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888 FIRST STREET NE

WASHINGTON DC 20426

RE BROADWATER ENERGY LLC DOCKET NOS CPO654000

BROADWATER PIPELINE LLC DOCKET NOS CPO655000 CPO656000

DEAR MS POSEY

PURSUANT TO THE ENVIRONMENTAL INFORMATION REQUEST ISSUED ON FEBRUARY 2007 EIR
ENCLOSED FOR FILING IN THE REFERENCED PROCEEDINGS ARE THE RESPONSES OF BROADWATER ENERGY LLC

AND BROADWATER PIPELINE LLC COLLECTIVELY BROADWATER TO EIRNOS 15 18 21 23

24 AND 25 THIS FILING SUPPLEMENTS BROADWATERS FEBRUARY 28 2007 SUBMISSION IN WHICH

BROADWATER FILED RESPONSES TO ER NOS 11 14 16 19 AND 20

THE RESPONSE TO ER NO 17 WILL BE FILED ON MARCH 20 2007

BROADWATER ANTICIPATES PROVIDING ITS REMAINING RESPONSES TO EIR NOS 10 12 13 AND

22 ON OR BEFORE MARCH 26 2007

PLEASE DO NOT HESITATE TO CONTACT ME WITH ANY QUESTIONS REGARDING THIS SUBMISSION

RESPECTFULLY SUBMITTED

LAWRENCE ACKER

LAWRENCE ACKER

COUNSEL TO BROADWATER ENERGY LLC
BROADWATER PIPELINE LLC

ENCLOSURE

BWO1 6724



200703195123 RECEIVED FERC OSEC 03192007 041840 PM DOCKET CPO654000 ET AL

NNO FLT TA RRRN BROADWATER LNG PROJECT

DIX JTJ3FL DOCKET NOS CPO654000 AND CPO655000
FEDERAL ENERGY REGULATORY COMMISSION

ENVIRONMENTAL INFORMATION REQUEST

PAGE OF

FERC 32

REQUEST

PROVIDE REFINED AIR DISPERSION ANALYSIS THAT INCORPORATES PROTOCOL ACCEPTED BY PERTINENT

AGENCIES INCLUDING NYSDEC SPECIFICALLY EVALUATE IMPACTS FOR STATIONARY SOURCES AND

MOBILE EMISSIONS LNG CARRIERS SUPPORT VESSELS ETC ORIGINATING WITHIN THE MOORED

SAFETY ZONE FOR DIFFERENT OPERATING MODES STATIONARY SOURCES STATIONARY SOURCES AND

HOTELLING AND STATIONARY AND UNLOADING SOURCES RESULTS FROM THIS MODELING SHOULD BE

COMPARED TO SIGNIFICANT IMPACT LEVELS AS WELL AS COMPARED TO THE NAAQS

RESPONSE

REVISED AIR DISPERSION MODELING PROTOCOL WAS SUBMITTED TO NYSDEC AND USEPA

REGION ON MARCH 13 2007 THE REVISED PROTOCOL ADDRESSES COMMENTS PROVIDED BY

BOTH AGENCIES THAT RESULTED FROM REVIEW OF PREVIOUS PROTOCOLS MAJOR ISSUES ADDRESSED IN

THE REVISED PROTOCOL INCLUDE USE OF AN OVERWATER METEOROLOGICAL DATA SET FOR CALENDAR YEAR

2006 THAT MEETS THE 90 RAW DATA RECOVERY ACCEPTABILITY THRESHOLD AND PROPOSED

APPROACH TO ADDRESSING OVERWATER MIXING HEIGHT IN THE MODELING DATA

IT IS CURRENTLY ANTICIPATED THAT NYSDEC AND USEPA WILL COMPLETE REVIEW OF THE REVISED

PROTOCOL BY MARCH 28 2007 AT THAT TIME COMMENTS WILL BE ADDRESSED AND THE PROTOCOL

WILL BE FINALIZED FOR AGENCY ACCEPTANCE MODELING WILL COMMENCE AFTER NOTIFICATION OF

ACCEPTANCE FROM THE AGENCIES THE DISPERSION ANALYSIS CONDUCTED IN ACCORDANCE WITH THE

ACCEPTED PROTOCOL WILL THEN BE PROVIDED TO FERC
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ITHO TA TTFL BROADWATER LNG PROJECTDR FJVTJJ DOCKET NOS CPO654000 AND CPO655000
FEDERAL ENERGY REGULATORY COMMISSION

ENVIRONMENTAL INFORMATION REQUEST

PAGE OF

EIR 34

REQUEST

PROVIDE DETAILED DESCRIPTION DOCUMENTING HOW THE PROJECT WOULD DEMONSTRATE

CONFORMANCE WITH THE APPLICABLE STATE IMPLEMENTATION PLAN IN ACCORDANCE WITH TITLE 40

CFR PART 51858 THE DOCUMENTATION SHOULD ADDRESS EACH REGULATORY CRITERION LISTED IN

PART 51858 PROVIDE DETAILED EXPLANATION AS TO WHETHER OR NOT THE PROJECT WOULD MEET

EACH REQUIREMENT AND FOR EACH CRITERION SATISFIED PROVIDE ALL SUPPORTING INFORMATION ON

HOW THE PROJECT WOULD COMPLY

RESPONSE

SEE ATTACHED
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BROADWATER GENERAL CONFORMITY APPLICABILITY ANALYSIS

10 PROJECT DESCRIPTION

BROADWATER ENERGY JOINT VENTURE BETWEEN TCPL USA LNG INC AND SHELL

BROADWATER HOLDINGS LLC BROADWATER HAS FILED AN APPLICATION WITH THE FEDERAL ENERGY

REGULATORY COMMISSION FERC SEEKING ALL OF THE NECESSARY AUTHORIZATIONS PURSUANT TO

THE NATURAL GAS ACT TO CONSTRUCT AND OPERATE MARINE LIQUEFIED NATURAL GAS LNG
REGASIFICATION FACILITY THE PROJECT AND SUBSEA PIPELINE FOR THE IMPORTATION STORAGE

REGASIFICATION AND TRANSPORTATION OF NATURAL GAS THE BROADWATER LNG PROJ ECT THE

PROJ ECT WILL INCREASE THE AVAILABILITY OF NATURAL GAS TO THE NEW YORK AND CONNECTICUT

MARKETS THROUGH AN INTERCONNECTION WITH THE IROQUOIS GAS TRANSMISSION SYSTEM IGTS

THE PROJECT WILL BE LOCATED APPROXIMATELY MILES FROM LONG ISLAND IN LONG ISLAND

SOUND IN APPROXIMATELY 90 FEET OF WATER AND OFFSHORE OF RIVERHEAD SUFFOLK COUNTY

NEW YORK THE LNG TERMINAL FACILITATES THE SEATOLAND TRANSFER OF NATURAL GAS IT WILL

BE DESIGNED TO RECEIVE STORE AND REGASIFY LNG AT AN AVERAGE THROUGHPUT OF 10 BILLION

CUBIC FEET PER DAY BCFD AND WILL BE CAPABLE OF DELIVERING PEAK THROUGHPUT OF 125

BCFD THE PROJECT WILL DELIVER THE REGASIFIED LNG TO THE EXISTING NATURAL GAS PIPELINE

SYSTEM VIA AN INTERCONNECTION TO THE IGTS PIPELINE

THE PROPOSED LNG TERMINAL WILL CONSIST OF FLOATING STORAGE AND REGASIFICATION UNIT

FSRU THAT IS APPROXIMATELY 1215 FEET 370 METERS EM IN LENGTH 200 FEET 60 IN

WIDTH AND RISING APPROXIMATELY 80 FEET 25 ABOVE THE WATER LINE TO THE TRUNK DECK

THE FSRUS DRAFT IS APPROXIMATELY 40 FEET 12 THE FSRU WILL BE DESIGNED WITH NET

TEMPORARY STORAGE CAPACITY OF APPROXIMATELY 350000 CUBIC METERS OF LNG

EQUIVALENT TO BILLION CUBIC FEET OF NATURAL GAS WITH BASE VAPORIZATION CAPABILITIES

OF 10 BCFD USING CLOSEDLOOP SHELL AND TUBE VAPORIZATION STY SYSTEM THE LNG WILL

BE DELIVERED TO THE FSRU IN LNG CARRIERS WITH CARGO CAPACITIES RANGING FROM

APPROXIMATELY 125000 M3 UP TO POTENTIAL FUTURE SIZE OF 250000 M3 AT THE FREQUENCY OF

TWO TO THREE CARRIERS PER WEEK

THE FSRU WILL BE CONNECTED TO THE SENDOUT PIPELINE WHICH RISES FROM THE SEABED AND IS

SUPPORTED BY STATIONARY TOWER STRUCTURE IN ADDITION TO SUPPORTING THE PIPELINE THE

STATIONARY TOWER ALSO SERVES THE PURPOSE OF SECURING THE FSRU IN SUCH MANNER TO ALLOW

IT TO ORIENT IN RESPONSE TO PREVAILING WIND WAVE AND CURRENT CONDITIONS IE
WEATHERVANE AROUND THE TOWER THE TOWER WHICH IS SECURED TO THE SEABED BY FOUR LEGS

WILL HOUSE THE YOKE MOORING SYSTEM YMS ALLOWING THE FSRU TO WEATHERVANE AROUND

THE TOWER THE TOTAL AREA UNDER THE TOWER STRUCTURE WHICH IS OF OPEN DESIGN WILL BE

APPROXIMATELY 13180 SQUARE FEET 1225 SQUARE METERS

30INCHDIAMETER NATURAL GAS PIPELINE WILL DELIVER THE VAPORIZED NATURAL GAS TO THE

EXISTING IGTS PIPELINE IT WILL BE INSTALLED BENEATH THE SEAFLOOR FROM THE STATIONARY TOWER

STRUCTURE TO AN INTERCONNECTION LOCATION AT THE EXISTING 24INCHDIAMETER SUBSEA SECTION OF

THE IGTS PIPELINE APPROXIMATELY 22 MILES 35 KM WEST OF THE PROPOSED FSRU SITE TO
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STABILIZE AND PROTECT THE OPERATING COMPONENTS SECTIONS OF THE PIPELINE WILL BE COVERED

WITH ENGINEERED BACKFILL MATERIAL OR SPOIL REMOVED DURING THE LOWERING OPERATION

THE PROJECT IS LOCATED WITHIN AQCR 43 NEW JERSEYNEW YORKCONNECTICUT INTERSTATE

AREA QUALITY CONTROL REGION THIS AQCR IS ALSO KNOWN AS THE NEW YORKNORTHERN

NEW JERSEYLONG ISLAND NYNJCT AREA THE PORTION OF THIS AREA WHICH IS LOCATED IN

NEW YORK STATE IS DESIGNATED MODERATE NONATTAINMENT FOR THE 8HOUR OZONE STANDARD

PREVIOUSLY THE AQCR WAS DESIGNATED SEVERE NONATTAINMENT FOR THE 1HOUR OZONE STANDARD

AND NEW YORK STATE CONTINUES TO APPLY CONTROL PROGRAMS ADDRESSING THE 1HOUR OZONE

STANDARD AS MORE PROTECTIVE OF AIR QUALITY THIS AREA IS DESIGNATED AS NONATTAINMENT FOR

THE PM25 STANDARD EFFECTIVE APRIL 2005 THESE NONATTAINMENT DESIGNATIONS RESULT IN

THE REGULATION OF OXIDES OF NITROGEN NO VOLATILE ORGANIC COMPOUNDS VOC5 AND

PM25 AND SPECIFIED PM25 PRECURSORS WHICH MAY TRIGGER THE GENERAL CONFORMITY

REQUIREMENTS ESTABLISHED BY THE UNITED STATE ENVIRONMENTAL PROTECTION AGENCY

USEPA THIS AREA IS DESIGNATED ATTAINMENT FOR ALL OTHER CRITERIA POLLUTANTS

20 GENERAL CONFORMITY REGULATORY BACKGROUND

SECTION 176C OF THE FEDERAL CLEAN AIR ACT CAA PROVIDES THAT FEDERAL AGENCIES CANNOT

ENGAGE SUPPORT OR PROVIDE FINANCIAL ASSISTANCE FOR LICENSING PERMITTING OR APPROVING

ANY PROJECT UNLESS THE PROJECT CONFORMS TO THE APPLICABLE STATE IMPLEMENTATION PLAN

SIP SIP IS COMPILATION OF STATES AIR QUALITY CONTROL PLANS AND RULES APPROVED BY

THE USEPA THE STATE AND USEPAS GOALS ARE TO ELIMINATE OR REDUCE THE SEVERITY AND

NUMBER OF VIOLATIONS OF NATIONAL AMBIENT AIR QUALITY STANDARDS NAAQS AND ACHIEVE

EXPEDITIOUS ATTAINMENT OF THESE STANDARDS

PURSUANT TO CAA SECTION 176C REQUIREMENTS THE USEPA PROMULGATED TITLE 40 OF THE

CODE OF FEDERAL REGULATIONS CFR PART 5140 CFR 51 SUBPARTW AND 40 CFR 93

SUBPART DETERMINING CONFORMITY OF GENERAL FEDERAL ACTIONS TO STATE OR FEDERAL

IMPLEMENTATION PLANS SEE VOLUME 58 OF THE FEDERAL REGISTER NOVEMBER 30 1993

58 FR 63214 THESE REGULATIONS COMMONLY REFERRED TO AS THE GENERAL CONFORMITY

RULE APPLY TO ALL FEDERAL ACTIONS EXCEPT FOR THOSE FEDERAL ACTIONS WHICH ARE EXCLUDED

FROM REVIEW G STATIONARY SOURCE EMISSIONS OR RELATED TO TRANSPORTATION PLANS

PROGRAMS AND PROJECTS UNDER TITLE 23 US CODE OR THE FEDERAL TRANSIT ACT WHICH ARE

SUBJECT TO TRANSPORTATION CONFORMITY 40 CFR PART 51 SUBPART APPLIES IN STATES WHERE

THE STATE HAS AN APPROVED SIP REVISION ADOPTING GENERAL CONFORMITY REGULATIONS 40 CFR

PART 93 SUBPART APPLIES IN STATES WHERE THE STATE DOES NOT HAVE AN APPROVED SIP

REVISION ADOPTING GENERAL CONFORMITY REGULATIONS

IN NEW YORK STATE THE NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION

NYSDEC HAS NOT PROMULGATED RULE INCORPORATING FEDERAL GENERAL CONFORMITY

REGULATIONS BY REFERENCE OR ESTABLISHING ITS OWN GENERAL CONFORMITY REGULATIONS

THEREFORE THE NEW YORK SIP DOES NOT CONTAIN AN USEPAAPPROVED SIP REVISION

INCORPORATING GENERAL CONFORMITY ALTHOUGH PROPOSED NEW YORK STATE GENERAL

CONFORMITY RULE PART 241 WAS SLATED FOR DEVELOPMENT IN THE NYSDEC JANUARY 2006

REGULATORY AGENDA THE RULE HAS NOT BEEN DEVELOPED NYSDEC HAS INDICATED THE

DEVELOPMENT OF THIS RULE WILL LIKELY BE TAKEN OFF OF THE REGULATORY AGENDA FOR 2007 AS
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SPECIFIED IN 40 CFR PART 93 SUBPART IF STATE HAS NOT DEVELOPED ITS OWN GENERAL

CONFORMITY RULE OR FORMALLY ADOPTED THE FEDERAL GENERAL CONFORMITY RULE THEN THE

PROVISIONS IN 40 CFR PART 93 SUBPART APPLY IT SHOULD BE NOTED THAT GENERAL

CONFORMITY PROVISIONS IN 40 CFR PART 93 SUBPART ARE IDENTICAL TO THOSE IN 40 CFR PART

51 SUBPARTW

21 GENERAL CONFORMITY REQUIREMENTS

THE GENERAL CONFORMITY RULE IS USED TO DETERMINE IF FEDERAL ACTIONS MEET THE

REQUIREMENTS OF THE CAA AND THE APPLICABLE SIP BY ENSURING THAT AIR EMISSIONS RELATED TO

THE ACTION DO NOT

CAUSE OR CONTRIBUTE TO NEW VIOLATIONS OF NAAQS

INCREASE THE FREQUENCY OR SEVERITY OF ANY EXISTING VIOLATION OF

NAAQS OR

DELAY TIMELY ATTAINMENT OF NAAQS OR INTERIM EMISSION

REDUCTION

FEDERAL ACTION IS SUBJECT TO THE GENERAL CONFORMITY RULE IF IT IS NOT CLASSIFIED AS AN

EXEMPT ACTIVITY AS LISTED IN 40 CFR PART 93 SUBPART AND IF THE TOTAL DIRECT AND INDIRECT

EMISSIONS OF POLLUTANT OR ITS PRECURSORS FOR WHICH THE AREA IS CLASSIFIED AS

NONATTAINMENT OR MAINTENANCE AREA EQUAL OR EXCEED EMISSION THRESHOLDS ESTABLISHED

IN THE GENERAL CONFORMITY REGULATIONS OR 10 OF THE TOTAL EMISSIONS BUDGET FOR THE

ENTIRE NONATTAINMENT OR MAINTENANCE AREA IF EMISSIONS ARE LESS THAN THESE CRITERIA LEVELS

THEN THE FEDERAL ACTION IS PRESUMED TO CONFORM TO THE SIP

CONFORMITY REGULATORY CRITERION ARE LISTED IN 40 CFR 93158 NOTE THAT THE CRITERION

LISTED HERE ARE THE SAME AS LISTED IN 40 CFR 1858 AN ACTION WILL BE DETERMINED TO

CONFORM TO THE APPLICABLE SIP IF FOR EACH POLLUTANT THAT EXCEEDS THE RATES IN 40 CFR PART

93153B OR OTHERWISE REQUIRES CONFORMITY DETERMINATION DUE TO THE TOTAL OF DIRECT AND

INDIRECT EMISSIONS FROM THE ACTION THE ACTION MEETS THE REQUIREMENTS OF PARAGRAPH OF

93158

THE LEAD FEDERAL AGENCY FOR THE PROJECT IS FERC AND AS SUCH FERC WILL PREPARE THE

ENVIRONMENTAL IMPACT STATEMENT ELS FOR THE PROJ ECT AND THE GENERAL CONFORMITY

DETERMINATION THE PROJECT WOULD BE LOCATED IN AN AREA DESIGNATED NONATTAINMENT FOR

OZONE AND PM25 THEREFORE IN ACCORDANCE WITH 40 CFR 93153 AND 93158
EMISSIONS OF OZONE PRECURSOR COMPOUNDS NITROGEN OXIDE NO AND VOC AND PM25 AND

