS NNS EN

N9 NRSH NR RUNSW

SRS SRN .i

N9669 RS
966 WHS RS

it

NR i9i HMR SI Ni
69 HMR
iiR MR SN ii.9

966 i6 SN RS
NR it 145 SN
N966 VN RNN MN

SMRV SMRV
SMRV SMRV

NR NHM NSNS
ii9 NH MN ii

N96699 MR SWD
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NEW JEEY

RR NRRS RR NR
NRRS RWM RI NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

N966 MR St1R5
NR 69 1.61

NR MR RSN 1.1MR 1.1

11 MR
161 .9

N966 RI .. RNCN
11 RNW .9

N969 1SN RNCN
RNRS

N191 NS NS NS .6
ft ft 1.9

N966166 NWW NR
N9 RRSN RWNNN RRSN

6169 RS

NR RN RSSN RNE

RR RRSN 1.1 11
SS

11 MN RS
N96 RR .9
N91961 NS RN RN NW .1

N9661 SS
N9 69 MN MRR SR .1

NR RS NS SN 1.1
N9919 111 RR RI NR 6.6

SbMR
NR NRNR SS NN 1.1

RI RNN WS DW

61 96M NS RN RNN .6

NRS -RSSR SBR
N966 NR Nft

96611 NRN
119 VNS VSN

611V 1.9

611V 1.9NVN RS
N966 ..M ERR .6

N96616 RS NR WRN RVR .9
N9 RMN -W RMNA .6

N9 NMR 6.61

N9 MRRSf4 MRRSft .1

N9 RSR SRI RSft
RSN 1.6

N9 19 RRO
N969 NSNNR RIRSN

61 NSN NSNRS NR RUNSW
NSN WRSN 1.1

699 NSNMN WD .9
RN RINSR RS

96919 RS NWR
16 NRN St .1

9161 RSN
RN 1.1

6616 RS .9
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Lrnns Qiinntitv snsrntnrs hv Stnts

RR

NEW JEEY

NR RS RR NR
NR RS RW NN RMN RR NR

1.1 55 Ni NSRR
55 NSRR

SWS
SWS

66i
NR 6999M

9666 96M
Ni

69iiMN
669i66MNM

9ii 6MRN
6MR

9i iMRRS
99 MRRS

Niii MN
ii MV

966i

6i uN
966ii
96

9NW

MN
NN WRSNN WRS
NSN

RMN

RN RMWR

ItI

ItI

RN

RS

SR MN

1MS

RR
SR

NV

RO

RS
RS

WRN
NN

RS

RO

WN

NO

VN
NO

RV

SS

MN
ti

WS RN
WS RN

RV
NWR

RN

RS

RV

NN

RV
WS NG RN

RN

MRRS ittWRN
NOVR
itt

WN

NN
RE

SN
NWR

RN
NWR
NW
NW

RR NS

.u

.u

.6

.6

.96

.9

i6

.u

.u

.9

.9

i6

.6

.u

.u

.u

6.6

.u

.9

.9

.9

9i

NRNR RNbM

-V SSMSN
RS

WRNS
NRRNSR
WRNV MS

RNS RS
RN SM

N9
N9i

66

99i
9i

ii 99

99i9 MS

9i6i
9b

iMP
9i6
96i6MPN

iii WR
6i6iM

iii MPW
9669MR

MM SN
6M RN

966ii9M SRV
9ii 9M
i9i MNRN

MM
N9 MRR

6MR MS

MR .N
966i 9MSSN
6i6iM

N96 MRSbMNiiM

NR

.S
RN

NS

RN

itt

itt

ERR

NWRNSW
6NW RS MRN RN

NR NW RS -bMR NW
99 NWR MS

66 ii6NW
996 NW RMR

SN

NS
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NEW JEEY

RH NRRS RH NH
NRRS RWM NN RMN RR NH

51.1 55 Ni NSRH SWS
55 N6 NSRH SWS

RH NS RH
NH RNbM NH NH NH

6111N .1

966 MN- 1.96

16 .1
N96 NN MN RM MSRVER
N96 9NSRS RR
N9169N HNS SR NWR
N96 61NW SVN SMRSON

1.6
611N NSR RSN

DR
19N HN

SN .6

NR
MNS MNSER .99

N966 NN NH 91-

N966 iN NN -i9
N966ii NN 9-i RS

N966i9N NN -i WSV
NR NN Nii-iiNR RUNSW
N966iiN NN Nii-i MNV

966i 9N ii9-i9 NVR .6
966i6 ii9-i9 NVR

ci
11 011

N966 9N NN NH 9i-

N966 9N NN MN UR

iN NN RNE
N966 iN .6
N9i HR HR .9

6i
9iN NR VN

N9 WN WN .9
N966 iN MNN9i SRV MB .i9

NR SN 511
6N SN MNSER

96 NR WRN RMN RS

6NR WRS NW WO i.6

i6 NRNSNSN NN

i99 NVbM
i66NV NWR
ii MSRVER

i9i RSN RROV
WNS-R it SS NRN i.6

i9 WNS- RNN RN RN

N96 NNRN
N966 RN RSN NNS EN .6

i66 NH RH Wit it

99969 RR NN NR RUNSW

i9i WSW .6

N966 55 t1N RSN
RSNSbM WRS

99i9i6 NWR i.9

96 9969 RW it

N966i96 bit bliB
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Lrnns Qiinntitv snsrntnrs hv Stnts