PM25 PRECURSOR COMPOUNDS SULFUR DIOXIDE AND NOR ARE ANALYZED IN GENERAL

CONFORMITY ANALYSIS

THE GENERAL CONFORMITY RULE DEFINES FEDERAL ACTION AS ANY ACTIVITY ENGAGED IN BY DEPARTMENT

AGENCY OR INSTRUMENTALITY OF THE FEDERAL GOVERNMENT OR ANY ACTIVITY THAT DEPARTMENT AGENCY OR

INSTRUMENTALITY OF THE FEDERAL GOVERNMENT SUPPORTS IN ANY WAY PROVIDES FINANCIAL ASSISTANCE FOR

LICENSES PERMITS OR APPROVES THE GENERAL CONFORMITY RULE APPLIES ONLY TO FEDERAL ACTIONS IN

LOCATIONS DESIGNATED AS NONATTAINMENT OR MAINTENANCE AREAS FOR ANY CRITERIA AIR POLLUTANT UNDER 40 CFR

PART 81 DESIGNATION OF AREAS FOR AIR QUALITY PLANNING PURPOSES
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22 NEW YORK STATE SIP

THE CURRENT NEW YORK STATE SIP CONTAINS PROVISIONS FOR CONTROL PROGRAMS FOR OZONE

UNDER THE 1HOUR STANDARD TOTAL SUSPENDED PARTICULATE SO2 AND CARBON MONOXIDE THE

PROVISIONS CURRENTLY INCLUDED IN THE SIP FOR TOTAL SUSPENDED PARTICULATE MAINTENANCE

PLAN FOR THE NIAGARA FRONTIER AIR QUALITY CONTROL REGION SO2 TWO PROVISIONS SPECIFIC

TO THE LOVETT GENERATING STATION AND CARBON MONOXIDE PROVISIONS FOR AN OXYGENATED

GASOLINE PROGRAM AND CONTROL PERIOD ASSOCIATED WITH DOWNTOWN BROOKLYN MAINTENANCE

PLAN AND AN ONONDAGA COUNTY MAINTENANCE PLAN ARE NOT APPLICABLE TO THE PROJECT

THE CURRENT NEW YORK STATE SIP PROVISIONS FOR ATTAINING THE 1HOUR OZONE STANDARD

CONTAIN CONTROL PROGRAMS FOCUSED ON MOTOR VEHICLE EMISSIONS CERTAIN SPECIFIC INDUSTRIAL

CATEGORIES AND STATIONARY SOURCE PROGRAMS FOR NO AND VOC CONTROL THE SIP PROVISIONS

FOR MOTOR VEHICLES AND THE INDUSTRIAL CATEGORIES LISTED ARE NOT APPLICABLE TO BROADWATER

THE ONLY CURRENT PROVISION IN THE SIP POTENTIALLY GOVERNING BROADWATER IN REGARD TO

GENERAL CONFORMITY IS THE NEW YORK SIP FOR OZONE PHASE II ALTERNATIVE ATTAINMENT

DEMONSTRATION HOWEVER THE PROJECTED EMISSION BUDGET IN THIS LATTER SIP EXTENDS ONLY TO

2007 THIS SIP HAS BEEN APPROVED BY THE USEPA TO ATTAIN THE 1HOUR OZONE NAAQS IN

ACCORDANCE WITH RECENT DECISION OF THE UNITED STATES COURT OF APPEALS THE 1HOUR

OZONE STANDARD AND THE CAA REQUIREMENTS FOR NONATTAINMENT SIPS UNDER THE 1HOUR

STANDARD REMAIN IN EFFECT2

NYSDEC IS IN PROCESS OF DEVELOPING ITS SIP FOR THE ATTAINMENT OF THE 8HOUR OZONE

NAAQS HISTORICALLY EXCEEDANCE OF THE 1HOUR AND 8HOUR OZONE NAAQS HAVE BEEN

FOUND TO OCCUR BETWEEN MAY AND SEPTEMBER 30 IN THE NONATTAINMENT AREA

COMBINATION OF OZONE PRECURSOR EMISSIONS AND METEOROLOGICAL CONDITIONS DURING THIS

PERIOD CAN CAUSE FORMATION OF OZONE THUS CONTROL PROGRAMS IN NEW YORK STATE ARE

AIMED AT CONTROLLING EMISSIONS OF OZONE PRECURSORS NO AND VOC5 DURING THIS PERIOD

EACH YEAR

THERE ARE NO SIP PROVISIONS CURRENTLY ADDRESSING PM25 NONATTAINMENT SINCE AREAS WITHIN

NEW YORK STATE HAVE NOT PREVIOUSLY BEEN DESIGNATED WITH RESPECT TO THE PM25 STANDARD

NYSDEC IS IN THE PROCESS OF DEVELOPING ITS CONTROL STRATEGY AND SIP FOR PM25 IN

ADDITION TO EXISTING AND NEW STATIONARY SOURCE CONTROL PROGRAMS OTHER NATIONAL AIR QUALITY

PROGRAMS THAT ARE LIKELY TO BE RELIED UPON IN NEW YORK STATES UPCOMING SIPS FOR OZONE

AND PM25 INCLUDE NEW REGULATIONS FOR NONROAD DIESEL ENGINE EMISSIONS ENGINE EMISSION

STANDARDS AND SULFURINFUEL LIMITS

30 PROJECT EMISSIONS

EMISSIONS WILL OCCUR DURING TWO PHASES OF THE PROJECT CONSTRUCTION AND OPERATION

CONSTRUCTION EMISSIONS WILL NOT OCCUR SIMULTANEOUSLY WITH OPERATIONS EMISSIONS

CONSTRUCTION EMISSIONS WILL OCCUR IN CALENDAR YEARS 2009 AND 2010 FOLLOWED BY

OPERATIONS EMISSIONS THAT INCLUDE FACILITY SHAKEDOWN PERIOD FOLLOWED BY

COMMENCEMENT OF REGASIFICATION OPERATIONS

SOUTH COASTAIR QUALITY MANAGEMENT DISTRICT EPA 2006 US APP LEXIS 31451 DC CIR DEC

22 2006 SCAQIVID DECISION IT IS POSSIBLE THAT EPA MAY SEEK RECONSIDERATION OF THIS DECISION
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31 CONSTRUCTION EMISSIONS

CONSTRUCTION EMISSIONS WILL OCCUR FROM CONSTRUCTION OF OFFSHORE FACILITIES IN NEW YORK

STATE WATERS ALTHOUGH ONSHORE FACILITIES IN NEW YORK STATE WILL BE UTILIZED AS WELL

TEMPORARY ONSHORE FACILITIES USED DURING CONSTRUCTION FOR THE MILLING CONCRETE COATING

AND TEMPORARY STORAGE OF PIPELINE WILL BE EXISTING FACILITIES LOCATED OUTSIDE THE PROJECT

AREA TEMPORARY USE OF DOCK OFFICE AND WAREHOUSE SPACE FOR CONSTRUCTION CONTRACTORS

WILL UTILIZE EXISTING FACILITIES

OFFSHORE CONSTRUCTION ACTIVITIES WILL CONSIST OF PIPELINE INSTALLATION THE INSTALLATION AND

HOOK UP OF THE MOORING TOWER AND FSRU TOWING THE FSRU WILL BE CONSTRUCTED IN

SHIPYARD AWAY FROM THE PROJECT SITE AND TOWED TO THE SITE THUS THE PRIMARY SOURCES OF

EMISSIONS DURING CONSTRUCTION ACTIVITIES WILL BE THE MARINE CONSTRUCTION VESSELS USED TO

INSTALL THE PIPELINE AND FSRU SHIPS OF VARIOUS SIZES RANGING FROM SMALL DAYUSE

WORKBOATS TO LARGE SUPPLY VESSELS PIPELINE CONSTRUCTION VESSELS AND OCEANGOING TUG

BOATS WILL BE USED EMISSION ESTIMATES FROM CONSTRUCTION ACTIVITIES ARE BASED ON THE

ANTICIPATED DURATION OF USE OF EACH VESSEL TYPE DURING THE CONSTRUCTION PERIOD THE VESSELS

ENGINE CHARACTERISTICS AND DUTY CYCLES AND EMISSION FACTORS THE CONSTRUCTION EMISSION

ESTIMATE INCLUDES EMISSIONS FROM TOWING THE FSRU WHILE IN NEW YORK STATE WATERS TO ITS

MOORING LOCATION

CONSTRUCTION IS ANTICIPATED TO OCCUR DURING WINTER MONTHS ONLY OVER TWOYEAR PERIOD

2009 AND 2010 SPREADSHEET EMISSION ESTIMATE TOOL PROVIDED BY THE US DEPARTMENT

OF THE INTERIOR MINERALS MANAGEMENT SERVICE DEVELOPED SPECIFICALLY FOR ESTIMATING

CONSTRUCTION IN THE MARINE ENVIRONMENT WAS USED TO ESTIMATE CONSTRUCTIONRELATED

EMISSIONS THE EMISSION ESTIMATE REQUIRES THE USE OF DETAILED CONSTRUCTION SCHEDULE

INVENTORY OF VESSEL TYPES QUANTITY AND DURATION OF USE AND EMISSION FACTORS EMISSION

ESTIMATES FOR CONSTRUCTION ACTIVITY ARE PRESENTED IN TABLE THE DETAILED CONSTRUCTION

EMISSION ESTIMATE STUDY IS PROVIDED IN APPENDIX
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TABLE ESTIMATED EMISSIONS FROM CONSTRUCTION ACTIVITIES

OZONE OZONE
CONTROL CONTROL

PERIOD PERIOD

PM10PM25
SO2 NO12 NO VOCS VOC5

YEAR TPY TPY TPY TONS TPY TONS

10 26 213 11

22 67 538 24

ANNUAL GENERAL CONFORMITY 1002 1002 100 NA 50 NA
DO MINIMIS

ASSUMES THAT DO MINIMIS THRESHOLDS PROPOSED BY USEPA FOR MODERATE OZONE NONATTAINMENT AREA ARE

APPLICABLE THE DO MINIMIS THRESHOLD FOR N0 UNDER THE USEPAS PM25 DO MINIMIS EMISSION LEVELS FOR

GENERAL CONFORMITY APPLICABILITY FR VOL 71 NO 65 APRIL 2006 IS EQUAL TO 100 TPY WHICH IS THE

SAME AS THE DO MINIMIS THRESHOLD PROPOSED BY USEPA FOR MODERATE OZONE NONATTAINMENT

USEPAS PM25 DO MINIMIS EMISSION LEVELS FOR GENERAL CONFORMITY APPLICABILITY FR VOL 71 NO 65

APRIL 2006 SETS DO MINIMIS LEVELS FOR DIRECT PM2 AND PM25 PRECURSOR COMPOUNDS 802 AND NOX AT

100 TPY HOWEVER THE FINAL RULE ALLOWS STATE OR USEPA TO MAKE FINDING THAT VOC ANDOR AMMONIA

ARE PM25 PRECURSORS AND TO MAKE FINDING THAT NOX IS NOT PM25 PRECURSOR

ASSUMES THAT THE DO MINIMIS THRESHOLDS FOR THE 1HOUR OZONE NONATTAINMENT AREA CONTINUE TO APPLY

32 OPERATIONAL EMISSIONS NOT SUBJECT TO PERMITTING

THE FSRU IS SUBJECT TO MAJOR NONATTAINMENT NEW SOURCE REVIEW NSR FOR NOX UNDER

NEW YORKS 1HOUR OZONE NONATTAINMENT PROGRAM THE SCAQMD DECISION REINSTATED

NEW YORKS SIP FOR THE 1HOUR OZONE STANDARD ACCORDINGLY BROADWATERS FSRU NOX
EMISSIONS ARE SUBJECT TO REQUIREMENTS FOR PERMITTING UNDER THE CLEAN AIR ACT AND ARE

EXCLUDED FROM GENERAL CONFORMITY PURSUANT TO 40 CFR 93 153D1

EMISSIONS WILL BE PRODUCED BY LNG CARRIERS DURING TRANSIT TO AND FROM THE FSRU AND BY

SUPPORT VESSEL OPERATION DURING ROUTINE OPERATION OF THE FSRU VESSELS ASSOCIATED WITH

ROUTINE OPERATION OF THE FSRU INCLUDE THE LNG CARRIER AND TUG BOATS WHICH WILL ESCORT

AND ASSIST THE LNG CARRIERS WHILE APPROACHING POSITIONING DOCKING AND LEAVING THE

FSRU THE FINAL LOCATION OF THE PERMANENT ONSHORE FACILITY HAS NOT BEEN CHOSEN

BROADWATER HAS IDENTIFIED LOCATIONS IN GREENPORT NY AND PORT JEFFERSON NY BOTH IN

SUFFOLK COUNTY THAT CAN PROVIDE THE NEEDED FACILITIES PERMANENT ONSHORE FACILITIES WILL

UTILIZE EXISTING OFFICE SPACE WAREHOUSE AND DOCKS THE PERMANENT ONSHORE FACILITY WILL

NOT CONSTRUCT ANY NEW STATIONARY EMISSION SOURCES OR COMPRESSION FACILITIES SMALL

SUPPLY VESSELS WILL DELIVER SUPPLIES FOR USE ON THE FSRU FROM THE ONSHORE FACILITY

EMISSIONS FOR THE LNG CARRIERS ARE CALCULATED FOR THE COMPLETE DELIVERY CYCLE BEGINNING

AT THE LOCATION AT WHICH THE VESSEL ENTERS NEW YORK STATE WATERS AS IT TRAVELS INBOUND TO

THE FSRU UNLOADS LNG AT THE FSRU AND AS IT TRAVELS OUTBOUND UNTIL IT REACHES THE

BOUNDARY OF NEW YORK STATE WATERS THE UNITED STATES COAST GUARD USCG PROVIDES

RECOMMENDATIONS WITH RESPECT TO LNG CARRIER ROUTES IN THE WATERWAYS SUITABILITY REPORT

USCG 2006
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TUG BOATS WILL BE USED TO ASSIST AN LNG CARRIER DURING ITS OPERATION IN THE VICINITY OF THE

FSRU THE TUGS ARE USED TO AID IN MAKING TURNS AND POSITIONING THE LNG CARRIER

ALONGSIDE THE FSRU IN ADDITION TUG BOATS WILL TYPICALLY MEET THE INBOUND LNG CARRIER

AT THE RACE DURING TRANSIT INTO LONG ISLAND SOUND ESCORT IT TO THE FSRU AND ESCORT THE

OUTBOUND LNG CARRIER OUT TO THE RACE AFTER IT DELIVERS ITS LNG CARGO THE NUMBER OF TUG

BOATS REQUIRED FOR THESE OPERATIONS WILL VARY DEPENDING ON THE SIZE OF THE LNG CARRIER

AND USCG REQUIREMENTS FOR THE PURPOSES OF THIS EMISSION ANALYSIS BROADWATER HAS

ASSUMED THAT THREE TUG BOATS WILL ASSIST THE LNG CARRIER WHILE BERTHING TO THE FSRU AND

TWO ESCORT TUGS WILL TRAVEL WITH THE LNG CARRIER INBOUND AND OUTBOUND THROUGH LONG

ISLAND SOUND ONE SUPPLY VESSEL WILL TYPICALLY VISIT THE FSRU PER EACH LNG DELIVERY

BASED ON LNG DELIVERIES FROM CONVENTIONAL LNG CARRIER WITH CARGO CAPACITY OF

140000 M3 118 SUPPLY VESSEL TRIPS WILL BE MADE TO THE FSRU ANNUALLY

SUMMARY OF REASONABLY FORESEEABLE DIRECT AND INDIRECT EMISSIONS NOT SUBJECT TO

PERMITTING DURING NORMAL OPERATION OF THE PROJECT IS PRESENTED IN TABLE
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TABLE OPERATIONAL EMISSION SUMMARY FOR GENERAL CONFORMITY

OZONE

OZONE CONTROL

ANNUAL CONTROL ANNUAL PERIOD

NO PERIOD VOC VOC PM10PM25 SO2

TPY NO TONS TPY TONS TPY TPY

LNG CARRIER 22 93 03 01 172

HOTELING AND

UNLOADING1

CARRIERTRANSIT 438 185 19 80 28 282

AND SUPPORT

TUGS

FSRU5 18 75 48

TOTAL 460 194 373 156 84 458

ANNUAL GENERAL 1002 NA 502 NA IOO3 IOO3

CONFORMITY

DO MINIMIS

ALL LNG CARRIER EMISSIONS ASSOCIATED WITH LNG UNLOADING AND LNG CARRIER HOTELING WHILE AT

THE FSRU ARE INCLUDED IN THE GENERAL CONFORMITY DETERMINATION

ASSUMES THAT DO MINIMIS THRESHOLDS PROPOSED BY USEPA FOR MODERATE OZONE

NONATTAINMENT AREA ARE APPLICABLE THE DO MINIMIS THRESHOLD FOR NO UNDER THE USEPAS

PM25 DO MINIMIS EMISSION LEVELS FOR GENERAL CONFORMITY APPLICABILITY VOL 75 NO 65

APRIL 2006 IS EQUAL TO 100 TPY WHICH IS THE SAME AS THE DO MINIMIS THRESHOLD FOR MODERATE

OZONE NONATTAINMENT

USEPAS PM25 DE MINIMIS EMISSION LEVELS FOR GENERAL CONFORMITY APPLICABILITY FR VOL

71 NO 65 APRIL 2006 SETS DO MINIMIS LEVELS FOR DIRECT PM25 AND PM25 PRECURSOR

COMPOUNDS AT 100 TPY BY DEFAULT S02 AND NO EMISSIONS ARE CONSIDERED PM25 PRECURSOR

COMPOUNDS AND AMMONIA AND VOC ARE NOT THE FINAL RULE ALLOWS STATE OR USEPA TO MAKE

FINDING THAT VOC ANDOR AMMONIA ARE PM25 PRECURSORS AND TO MAKE FINDING THAT NO IS

NOT PM25 PRECURSOR

ASSUMES THAT THE DO MINIMIS THRESHOLDS FOR THE 1HOUR OZONE NONATTAINMENT AREA CONTINUE TO

APPLY

FSRU NOX EMISSIONS ARE SUBJECT TO MAJOR NONATTAINMENT NSR AND ARE THEREFORE EXCLUDED

FROM GENERAL CONFORMITY

40 GENERAL CONFORMITY APPLICABILITY

REASONABLY FORESEEABLE EMISSIONS FROM DIRECT AND INDIRECT SOURCES ASSOCIATED WITH THE

CONSTRUCTION AND OPERATION OF THE PROJECT NOT SUBJECT TO AIR PERMITTING UNDER THE CAA
NSR ANDOR PREVENTION OF SIGNIFICANT DETERIORATION PSD REQUIREMENTS ARE CONSIDERED IN

THIS ANALYSIS THE REASONABLY FORESEEABLE EMISSIONS INCLUDE THE OZONEFORMING POLLUTANTS

NO AND VOCS BECAUSE THE PROJECT AREA IS IN NONATTAINMENT FOR THE AND 8HOUR

NAAQS DIRECT FSRU EMISSIONS OF VOCS ARE BELOW THE MAJOR SOURCE PERMITTING
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THRESHOLD AND ARE THEREFORE AGGREGATED WITH VESSEL AND OTHER EMISSIONS SUBJECT TO GENERAL

CONFORMITY

SUFFOLK COUNTY ALSO IS DESIGNATED NONATTAINMENT FOR PM25 THUS IN ACCORDANCE WITH

USEPAS GENERAL CONFORMITY REGULATIONS DIRECT EMISSIONS OF PM25 AND EMISSIONS OF

PM25 PRECURSOR COMPOUNDS NOX AND SO2 ARE COMPARED TO GENERAL CONFORMITY DE

MINIMS THRESHOLDS DEFINED IN THE FINAL RULE FR VOL 71 NO 65 THE FINAL PM25 DE

MINIMIS GENERAL CONFORMITY RULE DOES NOT REQUIRE VOC AND AMMONIA EMISSIONS TO BE

INCLUDED AS PM25 PRECURSOR EMISSION BUT DOES ALLOW STATE AND USEPA TO DETERMINE IF

VOC AND AMMONIA EMISSIONS SHOULD BE CONTROLLED AS PM25 PRECURSORS THE FINAL RULE

INCLUDES NOX EMISSIONS AS PM25 PRECURSOR BUT ALSO ALLOWS STATE OR USEPA TO NOT

INCLUDE NOX AS PRECURSOR IF THE STATE AND USEPA FIND THAT NOX EMISSIONS FROM SOURCES

IN THE STATE DO NOT SIGNIFICANTLY CONTRIBUTE TO THE PM25 NONATTAINMENT AREA AT THIS TIME

NEW YORK STATE AND USEPA HAVE NOT PROVIDED DETERMINATION WHETHER VOC AMMONIA

AND NOX WILL BE REGULATED AS PM25 PRECURSORS AS RESULT IT IS ASSUMED NOX AND SO2

ARE CONSIDERED PM25 PRECURSOR EMISSIONS AS PRESCRIBED BY THE RULE WHILE VOC AND

AMMONIA EMISSIONS ARE NOT PM25 PRECURSOR EMISSIONS

CONSTRUCTIONRELATED EMISSIONS ARE NOT COVERED BY NEW YORKS NONATTAINMENT NSR

PROGRAM IE SUBJECT TO OFFSET REQUIREMENTS AND ARE THEREFORE EVALUATED UNDER THE

GENERAL CONFORMITY RULE CONSTRUCTIONRELATED EMISSIONS OCCUR IN CALENDAR YEARS PRIOR

TO COMMENCEMENT OF FSRU OPERATIONS NO OTHER PROJECTRELATED EMISSIONS WILL OCCUR

SIMULTANEOUSLY WITH CONSTRUCTIONRELATED EMISSIONS SINCE THE REGION IS IN NONATTAINMENT

FOR OZONE EMISSIONS OF NOX AND VOCS ARE COMPARED TO GENERAL CONFORMITY DE MINIMS

THRESHOLDS FOR THE AND 8HOUR OZONE STANDARDS

THE NOX EMISSIONS SHOWN IN TABLE ARE ABOVE THE GENERAL CONFORMITY DE MINIMS

THRESHOLD OF 100 TPY PROPOSED UNDER THE 8HOUR OZONE STANDARD AND 25 TPY UNDER THE 1
HOUR STANDARD FOR EACH YEAR OF CONSTRUCTION ASSUMING THAT NEW YORK STATE AND USEPA
WILL NOT EXCLUDE NOX EMISSIONS AS PRECURSOR FOR PM25 THE FULL AMOUNT OF THE NOX
EMISSIONS DURING THE TWOYEAR CONSTRUCTION PERIOD ARE SUBJECT TO MITIGATION UNDER GENERAL

CONFORMITY HOWEVER WITH CONSTRUCTION SCHEDULED TO OCCUR OUTSIDE OF THE OZONE CONTROL

PERIOD MAY THROUGH SEPTEMBER 30 CONSTRUCTION EMISSIONS WILL NOT HAVE ANY BEARING

ON CONTROL PERIOD OZONE CONCENTRATIONS OR VIOLATIONS OF THE OR 8HOUR OZONE NAAQS

DIRECT CONSTRUCTION EMISSIONS OF PM25 WILL BE LESS THAN THE DE MINIMS THRESHOLD OF THE

PM25 PRECURSOR COMPOUNDS NOX AND SO2 ONLY NOX WOULD EXCEED DE MINIMS

THRESHOLD THIS CONCLUSION IS BASED ON THE ASSUMPTION THAT NEW YORK STATE AND USEPA
WILL NOT EXCLUDE NOX EMISSIONS AS PRECURSOR FOR PM25 THUS NOX EMISSIONS FROM

CONSTRUCTION ACTIVITIES IN 2009 AND 2010 MAY NEED TO BE FURTHER MITIGATED UNDER GENERAL

CONFORMITY CONVERSELY EMISSIONS OF VOC PM25 AND SO2 DURING EACH YEAR OF THE TWO

YEAR CONSTRUCTION PERIOD ARE ESTIMATED TO BE BELOW THE DE MINIMS THRESHOLD FOR

APPLICABILITY OF THE GENERAL CONFORMITY RULE THEREFORE GENERAL CONFORMITY

DETERMINATION IS NOT REQUIRED FOR THESE POLLUTANTS

DE MINIMS THRESHOLDS FOR OZONE AND PM25 AND CORRESPONDING EMISSIONS ASSOCIATED WITH

THE OPERATION OF THE PROJECT ARE SHOWN IN TABLE VESSEL ACTIVITY DURING OPERATION OF THE
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FACILITY IS SHOWN TO RESULT IN ANNUAL NO AND 502 EMISSIONS ABOVE THE DE MINIMS

THRESHOLDS FOR THESE POLLUTANTS OPERATIONAL EMISSIONS OF VOC FROM VESSELS AND THE

FSRU IN THE AGGREGATE EXCEED THE DE MINIMS THRESHOLD FOR VOC UNDER THE 1HOUR OZONE

NAAQS AND ARE SUBJECT TO GENERAL CONFORMITY DIRECT EMISSIONS OF PM25 ARE BELOW THE

DE MINIMS THRESHOLD THUS NOR VOC AND 502 EMISSIONS IN EACH YEAR OF OPERATION WILL

REQUIRE GENERAL CONFORMITY DETERMINATION

41 NEW YORK STATE SIP

THE CURRENT NEW YORK 1HOUR OZONE SIP APPLICABLE TO BROADWATER IS THE NEW YORK

STATE IMPLEMENTATION PLAN FOR OZONE PHASE II ALTERNATIVE ATTAINMENT DEMONSTRATION

WITHIN THE ATTAINMENT DEMONSTRATION IS PROJECTION OF EMISSIONS FROM THE SOURCE

CATEGORY OTHER NONROAD EMISSIONS THIS CATEGORY INCLUDES AIRCRAFT LOCOMOTIVES AND

MARINE VESSELS EMISSIONS ARE SHOWN BROKEN OUT BY THESE THREE CATEGORIES BY COUNTY FOR

PLANNING YEARS 2002 2005 AND 2007 IN LIGHT OF THE RECENT SQAIVID COURT DECISION

NYSDEC WILL NEED TO KEEP THE 1HOUR OZONE SIP IN EFFECT AND PREPARE REASONABLE FURTHER

PROGRESS RFP UPDATES UNTIL ATTAINING THE 1HOUR NAAQS

NEW YORK STATE IS IN PROCESS OF DEVELOPING SIP TO ADDRESS 8HOUR OZONE NONATTAINMENT

THE SIP IS DUE TO USEPA IN JUNE 2007 AS OF JANUARY 2007 NYSDEC IS FINALIZING THE

BASELINE EMISSION INVENTORY BUDGET TO BE USED AS THE BASIS FOR THE 8HOUR OZONE SIP

EMISSION BUDGET PROJECTIONS ONE OF THE SOURCE GROUPS IN NEW YORKS SIP EMISSION

INVENTORY IS MARINE VESSELS NYSDEC BASED THE MARINE VESSEL BASELINE EMISSION

INVENTORY FOR THE 8HOUR OZONE STANDARD ON THE STARCREST REPORT PORT AUTHORITY NY NJ

2003 THIS MARINE VESSEL EMISSION INVENTORY IS COMPREHENSIVE EVALUATION OF MARINE

VESSEL EMISSIONS IN THE WATERS SURROUNDING THE NEW YORK CITY METROPOLITAN AREA

INCLUDING LONG ISLAND SOUND BROADWATERS MARINE VESSEL EMISSION INVENTORY WAS

DEVELOPED USING THE SAME EMISSION FACTORS AS USED IN THE STARCREST REPORT

NEW YORK STATE IS ALSO BEGINNING THE PROCESS OF DEVELOPING SIP PROVISIONS TO ADDRESS

PM25 NONATTAINMENT THE PM25 SIP IS DUE APRIL 2008 AT THIS TIME THESE SIP

PROVISIONS ARE NOT AVAILABLE FOR REVIEW BROADWATER MAY HAVE TO ADDRESS CONTROL OF PM25

PRECURSOR EMISSIONS UNDER PM25 SIP DEPENDING ON THE CONTENT OF CONTROL PROGRAMS

NEW YORK STATE STRUCTURES INTO ITS SIP PROVISION FOR PM25 NONATTAINMENT

DURING THE DEVELOPMENT OF SIPS FOR OZONE AND PM25 IT IS LIKELY THAT NEW YORK WILL

INCLUDE THE EMISSION REDUCTION BENEFITS PROVIDED BY NEW EMISSION STANDARDS FOR MARINE

VESSEL ENGINES AND THE FUEL SULFUR LIMITATIONS OF THE NONROAD DIESEL FUEL RULE IN THE

PROJECTED EMISSION BUDGETS

50 GENERAL CONFORMITY DETERMINATION

IN ACCORDANCE WITH THE SCAQMD DECISION NEW YORKS 1HOUR SIP REMAINS IN EFFECT AND

IS SUBJECT TO RFP UNDER THE CAA AS DISCUSSED IN SECTION 41 NEW YORK STATE IS

CURRENTLY DEVELOPING AN OZONE SIP TO ADDRESS ATTAINMENT OF THE 8HOUR OZONE STANDARD BY

2009 THUS AT THIS TIME FINAL OZONE SIP APPLICABLE IN 2009 AND BEYOND IS NOT

AVAILABLE SIMILARLY NEW YORK STATE IS BEGINNING THE PROCESS OF DEVELOPING SIP TO

10
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ADDRESS PM25 NONATTAINMENT IN THE STATES NONATTAINMENT AREAS INCLUDING THE PROJECT

LOCATION THE PM25 SIP IS DUE THREE YEARS AFTER NONATTAINMENT DESIGNATIONS ARE FINAL

THEREFORE THE NEW YORK PM25 SIP IS DUE IN APRIL 2008 SEE FR VOL 70 NO 210

NOVEMBER 2005

51 CONSISTENCY WITH RELEVANT SIP REQUIREMENTS

BROADWATER WILL BE CONSTRUCTED AND WILL OPERATE IN CONFORMANCE WITH THE NEW YORK SIP

UNDER THE 1HOUR OZONE STANDARD INSOFAR AS IT APPLIES IN THE FUTURE BROADWATER

ANTICIPATES THAT MEASURES UNDERTAKEN IN CONFORMANCE WITH THE 1HOUR OZONE SIP WILL

SIMILARLY CONFORM UNDER THE 8HOUR SIP AS NOTED ABOVE NEW YORK STATE HAS NOT

FINALIZED SIP REQUIREMENTS BEYOND CALENDAR YEAR 2007 HOWEVER IT IS REASONABLE TO

ASSUME THAT MARINE VESSEL ENGINE STANDARDS AND NONROAD FUEL SULFUR REQUIREMENTS WILL BE

INCORPORATED INTO FUTURE NEW YORK SIPS FOR ATTAINMENT OF THE OZONE STANDARD AND

ATTAINMENT OF THE PM25 STANDARD

BROADWATER IS COMMITTED TO MEETING THE REQUIREMENTS AND BEING CONSISTENT WITH THE

RELEVANT SIPS BROADWATEROWNED VESSELS WILL COMPLY WITH APPLICABLE MARINE VESSEL

ENGINE STANDARDS AND NONROAD FUEL SULFUR REQUIREMENTS OWNERS ANDOR OPERATORS OF OTHER

VESSELS SUCH AS LNG CARRIER OR TUG BOATS WILL HAVE AN INDEPENDENT OBLIGATION TO COMPLY

WITH MARINE VESSELRELATED REQUIREMENTS BROADWATER WILL CONTINUE TO FOLLOW

DEVELOPMENT OF THE NEW YORK OZONE AND PM25 SIPS AND WORK WITH NYSDEC TO BE

CONSISTENT WITH REQUIREMENTS IN THOSE SIPS

52 EMISSION BUDGETSATTAINMENT DEMONSTRATION

THE CURRENT EMISSION BUDGET CONTAINED IN THE NEW YORK SIP IS APPLICABLE TO ATTAINING THE

1HOUR OZONE STANDARD AND UNDER THE SCAQMD DECISION IS SUBJECT TO RFP

REQUIREMENTS THUS FUTURE UPDATES TO THE 1HOUR EMISSIONS BUDGETS ARE REQUIRED THE

NEW YORK SIP EMISSION BUDGET TO DEMONSTRATE ATTAINMENT OF THE 8HOUR OZONE STANDARD IS

UNDER DEVELOPMENT

NEW YORK STATE DOES NOT HAVE AN EMISSION BUDGET IN PLACE TO ADDRESS PM25

NONATTAINMENT PM25 NONATTAINMENT DESIGNATIONS ARE THE RESULT OF RELATIVELY RECENT

PROMULGATION OF THE PM25 AIR QUALITY STANDARD THUS THIS IS THE FIRST TIME THAT NEW YORK

STATE HAS RECEIVED DESIGNATION UNDER THE PM25 STANDARD NEW YORK WILL ALSO BEGIN

DEVELOPMENT IN 2007 OF SIP EMISSION BUDGET TO DEMONSTRATE ATTAINMENT OF THE PM25

STANDARD

GIVEN THE STATUS OF DEVELOPMENT OF SIP BUDGET COMPONENTS THAT AFFECT BROADWATER

BROADWATER HAS INITIATED DISCUSSION WITH NYSDEC REGARDING GENERAL CONFORMITY AND

THE PROJECTS EMISSIONS THAT ARE SUBJECT TO GENERAL CONFORMITY PROJECT EMISSION DATA

HAVE BEEN SUBMITTED TO NYSDEC AND ARE BEING EVALUATED BY NYSDEC FOR INCORPORATION

INTO THE SIP EMISSION BUDGET FOR THE RELEVANT OZONE SIPS NYSDEC HAS INDICATED THEY

ARE ALSO CONSIDERING USING THE OZONE SIP EMISSION SOURCE INVENTORY AND BUDGETS FOR THE

PM25 SIP THAT WILL BE DEVELOPED IN 2007 BROADWATER INTENDS TO CONTINUE DISCUSSIONS

11
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WITH NYSDEC REGARDING INCORPORATION OF PROJECT EMISSIONS INTO THE EMISSION INVENTORY