RH

NEW JEEY

NH RS RH NH
NH RS RW NN HMN RR NH

1.1 SS Ni NSRH
SS NSRH

SWS
SWS

996

ii
99

N96
666

991
ii 966

69

661

196 iii

99

ii

9961
91691

N96
91

96

NR 69

66

96

9ii6RV
919 RM

91 RS
191 RS

91 i69R

916

91 9R

661

6iiS
9S

MS

SR
MWN RN

NW NN
.HNS- SN R.W

HNS RH
Wit NVRS

R.-HW
RS
RN 510

SSRS
RN

S- NHS-M
S-NW RNS
S-RS

RV

RV

RH

RN

MS

NNbMNSNRNSNR
NS

RS NVRS
RS NVRS
RS NVRS

NR.N
NVRNMN SPY

SB

RS

WN
RS

ER

WN
RS

RS

NW

VN
HR

NS

RN
CM

RS

NW RNSW
1t4

SN
SWRN

MN CM

CA

RS

RRO
SN

RH NS RH
NH NH

ii
ii

9.1

61

.6

.6

.1
1.9

.6

111
.9

.6

.6

.6

1.9
.9

1.1

.9
9.9

ii
ii

.9

16

ii
.6

NHNH RNbM

MN

NH
NR.S

SN
SRV

RIO

VR

966 6R
WRSN

96691

i6R
966 RMS SS

96 999 NR
RVN NSMRR

19RbMM
N966 bM R.-RRS

966 SN
RN-

9i6R RSMN

16

SN

RS
AN

RG
RS

SN
MN

MNCN
bM

HN
RVN

RS

RVR
NN NS

NWR
SN

ia
bMS NWRNS
SS bM NW RNSW

HR
NS

SN

RO

bM
VNSCNRN SM

SR SR
96669 SW

NS
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NEW JEEY

RH NRRS RH NH
NRRS RWM NN RMN RR NH

51.1 SS Ni NSRH SWS
SS N6 NSRH SWS

RH NS RH
NH RNbM NH NH NH

116S SN MN ERR

N9 91 MS 1.6
N96616SR511 Ni NWRNSW .9

9666 5PM RS .6
96 616SRV iN NW MNS
96 6i SPY iiNW i.6i

N966 SPY SM HNR i.6i

96 666SRV MR RNSW
96 SPY RHi RVR SWRN 6.69bR bN NWIC

N969 SPY
N969i SPY

996665W HRSN NOVR
N966 SM HRSN NOVR

6i6iSMNSRM 1443N NS HR ii
N9i6 SMNSNR NN NN .6

N96 SVR SX .9

6iiiSVRNMRN MV 6.9

ii i65 WN t1 RS

N9 69S SR VNR SN i.i9

i9 SM NSMR i.i
N9 669iSM SNSRS RbM

9i SMRS MS SMRS
it 1it

i9695 SR WRMH
9S RM RSSN RS

i9i95 RS i.6

96 i95 NSS RVR
N9 VN SWN MB .9

N9 15 SR .9N96i SN SRHRR
N9i SNRHNSN 6.9

96 SN RW HAMS
i99i HNR

N9 i6 RH MN ii
6i N- HN .9

96 ii SMRS
9ii 66 NNSS SSS
966 NNSS MRSS.S WW
9669 SR NSRMN NWR .9

SW SNS WS NDN
RSS ii.i
RH SX i.6

MB .9

ii RNN NCN
996 RSN

NS

N966i .9
966i RWNW bitS CM

SRWN-W bitS MN
966 WS CM

69 HMMRSN SN
NR MS MN bit

NR 96 RSNR NE .i9

6i MS RNN RNN
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Lame Quanfltv Generators by State

NEW JEEY

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

91 MSRVR MS MSRVER
N9 NRNN SMRS

1145 MRRS MRRS C7J45 1.9
96 199 RM SN
1969 NS NWR
911 MN-RWOMSNW RNSW bM NW RNSW

19 VRRSR .S .6

191 NNbM RN 11.9
1116 NNbM RR MRS VMN

bb bRb .99

6NNR RN RNN .96

9166 SRV 115 115

RN-WR MN WR
169N WR NR SR 9.6

N9 1NVRS MM MSRV RNWR
SRM 141 19N RMNM .6

N69 RNN NR
N966 RR WRNE 1.6

N9661 NRR 1S
9119 SN RR SRHRR 11

NR 15 RNE

Ni SRV RSN 11.6

N9 699S WRNV
ci

9V NNRN SRN .9

N9 91 VN MS VN 1.1
VWRS .1
WW NR RVR 1.9

N9 69WbM RRS SWNDSR
N9 6WR SR NR RUNSW
N9 66 WRNR-MR NSMR RMRRS NS 6.9

WN NR WN 1.6
N9 66 NRNSW 1.66

11611 WSSM RS
N966619W5 RS 14 1.1

N9 911 WS RN MS WS RN
9111 WS RN MS WS RN 11

N9 WSN 9.9

N919 RN

9W NSN NN 1.6

16W RVRNSRS RVRSE 11.9

N9 911W RMR RG
N9 9111W RMR 6.9

N9 9119W S1IRMR Sill 9.6
96691W RS RS MNM 6.9
1166 NN MN RS

-9 NWR RMN NWR 11
911 1915N SRV NW RRDWS 11.6

MA
166 MWS WS DPi 1.61
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NEW JEEY

RH NHRS RH NH
NHRSW NN RR NH

55 Nl.l NSRH SWS
55 UNSRH SWS

NSR 55 WR
RH NS RH

NH RNbM NH NH NH
11 691 .9

NR RN
RR SN SN SRO

966 169 AN
N9 RMR
N91 MW SNV .9

11 NSRSN NSR
RH

N96 99 RH WR SNWR .1

lIMP Wit

N969 RH WR NWR
NR SS
N9 RN NRMR RNCN

99 RN NSR
NR RN NS MN

NOVR .91

1161 NH .9
966 HNS bMB

966 RMR RS SM .6
96 bMN

yR .6
RNSW

N96669 ...MN NWR

11 SM MN .N RN

NR WitS NV

691 NH MR
919 HN
116 HRSN SN HRSN

66 NR SN HMS

NR RRO
NS SS NSN

NS NVNR .9

N9669 NRS -HN NR SN .9

N9661 SNNHN WS
N911 HNS NR NWR
N19166109R NS NR RN

111 NS SS MN VN
N9 66 NN NN

96611 MR
16666MR MN

N9 99 MN HMR MN .1
6N MN NWRNSW .9

N966 9NVHSNRN
N96611 NR SN HN NV

96 RN SHN HNS RNSW .1

11 NWR
SN RG

916191 NRS
96619 VRR

Ni RR RRG
N91996 SS 141 AS .6
NR RRN RR
NR RN

919R VR .9
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Lame Quanfltv Generators by State

NEW JEEY

RR NRRS RR NR
NRRSW NN RR NR

SS N1.1 NSRR SWS
SS UNSRR SWS

NSR SS WR
RR NS RR

NR RNbM NR NR NR
N96 MN NSRSN .11

69S NWR
96911S SKY
966911S 11 VS RS

99996S RR NR AN
9615R RN NR RN

11166 NSRSN bMN
MN NR RUNSW .9

Ni W.R HP

1WRNR-bMR MN PMRRS14
91 91W MN SS RO 1.9

WR NOR
N9661 6-9 SN 5KV bM NW
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NEW kEXICO

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

NM SR MNM MN
NM NNN NNN 9.6
NM VRNR RMN RQ
NM96 SN .R-RW RW
NM RR NS RU 11
NM 91616 NR NN .- 16.66
NM 11 NR NN MN-N 115114 .66

NM6 MN MN 161
NM 699N RR RNH 96
NM9 RN RNN9 SN HP tS
NM9 1M RAM RQ
NM 19 NS NSNS 1M 6M 16
NM 911NV NN MN RS
NM NWM NVRS -MN SRES 19
NM 11 NV SNRR RSW
NM SSM RS RQ 61.9

NM 996 RMN RQ
NM RN MNN RQ 1.6
NM9191 SN .-SN NMN 16.9
NM9111SN RRS RQ
NM96669 RNSWS RN .- M.S .RSW
NM9 6119 NVRS NWM RQ
NM919 WS RS 66.1

11
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Lame Quanfltv Generators by State

NEW kEXICO

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

NM bMR SS -MNMN MNMN
NM966 VS
NM 99 SRW SV
NM RS .N RQ
NM6 SN NS NW .9
NM9699 NN-SR RQ
NM 66 SS MS RQ .11

NM 61 NW NS VNSSSMS RU 11
NM6999NV SNRR RSW NSRN9 NV HP 15W
NM9 RW RQ
NM RNN RN
NM 11 RS MN RQ 9.6

NM 9S RQ
NM SRN N.- RS RQ .6
NM966616 RNSWS RN .- M.S .1

NM96669 RNSWS RN .W-1 RS
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

NEW MEXICO

RR NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

NM9 69 9S RMN ON

NM 19619 RANSWS RN
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Lame Quanfltv Generators by State