BUDGETS AS THE OZONE AND PM25 SIPS ARE DEVELOPED

53 PROJECT EMISSIONS MITIGATIONOFFSETTIN

AS LEAD FEDERAL AGENCY FOR THE PROJECT FERC CONDUCTS THE FULL GENERAL CONFORMITY

DETERMINATION PARALLEL TO ITS PREPARATION OF THE EIS FERC WILL UTILIZE EMISSION ESTIMATES

PREPARED FOR THIS GENERAL CONFORMITY ANALYSIS WHICH IS SIMILAR TO EMISSION ESTIMATES

ALREADY PROVIDED IN RESOURCE REPORT IN ITS GENERAL CONFORMITY DETERMINATION THE

MAGNITUDE AND POTENTIAL IMPACT OF THE EMISSIONS WILL BE EVALUATED AND DETERMINATION

WILL BE MADE REGARDING WHETHER MITIGATION IS NECESSARY

SEVERAL OPTIONS TO DEMONSTRATE CONFORMITY ARE AVAILABLE AS PROVIDED FOR IN 40 CFR PART

93 158

THE PROJECT CAN COMPLY WITH THE CONTROL MEASURES AND REGULATIONS

INCLUDED IN THE APPLICABLE SIPS AND THE TOTAL DIRECT AND INDIRECT

EMISSIONS SUBJECT TO CONFORMITY ARE SPECIFICALLY IDENTIFIED AND

ACCOUNTED FOR IN THE SIPS ATTAINMENT DEMONSTRATION OR

THE STATE COMMITS TO REVISE ITS SIP TO ACCOMMODATE THE EMISSIONS

FROM THE PROJ ECT OR

FOR ANY CRITERIA POLLUTANT EXCEPT OZONE THE TOTAL EMISSIONS SUBJECT

TO CONFORMITY ARE EVALUATED THROUGH AN AREAWIDE ANDOR LOCAL AIR

QUALITY MODELING ANALYSIS DEMONSTRATING THAT THE PROJECT DOES NOT

CAUSE OR CONTRIBUTE TO ANY NEW NAAQS VIOLATION OR INCREASE THE

FREQUENCY OR SEVERITY OF ANY EXISTING NAAQS VIOLATION IN ANY

AREA OR

EMISSIONS FROM THE PROJECT ARE MITIGATED SO THAT THERE IS NO NET

INCREASE IN EMISSIONS

DURING THE DEVELOPMENT PHASE OF NEW SIP AS IS UNDERWAY IN NEW YORK STATE WITH

RESPECT TO THE 8HOUR OZONE ATTAINMENT AND PM25 ATTAINMENT DEMONSTRATION SIPS GENERAL

CONFORMITY CAN BE DEMONSTRATED BY INCORPORATING PROJECTED EMISSIONS FOR THE PROJECT INTO

THE INVENTORY LIKEWISE INSOFAR AS THE 1HOUR OZONE STANDARD CONTINUES TO APPLY DURING

THE RELEVANT TIME PERIOD FOR THE PROJECT EMISSIONS FOR THE PROJECT CAN BE INCORPORATED INTO

THE RFP INVENTORY FOR THE 1HOUR STANDARD IF ATTAINMENT IS DEMONSTRATED AND THE SIP IS

APPROVED BY USEPA WITH THE EMISSION BUDGET CONTAINING PROJECTS EMISSIONS THEN

GENERAL CONFORMITY IS DEMONSTRATED

UPON THE DETERMINATIONS CONCERNING THE BUDGETS BROADWATER WILL CONTINUE TO COORDINATE

WITH FERC NYSDEC AND USEPA TO SATISFY THE APPLICABLE GENERAL CONFORMITY

REQUIREMENTS FOR EXAMPLE WITH RESPECT TO CONSTRUCTION EMISSIONS AS STATED EARLIER

CONSTRUCTION EMISSIONS WILL OCCUR OVER TWO YEAR PERIOD BUT WILL NOT OCCUR DURING THE

OZONE CONTROL PERIOD WITHIN THOSE YEARS THUS CONSTRUCTION ACTIVITIES WILL NOT CONTRIBUTE

TO OZONE PRECURSOR NO EMISSIONS DURING THE MAY THROUGH SEPTEMBER 30 OZONE

CONTROL PERIOD AS LONG AS CONSTRUCTION OCCURS AS PLANNED THIS MITIGATION MEASURE

12
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CONTRIBUTES TO THE CURRENT 1HOUR OZONE SIPS GOAL OF REDUCING OZONE CONTROL PERIOD OZONE

PRECURSOR EMISSIONS BY LIMITING CONSTRUCTION ACTIVITIES TO THE NONOZONE CONTROL PERIOD

THIS APPROACH WILL ALSO SERVE SIMILAR ROLE WITH RESPECT TO THE GOALS OF THE 8HOUR OZONE

SIP WHEN APPROVED SIMILAR MITIGATION MEASURE WAS USED BY THE NEW YORK HARBOR

DREDGING PROJECT FOR ITS FIRST YEAR OF EMISSIONS IE EMISSIONS OF NO AND VOC WILL OCCUR

OUTSIDE OF THE OZONE CONTROL PERIOD AND THEREFORE WILL NOT CONTRIBUTE TO OZONE PRECURSOR

EMISSIONS DURING THE CONTROL PERIOD BROADWATER WILL CONFIRM THAT THIS MITIGATION

MEASURE IS SUFFICIENT FOR THE PURPOSE OF SATISFYING GENERAL CONFORMITY REQUIREMENTS TO

CONSTRUCTION AND RELATED ACTIVITIES IF BROADWATER IS REQUIRED TO DEMONSTRATE CONFORMITY

THROUGH MITIGATION BROADWATER WILL COORDINATE WITH NYSDEC AND THE USEPA AND

PROVIDE ALL APPROPRIATE DOCUMENTS NECESSARY TO SUPPORT THE EMISSION REDUCTIONS

ASSOCIATED WITH THESE MITIGATION EFFORTS

60 ADDITIONAL CONSIDERATIONS

BROADWATER INTRODUCES RELIABLE SOURCE OF NEW NATURAL GAS TO THE REGION OFFERING

COMPELLING SOLUTION TO THE EVERGROWING DEMANDS IN THE LONG ISLAND NEW YORK CITY

GREATER NEW YORK CITY METROPOLITAN AND SOUTHERN CONNECTICUT MARKETS FOR

COMPETITIVELY PRICED RELIABLE AND CLEANER BURNING FUEL SUPPLY THIS SUPPLY WHICH WILL

BE USED BY THE RESIDENCES AND BUSINESSES MUNICIPAL GOVERNMENTS COMMERCE SCHOOLS

AND HOSPITALS IN THE TARGET MARKETS WILL ENCOURAGE PATTERNS OF DEVELOPMENT THAT ENHANCE

LONG ISLAND COASTAL COMMUNITIES AND ENABLE EXISTING COALAND OILFIRED ELECTRIC

GENERATING FACILITIES TO REPOWER USING CLEANBURNING AND COSTEFFECTIVE NATURAL GAS THE

END RESULT WILL BE INCREASED ENERGY RELIABILITY AND REGIONAL POWER GENERATION AND REDUCED

IMPACTS ON THE NATURAL RESOURCES THAT SO GREATLY CONTRIBUTE TO THE CHARACTER OF LONG

ISLANDS COASTAL COMMUNITIES

70 CONCLUSION

DOCUMENTATION SUPPORTING CONFORMITY WITH THE APPLICABLE NEW YORK STATE SIPS IN

ACCORDANCE WITH 40 CFR 93158 IS NOT YET AVAILABLE BROADWATER WILL CONTINUE TO

WORK WITH NYSDEC AND AS NECESSARY USEPA TO DEVELOP THIS DOCUMENTATION

BROADWATER WILL UNDERTAKE SUCH ACTIONS AS NECESSARY TO DEMONSTRATE GENERAL CONFORMITY

FOR THE PROJ ECT

13
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GENERAL FEDERAL ACTIONS TO STATE OR FEDERAL IMPLEMENTATION PLANS JULY 2006
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GENERAL FEDERAL ACTIONS TO STATE OR FEDERAL IMPLEMENTATION PLANS JULY 2006

FR VOL 70 NO 91 MAY 12 2005 RULE TO REDUCE INTERSTATE TRANSPORT OF FINE

PARTICULATE MATTER AND OZONE CLEAN AIR INTERSTATE RULE

FR VOL 70 NO 210 NOVEMBER 2005 PROPOSED RULE TO IMPLEMENT THE FINE PARTICLE

NATIONAL AMBIENT AIR QUALITY STANDARDS

FR VOL 71 NO 65 APRIL 2006 PM25 DE MINIMIS EMISSION LEVELS FOR GENERAL

CONFORMITY APPLICABILITY

NYCRR PART 204 TITLE NEW YORK CODE RULES AND REGULATIONS PART 204 NO
BUDGET TRADING PROGRAM

PORT AUTHORITY NY NJ 2003 THE NEW YORK NORTHERN NEW JERSEY LONG ISLAND

NONATTAINMENT AREA COMMERCIAL MARINE VESSEL EMISSIONS INVENTORY VOLUME

APPENDICES AND STARCREST CONSULTING GROUP LLC

USCG SEPTEMBER 2006 US COAST GUARD CAPTAIN OF THE PORT LONG ISLAND SOUND

WATERWAYS SUITABILITY REPORT FOR THE PROPOSED BROADWATER LIQUEFIED NATURAL GAS

FACILITY UNITED STATES DEPARTMENT OF HOMELAND SECURITY

969762
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ITHO TA TTFL BROADWATER LNG PROJECTDR FJVTJJ DOCKET NOS CPO654000 AND CPO655000
FEDERAL ENERGY REGULATORY COMMISSION

ENVIRONMENTAL INFORMATION REQUEST

PAGE OF

EIR 37

REQUEST

PROVIDE THE CONSTRUCTION CRITERIA EMISSIONS ASSOCIATED WITH ALTERNATIVE PIPELINE

INSTALLATION USING DYNAMICALLY POSITIONED LAYBARGE

RESPONSE

IN ORDER TO RESPOND TO THIS REQUEST BROADWATER REVIEWED THE CURRENT STATUS OF THE

DYNAMICALLY POSITIONED DP LAYBARGE FLEET THAT COULD POTENTIALLY ACT AS THE LAYBARGE TO

INSTALL THE BROADWATER PIPELINE ONTO THE SEABED ANDOR ACT AS THE BURY BARGE TO PULL THE

POSTLAY SUBSEA PLOW TO LOWER THE PIPELINE

IN BROADWATERS RESPONSE TO THE FERCS OCTOBER 19 2005 ENVIRONMENTAL INFORMATION

REQUEST REGARDING DRAFT RESOURCE REPORTS NOS AND RESPONSE FILED BY BROADWATER

ON JANUARY 12 2006 FOR ITEM 30 REGARDING PIPELINE CONSTRUCTION METHODS BROADWATER

STATED THAT OF THE FOUR EXISTING WORLDWIDE DP VESSELS AND ONE PROPOSED DP VESSEL WITH

THE TECHNICAL CAPACITY TO INSTALL TRENCH AND LOWER THE PIPELINE ONLY GLOBAL INDUSTRIES

DLB HERCULES COULD PERFORM THE REQUIRED WORK UNDER US LAW BROADWATER HAS

DETERMINED THAT THE DLB HERCULES IS NO LONGER QUALIFIED TO ACT AS BURY BARGE IN US
WATERS THUS BROADWATER WOULD ONLY BE ABLE TO USE DP VESSEL TO LAY THE PIPE ON THE

SEAFLOOR AND TRENCHING AND LOWERING WOULD HAVE TO BE PERFORMED BY CONVENTIONAL CABLE

AND ANCHORPROPELLED LAYBARGE

BROADWATER HAS PREPARED ITS RESPONSE EMISSION ESTIMATES BASED ON THE FOLLOWING

SUITABLE DP LAYBARGE EG THE PANAMANIANFLAGGED ALLSEAS SOLITAIRE IS USED TO LAY

THE PIPELINE INCLUDING PULL SECTION PROCEDURE REQUIRED FOR THE RELATIVELY SHALLOW

WATERS OF THE STRATFORD SHOAL SEE THE PULL SECTION DESCRIPTION AT THE END OF THIS

RESPONSE AND

SUITABLE CONVENTIONAL CABLE AND ANCHORPROPELLED BURY BARGE IS USED TO PULL THE

POSTLAY SUBSEA PLOW AND CONTINUOUSLY LOWER THE PIPELINE FOR ITS ENTIRE 217 MILE

LENGTH AS PER BROADWATERS PROPOSED CONSTRUCTION PLAN

THE SPREADSHEET EMISSION INSTALLATION TOOL PROVIDED BY THE US DEPARTMENT OF THE

INTERIOR MINERALS MANAGEMENT SERVICE WAS USED TO ESTIMATE THE CONSTRUCTION EMISSIONS

PRESENTED IN TABLE 71 BELOW FOR COMPARISON PURPOSES BROADWATER HAS RETAINED THE

PREVIOUS EMISSIONS ESTIMATES FOR CONSTRUCTION WITH CONVENTIONAL LAYBARGE AND BURY BARGE

ALTERNATIVES PREPARED IN RESPONSE TO THE FERCS ENVIRONMENTAL INFORMATION REQUEST

ISSUED MARCH 31 2006 NO EIR TABLE EIR52 COMPARISON OF PIPELINE CONSTRUCTION

EMISSIONS AS FILED BY BROADWATER ON APRIL 20 2006
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BROADWATER

EIR 37

BROADWATER LNG PROJECT

DOCKET NOS CPO654000 AND CPO655000
FEDERAL ENERGY REGULATORY COMMISSION

ENVIRONMENTAL INFORMATION REQUEST

PAGE OF

TABLE 71 COMPARISON OF PIPELINE CONSTRUCTION EMISSIONS

STRATFORD SHOAL PULL SECTION PROCEDURE FOR DP LAYBARGE

THERE WILL BE AN APPROXIMATELY 3000 FOOT LONG SECTION OF THE STRATFORD SHOAL THAT CANNOT

BE INSTALLED AS CONTINUOUS LAY OPERATION BY DP LAYBARGE DUE TO THE REDUCED WATER

DEPTHS

OWNERS AND OPERATORS OF SUITABLY SIZED DP LAYBARGES HAVE ADVISED BROADWATER THAT

MINIMUM WORKING WATER DEPTH OF 65 FEET IS NEEDED IN ORDER TO MAINTAIN STATION POSITION

AND HOLD THE HEAVY PIPELINE 600 TO 800 POUNDS PER FOOT AT THE NECESSARY CONSTANT

TENSION IN AN LAY CONFIGURATION BETWEEN THE VESSEL AND THE SEABED WITHOUT THREATENING

THE STRUCTURAL INTEGRITY OF THE PIPELINE THIS IS NOT AN ISSUE FOR CONVENTIONAL LAYBARGE

HOLDING STATION WITH CABLES AND ANCHORS

THE MINIMUM WATER DEPTH ACROSS THE STRATFORD SHOAL IS 54 FEET OCCURRING AT ABOUT 1VIP

145 THEREFORE DP LAYBARGE CANNOT INSTALL THE PIPELINE IN CONTINUOUS LAY OPERATION

ACROSS THE STRATFORD SHOAL AND IT WILL BE NECESSARY TO USE PROCEDURE THAT WILL INCLUDE THE

PULLING OF SECTION OF THE PIPELINE ACROSS THE SHALLOW AREA THIS OPERATION WOULD BE

SUPPORTED BY STATIONARY PULL BARGE WITH LINEAR LINE PULLING WINCH SET UP ON ONE SIDE OF

THE SHOAL THE PULL BARGE WITH ITS TO CABLES AND ANCHORS TO HOLD THE BARGE ON STATION

WOULD PULL CONTINUOUS PIPE SECTION ACROSS THE SHALLOW SECTION OF THE SHOAL FROM THE

DP LAYBARGE SET UP ON THE OTHER SIDE

THE PULL SECTION PROCEDURE DESCRIBED MORE FULLY IN TABLE 71 BELOW IS ESTIMATED TO

REQUIRE APPROXIMATELY DAYS THE DELAY IMPACT OF THIS PROCEDURE ON THE OVERALL

CONSTRUCTION SCHEDULE SHOULD BE ALLEVIATED BY BETTER PRODUCTIVITY DURING CONTINUOUS PIPE

LAY OPERATIONS BY THE DP LAYBARGE COMPARED TO CONVENTIONAL LAYBARGE WITH MIDLINE

BUOYS AND IT IS ESTIMATED THAT THE TOTAL DURATION OF PIPE LAY OPERATIONS WILL BE SAME AS FOR

SCENARIO

EMITTED SUBSTANCE TONS

SOX NOX PM CO VOC

CONSTRUCTION WITH
NO MIDLINE BUOYS 92 740 32 161 36

CONVENTIONAL MIDLINE BUOYS ON

LAYBARGE AND BURY
QUARTERANCHOR LINES

95 761 33 166 36

BARGE MIDLINE BUOYS ON ALL

ANCHOR LINES
97 783 34 170 36

DP LAYBARGE ALTERNATIVE

PIPELAY BY DP LAYBARGE

LOWERING BY CONVENTIONAL BURY BARGE WITH
294 2256 75 492 79

MIDLINEBUOYSONALL
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THE ALTERNATIVE OF PIPE LAY BY CONVENTIONAL CABLE AND ANCHORPROPELLED LAYBARGE WITH

MIDLINE BUOYS

TABLE 72 DESCRIBES THE PULL SECTION PROCEDURE REQUIRED FOR THE DP LAYBARGE TO INSTALL THE

PIPELINE ACROSS THE STRATFORD SHOAL

TABLE 72 STRATFORD SHOAL PULL SECTION PROCEDURE FOR DP LAVBARCIE

STEP DESCRIPTION

THE DP LAYBARGE SETS UP ON THE EAST SIDE OF THE STRATFORD SHOAL AT DISTANCE

APPROXIMATELY 2000 FEET FROM THE MID POINT OF THE 3000 FOOT PULL SECTION

THE PULL BARGE SETS UP ON THE WEST SIDE OF THE STRATFORD SHOAL AT DISTANCE

APPROXIMATELY 2000 FEET FROM THE MID POINT OF THE 3000 FOOT PULL SECTION

PULL CABLE IS RUN THE 7000 FEET 33 MILES FROM THE PULL BARGE TO THE DP LAYBARGE

AND THE CABLE IS ATTACHED TO PULLHEAD WELDED TO THE END OF THE PIPELINE BEING

FABRICATED ON THE LAYBARGE

THE PULL BARGE PULLS THE PIPELINE ONE JOINT AT TIME AS NEW JOINTS ARE ADDED TO THE

PIPELINE ONBOARD THE DP LAYBARGE THE PROCESS CONTINUES UNTIL THE PULL BARGE HAS

PULLED SUFFICIENT PIPE SO THAT THE PULLHEAD HAS REACHED THE PREDETERMINED TARGET BOX

ON THE WEST SIDE OF THE STRATFORD SHOAL

THE PULLHEAD IS ANCHORED IN PLACE THE PULL CABLE IS RELEASED AND THE PULL BARGE

DEMOBILIZES

THE DP LAYBARGE INITIATES CONTINUOUS PIPELAY OPERATIONS FROM MP 141 PROGRESSING

EASTWARD ALONG THE PIPELINE ROUTE TO THE PIPE LAY DOWN LOCATION NEAR THE YMS AT MP

AFTER LAY DOWN OF THE PIPELINE NEAR THE YMS THE LAYBARGE RELOCATES TO THE WEST SIDE OF

THE STRATFORD SHOAL AND BACK UP TO WHERE THE PULLHEAD IS LOCATED

THE LAYBARGE LIFTS THE PULL HEAD TO THE STERN OF THE BARGE AND RECOVERS THE PIPELINE BY

BACKING UP THE BARGE UNTIL THE PULL HEAD IS IN THE LINEUP STATION AT THE BOW OF BARGE
THE PULL HEAD IS THEN REMOVED THE WELDING FACE REBEVELED AND NEW JOINT OF PIPE

ADDED AND

THE LAYBARGE INITIATES CONTINUOUS PIPE LAY OPERATIONS PROGRESSING WESTWARD TO NEAR THE

PROPOSED HOTTAP ON THE EXISTING IGTS PIPELINE AT MP 21 7 THUS COMPLETING SINGLE

CONTINUOUS PIPELINE INSTALLED ON THE SEABED BETWEEN MP AND MP 217 READY FOR

LOWERING BY POSTLAY SUBSEA PLOW
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REQUEST

DEFINE THE SPECIFIC TYPE OF COPPERBASED PAINT THAT WOULD BE USED ON THE FSRU AND

MOORING STRUCTURE AND PROVIDE MATERIAL SAFETY DATA SHEETS IDENTIFY THE EXPECTED

DURATION OF EFFECTIVENESS AND THE POTENTIAL FOR INCREASES IN SEDIMENT CONCENTRATIONS DUE

TO PAINT FLAKING ESPECIALLY ASSOCIATED WITH PERIODIC HULL CLEANING DESCRIBE THE POTENTIAL

TO COMPLETELY AVOID THE USE OF ANY ANTIFOULING PAINT ON THE FSRU OR MINIMIZING

POTENTIAL IMPACTS BY USING NONCOPPER BASED ANTIFOULING PAINTS OR REDUCING AMOUNT OF

ANTIFOULING PAINT APPLIED TO THE FSRU AND YMS

RESPONSE

THE TYPE OF ANTIFOULING PAINT TO BE CONSIDERED FOR THE FSRU HULL IS SELFPOLISHING

COPOLYMER COPPER ACRYLATE BASED COATING MATERIAL SAFETY DATA SHEETS AND TEST RESULTS FOR

COPPER LEACHING RELEASE RATES FOR TYPICAL PRODUCTS ARE ATTACHED THE EXPECTED DURATION OF

EFFECTIVENESS IS PROPORTIONAL TO THE COATING THICKNESS AND THE POLISHING RATE AS PRESENTED

IN RESOURCE REPORT 13 BROADWATER ANTICIPATES AN INITIAL APPLICATION THICKNESS OF 100

MICRONS FOR COMPARISON PURPOSES IN TYPICAL MARINE APPLICATIONS 300 MICRONS

THICKNESS OF COPPER ACRYLATE ANTIFOULING IS SUITABLE FOR FIVE YEAR INTERVAL BETWEEN RE

COATING BASED ON AN AVERAGE MICRON PER MONTH POLISHING RATE BECAUSE THE FSRU WILL

LARGELY BE NONMOBILE WITH THE EXCEPTION OF WEATHERVANING AROUND THE MOORING TOWER

COPPER WOULD BE EXPECTED TO LEACH AT RATE LESS THAN VESSEL THAT IS UNDERWAY SINCE

MUCH OF THE LEACHING RESULTS FROM THE WATERHULL FRICTION THAT IS GENERATED AT HIGHER SPEEDS

WHEN VESSEL IS IN TRANSIT THEREFORE THE ANTIFOULING COATING WOULD BE ANTICIPATED TO

FUNCTION EFFECTIVELY FOR APPROXIMATELY TO YEARS AFTER THE INSTALLATION OF THE FSRU IN

THE SOUND AND THEN BE CONSIDERED LARGELY DEPLETED THE ANTIFOULING PAINT IS REQUIRED TO

PROVIDE ADEQUATE PROTECTION TO THE FSRU DURING ITS CONSTRUCTION IN FOREIGN PORT TO

PREVENT FOULING THAT COULD INADVERTENTLY BE TRANSPORTED WITH THE FSRIJ INTO LONG ISLAND

SOUND BROADWATER DOES NOT PROPOSE AN ADDITIONAL COATING ONCE THE FSRU IS IN PLACE AND

OPERATIONAL BEYOND THE PERIOD OF TIME THAT THE ANTIFOULING PAINT IS EFFECTIVE ALL ANTI

FOULING MAINTENANCE WOULD BE COMPLETED THROUGH PHYSICAL SCRUBBING OF THE HULL

THERE ARE MARINE COATING PRODUCTS IN THE MARKET THAT ARE SILICONE BASED THESE NON

FOULING COATING SYSTEMS WORK BY MAKING THE SURFACE OF THE STRUCTURE TOO SMOOTH FOR

MARINE GROWTH TO ADHERE TO AND WHERE ANY FOULING DOES TAKE PLACE IT IS QUITE EASILY

REMOVED BASED ON INSERVICE FEEDBACK IN GENERAL SILICONE BASED COATINGS ARE EFFECTIVE

FOR PERIODS OF BETWEEN SEVEN AND TEN YEARS

CORROSION PROTECTION OF THE UNDERWATER PART OF THE YOKE MOORING SYSTEM WILL BE BASED

ON THE USE OF SACRIFICIAL ANODES THE STRUCTURE WILL NOT BE COATED IN WAY OF THE SPLASH

ZONE CORROSION PROTECTION WILL BE BASED ON COMBINATION OF INCREASED THICKNESS OF

CRITICAL STRUCTURAL MEMBERS AND THE APPLICATION OF SOLVENT FREE AMINE CURED GLASS EPOXY OF
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1MM THICKNESS THEREFORE BROADWATER DOES NOT INTEND TO APPLY ANTIFOULING COATINGS TO

THE YOKE MOORING STRUCTURE
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REQUEST

IDENTIFY THE TARGET GEOLOGIC STRATUM NEEDED TO SECURE THE YIVIS PILINGS DESCRIBE ANY

POTENTIAL DEPTH LIMITATIONS RELATED TO THE MAXIMUM ACHIEVABLE LENGTH FOR THE PILES

RESPONSE

THE PREDICTED GEOTECHNICAL PROFILE AT THE PROJECT LOCATION IS BASED ON THE SEISMIC

REFLECTION PROFILES AVAILABLE FOR THE SITE BASED ON THE GEOLOGICAL AND GEOTECHNICAL

INFORMATION AVAILABLE THE BEDROCK IS CONSIDERED AT ABOUT 130M BELOW THE SEABED THE

UPPER 66 FT 20 OF SEDIMENT AND SOIL ARE LIKELY TO BE SOFTLOOSE HOLOCENE DEPOSITS

PROVIDING LITTLE PILE CAPACITY THE LOWER GLACIAL LAKE DEPOSITS LOCATED FROM ABOUT 98 FT

30 TO 427 FT 130 BELOW THE SEABED ARE COMPOSED PRIMARILY OF SILT AND CLAY AND

LIKELY TO BE FIRM TO VERY STIFF THEREFORE BASED ON THE PREDICTED SOIL PROFILE THE YMS

PILES WILL BE LIKELY TO TERMINATE IN THIS LOWER GLACIAL LAKE DEPOSITS THE PILE TIP

PENETRATION MAY BE LIMITED TO ABOUT 197 FT 60 TO 230 FT 70 BELOW SEABED TO

MITIGATE PILING REFUSAL RISKS SOIL INVESTIGATION WILL BE CONDUCTED DURING THE DETAILED

DESIGN PHASE TO PROVIDE DETAILED SITESPECIFIC GEOTECHNICAL INFORMATION FOR THE YMS
PILING DESIGN INCLUDING LENGTH
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REQUEST

IF POSTCONSTRUCTION MONITORING INDICATES THAT ACTIVE BACKFIHLING WAS NOT SUCCESSFUL

ACCORDING TO THE TERMS AGREED TO IN THE BACKFILL PLAN CREATED WITH INTERAGENCY

COORDINATION WHAT MEASURES WOULD BE TAKEN TO FURTHER ADDRESS THE SEAFLOOR DISTURBANCE

IMPACTS INCURRED DURING CONSTRUCTION OF THE PIPELINE AND MOORING STRUCTURE

RESPONSE

BROADWATER HAS PROPOSED NATURAL BACKFILLING OF THE PIPELINE TRENCH EXCEPT IN IDENTIFIED

LOCATIONS SUCH AS THE FIRST TWOMILE SECTION OF THE PIPELINE TO MINIMIZE CABLE SWEEP ALONG

THE PIPELINE ROUTE ACTIVE BACKIFILLING WITH NATIVE SUBSTRATE WOULD REQUIRE AN ADDITIONAL

PASS WITH BURY BARGE PULLING BACKFILL PLOW BROADWATER ESTIMATES THAT SEAFLOOR IMPACT

WOULD BE INCREASED FROM 12465 ACRES TO 15137 ACRES INCLUDING AN INCREASE FROM 1031

ACRES TO 1293 ACRES ATTRIBUTED TO ANCHOR CABLE SWEEP ASSUMING THE USE MIDLINE BUOYS ON

ALL ANCHOR CABLES AS RECOMMENDED BY THE DEIS IF THE FIRST TWO MILES WERE TO BE

ACTIVELY BACKFILLED WITH NATIVE SUBSTRATE IF AN ACCEPTABLE DESIGN THE TOTAL SEAFLOOR IMPACT

WOULD INCREASE TO APPROXIMATELY 1533 ACRES WITH 1312 ACRES ATTRIBUTED TO ANCHOR CABLE

SWEEP

DURING CONSTRUCTION THE PROGRESS OF THE BACKFILLING OPERATION WILL BE CLOSELY MONITORED

USING SPECIALIST SURVEYROY VESSEL THE SURVEYROY VESSEL WILL PERFORM SURVEYS

ALONG AND ACROSS THE PIPELINE CORRIDOR TO ENSURE THAT THE RESULTS OF THE BACKFILLING

OPERATIONS ARE KNOWN AS SOON AS POSSIBLE AFTER THE BACKFILL PLOW PASSES THE RESULTS OF THE

SURVEY WILL BE COMPARED TO THE SURVEYS PERFORMED BEFORE AND AFTER PIPELAY OPERATIONS AND

AFTER THE PIPE HAS BEEN LOWERED AND IS AT ITS FINAL POSITION IN THE TRENCH THESE

COMPARISONS WILL ALLOW THE ENGINEER TO EVALUATE THE DEPTH OF COVER OVER THE PIPELINE THE

ELEVATION OF THE MATERIALS REPLACED INTO THE TRENCH AND CONFIRMATION THAT THE SPOIL BANKS

ADJACENT TO THE PIPELINE TRENCH HAVE BEEN SUBSTANTIALLY LEVELED KEEPING IN MIND THAT

SOME SPOIL MATERIAL WILL BE LOST DUE TO SEDIMENT DISPERSION AND TRANSPORT DURING PIPELINE

LOWERING AND STORAGE THE SUCCESS OF THE BACKFILLING OPERATION WILL BE MEASURED BY

REVIEW OF THE OVERALL LENGTH OF PIPELINE AND THE AMOUNT OF RESIDUAL NATIVE SUBSTRATE

AVAILABLE FOR BACKFILLING IF SECTIONS OF THE LINE HAVE DEPTH OF COVER DEFICIENCY AND

RECTIFICATION IS REQUIRED THEN WORK WILL BE COMPLETED BEFORE THE CONTRACTOR DEMOBILIZES

ISOLATED SITES CAN BE RECTIFIED WITH ROCK CONCRETE MATS OR SAND BAGS EXTENDED SECTIONS

MAY REQUIRE THE PLACEMENT OF IMPORTED FILL EG SAND ANDOR SANDGRAVELROCK MIXTURE

USING THE TREMIE SYSTEM

POSTCONSTRUCTION MONITORING OF THE STATUS OF BACKFILL WILL BE UNDERTAKEN AT INTERVALS TO BE

DETERMINED IN COORDINATION WITH FEDERAL AND STATE RESOURCE AGENCIES SIMILAR TO POST

CONSTRUCTION MONITORING SPECIALIST SURVEYROY VESSEL WILL COMPLETE SCAN OF THE

PIPELINE ROUTE IF THIS SURVEY INDICATES LOSS OF COVER RISK ASSESSMENT WILL BE COMPLETED
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INVOLVING THE AFFECTED FEDERAL AND STATE RESOURCE AGENCIES TO DETERMINE THE OPTIMUM

STRATEGY CONSIDERING AMONG OTHER THINGS PUBLIC SAFETY AND ENVIRONMENTAL FACTORS IF

REMEDIAL ACTIONS ARE RECOMMENDED THE REPAIR WILL BE PLANNED IN DETAIL AND SCHEDULED

ALONG WITH REGULAR MAINTENANCE ACTIVITIES AS FOR THE CASE OF REMEDIATION DURING

CONSTRUCTION OPERATIONAL REMEDIATION FOR ISOLATED SITES CAN BE COMPLETED WITH ROCK

CONCRETE MATS OR SAND BAGS EXTENDED SECTIONS MAY REQUIRE THE PLACEMENT OF IMPORTED

FILL
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REQUEST

PROVIDE AN UPDATED DISCUSSION OF POTENTIAL NOISE IMPACTS ASSOCIATED WITH CONSTRUCTION

ESPECIALLY PILEDRIVING METHODS THE DISCUSSION SHOULD INCLUDE TABULAR SUMMARY OF THE

MAGNITUDE INTENSITY EXTENT FREQUENCY AND DURATION OF UNDERWATER NOISE AT MILE
INTERVALS FROM THE NOISE SOURCE AS IT RELATES TO NOISE LIMITS FOR OTHER RECENT PILEDRIVING