wycRK

RR NRRS RR NR
NRRSW MS RR NR

Si NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

66 SN SR
NR 161 RR NRS

91 SI NR RN .99

N91 MR-N MRE 19
N96996 NSR .9
NR SSR SN NWR .1 11
N91 SN SM

NR
66 NN 11.6

19
9b9 SN SN

RR WS 19.11

SSS .9
VN SRWR SR .6

16 VN SN
N96919 VN NRNN
N9 VN RN SN

91 SSMSN RY
N91111 RR SS NR NSN
N9111 RR NSN RR NR .1

11 SN .1

611 SN RS 6.6

N9699 SN RR
NR 69.9

66169 NM NR .1
Ni 66 SR
N96 NS RN 1.1

1199 RS NWRSN 6.1
16 NRSR RI

91 RR 91.9
SN RNSSMS RNSN .91

SN RSR 1.1
66 bMN SS MS

MNM MN bMR WSSN .9
9bMR SS-SR RMN WRNRS 1.9

bMR SS RNSS ER
69116bMR SS RR VS

6bMR SS RR RN 6.1
96 616 bMR RN SS RN 9.1

19 bMR RN RS RN

N91 bMR RN MRS RN

116bMR WN RN 9.6
16 bMR MN VS 196

N96 bMR SN RNNW
1bMR SR 11

N969 1bMR NR SNNSRS
9919bMR RAMS NNCNS .1

66 bMR RMS RNS 999
N969 llbM SRV NSN NR 16.6

196bM- MNRVR 16.1
SN .66

161 MS RbM RWRS RN 16.9
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1199 SN SM 9.6
N91 61 MS RN 1.9

WSSN
RN RR NR Rr

919 RNSRRSN NV

96 NRS .96

N9 RV NVRNMN RSS
1K

16 NR WV 6.11

Ni NR 1.19

N9 NR SR .61

N96 NR .1

N96969 NR
N969 61W NR NW RN 6.6
N969 NR SRRNE .6

91 NR RVR .9
RS

661 NSGN
NR MN MSCN .6

N969 RR 1.9

N9 66 NM RRSR 9.19

ci cia
16 NR MN SR

N9 NRbM NS SM NW
.96

NR NS RMN 1.9

N9 91 SRPNSMSSN MN SN 1.6
SRPNSMSSN MN RWSR

NR WS RN .9
SN N-SRSWRS SV

WS NRSRV .9

N969 6bMR SS- NS RyE .6
bMR SS-WR RMN WR 11
bMR SS-R SR RMR SR

166 bMR SSS SRS 1.1

NR bMR SS-S SN
96 9bMR SSS bM

bMR SS-S bM

9bMR SS RR NWR
NR 19 bMR SS RR SR
N9 61bMR SS RR NS WS NS

N9119 bMR RNS .9

N91 1bMR RNS- SN
6bMR MN NWNA
9bMR 6.6

61 6bMR NMSM SR NW 1.6
116 bMR NR SNN VS 1.6

9bM RR bMWNR
N969 RR MN .9
N9696 bM RR MS

66 bNSRbMRNN M4SRbZ4 1.9
969 bMR bMR NW 11

169 MR SNNS WN NN SM
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wycRK

RH NHRS RH NH
NHRS RWM NN HMN RR NH

51.1 SS Ni NSRH SWS
SS N6 NSRH SWS

RH NS RH
NH RNbM NH NH NH

96 NNNHN NW 1.9
196 NRW SN.S MR 1.6

N96 RM SHS
N9 69RN NR 11S HNV 1.9

91 16 RMN .N
NR SRNV 9.1

19 RNSS ER 1.6
66 SN MN NWNA 11.9

NR SHRSS SR
bb KSV

NR RH NW .1
VWN
VWN

969 VS .9

NR MHRSR SN itt

RSR RH .9

N91111 VR SV
N96991 MV SNW

666 VR NNSNNHW NSSMS .9
91 RS RS 11.9

99 91 NSRNS NSRNS
NR RNWD 6.6

WN lit SMRS 1.1

NR 61 RRW SR
NW

N9 199 SN MN NV
SNSSR NS .1

SNSSR NS HR lit .1
666 MN MNVHNN .1

911 SS MS

NR NW 11.1

19 WHN NS NA .9

NR
1699 NR HR

N161 SH NW 1.9
996 SR 1.9

SN MNSS
911 RWHNR VMRS 11.6

1669 NS WD
96 NH VRR1 RN

NH VRR RN
961 NH VRR1 RN .9

96 Ri VR RN
N9 ii Ri VR SNR RN

6R VRRi NH RN i.6

VR HN
VR HN NWRVA
VRW NWRVA .9

VRW SNN RN .6

SRi VR RN
966R SRi VR NH RN

SRi VR
NR NSNN

HWS SNH
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Lame Quanfltv Generators by State

wycRK

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

RSSN
N9 96 RN NR RN .9

69 NRM RNN
N91 NNV MN .19

NR 1.6

NR NNN 1.6
116R NNN 11

N9 MN RN RN

RR
b9 WA

N969 MN SN
N9 MN SN

96 MN SN
1169 MN SN
1199 MSN NWN

96991 SRV
96 SWR WSW RRM .1
196 SWR 6.1

99 RMRW ROR
961 RNS RS NR RS SR .6

969 RNS RS NR RS SR 1.11

6966 RNNSRSN NR 6.1
11101

911 SR SN MS 11 1.9
969 SNSS RSS bM

RV SRS 1.6
Nil 6i RN .9

NSR .1

66 .69

i6i NR .NS NSN
i6 -N NbMCN

N9 NNNSRSN .6
SN .9

969i bMR CII 1.1
6bM bM .1RRSN .9

RR MVRNN .9

969i RN R-M RN S-SSN RN

69 RRNMS SNRN .1NRR NSN 6.i

69 RSS
NR 19 NS

NR RV
NR ii RN NV ii
NR RfllW R1N .1

N9i i6 NNRN NV
NR SN

69969 NR SN i.6

N9 bM RS
i6 bM NNRN WSN 1.1

ii NR SN RR
RSRSSSN MN .9

RMR SN .6

969 NR SR 1.9
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wycRK

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

N91 -W NSRSN WNNH .99

N96961 RSNS RNNW .9

NR 69 WS WI MN RRWN 1.6
969 RS .6

N9 ii RR NVW
ii VRN RRSN

RNS
RNWRS NA

N9696 RW RN itt .1
b9 It SN

N969 NNN NRS NNN 1.6

Ni 999 .96

RN VRSSMS SM
16 NbM NRS
119 .9

969116 WRS .6

NR NW RMN 1.6

NR SR SR .9
NR SRS RS SRS .6

N9611 VSS MbNNR RN VS VRNUR
1696 SN RN

NR RMN .9
NR 16 SS NRSN NN

01
NR NN RMN MRS 1.6

NR 19 NN RMN NRG
NN SR SR

N91 RNSMSSN- RR MRSS
RNSMSS N-W MRSW

N9 66 t1N NSN .6

66911 NVRS NVS RVN
N9116 MS NR .9

SN- RN
916 SN- NW 1.9

N96 SN- SN
9966 SN-R NRNS NSN 11.6

999 SN- SRVR NRN NW
9111 SN- VN NNWR 1.6

N991 ii SN-N NS NN .6
Ni ii SN-R SRV NR
NR SN-VR VR Nr

SN- V6N5 NW
966 SNS

N919 SN-R NR VSRV NW .6

N9 SN- NSSRV RR
99 SN-SVWSRV NRV .6

69 SN-W RS NRNS NW
N9 96 NM
NR NN NWNA .1

NR RNS NW
9961 NR MN SM
19 NR SR RS SR .6

691 NR NN RMN
NMRR NSN SM ii

N9 19 NMRR NVW 9.6
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Lame Quanfltv Generators by State

wycRK

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

999 RR 55 149

N1196 SI SN SV

NR SI SN SV
99 RN NV- RVR

N9696 RNN RRS MSS
16661 RNN NRR

NR R-SR .1

96161R5MN RR G1 9.69

919 RflI RR 9.6

bTh Wit .b

NR 66 MRN RMS SN .6
NR MRN RMSN NSN 9.1

N96916 MRN RMSN SS1 19
19 t1NSNN

NR ii VSN
N9691 NRN

996 RS RN WSN .6

969619 WR SNR
119 WR 1.9

N96 MN MN
NR 19 MNSRV NW 6.11

NR 16 MNSRVS NW
9696 RV .19

10

96 RNWR
99996 RS SR

9696 RS SM .9
N91 96 VRNWN RN VS

169 RW RWW RSRV
9166 RMR SN RWSHN 1.1
969 N-R WN MS 1.6

iii NRR RR NR
NR 116 SS RMN

MRN VR .6

Ni bM NM bM

1966 SRN SR .S
969 RN SR RY

SRNM MRN MR
N91196 SRNR SN RSN RSN 1.96

N9 ii SWN MN- SR
N9 91 SWN MN-RR SR

SWN MN-W NR SR .9

N9 SWN MN- SR
RR RSRV WSSNE .1

N91699 WRS RNN NW
69 RRN .1

16 RRNN RES
969 RSVS WNN

MNR bMR NWNA 6.1

N96 NN RN
969 SR SSRV NS .9

MNWN RN 1.61
NR MR NW
N9 996MR5N MbN SR

9MRS VRSRAW
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RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