PROJECTS IN MARINE ENVIRONMENT DESCRIBE POTENTIAL PHYSICAL AND BEHAVIORAL IMPACTS OF

CONSTRUCTION NOISE ON MARINE RESOURCES AND IDENTIFY ANY ADDITIONAL MITIGATION MEASURES

THAT COULD BE IMPLEMENTED TO AVOID OR MINIMIZE POTENTIAL IMPACTS

RESPONSE

THREE ADDITIONAL KEY REPORTSLITERATURE REVIEWS SUPPORT CONCLUSIONS DRAWN IN

BROADWATERS RESOURCE REPORT FISH WILDLIFE AND VEGETATION THE FIRST LITERATURE

REVIEW BY MARDI HASTINGS AND ARTHUR POPPER PROVIDES COMPREHENSIVE SUMMARY AND

CRITICAL REVIEW OF WHAT IS KNOWN ABOUT THE EFFECTS OF SOUND INCLUDING THOSE FROM PILE

DRIVING ACTIVITIES ON FISHES AND ALSO IDENTIFIES STUDIES NEEDED TO ADDRESS AREAS OF

UNCERTAINTY RELATIVE TO MEASUREMENT OF PILE DRIVING SOUNDS AND THE RESPONSE OF FISHES TO

SUCH SOUNDS COPY OF THIS COMPLETE PUBLICATION IS PROVIDED AS AN ATTACHMENT TO THIS

RESPONSE HASTINGS AND POPPER 2005 SECOND RECENTLY ISSUED WHITE PAPER BY POPPER

ET AL 2006 TITLED INTERIM CRITERIA FOR INJURY OF FISH EXPOSED TO PILE DRIVING OPERATIONS

WHITE PAPER PRESENTS SCIENCEBASED INTERIM NOISE EXPOSURE CRITERIA FOR THE ONSET OF

DIRECT PHYSICAL INJURY IN FISH EXPOSED TO THE IMPACT SOUND ASSOCIATED WITH PILE DRIVING

THIS WHITE PAPER IS ALSO PROVIDED AS AN ATTACHMENT TO THIS RESPONSE POPPER WHITE PAPER

2006 THE FINAL DOCUMENT REFERENCED IS THE FEISEIR PREPARED BY THE USCG ON THE

NEPTUNE LNG DEEPWATER PORT LICENSE APPLICATION DOCKET USCG20052261

PUBLISHED ON NOVEMBER 2006

VERY LITTLE IS KNOWN ABOUT THE KEY VARIABLES THAT CONTROL THE PHYSICAL INTERACTION OF SOUND

WITH MARINE RESOURCES AND POSSIBLE EFFECTS ON THESE ORGANISMS THERE ARE NO RELEVANT DATA

FROM EXPOSURE TO PILE DRIVING EXPOSURE TO EXPLOSIVES REVIEWED IN HASTINGS AND POPPER

2005 PROVIDES SOME SUGGESTION ALBEIT WITHOUT SUITABLE CONTROLS THAT THE LARGER FISH

ARE LESS SUBJ ECT TO KILLING BY EXPLOSIVES THAN ARE SMALLER FISH HOWEVER RELEVANCE OF THIS

OBSERVATION TO PILE DRIVING OR OTHER SOUNDS IS NOT KNOWN THERE ARE ALSO REASONS TO

SUGGEST THAT THE LIKELY DEGREE OF DAMAGE FROM SOUND EXPOSURE IS NOT RELATED PER SE TO THE

DISTANCE OF THE ORGANISM FROM THE SOUND SOURCE SUCH AS PILE DRIVING OPERATION BUT TO

THE RECEIVED LEVEL AND DURATION OF THE SOUND EXPOSURE SEVERAL STUDIES AND MODELING

EFFORTS HAVE BEEN PERFORMED TO QUANTIFY SOUND EXPOSURE FROM PILE DRIVING OPERATIONS AND

ITS RESULTING EFFECTS WHICH ARE DISCUSSED BELOW MOST IMPORTANTLY IT IS NOTED THAT SINCE
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PILE DRIVING SOUNDS TRAVEL THROUGH BOTH THE WATER AND THE SUBSTRATE AT DIFFERENT SPEEDS IT

IS POSSIBLE THAT THERE IS SOME COHERENCE OF SOUND FROM THE TWO PATHWAYS AT SOME POINT

DISTANT FROM THE SOURCE RESULTING IN HIGHER SOUND LEVEL AT GREATER DISTANCES FROM THE

SOURCE SEE DISCUSSION IN HASTINGS AND POPPER 2005 HOWEVER THE DEGREE OF THIS AFFECT

DEPENDS ON THE NATURE OF THE SUBSTRATE INTO WHICH THE PILE IS BEING DRIVEN

NOISE CHARACTERISTICS OF PILE DRIVING OPERATIONS IN MARINE ENVIRONMENTS

IN ORDER TO DETERMINE THE NOISE CHARACTERISTICS OF PILE DRIVING OPERATIONS IN THE MARINE

ENVIRONMENT MODELING EFFORTS HAVE BEEN UNDERTAKEN FOR OTHER OFFSHORE LNG FACILITIES TO

COMPUTE THE FREQUENCY AND RANGEDEPENDENT SOUND TRANSMISSION THAT IS EXPECTED AT

GIVEN LOCATION DEPTH AND SEASON OF INTEREST FOR SUCH AS EVENT MODELING EFFORTS FOR THE

NEPTUNE LNG DEEPWATER PORT DWP OFF THE COAST OF BOSTON MASSACHUSETTS WERE

UTILIZED AS COMPARABLE ANALYSIS DUE TO ITS LOCATION IN NORTHEAST WATERS AND PROXIMITY TO

SEVERAL SENSITIVE MARINE RESOURCES AND CRITICAL WHALE HABITATS THIS FACILITY IS LOCATED IN

WATERS APPROXIMATELY 240 FEET 80 DEEP WHICH IS SLIGHTLY DEEPER THAN THE PROPOSED

BROADWATER FACILITY THAT WILL BE LOCATED IN WATERS 60130 FEET 1840 DEEP HOWEVER

THE ANALYSIS FOR THE NEPTUNE FACILITY EVALUATED THREE DIFFERENT RECEIVED SOUND DEPTHS OF

SURFACE 150 FEET 50 AND BOTTOM THE SURFACE AND 150 FEET 50 MODELING RESULTS

WERE USED AS REPRESENTATIVE SOUND EXPOSURE SCENARIOS FOR THE BROADWATER EVALUATION

FOR THE NEPTUNE LNG FACILITY PILE DRIVING WAS MODELED FOR STEEL PILE APPROXIMATELY

72 IN DIAMETERS AND 15 TO 20 LONG THIS IS POTENTIALLY SHORTER PILE LENGTH THAN THOSE

EXPECTED TO BE USED FOR THE PROPOSED BROADWATER FACILITY BUT REPRESENTS SIMILAR

DIAMETER THEREFORE THE FORCE FROM THE HAMMER USED IN THE OPERATIONS IS EXPECTED TO BE

COMPARABLE BUT MAY BE USED FOR LONGER TIME PERIOD TO INSTALL THE PILES AT THE

BROADWATER FACILITY DUE TO THEIR INCREASED LENGTH THE MODEL ASSUMED THE USE OF

HYDRAULIC HAMMER WITH BLOW RATE OF 32 BPM WITH BROADBAND SOURCE ENERGY LEVEL OF

2059 DB RE RPA2S FROM THAT SOURCE LEVELS AT WERE ESTIMATED ASSUMING PULSE

LENGTH OF LOOMS USING THE FOLLOWING FORMULA

SPLRMSDB RE RPALM SEL DB RE RPA2S 10 LOG WHERE LOOMS

THE MODEL RESULTS BASED ON THESE CALCULATIONS WERE PRESENTED IN 10 DB CONTOURS

SURROUNDING THE SOUND SOURCE THE AVERAGE RANGE THE MODELED SOUND TRAVELED WAS ALSO

CALCULATED IN SECTOR TYPE ANALYSIS AND WAS BOUNDED BY LAND FORMATIONS CAPE ANN AND

CAPE COD TO THE NORTH AND SOUTH TO AVOID INTERFERENCE BY THE COASTLINE WHICH IS SIMILAR TO

THE LOCATION OF THE BROADWATER FACILITY IN LONG ISLAND SOUND WHICH IS BOUNDED BY

CONNECTICUT TO THE NORTH AND LONG ISLAND TO THE SOUTH THE AREA REPRESENTED WITHIN EACH

CONTOUR INTERVAL AT THE SURFACE AND DEPTH OF 50 IS PRESENTED IN TABLE AND BELOW

RESPECTIVELY
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TABLE NOISE CHARACTERISTICS FROM PILE DRIVINQ SOUND LEVELS RECEIVED AT THE SURFACE

90 7591 677

100 5354 517

110 3352 378

120 1843 263

130 756 155

140 224 84

150 28 30

160 08

170 02

TABLE NOISE CHARACTERISTICS FROM PILE DRIVING SOUND LEVELS RECEIVED AT 50 DEPTH

100 6318 630

110 4110 441

12 2276 299

130 1012 175

140 319 96

150 52 41

160 13

170 05

THESE MODELING RESULTS SHOW THAT SOUND EXPOSURE LEVELS 170 DB WILL NOT BE EXPERIENCED

AT DISTANCE GREATER THAN 05 KM 500 FROM THE PILE DRIVING OPERATION AND WITH LEVELS

BELOW THE 180 DB THRESHOLD VALUE ESTABLISHED BY NOAA FISHERIESNIMFS SIGNIFICANT

POTENTIAL INJURY TO MARINE RESOURCES RESULTING FROM PHYSICAL HARM IS NOT EXPECTED POPPER

ET ALS 2006 WHITE PAPER PROVIDED AS ATTACHMENT FURTHER QUESTIONS THE VALIDITY OF THE

CURRENTLY USED 180 DB THRESHOLD SUGGESTING THAT THIS THRESHOLD DOES NOT HAVE SCIENTIFIC

JUSTIFICATION AND CONCLUDED THAT BASED UPON THE BEST AVAILABLE SCIENCE AND USING

CONSERVATIVE ESTIMATES IT IS REASONABLE AND APPROPRIATE AT THIS POINT TO USE COMBINED

INTERIM SINGLE STRIKE CRITERION FOR PILE DRIVING RECEIVED LEVEL EXPOSURE AN SEL OF 187 DB

RE RPA2 SEC AND PEAK SOUND PRESSURE OF 208 DB RE PAPEAK AS MEASURED 10

FROM THE SOURCE

EFFECTS OF SOUND ON FISH

HASTINGS AND POPPER 2005 DESCRIBES WHAT IS KNOWN ABOUT THE EFFECTS OF PILE DRIVING

SOUND ON FISHES AND IDENTIFIES STUDIES NEEDED TO ADDRESS AREAS OF UNCERTAINTY RELATIVE TO

CONTOUR INTERVAL DB AREA INSIDE KM2 AVERAGE RANGE FROM

SOUND SOURCE KM

90

CONTOUR INTERVAL DB AREA INSIDE KM AVERAGE RANGE FROM

SOUND SOURCE KM
9117 671
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MEASUREMENT OF PILE DRIVING SOUND AND THE RESPONSE OF FISHES TO SUCH SOUNDS HASTINGS

AND POPPER 2005 ALSO DISCUSSED THE EFFECTS OF OTHER TYPES OF SOUNDS ON FISH WITH THE

UNDERSTANDING THAT ONE MUST BE EXCEEDINGLY CAUTIOUS IN EXTRAPOLATING BETWEEN SOUNDS

PRODUCED BY PILE DRIVING AND SOUNDS PRODUCED BY OTHER HUMANGENERATED SOURCES SUCH AS

SONAR AND SEISMIC AIR GUNS

THE MONITORING DATA EVALUATED IN THE SUMMARY PAPER SHOWS THAT SOUND PRESSURE LEVELS DO

NOT NECESSARILY DECREASE MONOTONICALLY WITH INCREASING DISTANCE FROM THE SOUND SOURCE

WHICH IS KEY FACTOR IN EVALUATING THE IMPACTS TO FISHES THE DATA ON THE EFFECTS OF PILE

DRIVING ON FISHES IS LIMITED AND NOT AT ALL CONCLUSIVE THERE IS LIMITED OBSERVATIONAL

ANECDOTE THAT PILE DRIVING CAN POTENTIALLY KILL FISHES OF SEVERAL DIFFERENT SPECIES IF THEY ARE

VERY CLOSE ENOUGH TO THE SOUND SOURCE ALTHOUGH THESE STUDIES WERE NEVER QUANTITATIVE AND

ONLY RELIED ON OBSERVATIONS OF DEAD FISH THAT CAME TO THE SURFACE AND NOT FISH THAT DIED BUT

WERE CARRIED AWAY BY CURRENTS OR FELL TO THE BOTTOM THERE IS AN EQUALLY SMALL BODY OF

EVIDENCE THAT FISHES FURTHER FROM THE SOUND SOURCE ARE NOT LIKELY TO BE KILLED ALTHOUGH AS

POINTED OUT BY HASTINGS AND POPPER MOST OF THE WORK ON EFFECTS OF PILE DRIVING ON FISH

HAVE MAJOR SCIENTIFIC FLAWS INCLUDING LACK OF SCIENTIFIC CONTROLS POOR EXPERIMENTAL

DESIGN AND VERY SUSPECT DATA ANALYSIS SEE HASTINGS AND POPPER 2005 FOR CRITICAL REVIEW

OF THESE STUDIES

HASTINGS AND POPPER 2005 EVALUATED SEVERAL STUDIES PERFORMED THAT IN PART DESCRIBE

SOME ASPECT OF THE POTENTIAL PHYSICAL AND BEHAVIORAL IMPACTS OF PILE DRIVING OPERATIONS ON

FISHES POTENTIAL PHYSICAL IMPACTS THAT HAVE BEEN NOTED BUT NOT PROVEN FROM PILE DRIVING

OPERATIONS INCLUDE DEATH HEMORRHAGE FROM THE EYES METABOLIC CHANGES CELLULAR DAMAGE

AND RUPTURE OF SWIM BLADDERS IN MOST ALL CASES THESE STUDIES WERE NOT SUBJECT TO PEER

REVIEW AND AS POINTED OUT BY HASTINGS AND POPPER THEY ARE GENERALLY FAULTY WITH RESPECT

TO CONTROLS EXPERIMENTAL DESIGN STATISTICS AND DATA ANALYSIS

HASTINGS AND POPPER 2005 ALSO EVALUATED NUMBER OF OTHER STUDIES THAT EXAMINED

EFFECTS OF OTHER TYPES OF SOUNDS ON FISH MANY OF THESE STUDIES ARE IN THE PEER REVIEW

LITERATURE AND WHILE FEW IN NUMBER PROVIDE SOME INSIGHT INTO EFFECTS OF SOUNDS ON FISH

ONLY IN STUDIES WHERE FISH WERE EXPOSED TO EXTENDED PERIODS OF VERY INTENSE SOUND WAS

THERE EVIDENCE OF DAMAGE TO THE SENSORY RECEPTOR CELLS OF THE INNER EAR WHILE ONLY IN

STUDIES USING EXPLOSIVES WERE THERE DAMAGE TO OTHER ORGAN SYSTEMS AND EVEN THESE

STUDIES ARE EQUIVOCAL PERHAPS THE MOST RELEVANT STUDY WAS ONE BY POPPER ET AL 2005
WHO DEMONSTRATED THAT THERE WAS NO DAMAGE TO FISH OF SEVERAL SPECIES AFTER EXPOSURE TO

HIGH INTENSITY SEISMIC AIR GUNS TWO SPECIES DID SHOW TEMPORARY AFFECT ON HEARING

SENSITIVITY BUT OTHERWISE THERE WERE NO PHYSICAL EFFECTS AND ALL FISH SURVIVED WHILE THE

AIR GUNS ARE SOMEWHAT DIFFERENT IN SIGNAL RISE TIMES THAN PILE DRIVING SIGNALS THESE ARE THE

CLOSEST CONTROLLED DATA TO ANY PILE DRIVING OPERATION

THE OVERALL RESULTS FROM THE HASTINGS AND POPPER 2005 REVIEW OF NON PILE DRIVING

SOUNDS ON FISH SUGGEST THAT FISH SPECIES STUDIED SURVIVE EXPOSURE TO INTENSE SOUNDS WITH

LITTLE PHYSICAL DAMAGE AT THE SAME TIME THE AUTHORS POINT OUT THAT IT IS HARD TO

EXTRAPOLATE BETWEEN SPECIES AND THAT THERE ARE SO FEW DATA THAT BROAD GENERALIZATIONS

ABOUT EFFECTS OF SOUND ON FISH ARE NOT POSSIBLE
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IT IS IMPORTANT TO NOTE THAT SEVERAL OF THE STUDIES REPORTING THESE PHYSICAL AND BEHAVIORAL

IMPACTS HAVE BEEN HIGHLY CRITICIZED FOR FLAWS IN STUDY DESIGN TREATMENT OF CONTROL GROUPS

AND INAPPROPRIATE FISH PATHOLOGY AND HISTOLOGY TECHNIQUES WHICH FURTHER COMPROMISE THE

REPORTED RESULTS AND THEIR USE AS AN INDICATOR OF IMPACTS FROM ACTUAL PILE DRIVING

OPERATIONS IN ADDITION NO STUDIES HAVE EXAMINED THE PRESENCE OR ABSENCE OF LONGERTERM

EFFECTS OF EXPOSURE TO PILE DRIVING SOUNDS AND STUDIES HAVE NOT EXAMINED THE NON

MORTALITY RESPONSE OF FISHES OUTSIDE OF THE IMMEDIATE IMPACT ZONE OF THE PILE DRIVING

OPERATION OR TO REPEATED NOISE EXPOSURES OVER AN EXTENDED TIME PERIOD MOREOVER THERE

ARE NO DATA TO INDICATE THE EFFECTS OF INTERMITTENT STIMULI SUCH AS PILE DRIVING CRITICAL

QUESTION CONCERNS THE NATURE OF ANY CUMULATIVE EFFECT OF PILE DRIVING WHEN FISH ARE

EXPOSED TO MULTIPLE STRIKES AND IF THERE IS RECOVERY FROM ANY EFFECT IF THERE IS LONGER

INTERVAL BETWEEN STRIKES

EFFECTS OF SOUND ON MARINE MAMMALS

MOST RESEARCH CONDUCTED ON THE EFFECTS OF SOUND ON MARINE MAMMALS HAS FOCUSED ON

PULSED SOUND SOURCES ASSOCIATED WITH AIRGUNS AND OFFSHORE OIL AND GAS EXPLORATION LITTLE

INFORMATION IS AVAILABLE ON THE IMPACT OF PILE DRIVING OPERATIONS AS PULSED SOUND SOURCES

BUT THE EFFECTS THAT ARE LIKELY TO EXIST INCLUDE MASKING EFFECTS DISTURBANCE EFFECTS HEARING

IMPAIRMENT AND NONAUDITORY PHYSIOLOGICAL EFFECTS

MASKING EFFECTS HAVE NOT BEEN SHOWN TO BE SIGNIFICANT FOR MARINE MAMMALS SINCE THE

PULSED NOISE PRODUCED DURING PILE DRIVING IS DISCONTINUOUS AND SOME WHALE SPECIES SUCH

AS SPERM WHALES HAVE BEEN SHOWN TO CONTINUE CALLING IN THE PRESENCE OF SEISMIC PULSES

AND THEIR CALLS CAN BE HEARD BETWEEN PULSES IT SHOULD ALSO BE NOTED THAT DUE TO THE

ENCLOSED NATURE OF LONG ISLAND SOUND THE OCCURRENCE OF MARINE MAMMALS IS LARGELY

RESTRICTED TO THE PINNEPED AND CETACEAN SPECIES DESCRIBED IN THE DEIS WHILE WHALE

SPECIES ARE KNOWN TO OCCUR IN THE OCEAN WATERS OFF OF LONG ISLAND THEY ARE RARELY SEEN IN

THE SOUND

DISTURBANCE EFFECTS HAVE BEEN OBSERVED THROUGH BEHAVIORAL REACTIONS IN WHALES AND VARY

DEPENDING ON THE SOUND SOURCE LEVEL TYPE OF WHALE AND THE ACTIVITY THE WHALE IS ENGAGED

IN WHEN THE SOUNDS WERE HEARD MOST BALEEN WHALES HAVE SHOWN SOME FORM OF

DISPLACEMENT FROM STRONG PULSED SOUNDS HOWEVER THIS DISPLACEMENT WAS TEMPORARY AND

ONLY LASTED SHORT TIME AMONG TOOTHED WHALES RESPONSES HAVE BEEN SHOWN TO BE HIGHLY

VARIABLE AND UNDER SOME CIRCUMSTANCES SPECIES WILL AVOID PULSED NOISES WHEN RECEIVED

SOUND LEVELS EXCEED 180 DB WURSIG ET AL 2000 AKAMATSU ET AL 1993 IT IS NOT KNOWN

WHETHER PULSED SOUNDS HAVE LONGTERM BEHAVIORAL IMPACTS RELATED TO REPRODUCTION

DISTRIBUTION OR HABITAT USE BUT STUDIES OF GRAY WHALES ALONG THE WEST COAST OF NORTH

AMERICA INDICATE THAT THERE MAY NOT BE LONG TERM IMPACTS SINCE WHALES CONTINUE TO

MIGRATE ANNUALLY IN THIS AREA DESPITE INCREASED SHIP TRAFFIC AND DEVELOPED OIL FIELDS WHICH

ARE LARGE SOURCE FOR PROLONGED NOISE EXPOSURE

HEARING IMPAIRMENT OR LOSS HAS BEEN VERY DIFFICULT OUTCOME TO STUDY OR QUANTIFY IN

MARINE MAMMALS BUT TEMPORARY HEARING LOSS HAS BEEN REPORTED FOR TOOTHED WHALES

EXPOSED TO PULSED SOUNDS RIDGWAY ET AL 1997 AND BOTTLENOSE DOLPHINS AND BELUGA

WHALES EXPOSED TO PULSED SOUNDS HAVE SHOWN SIGNS OF HEARING LOSS SCHLUNDT ET AL 2000
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HEARING LOSS OR IMPAIRMENT WAS GENERALLY OBSERVED AT LEVELS OF 19220 DB AND 75 KHZ
THESE VALUES WERE NOT ASSOCIATED WITH PERMANENT HEARING LOSS SINCE HEARING THRESHOLDS

AND ABILITY RETURNED TO NORMAL AFTER THE STUDIES WERE COMPLETED

THE MOST DIFFICULT OUTCOME TO QUANTIFY IS NONAUDITORY PHYSIOLOGICAL EFFECTS VERY LITTLE

KNOWN ABOUT THE POTENTIAL FOR PULSED SOUNDS SUCH AS THOSE ASSOCIATED WITH PILE DRIVING

CAUSING PHYSIOLOGICAL EFFECTS IN MARINE MAMMALS THE LIMITED DATA AVAILABLE SHOWS THAT

IF THEY OCCUR IT IS LIMITED TO SHORT DISTANCES FROM THE SOUND SOURCE THE MINIMAL STUDIES

THAT HAVE BEEN PERFORMED SHOW RESPONSES IN BELUGA WHALES WITH INCREASED LEVELS OF

NOREPINEPHRINE EPINEPHRINE AND DOPAMINE AND BOTTLENOSE DOLPHINS SHOWED INCREASED

LEVELS OF ALDOSTERONE AND DECREASE ON MONOCYTE COUNTS WHEN EXPOSED TO PULSED SOUNDS

HOWEVER THESE DATA ARE NOT CONSIDERED MEANINGFUL OR CONCLUSIVE SINCE THEY DO NOT

PROVIDE BASELINE TO DRAW QUANTITATIVE PREDICTIONS FOR IMPACTS TO ALL SPECIES OF WHALES OR

DOLPHINS

MITIGATIVE MEASURES

SMALL AMOUNT OF INFORMATION IS AVAILABLE ON MEASURES THAT HAVE BEEN INVESTIGATED TO

MITIGATE FOR PULSED NOISE ASSOCIATED WITH PILE DRIVING OPERATIONS LIMITED DATA SUGGESTS

THAT MITIGATING DEVICES SUCH AS AIR CURTAINS CAN SIGNIFICANTLY REDUCE THE AMPLITUDE OF PILE

DRIVING SIGNALS IN ADDITION PILE DRIVING OPERATIONS CAN BE INITIATED SLOWLY AND INCLUDE

RAMPUP PERIOD OF SLOWLY INCREASING THE POWER WHICH MAY ALLOW MARINE MAMMALS THAT

ARE DISTURBED TO MOVE FURTHER AWAY BEFORE FULL NOISE LEVELS ARE EXPERIENCED HOWEVER

BROADWATER NOTES THAT THERE ARE FEW IF ANY DATA TO SHOW THIS AS EFFECTIVE SAFETY ZONES

CAN ALSO BE SETUP AROUND THE PILE DRIVING OPERATION WHICH CAN BE VISUALLY MONITORED FOR

SENSITIVE MARINE MAMMAL SPECIES IF THESE SPECIES ARE SPOTTED OPERATIONS CAN BE HALTED

UNTIL THEY LEAVE THE AREA BROADWATER HAS TAKEN THESE MEASURES INTO ACCOUNT AS WELL AS THE

TIMING OF THE INSTALLATION WHICH WILL OCCUR IN OCTOBER WHEN SENSITIVE SPECIES ARE LESS

LIKELY TO BE PRESENT IN LONG ISLAND SOUND OPERATIONS WILL ALSO ONLY OCCUR IN DAYLIGHT

HOURS WHEN SPECIES SUCH AS SENSITIVE MARINE MAMMALS CAN BE VISUALLY DETECTED AND

OPERATIONS ALTERED TO MINIMIZE IMPACTS

CONCLUSIONS

THE MODELING INFORMATION AND DATA FOR FISH AND MARINE MAMMALS PRESENTED ABOVE FURTHER

SUPPORTS THE CONCLUSIONS IN RESOURCE REPORT WHICH STATED THAT IN AREAS WHERE

SUBSURFACE NOISE LEVELS REACH PEAK OF 180 DB INJURY OR MORTALITY OF MARINE RESOURCES

MAY OCCUR BUT THESE LEVELS ARE NOT EXPECTED BEYOND THE IMMEDIATE VICINITY OF THE PILE

DRIVING OPERATION AND ARE TEMPORARY SINCE THESE IMPACTS OCCUR DURING PILE INSTALLATION AS

PRESENTED IN TABLE 311 IN RESOURCE REPORT THE MAXIMUM DISTANCE THAT 180 DB LEVEL

MAY BE EXPERIENCED BY MARINE RESOURCES IS 2953 FEET 900 FROM THE ACTUAL HAMMER

OPERATION AS FURTHER DISCUSSED IN THE POPPER WHITE PAPER 2006 THIS SOUND LEVEL MAY IN

FACT BE QUITE CONSERVATIVE IN ADDITION MODELING DATA FOR THIS OPERATION AT SIMILAR LNG

FACILITY SHOWS THAT LEVELS AT 170 DB WILL ONLY BE EXPERIENCED AT 02 AND 05 KM 200500
FROM THE ACTUAL HAMMER THEREFORE AVAILABLE LITERATURE AND MODELING EVIDENCE

SUPPORTS THE CONCLUSION THAT PILEDRIVING OPERATIONS ASSOCIATED WITH THE BROADWATER

FACILITY WOULD NOT HAVE SIGNIFICANT NEGATIVE ANDOR LONGTERM IMPACT ON THE MARINE

RESOURCES OF LONG ISLAND SOUND BROADWATER RECOGNIZES THE CONCERNS RAISED BY NOAA
FISHERIES AND OTHERS REGARDING POTENTIAL IMPACTS RESULTING FROM PILEDRIVING ACTIVITIES AS
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STATED ABOVE HOWEVER THERE IS RELATIVELY LITTLE SCIENTIFIC LITERATURE AVAILABLE THAT PROVIDES

DEFINITIVE SCIENCE AS TO THE EXACT SOUND LEVELS WHICH CAN CAUSE SIGNIFICANT DAMAGE TO FISH

AND MARINE MAMMALS IN CLOSE PROXIMITY TO PILEDRIVING ACTIVITIES BROADWATER IS

COMMITTED TO CONTINUING DIALOGUE WITH THE SCIENTIFIC COMMUNITY AND NOAA FISHERIES TO

DEVELOP ADEQUATE MITIGATION MEASURES AS APPROPRIATE TO MINIMIZE DEMONSTRABLE IMPACTS

RESULTING FROM PILEDRIVING ACTIVITIES ASSOCIATED WITH THE PROJECT
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SUMMARY

EFFECTS OF PILEDRIVING SOUND ON FISH

THE PURPOSE OF THIS REPORT IS TO DESCRIBE WHAT IS KNOWN ABOUT THE EFFECTS OF SOUND

INCLUDING THOSE FROM PILE DRIVING ACTIVITIES ON FISHES AND TO IDENTIFY STUDIES NEEDED TO ADDRESS

AREAS OF UNCERTAINTY RELATIVE TO MEASUREMENT OF SOUND AND THE RESPONSE OF FISHES EXPOSURE TO

SOUND IS DEFINED TO INCLUDE BOTH THE RECEIVED LEVEL AND DURATION OF THE SIGNAL

THE EMPHASIS OF THIS REPORT IS ON THE KNOWN EFFECTS OF SOUND RECEIVED BY FISHES THE

EFFECTS ARE KNOWN IF BOTH THE RECEIVED SOUND AND ITS ELICITED EFFECT ARE WELL DEFINED DETAILED

SOURCE CHARACTERISTICS OF VARIOUS TYPES OF PILES AND DETAILED ANALYSES OF THE EFFECTIVENESS OF

VARIOUS SOUND ATTENUATION TECHNOLOGIES EG BUBBLE CURTAINS ARE BEYOND THE SCOPE OF THIS REPORT

THE RESULTS IN THE PEERREVIEWED AND GRAY LITERATURE ON THE EFFECTS OF SOUND ON FISHES ARE

VARIABLE AND AS YET GIVE NO CLEARCUT RULES AS TO WHAT SOUNDS WILL AFFECT FISH AND HOW THEY WILL

BE AFFECTED LIMITED NUMBER OF QUANTITATIVE AND QUALITATIVE STUDIES AND OBSERVATIONS SHOW

MORTALITY RELATED TO PILE DRIVING AND ALSO PROVIDE SOME DATA PERTAINING TO THE EFFECTS OF SOUND ON

FISHES RESULTS BASED ON SOUND SIGNALS OTHER THAN PILE DRIVING INDICATE THAT SOME EXPOSURES TO

SOUND WILL CAUSE CHANGE IN THE HEARING CAPABILITIES OF SOME TEST FISH SPECIES OR ACTUALLY DAMAGE

THE SENSORY STRUCTURES OF THE INNER EAR THERE IS ALSO VERY LIMITED BODY OF EVIDENCE THAT LEADS TO

THE SUGGESTION THAT EXPOSURE TO SOUND HAS THE POTENTIAL FOR AFFECTING OTHER ASPECTS OF THE

PHYSIOLOGY OF FISH AND THAT THESE EFFECTS MAY RANGE FROM THE MACRO DESTRUCTION OF THE SWIM

BLADDER TO THE CELLULAR AND MOLECULAR

DATA FROM EXPLOSIVE BLAST STUDIES WHILE NOT DIRECTLY COMPARABLE TO PILE DRIVING INDICATE

THAT VERY FAST HIGHLEVEL ACOUSTIC EXPOSURES CAN CAUSE PHYSICAL DAMAGE ANDOR MORTALLY WOUND

FISHES THERE IS ALSO REASON TO BELIEVE THAT LESSER EFFECTS MIGHT ALSO OCCUR BUT THESE HAVE NOT BEEN

WELL DOCUMENTED JUST AS IN INVESTIGATIONS TESTING THE EFFECTS OF SOUND HOWEVER THE NUMBER OF

SPECIES STUDIED IN TESTS OF THE EFFECTS OF EXPLOSIVES IS VERY LIMITED AND THERE HAVE BEEN NO

INVESTIGATIONS TO DETERMINE WHETHER BLASTS THAT DO NOT KILL FISH HAVE HAD ANY IMPACT ON SHORT OR

LONGTERM HEARING LOSS OR ON OTHER ASPECTS OF PHYSIOLOGY EG CELL MEMBRANE PERMEABILITY

METABOLIC RATE STRESS ANDOR BEHAVIOR EG FEEDING OR REPRODUCTIVE BEHAVIOR MOVEMENT FROM

PREFERRED HOME SITES

WHILE THESE EARLIER STUDIES PROVIDE PRELIMINARY INDICATION OF THE POTENTIAL IMPACT OF PILE

DRIVING ON FISHES THERE ARE NO PEERREVIEWED STUDIES THAT EXAMINE THE EFFECTS OF PILE DRIVING ON

FISH HEARING AND THERE ARE ONLY FEW NONPEERREVIEWED REPORTS ABOUT EFFECTS ON NONSENSORY
STRUCTURES2 WHILE WE ARE ABLE TO USE AVAILABLE DATA AS VERY PRELIMINARY INDICATION OF THE KINDS

OF EFFECTS THAT MIGHT BE ENCOUNTERED AS RESULT OF PILE DRIVING ONLY ADDITIONAL WELLCONTROLLED

STUDIES OF BEHAVIORAL AND PHYSIOLOGICAL RESPONSES TO PILE DRIVING OR TO SIGNALS SPECIFICALLY

IN THE COURSE OF CONDUCTING THIS REVIEW THE AUTHORS REVIEWED NUMEROUS REPORTS AND PUBLICATIONS PROVIDED BY THE

FISHERIES HYDROACOUSTICS WORKING GROUP AND OTHER COLLEAGUES WE ARE GRATEFUL FOR HAVING MANY IMPORTANT REPORTS

AND PAPERS BROUGHT TO OUR ATTENTION AND MANY OF THESE HAVE BEEN INCORPORATED INTO THIS REPORT AT THE SAME TIME WE

HAVE ELECTED TO NOT INCLUDE NUMBER OF REPORTS AND PAPERS PROVIDED TO US BECAUSE WE DID NOT SEE THEM AS BEING

RELEVANT TO THE SUBJECT ANDOR SCOPE OF THIS REPORT
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DESIGNED TO HAVE THE SAME ACOUSTIC CHARACTERISTICS AS PILE DRIVING SOUNDS WILL PROVIDE CLEAR