61966 NWNNS RE .69

11 SWN RN 1.6
N9 96 NR .1

9699 RR NWNA
RR SN

VNS VM NS RN .61

919 VRRN SN
N96966 SM 11

N9691 SRS
9b99 Nb

N9 11 WS
N96966 SRN
N96999
N9699
N969 RN
N9 966 RN
N96966 SN bMS 1.1

N969 SSS
96966 RN .6

N969 1.1

919 bMWNR RMN MWNR .6
191 .N MN 1.1

66 RW NS RN SR
01

96 RN SbWNA
16 RRWR RN 11

NR 19 SR VR t1N NSN
N9 NW RN ANS

66 SSNSRSN bMSRbM
RR bMR NSN

61 SN 11.9
N9691919 NRN .9

69 RM SbMN
NR RN RN MSR

RS SM NW

NR 19 MRW VN
N96961 MR SSN SRV RN 1.6

961 RN .6
99191 RN

NR 11 RN RMN RN
RNW NRR

991 RR NSRVS RN NW
19 SSRSNS

N9661 MNMR RNS ENS

N9 199 NRN SRS 1.6
N969911 MR bMSRbM

NR RN RR WSN
99 NR NWNA

NR MN SNAS
N916 NR MN- WRD .16

N9 NR VN NS RN
19 NRM RS RR WSSN 6.91

NR MN SR
NS NSN SR
NV SN NV 1.6
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Large Quantity Generators by State

NEW YORK

RR NRA RS RRA NRA

NRA RS RW RA NN RMN RR NRA

1.1 33 Ni NSRRA SWS
SS NSRRA SWS

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

NR 69 NVS SR .6
NR ii96 NVS

NVS SR
NR i6 MR SN RMN i.9

96 MN .i
969 WN
969 MN
9696 kNNANR .6

69 tkAN SS

NR
NR ii RN .6
NR ii RN i.6
NR ii ANS i.6
NR i99 RI

NR WN 6.9
NR i6 RN
NR i6i SN i.69

RSN
96 SAN
ii WS
ii WS i.6

RRSS RI i.i6

66 SS VRNN RN

SAJVLAR RN .i6

i99 SRV NNR
Ni ii SRV ii6 NRA

96 NW RAN .99

ii RAN RS RN NA

iii96 RA NR RA 9.66

969 RN WA .9i

WRW .6

6i NS NW
NS NW

66 RV RR SN .6
9696 RtllvLAN RS R- SNS

969 ii RtllvLAN RS RA RVR .9i

NW
ii699 AJ45 WN NR

NR SS 6i RNS NWS .6

99 tkAR RA NS
A4 i.i

96 AJVIN SS 6.6

9699 kN RS kM

6696 SN
RN NRA

66iii RRS RA

i99 NS NA ii.6

NR NSV VR RVR NV

RA WN 9.69

NR RA NWNA i.i

6i69 i.6

96 WRSRV RS

RRA MV
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

NEW YORK

RR NRA RS RRA NRA

NRA RS RW RA NN RMN RR NRA

1.1 SS Ni NSRRA SWS
SS NSRRA SWS

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

6i9 RS

666 tkAN RA SRA
9i RN NS .9

SN NW .6

99 SNRVR
969 SNS NW ii

RANN AJ1ON .6

969 NR RN WN
i6i AM SS NW

NN RV
969 99 Ni ii9

ii.9

9ii RN .9
-6 VRR 6-NS RWS

RN NWR .9

99 RA i.9i
MR SR NN tllvLA .96

6i i9 MR RA NV .6

MR VRNS SR
ii MN

NW RMN
SR RS kMON .6

i9i NS RA NM VRNNN MN VRNN

iii RA MA NW
NR 69 RM

969 RN SNSStkA NS NS
9i RM NV

6i9 NS .ii

RANS MI\JVLAR

69i69 SR
i9 i.i

WA 6.i

RNR kMR
SWR MN

RMN .69

9i9 -W RAN MN SN
i9 kMA SS kMA

NR AflA tkANR MN AflA

kMSRVR MN
99 SR SN SRA

96 SR NRA
NR SS NV

-SM WNV SM WN 9.6

69 9.i9

NR i99 RWN SN i.6

NR NN WRS-R SN
9ii6 SS .i

NS SN NA
96 WNS NSNS .99

9ii RkMSNS ANS .6
RA

iii RANS RMN ON

969 66 RV

294



NEW YORK

Lame Quantity Generators by State

RR NRA RS RRA NRA

NRA RS RW RA NN RMN RR NRA

1.1 SS NS RA

SS NSRRA SWS

11
11 99

66

99

969

66 19

699

19

61

96
NR 111

96
961
96
96

11

961
69

19

96

16

Ni

669
NR 11

6996

11

NR
69 MA

NRA RNkM

SN SR
NS

NW NS
tkAR RA

tkAR RA

RA

RkMR

AJ

RN

RA

RA RA kMR

RANS

kM RS

NS

NS
RA RA

RN

SR
WS

RA

NVRS
SR

NW VN
RA RN SS MS

NS PJVLAN NS
MN
NN

SS

MN

kMON

WN

RVS
RVS

MS
NS WN

AJ

NN

SN
RA

NSV

WS
RR AW

RN
RN

NW
AflA

VE

MS

RRA NS RRA
NRA NRA

1.1

1161

.1

.9

.1

1.9

1.66

.9

.9

.6

1.11

.99

.1

1.61

11

119

.1

1.6

1.1

.6

.6

1.61

.96

.6

.6

.1

NRA

RS

919

91

MN MN
SS RMS MS NV

RNW RA NS RNW
RR WRS RR AW

NW NW

-S kM .S kM

-R RSS RA RS

RA NS

RSN WRS RSN
-RVR RA NS RVR
-RS RA NS RS
-S kM WRS kM

MN SR

SkMM 5AJ1

NW
RO

ES

NR MA

9tkA

691 MA

66 MI\JVLAR

699 9tkAN

96 tkARN RRA
tkARS MRRR

91 MARS

99 tkAR NtkAR

MMLAR

NW
NW

P1k
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wycRK

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

N91911MRNMR SNS
N91 WRNNMRV SW bM

N9 11MRV NR NMN NW 9.9MN VSNNS .9

9M SR
1M RN

166M RS RR NWNA .9
N969 SR

MN MbN
bb9RR lIMP Nb

N911 MRR RR
9MR NRVN NW .1

696MR NW RN WSS .9
N91 MR NW RN .1N9161MR NW RN
N916 MR NW RN MSS .9
N91 6MR NW RN MRS .9
NR MR SR .9

N96 NR RR NWWNSR .1
NR 16M MRVMN MN WS 6.16

N9691 RNSS ER .1

691 MR-NR RR NR
N9119 MR-NR RR NW

ItS

NR 16 RMR .6

9M 115 itt .66

69696M NS NSS 6.6

MWR SN
91 9MNR SRNSWRS 6.9

N9 1M MN .9
19 SR 1.1

969 1.6
9696 1M .9

NR 11M RN RN
NR 11999M RN NR RNRR 1.6

9MN RR SN
116MN RM NR NW

MN MR VR SRV
N966 N-N ROR
N9 N-NNSVN ROR .1

96916MR SNSS RMS-MRRSR RN SN
911 MRS NS 6.1

N9616 MRRS SNR MN 9.19

91 66MR NS VRSRNS 1.9
1MR RNS bMS 11

NR 196MSVRN SR SRN
6M RWRN

Ni ii M-S RNN WS
9161 MN -WN

N91 0N
N9 0N .9

969669 NR 0N NR 1.11

N9 RW RR RRD
N9 691N RW RR RRD

96961 uN .S RW WRNRS .1
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Intns QuAntity snsrntnrs hv Stnts

RR

wycRK

NR RS RR NR
NR RS RW NN RMN RR NR

1.1 55 Ni NSRR
55 NSRR

SWS
SWS

61

119

NR
91
61

699

b9

ii

ii

69

6196

99 69

N96
19

N96
Ni

ii

NR

it1

11

919
ii

N9
N9

69

69

N9
ii

ii

N916
191

96
699

61
NR
NR

91

91

919

.5 RW
9N MN

NSS RMM
NSS t1N

1NSS RMN
NSS
NSS

61N RM
bN

iii

NM
19

6NWS NN
1NV MRN RSV

SN
NWR
NW RN
NW 11 11

6NW NV

it-

9NW
NW
NW WR
NW WR
NW WR
NW WR

1NW WR
NW

1NW
NW
NW
NW

9NW
9NW

NW
NW
NW

1NW
NW

6NW
NW
NW
NW

61NW
NW

6NW
96NW

NW
NW
NW
NW

VRN
MN

MN
RN

DW
WRS WN

DW

RN
RMN

NS

SRNV
RMN

RY

SM
MV
RN

RSV

NWR
NW
NW

SM

SR
It MSS

SN
NW

RSV
NS

ROR
NS

VS

bMCN
NWR
SR

NSR
RR NS UR

RN
RN

SR

NR NRNR RNbM

9696919N .S RW

NR
RR

RI4P
RMN

SS RS
R-

SVS

it

-RS
-V
-R

RR NS

.1

.9

.9

1.61

.9

.9

.6

196
.9
.6

.66

.6

.1

ii

.9

19

11.66

.6

1.1

1.1

.6

1.61

1.1
1.61

.1

1.1

1.61

16
.9

RS

SS

19

19
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wycRK

RRP NRPRS RRP NRP

NRPRS RWM RP NN RMN RR NRP

51.1 SS Ni NSRRP SWS
SS N6 NSRRP SWS

RRP NS RRP
NRP RNbM NRP NRP NRP

1NW RS SRPS .1
NW RS .6

6NW RS 1.6

69 NW RS RNNW .1

699NW RS SN .9
61 NW RS RVR

N9 ii NW RS RPNSRP MR
N9 ii NW RS RPNSR MR 1.1
N9 ii NW RS RPNSR MRbNW Rb RPNSR IV

NW RS RPNSR NSV
NR 19 NW 1.61

NR NW RS RN
NW RS

N96911NW RS RW RRMPN
N9691 NW RS RW NWR .1

N9699 NW RS RW M165 NA
9N RPM WR

RPM WR MN 1.9
9969N RPM WR NWNA .9

N9 69N RPM WR NS

N9 RPM WR VRSV
N9 69N RPM WR NNW

N9 66N RPM WR NW 1.9

N9 69N RPM WR NSR 1.1

N969666N RPM WR M4SRbZ4
RPM WR .9

911191 RPN 6.6
NN-RRSR SSN 1.1

N969 1NR NR RP RN NSR
N916 NR SW RNN SW RMNA
N961 NR SNMN SSA

696 1NR SR NVRS NVW 1.99

N9 19NR RN NS

N9 16NR MN R1N 9.1

16NR RN SNR
1NRV NSRS SS .9

61NR 1VRbN RR RN .96

N9 NS RPNSR SRPS
NS RW MN11 RRSN
NS RW MN1.i RRSN
NS RW MN1.9R

999N- NRN 1.6
16N -NRPSN R1t4 ii

N9 RMN SN WS .9

ii RMN SN NS

N9 RMN SN NW
N96 6N SN NR RR .6
N911 9N SN NRPR
N9 91N SN Si RPR .61

N9 SN MR NS 1.61

99 RN bMR
99 -NVRSN RSRV RPMSV 1.9

919N WSi
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Lame Quanfltv Generators by State

wycRK

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 55 Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

N96 RR
N966 Si RN
NR SN

ii N119 SR
96969 Ni 999 RR ii

611 NS N16 VRN
91619NN5MN NS

9696 NN
91991 NN -WN

IN
NN -WN WN

91 NN WN
iNN -WN MS i.i

NN -WN RS
9i NN -MN
9i 9NN -WN NW
9i NN -MN NS

9i NN -MN NS

9i iNN-MN MS i.i
9i NN -MN NS

9i NN -MN
9i69 NN -MN
9i 6NN -MN MN
01

9i99NN -MN i.i
9i9 NN-WN .6
9i9 NN-MN
9i9 NN -WN
9i9 NN -WN i.i

9i96 NN -MN i.i

9i9 9NN -MN
9i9 NN -MN
9i99 NN -WN

NN-WN
NN -WN NS

NN-WN
996NN-MN 9.96

NN -WN WN i.6

9ii9NN -MN NW
9i6 NN -MN NS i.6

9i96NN -MN MR
9i NN-MN RRD i.6
9i6iNN -MN
9i9 NN -MN
9i66 NN -MN
9i 9NN -MN RS

NN -WN NS i.6

NN -WN RN i.6

6NN -WN
69NN -MN WS

NN -MN MN
NN -MN RNTN
NN -WN

96 NN-WN
NN-MN RN i.i
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wycRK

NR RS RR NR
NR RS RW NN RMN RR NR

1.1 55 Ni NSRR
SS NSRR

SWS
SWS

NN -MN
9iNN

999NN
969 6NN

NR 69NS
NR 6N5
NR NS
NR NS

NS
Nit Nb
NR 9N5

i9NS
9iii96NS

NS
9699 NS
9699 9N5

69696

96969 NS
69N5

6i9NS
99 NS

iii NS
iiiiNS
001

liii NS
i6iNS

NS
96 NS
969 69N5

9ii6 NS
NS
NS
NS
NS

99N5
NS

91 NS
NR 6iNS

NS
NS

19 NS
ii NS

NS
96 96N5

NR 191 NS
969 66 NS
ii NS
i6 iNS

969 NS
96 NS

66 NS
NR iNS-

9iNS
ii NS
ii NS

VN
Ni-

9i

999
999

ii

NR SPY
SR

RSRV
ii6

ii69
i-

Ni-
66i
66

MN
NV

SV

NS

WS SNE

SN
NR
RS DS

NR MRR
bM

RV

RV

ci

RV

RR
NWNA

bMMN

ROR
RD

te

bMCN

NVNSR
RWS

NW
SN
MN SER

NS

NS

RV

ii

.9

ii.6

.6

.66

.6

i.i

.6

.9
6.6

NR
RR NS RR

NR RNbM NR NR

-MN
-MN

RM

RMN
RMN
RMN
RMN
RMN
RMN
RMN
RMN
RMN
RMN
RMN

RMN

RNS
RNS
RNS
RNS
RNS
RNS
RNS
RNS
RNS
RNS
RNS

RNS
-W SWR

NR
NR
NR
NR
NR
NR
NR
NR
NR

NR
NR

MR
RW
RW
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Lame Quanfltv Generators by State

wycRK

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

NR NS- Ni- -i

NR NS- Ni-
NR NS- 66S MR

ii NS Nii RS

ii6NS Nii RS

6i 6N5 Nii99 .6

96 NS Nii9 .6

ii69NS Nii9i9 yEN

9iNS Nii9 WS
99Nb ROR
ii NS Nii99 MR
ii9NS Nii9 NB .6

NS Ni 6ii WS
N9 NS Ni6i WS

6i NS Ni 6i .6

6i9 NS Ni 6i SR .6

6ii NS Ni 6i

i9 NS Ni .6

6iii NS Ni WS
N9 NS Ni999 RR

6ii6NS Ni6 NR .6

6ii NS Ni6i NR
N9 NS Ni6i

ci

9N5 Ni6i
i6 NS Ni6i9i

NS Ni6i9
6ii6 NS Ni6 MNRV
6ii NS Ni6 MN .6

N9 NS Ni6 WNRV
N9 NS NSR SM
NR 6i NS NSR

NS NSR MRS
ii NS NS

96 NS NR
6iii RS MN .6

NR NSS i.6
96

ItIR .9

VN WR SRS
i6999 -NRM4 RWS SR

9ii 9ii MS bMCN
NR NR RWS SS NW

NR NRS SR
9699i SM i.9

6i RN N- NR NWS VERSRW
6i RN N-V NRN MNS
6i RN N-M Wit RM itt

RN N-SRN SRN VA .9
NR ii NSRS RN .9

N9 RN SNSRSN RSN
969 NSN SN RN

96ii SN RR itt

SM RR
N9 9i66 SV RR SV
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RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 SS Ni NSRR SWS
SS N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

N9691 RR RWSHN
N9 RW NRS NRS 1.1
N91 RW SRNV SRNVA 1.1
Nil RM1N MN RNNW

RR NN RR .9
N969 MN NRS .6

WN RR NRSR WN
N9 1696 RNWD

SS-WNSM SRNV
WS SR RN

9619 11.9
NR 611 RWNN WSN 1.1

966 RN SV 1.6
ii RN SR
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NEW YORK

Lame Quantity Generators by State
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wycRK
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Lame Quanfltv Generators by State

wycRK
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Intns QuAntity snsrntnrs hv Stnts
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NNN
NNN
MN SN

RR
SN

NR
RR NS

RR NS RR
NR NR NR

.16

.6

.1

.1

.1

.6

WR
WSSV

RSS
MN

NVRNMN SSRV
SbM

RNSR
RS

RR RSRV
NR RS

11
619

166
619

69

969
69
61191

69

69

19

307



wycRK
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Lame Quanfltv Generators by State

wycRK
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

NEW YORK

RP NRA RS RRA NRA

NRA RSW NN RA RR NRA

SS N1.1 NSRRA SWS
SS UNSRRA SWS

NS SS tkA

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

NR 69 StkAR

69196 .S SN
Nil SRV NW

16 .6
9666VNRA NM SRA SRN

96V NS RS

91
696 MN

19 NN

310



Intns QuAntity snsrntnrs hv Stnts

NORTH CROUNA
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NORTH CAROUNA
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Lame Quanfltv Generators by State

NORTH CAROUNA
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

NORTH CAROLINA
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Lrnns Qiinntitv snsrntnrs hv Stnts

NORTH CROUNA
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NORTH CAROUNA
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Lame Quanfltv Generators by State
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NORTH CAROUNA
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N6 R- .6

SMR NSN SMR SN
6999 SRN WNSN-S

N96 SRN .1

N69 NR
999 VNW RSNR RSN RNSR 1.9
66V N-SS RN

i66iV R-R MbN Nfl
.R RS MN RN 19
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Lame Quanfltv Generators by State

NORTH CAROUNA

RR NRRS RR NR
NRRSW MS RR NR

51 NSRR SWS
UNSRR SWS

-MR UNS WR
RR NS RR

NR RNbM NR NR NR

61WR MN SV 9.96

96 SR SN 61
9199W SSM SRO 16

169WSRNR NRVRSN RNSR
WSN RR .9

111W NR SN 91
6619WR RR WO

11V RRN RSN RG 9.99

61616 MNR
619 NS WNS N-S
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NORTH CAROUNA

RR NRRS RR NR
NRRS RWM NN RMN RR NR

51.1 55 Ni NSRR SWS
55 N6 NSRR SWS

RR NS RR
NR RNbM NR NR NR

99 66 WRSSN RN
WR .N 1.1

1996 WR MNN
N99 RRS MUN

96 RR RS
NR RR SN RNSR
N911996bM NRR RNSR .9

N91699 WMNCN 1.16
9911S RNSR

9b9 SN RN SR
99 RN WVRV

19 RR .1
N1969 RR .9

911 RNR RN NR
19 RN

NR iii RNWRW MRNN .6

96 MN SW 1.69

RS MRSR MRRSV .9

NR RRSMN91696 WRS NR
16 NS RR NRWRNR NVR .9

916 MNR 1.1
69 MR SW
991 RV .9

9616 SW SV ii
N9611 NR NM NR
N9 91 WS ii

19 RN RN MNN NCN 1.9
Ni 61 NR NSRSN 14 WS

699 NNN NR RN .9RSN RNCN
N9 96 SNSS RN NN .6
N96166 RSMN NN .1

VN RNSR
RNSRS RN

9RNSNRNWRS
6199 RbIt1RNRR .6

Ni 91 RR .. RRSR .1

NR VS MN SV ii
VRS SN bMS 11 ii

NR NS 1.19
N91 MRNN ii
N9161 WR MN SR

19 NMRS NSN 6.99

N9619 MN NS MNR 1.9
961119 RN
961 RN .96

MN WMNCN .6

RMN 116 1.1

RMN SM
RSN RSN SN .1

661
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Lrnns Qiinntitv snsrntnrs hv Stnts

NORTH CROUNA

RH NH RS RH NH
NH RS RW NN RMN RR NH

1.1 SS Ni NSRH
SS NSRH

SWS
SWS

ci

91

166
919 91

99

91
96

NR
69

9611
NR 6S

69

6S

66

NR 91S
916

9S
9611
961611

NR
19

96
N9
N9N96
NR

NH RNbM

N.-MR
RR HRS
HRN VI

WR NRH
RWNM RN

RN

-HN
kISS

MS

RN VS

-V
RMN

HNS
HNHWRN VSN

RH
MHRS

SM
SR N.WRS

RSSV RN

SS
bMR

RS

bMR RH
RN

RN

NS

NV RN

RMMR
NSN

RRS
NW

MbN
HRN

HN MN
SR VRSN

MHRSV
NR

NW

SN

HN
SV

SR
CM

SV

HN
NSMUN

MR
SN

NN

NS RO

MN CM

NR
NR
RMN
MN CM

NN
RO

NS

WNS N-S
NR
NVR
NS

WS CM

NV
SN

NS

SN
RNRSV

RR

HR SV

RH NS

11
.1

1.1

.1
11
11
11

91

6.9

.9

.9

.96

.1
01

11

.1
11

1.9

.69

11.9

9.69

.1
6.6

.1

.1
1.6

.1

1.6

161

NH
61916

11

96 619

991

61 11

N9
11 RS

RN

SN
991 99 RN

N991 RN

9616661W WRV
961 616WV

9MR WN
MRN

9919 NbM

991 6N
919

NR 19 NR
NR 66NR

619 WNS it

NH

61

HMN

RS

SSM
RS
SR
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National Biennial RCRA Hazardous Waste Reort Based on 1995 Data

NORTH CAROLINA

RR NRA RS RRA NRA

NRA RS RW RA NN RMN RR NRA

1.1 SS Ni NSRRA SWS
SS NSRRA SWS

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

96 VAJ1

99 VRMN kMR NON .6

9996W RS SN .9
9i69i6 WVR RN i.i

i99 SR
99i SR .W

NR WN MR
ii WR RA NS 6.9

NS WNS N-S .6
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Lame Quanfltv Generators by State

NORTH CAROUNA

RR NRRS RR NR
NRRSW NN RR NR

SS Nl.l NSRR SWS
SS UNSRR SWS

NSR SS WR
RR NS RR

NR RNbM NR NR NR
l666bM MR RNSR .96

SN
RN NRS RNSR .9

16661 MNR RNSR bMSlt4
161 RNV

N991 96R MRNN .99

RMN RNSR .1

N9 NM SN RbM
NR iMP .9

RN RP

NR 1NR RN NR RW
N961 5- NM
N961 RN RM WSN

91 6RN SM SR
6611 RSS RNRSV
96 SN RN RNSR .9

VR
N69 RWN
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NORTH KOTA

RR NR RS RR NR
NR RSW MS

Si
-MR

RR NR
NSRR SWS
UNSRR SWS
UNS WR

NR RNbM

6i 6bM MN-WNNR
699 MN

RS

96 ii VN RS

i9 RN RS
Ni6 i6 NN

i9 NSR
66 RS

i9 MN
N-

999i MN NWN RN
9i9 WS VR SPY SN

i9W -R

RR NS

i9.i
.6
.99

i9

i9

.9

.i9

MN

NR

MN
WS RG

SN RN RS
RS

RR
SSMS bMSWN

MN
SMR SMR

NR

.b
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Large Quantity Generators by State

NORTH DAKOTA

RP NRA RS RRA NRA

NRA RS RW RA NN RNN RR NRA

1.1 SS Ni NSRRA SWS
SS NSRRA SWS

RRA NS RRA
NRA RNAJ1 NRA NRA NRA

99 RA ii
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at Poche Beach large outlet

Ole Hanson Beach Club Beach at

Pico Drain

San Clemente City Beach at El

Portal St Stairs

San Clemente City Beach at

Mariposa St

San Clemente City Beach at Linda

Lane

San Clemente City Beach at South

Linda Lane

Hydrologic

Descriptor
Waterbody Segment Area

Pollutant Extent of Year

Stressor ListedImpairment

San Joaquin Hills Cameo Cove at Irvine Cove Dr
Pacific Ocean Bacterial 0.6 miles 1998

HSA 901.11 Shoreline
Riviera Way

IndicatorsE
at Heisler Park North

Laguna Beach at Main Laguna Beach Bacterial .8 miles 1998
Pacific Ocean

HSA 901.12 Laguna Beach at Ocean Avenue IndicatorsE
Shoreline

Laguna Beach at Laguna Avenue

Laguna Beach at Cleo Street

Arch Cove at Bluebird Canyon
Road

Laguna Beach at Dumond Drive

Aliso HSA 901.13 Bacterial lower mile
Aliso Creek See Footnote 1998

IndicatorsE see Footnote

Phosphorus See
See Footnote 2002

Toxicity Footnote

Aliso HSA 901.13 Laguna Beach at Lagunita Place
Bacterial 0.7 miles 1998Pacific Ocean

Shoreline
Blue Lagoon Place

IndicatorsE
at Aliso Beach

Aliso HSA 901.13 Bacterial
Aliso Creek at creek mouth 0.3 acres 1998

ndicatorsE

Dana Point HSA Aliso Beach at West Street Bacterial .88 miles 1998

901.14 Pacific Ocean Aliso Beach at Table Rock Drive IndicatorsE

Shoreline 1000 Steps Beach at Pacific Coast

Hwy at Hospital 9th Aye

at Salt Creek large outlet

Salt Creek Beach at Salt Creek

service road

Salt Creek Beach at Dana Strand

Road

Dana Point HSA Dana Point
bacterial

at Baby Beach
IndicatorsE

0.4 miles 2002
901.14 Harbor

Mission Viejo HA San Juan Bacterial

at creek mouth 6.3 acres 1998
901.20 Creek IndicatorsE

Lower San Juan San Juan Bacterial
mile 1998

HSA 901.27 Creek IndicatorsE

10 Lower San Juan at North Beach Creek Bacterial 1.2 miles 1998
Pacific Ocean

HSA 901.27 at San Juan Creek large outlet IndicatorsE
Shoreline

at Capistrano Beach

South Capistrano Beach at Beach
2002

Road

3.7 miles 199811 San Clemente HA

901 .30
Pacific Ocean

Shoreline

Bacterial

ndicatorsE
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San Clemente City Beach at

Lifeguard Headquarters

Under San Clemente Municipal

Pier

San Clemente City Beach at

Trafalgar Canyon Trafalgar Ln
San Clemente State Beach at

Riviera Beach

San Clemente State Beach at

Cypress Shores

12 Prima Deshecha Prima
Phosphorus

lower mile 2002HSA 901.31 Deshecha lower portion
Turbidity

Creek

13 Segunda Segunda
Phosphorus

lower mile 2002Deshecha HSA Deshecha lower portion
Turbidity

901 .32 Creek

14 Lower Ysidora HSA Santa

902.11 Margarita Eutrophic acres 1998

Lagoon

15 De Luz HA should be in 905.22 lwr and Nitrogen
Rainbow Creek miles 1998

902.20 905.23 upper Phosphorus

16 Gavilan HSA Santa

902.22 Margarita upper portion Phosphorus 17.5 miles 2002

River Upper

17 Gavilan HSA
Total Dissolved

902.22 Sandia Creek lower .5 miles lower .5 mile 2002
Solids

18 Wolf HSA
Murrieta Creek Phosphorus 12 miles 2002

902.52
19 San Luis Rey HU Pacific Ocean Bacterial

at San Luis Rey River Mouth 0.5 miles 1998
903.00 Shoreline IndicatorsE

20 Mission HSA
Lake Guajome Eutrophic 33 acres 1998

903.11

21 Mission HSA Chloride lower 13 miles 2002

903.11 San Luis Rey
lower portion Total Dissolved

River lower 17 miles 2002
Solids

22 Loma Alta HA Pacific Ocean Bacterial
at Loma Alta Creek Mouth 1.1 mile 1998

904.10 Shoreline IndicatorsE

23 Loma Alta HA Loma Alta Bacterial
acres 1998

904.10 Slough IndicatorsE

Eutrophic

24 Buena Vista Creek at Buena Vista Creek 1998
Pacific Ocean Bacterial

HA 904.20 Carlsbad City Beach at Carlsbad
IndicatorsE

1.2 miles
Shoreline

Village Drive

Carlsbad State Beach at Pine

Avenue

25 El Salto HSA Buena Vista Bacterial
202 acres 1998

904.21 Lagoon IndicatorsE

Sedimentation
202 acres 1998

Siltation

Nutrients 150 acres 1998
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La Jolla Shores Beach at El Paseo

Grande Bacterial

La Jolla Shores Beach at Caminito IndicatorsE

Del Oro

La Jolla Shores Beach at

Vallecitos

La Jolla Shores Beach at Ave de Ia

Playa

26Los Monos HSA

904.31
Agua Hedionda

Lagoon
6.8 acres

Bacterial

ndicatorsE

Sedimentation

Siltation

1998

27 Los Monos HSA

904 31
Agua Hedionda Total Dissolved

lower portion lower miles 2002
Creek Solids

28 San Marcos HA Pacific Ocean Bacterial
at Moonlight State Beach 0.4 miles 1998

904.50 Shoreline IndicatorsE

29 Escondido Creek Pacific Ocean Bacterial
at San Elijo Lagoon 0.44 miles 1998

HA 904.60 Shoreline IndicatorsE

30 San Elijo HSA San Elijo
Bacterial

150 acres 1998
904.61 Lagoon IndicatorsE

Eutrophic 330 acres

Sedimentation
150 acres

Siltation

31 San Dieguito HU Pacific Ocean Bacterial
at San Dieguito Lagoon Mouth 0.86 miles 1998

905.00 Shoreline IndicatorsE

32 Del Dios HSA
Green Valley

905.21 and Sulfate mile 2002
Creek

905.22
33 Del Dios HSA Hodges Color Entire 2002

Entire Reservoir
905.21 Reservoir Nitrogen Reservoir

Phosphorus 104 acres

Total Dissolved

Solids

34 Felicita HSA
Total Dissolved lower 0.92

905.23 Felicita Creek 2002
Solids miles

35 Felicita HSA
Kit Carson Total Dissolved

905.23 should in 905.21 HSA mile 2002
Creek Solids

36 Highland HSA Phosphorus .2 miles 2002

905.32 Cloverdale
Total Dissolved

Creek
Solids

37 Sutherland HSA Sutherland Entire
Entire Reservoir Color 2002

905.53 Reservoir Reservoir

38 Miramar Reservoir Los
Sedimentation

HA 906.10 Penasquitos Entire Lagoon 469 acres 1998
Siltation

Lagoon

39 Miramar Reservoir Pacific Ocean Torrey Pines State Beach at Del Bacterial
0.4 miles 2002

HA 906.10 Shoreline Mar Anderson Canyon IndicatorsE

Pacific Ocean

Shoreline

40 Scripps HA

906.30
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at Casa Beach Child rens Pool

South Casa Beach at Coast Blvd

Whispering Sands Beach at

Ravina St

Windansea Beach at Vista de Ia

Playa

Windansea Beach at Bonair St

Windansea Beach at Playa del

Norte

Windansea Beach at Palomar Ave

at Tourmaline Surf Park

Pacific Beach at Grand Ave
41 Miramar HA Mission Bay Bacterial

along the entire bay 1540 acres 1998
906.40 Shoreline IndicatorsE

Rose and Tecolote Creek MouthsH
Eutrophic 0.5 acre 1998

Rose and Tecolote Creek MouthsH
Lead 0.5 acre 1998

42 Tecolote HA Bacterial
Tecolote Creek 6.6 miles 1998

906.50 IndicatorsE

Cadmium

Copper

Lead

Toxicity

Zinc

43 Mission San Diego
Famosa SloughHSA 907.11 Eutrophic 32 acres 1998

Channel

44 San Diego HU Pacific Ocean at San Diego River Mouth aka Bacterial
0.37 miles 1998

907.11 Shoreline Dog Beach IndicatorsE

45 Santee HSA Fecal Coliform lower mile 2002
Forrester Creek

907.12 pH upper miles 2002

Total Dissolved
lower mile 2002

Solids

46 Mission San Diego Fecal Coliform lower miles 2002
San Diego

HSA 907.11
River Lower

Oxygen
lower 20 miles 2002

Santee HSA dissolved

907.12 Phosphorus

Total Dissolved

Solids

47 Chollas HSA Bacterial
Chollas Creek .2 miles 1998

908.22 IndicatorsE

Cadmium

Copper

Lead

Diazinon

Zinc

48 Pueblo San Diego San Diego Bay
DegradedHU 908.00 Shoreline near Sub Base 16 acres 1998
Benthic Comm

Sweetwater HU Point Loma HA
last updated 9/23/2003
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909.00 and 908.10 Sediment

Coronado HU Toxicity

910.00
in Shelter Island Yacht Basin

Copper
153 acres 1998

dissolved

Bacterial
at Shelter Island Shoreline Park 0.4 miles 2002

ndicatorsE

San Diego Bay
vicinity of Street and Broadway Degraded

10 acres 1998Shoreline
Piers Benthic Comm

Lindbergh HSA

908.21 Sediment

Toxicity

Bacterial
0.4 miles 1998

ndicatorsE

Downtown Anchorage near Grape Degraded
7.4 acres 1998

St Benthic Comm

Sediment

Toxicity

Bacterial
at Street 0.4 miles 1998

ndicatorsE

San Diego Bay
near Coronado Bridge includes Degraded

Shoreline 37 acres 1998
area near Crosby Street Park Benthic Comm

Chollas HSA

908.22 Sediment

Toxicity

near Chollas Creek
Degraded

15 acres 1998
Benthic Comm

Sediment

Toxicity

See
near Switzer Creek Chlordane 2002

Footnote

Lindane

PAHs

between Sampson and 28th Copper 55 acres 2002

Streets Mercury

Should be listed for Sed Tox and PAHs
Benthic Community Effects PCBs

Zinc

San Diego Bay
Degraded

103 acres 1998Shoreline El at 32nd St Naval Station
Benthic Comm

Toyan HSA

908.31 Sediment

Toxicity

San Diego Bay
Degraded

Shoreline at 7th St Channel acres 1998
Benthic Comm

Paradise HSA

908.32 Sediment

Toxicity

at 24th St Marine Terminal
Degraded

10 acres 1998
Benthic Comm

Sediment

Toxicity
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San Diego Bay

Shoreline
Bacterial

Telegraph HSA at Chula Vista Marina
IndicatorsE

0.4 miles 1998

909.11 909.1

San Diego Bay

Shoreline Bacterial
at Tidelands Park 0.4 miles 2002

Coronado HA IndicatorsE

910.10

49
Tijuana HU Pacific Ocean from the border extending north Bacterial

3.2 miles 1998
911.00 911.11 Shoreline along the shore IndicatorsE

50
Tijuana HU Pine Valley

lower portion Enterococci lower 2.9 miles 2002
911.00 911.41 Creek Upper

51 San Ysidora HSA Bacterial
5.8 miles 1998Tijuana River

IndicatorsE911.11

Dissolved

Oxygen low

Eutrophic

Pesticides

Solids

Synthetic

Organics

Trace Elements

Trash

52 San Ysidora HSA Tijuana River Bacterial

150 acres 1998
911.11 Estuary IndicatorsE

Eutrophic acre 1998

Lead

Nickel

Pesticides

Thallium

Trash

Oxygen

dissolved Entire Estuary 2002

The 1998 List has been corrected as described in the text pgs 17-18

BThe 1998 list as adopted by the Regional Board contained specific locations of impairment These specific locations

were omitted from the list as adopted by the USEPA In 2002 it is recommended that these specific locations be

included to better illustrate the location of impairment

In 1998 unless more information was available the extent of impairment was assumed to be 0.1 miles for each

shoreline impairment due to bacteria The extents of impairment have been increased to 0.4 miles Extents of

impairment that were greater than 0.4 miles in 1998 were not changed Rationale is described in Appendix pgs B69-

This location was previously listed as Pacific Ocean Laguna Beach HSA
In 1998 Bacterial Indicators implies that impairment was due to either total coliform fecal coliform or both In 2002

impairment may have also been caused by enterococci

FThe entire reach 7.2 miles is listed for enterococci coil fecal coliform and toxicity Additionally Aliso Hills

Channel English Canyon Creek Dairy Fork Creek Sulphur Creek and Wood Canyon Creek are also listed for

enterococci and coil The lower miles of Aliso Creek is listed for phosphorus

These locations and extents of impairment are approximated from interpretation of the 1996 Section 303d Report

This location was previously known as San Diego Bay at Downtown Piers

Area at the end of Switzer Creek bound by piers on the north and south side of the outlet extending to the edge of the

piers
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