SCIENTIFIC SUPPORT OF ANY CRITERIA THAT ARE TO BE ESTABLISHED

AREAS OF UNCERTAINTY AND STUDIES NEEDED

TO DATE THERE ARE FEW DATA FOR FISH ON THE EFFECTS OF EXPOSURE TO SOUND FROM PILE DRIVING

AND THESE ONLY APPEAR IN THE GRAY LITERATURE EG ANDERSON 1990 FEIST 1992 BONAR 1995 SHIN

1995 CALTRANS 2001 2004 ABBOTT AND BINGSAWYER 2002 NEDWELL ET AL 2003 ABBOTT 2004

ALTHOUGH THESE STUDIES PROVIDE SOME INFORMATION ABOUT EXPOSURES TO PILEDRIVING SOUNDS THERE IS

LITTLE THAT CAN BE DEFINITIVELY CONCLUDED FROM THEM BY WAY OF EXAMPLE THERE ARE DATA AND

GENERAL OBSERVATIONS OF MORTALITY AND SOME INJURY TO FISHES THAT ARE CLOSE TO THE SOURCE WHERE THE

LEVEL OF SOUND IS VERY HIGH ADDITIONALLY THERE ARE OBSERVATIONS BASED ON THE NUMBERS OF FISH THAT

COME TO THE SURFACE DEAD AFTER PILE DRIVING THAT SUGGEST THAT THERE IS LESS OR NO MORTALITY AT

GREATER DISTANCES FROM THE SOURCE WHERE THE RECEIVED LEVEL OF SOUND WOULD BE LOWER THAN CLOSE

TO THE PILE FINALLY EXPERIMENTAL CAGE STUDIES ALSO SUGGEST THAT FISHES FURTHER FROM THE PILE HAVE

LITTLE OR NO MORTALITY ANDOR DAMAGE EG CALTRANS 2001 2004 ABBOTT AND BINGSAWYER 2002

NEDWELL ET AL 2003 ABBOTT 2004 MARTY 2004

IT DOES APPEAR HOWEVER THAT THE DEGREE OF DAMAGE IS NOT RELATED DIRECTLY TO THE DISTANCE

OF THE FISH FROM THE PILE BUT TO THE RECEIVED LEVEL AND DURATION OF THE SOUND EXPOSURE BECAUSE

MONITORING DATA SHOW THAT SOUND PRESSURE LEVELS DO NOT NECESSARILY DECREASE MONOTONICALLY WITH

INCREASING DISTANCE FROM THE PILE IT IS IMPERATIVE THAT RECEIVED SOUND LEVELS BE MEASURED IN

FUTURE STUDIES IN ORDER TO DEVELOP EXPOSURE METRICS THAT CORRELATE WITH MORTALITY AND DIFFERENT

TYPES OF DAMAGE OBSERVED IN FISH EXPOSED TO PILE DRIVING THE ONLY STUDY WE ARE AWARE OF TO DATE

CALTRANS 2004 THAT WAS INTENDED TO MEASURE THE DIFFERENTIAL IN SURVIVAL BETWEEN FISH EXPOSED TO

PILE DRIVING WITH BUBBLE CURTAIN ATTENUATION DEVICE TURNED ON AND THOSE EXPOSED WITH THE

BUBBLES TURNED OFF WAS NOT ABLE TO SHOW STATISTICAL DIFFERENCE IN SURVIVAL BETWEEN THE TWO

CONDITIONS BECAUSE THE SAMPLE SIZES WERE TOO SMALL THOUGH IN STUDY USING AN EXPLOSIVE SOUND

SOUCE KEEVIN ET AL 1997 SHOWED THAT USE OF BUBBLE CURTAIN SIGNIFICANTLY REDUCED MORTALITY OF

CAGED BLUEGILL LEPOMIS MACROCHIRUS DURING DEMOLITION OF DAM AND LOCKS ON THE MISSISSIPPI

RIVER

IT IS ALSO VERY DIFFICULT TO EXTRAPOLATE TO PILE DRIVING FROM STUDIES USING OTHER TYPES OF

SIGNALS EG PURE TONES AIR GUNS BECAUSE SUCH SIGNALS ARE NOT ANALYZED OR DESCRIBED IN FORMAT

THAT CAN BE INTERPRETED IN TERMS OF PILEDRIVING SIGNAL EG ACOUSTIC ENERGY FLUX OR ACOUSTIC

INTENSITY OVER TIME MOREOVER SIGNALS USED IN OTHER STUDIES OFTEN DIFFER MARKEDLY FROM THOSE

EMITTED BY PILE DRIVING IN TERMS OF DURATION RISE AND FALL TIMES AND FREQUENCY CONTENT EG
YELVERTON ET AL 1975 HASTINGS ET AL 1996 MCCAULEY ET AL 2003 THUS SPECIFIC SIGNAL

COMPONENTS THAT AFFECT FISH MAY BE VERY DIFFERENT IN FOR EXAMPLE STUDY THAT USES CONTINUOUS

WHITE NOISE VS STUDY THAT USES IMPACT SOUND EXPOSURES SUCH AS GENERATED DURING PILE DRIVING

THE AUTHORS OF THIS REPORT CONCLUDE THAT IT IS IMPERATIVE TO INITIATE STUDIES THAT START WITH

VERY BASIC QUESTIONS ABOUT THE EFFECTS ON FISHES FROM EXPOSURE TO PILE DRIVING SOUND TABLE

PAGE GIVES AN OVERVIEW OF THE TYPES OF STUDIES THAT NEED TO BE ACCOMPLISHED TO BETTER

UNDERSTAND THE ISSUES OF PILE DRIVING AND THE BIOLOGICAL EFFECTS CAUSED BY SUCH SIGNALS NOTE THAT
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THIS TABLE IS PRESENTED IN MUCH GREATER DETAIL IN SECTION OFTHIS REPORT TABLE PAGE 49 AND

SUMMARIZED IN FIGURE PAGE 73

IT IS IMPORTANT TO NOTE AS DISCUSSED IN DETAIL IN SECTION PAGE 42 THAT THE BODY OF

SCIENTIFIC AND COMMERCIAL DATA CURRENTLY AVAILABLE IS INADEQUATE FOR THE PURPOSE OF DEVELOPING

MORE THAN THE MOST PRELIMINARY SCIENTIFICALLY SUPPORTABLE CRITERIA THAT WILL PROTECT FISH FROM

EXPOSURE TO PILE DRIVING SOUND AS CONSEQUENCE SUCH CRITERIA ARE NOT PROPOSED IN THIS REPORT

INSTEAD THE INFORMATION FROM EARLIER BLAST AND PURE TONE STUDIES HAS BEEN USED TO DEVELOP

RECOMMENDATIONS FOR INTERIM GUIDANCE TO ADDRESS PHYSICAL INJURY AND MORTALITY AND DAMAGE TO

AUDITORY SENSORY CELLS WHILE RECOGNIZING THE NEED FOR WELLCONTROLLED STUDIES TO PROVIDE CLEAR

DIRECTION FOR DEVELOPMENT OF SCIENTIFICALLY SUPPORTED CRITERIA IT IS CRITICAL TO NOTE HOWEVER THAT

THE INTERIM GUIDANCE DEVELOPEDMUST BE USEDWITH THE UTMOST CAUTION AND THAT SUCH GUIDANCE

SHOULD NOT BE USED FOR ANY OTHER SIGNAL THAN PILE DRIVING THE INTERIM GUIDANCE RECOMMENDED

FOR PILE DRIVING IS ONLY APPLICABLE TO THAT SOURCE AND NOT FOR OTHER SOURCES SUCH AS AIR GUNS OR

SONARS BECAUSE IT IS BASED ON RESULTS OF EFFECTS STUDIES THAT HAD RECEIVED SIGNALS WITH TEMPORAL AND

SPECTRAL CHARACTERISTICS SIMILAR TO THOSE OF PILE DRIVING SIGNALS

TABLE OUTLINE OF STUDIES TO INVESTIGATE PILE DRIVING AND ITS EFFECTS ON FISHES

CHARACTERISTICS OF PILE DRIVING

DEFINE ACOUSTIC DOSE FOR EXPOSURE TO PILE DRIVING SOUND DEVELOP WAYS TO EXPRESS EXPOSURE TO PILE

DRIVING SOUNDS IN TERMS OF TOTAL ENERGY RECEIVED OVER TIME AND DEGREE OF TEMPORAL VARIATION AND TO

DEFINE THE ACOUSTIC PARTICLE VELOCITY WITHIN THE SOUND FIELD

STMCTURAL ACOUSTIC ANALYSIS OF PILES DEVELOP STMCTURAL ACOUSTICS MODELS OF PILES TO INVESTIGATE HOW

THEIR PHYSICAL CHARACTERISTICS AFFECT THE RADIATED SOUND AND HOW MODIFICATIONS TO PILES COULD ALTER THE

SOUNDS RECEIVED BY FISH ACOUSTIC ANALYSIS COULD ALSO INDICATE HOW BEST TO DESCRIBE THE WAVEFORM

AND HOW IT IS AFFECTED BY PILE MATERIAL GEOMETRY AND SIZE HAMMER TYPE AND ENVIRONMENTAL FACTORS

SUCH AS WATER TEMPERATURE DEPTH AND SUBSTRATE THESE STUDIES COULD LEAD TO BETTER ABILITY TO

DEVELOP ATTENUATION OF SOUNDS PRODUCED DURING PILE DRIVING BY MODIFIYING STMCTURAL MATERIAL

ATTENUATION TECHNOLOGIES ETC ESPECIALLY IF THEY ARE LINKED TO MODELING OF THE UNDERWATER SOUND

PROPAGATION AS DESCRIBED BELOW

CHARACTERISTICS OF UNDERWATER SOUND FIELD DEVELOP UNDERWATER SOUND PROPAGATION MODELS FOR

LOCATIONS OF INTEREST AND INTEGRATE WITH PILE STMCTURAL ACOUSTICS MODELS TO ESTIMATE RECEIVED LEVELS OF

SOUND PRESSURE AND PARTICLE VELOCITY IN THE VICINITY OF PILE DRIVING OPERATIONS AND DEFINE ZONES OF

IMPACT ON FISHES VERIFIY WITH FIELD MEASUREMENTS OF UNDERWATER SOUND PRESSURE MEASUREMENTS

EFFECTS ON FISHES

HEARING CAPABILITIES OF PACIFIC COAST FISHES DETERMINE HEARING CAPABILITIES USING AUDITORY

BRAINSTEM RESPONSE SEE GLOSSARY PAGE 611 OF REPRESENTATIVE SPECIES3

ALL STUDIES INVOLVE WHAT ARE CALLED IN THIS REPORT REPRESENTATIVE SPECIES THESE ARE DEFINED AS SPECIES THAT SERVE AS

MODELS FOR FISHES IN THE REGION OF QUESTION IN THIS CASE THE PACIFIC COAST SPECIES FOR STUDY NEED TO BE SELECTED TO

REPRESENT DIFFERENCES IN HABITAT PRESUMED HEARING CAPABILITIES EG HEARING SPECIALISTS VS NONSPECIALISTS

EAR STRUCTURE AND CONNECTIONS OF THE EAR TO PERIPHERAL STRUCTURES SUCH AS AN AIR BUBBLE SWIM BLADDER

PRESENCEABSENCE BIOMECHANICAL PROPERTIES AND CONNECTION TO THE GUT BONY FISH VS NONBONY FISH INCLUDING

ELASMOBRANCHS FISH SIZEMASS AND OTHER COMPARABLE FACTORS MINIMUM SET OF FISHES SHOULD BE DEFINED SO

AS TO HAVE THE FEWEST POSSIBLE STUDIES AND YET REPRESENT AS MANY OF THE PARAMETERS FOR THE FISHES OF THE AREA OF

QUESTION AS POSSIBLE
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SUMMARY

THIS PAPER PRESENTS SCIENCEBASED INTERIM NOISE EXPOSURE CRITERIA FOR THE ONSET OF DIRECT

PHYSICAL INJURY IN FISH EXPOSED TO THE IMPACT SOUND ASSOCIATED WITH PILE DRIVING THIS PAPER

PROVIDES AN OBJECTIVE SCIENTIFIC ASSESSMENT OF PILE DRIVING EXPOSURES WHICH ARE INJURIOUS TO FISH

IT DOES NOT EXPLICITLY CONSIDER POLICIES OF REGULATORY AGENCIES WHICH ARE BASED ON MANDATED LEGAL

REQUIREMENTS AND CONSEQUENTLY RESULT IN THE APPLICATION OF SOMETIMES LIMITED INFORMATION FOR

MANAGEMENT DECISIONS THE AUTHORS RECOGNIZE THAT FISH MAY RESPOND TO PILE DRIVING WITHOUT

EXPERIENCING INJURY BUT THE PAPER DOES NOT DIRECTLY ADDRESS BEHAVIORAL RESPONSES OF FISHES OR

OTHER SUBINJURIOUS AUDITORY EFFECTS IN SETTING INTERIM CRITERIA LARGELY DUE TO THE ABSENCE OF

UNDERLYING INFORMATION

THE INTERIM CRITERIA PRESENTED HERE ARE BASED ON THE BEST SCIENCE AVAILABLE AT THE TIME OF

WRITING WE HAVE USED PROFESSIONAL JUDGMENT AND FOR THE MOST PART THE EXISTING PEERREVIEWED

LITERATURE TO MAKE CONSERVATIVE DECISIONS WHERE DATA ARE LACKING OR PRESENT RANGE OF OPTIONS

THAT IS IN THE FACE OF UNCERTAINTY CRITERIA ARE SET AT EXPOSURES SOMEWHAT LOWER THAN THE PRESENT

PEERREVIEWED LITERATURE SUGGEST MAY BE THE LEVELS THAT WOULD RESULT IN THE ONSET OF INJURY

DUAL CRITERIA APPROACH IS DEVELOPED WHICH INCLUDES AN INTERIM SINGLESTRIKE CRITERION FOR SOUND

EXPOSURE LEVEL SEL COMBINED WITH AN INTERIM CRITERION FOR PEAK SOUND PRESSURE LEVEL

POSSIBLE APPLICATIONS OF SEL METRICS TO ACCOUNT FOR THE ACCUMULATION OF EXPOSURE ENERGY ACROSS

MULTIPLE EXPOSURES ARE DISCUSSED ALTHOUGH IT IS POINTED OUT THAT THE AVAILABLE DATA SUPPORTING

MULTIPLE STRIKE CRITERIA ARE HIGHLY LIMITED THE ASSUMPTIONS ON WHICH THE CRITERIA DEVELOPED HERE

ARE BASED ARE LISTED IN AN APPENDIX ALONG WITH SUGGESTIONS FOR THE RESEARCH THAT IS NEEDED TO TEST

THE ASSUMPTIONS BECAUSE OF THE HIGH LIKELIHOOD THAT THIS RESEARCH WILL CALL FOR MODIFICATIONS OF

THE INTERIM CRITERIA THE CRITERIA PRESENTED MUST BE CLEARLY UNDERSTOOD TO BE PROVISIONAL AND PART OF
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AN ITERATIVE SELFCORRECTING PROCESS THAT ALONG WITH POLICY GUIDELINES WILL CONTINUE TO EVOLVE FOR

DECADES AS NEW DATA BECOME AVAILABLE

INTRODUCTION APPROACH TO EXPOSURE CRITERIA

THE INITIAL APPROACH TO LINKING BIOLOGICAL CONSEQUENCES WITH IMPULSIVE SOUND EXPOSURE

HAS FOCUSED ON THE SOURCES OF THE SOUND BECAUSE THAT IS HOW INFORMATION IS PRESENTED IN THE PEER
REVIEWED LITERATURE THE MAJOR SOURCES OF IMPULSIVE SOUND ARE EXPLOSIONS SEISMIC DEVICES AND

PERCUSSIVE PILE DRIVING HOWEVER ANY IMPULSIVE SIGNAL CAN EXHIBIT WIDE RANGE OF

CHARACTENSTICS AS DESCNBED USING VARIOUS METNCS THAT MAY INCLUDE AMONG OTHERS PEAK PRESSURE

RISE TIME DURATION AND SPECTRAL COMPOSITION OVERLAP OF IMPULSE CHARACTERISTICS BETWEEN SOURCES

IS FACT IT IS POSSIBLE FOR SEISMIC SOUND IMPULSES TO HAVE KEY CHARACTERISTICS SUCH AS PEAK

PRESSURE THAT ARE VERY SIMILAR TO PERCUSSIVE PILE DRIVING SOUND OR TO EXPLOSIONS THIS IS TRUE

BECAUSE OF THE WIDE RANGE IN THE CHARACTERISTICS OF SOURCES AND THE RAPID MODULATION OF THE

COMPOSITION OF IMPULSIVE SOUND SIGNALS AS THEY PROPAGATE PARTICULARLY IN SHALLOW WATER

IN TERMS OF BIOLOGICAL CONSEQUENCES IT IS NOT THE SOURCE OF THE ENERGY THAT AFFECTS EXPOSED

FISH THAT IS IMPORTANT INSTEAD IT IS THE RECEIVED EXPOSURE CONDITIONS ATTRIBUTABLE TO THE PARTICULAR

CHARACTERISTICS OF SIGNAL OF INTEREST THE SPECIFIC ENVIRONMENT IN WHICH THE SOUND IS PRODUCED

AND THE PHYSICAL ORIENTATION OF SOURCE AND RECEIVER ALSO OF IMPORTANCE MAY BE FACTORS SUCH AS

THE NSE TIME OF THE SIGNAL THE NUMBER OF EXPOSURES OF AN ANIMAL TO PARTICULAR SIGNAL THE TIME

BETWEEN EACH EXPOSURE AND THE PHYSIOLOGICAL ACCUMULATION OF EFFECTS

THE MAPPING FUNCTION OF ULTIMATE INTEREST TO SCIENCE IS BETWEEN METRICS SUCH AS PEAK

PRESSURE AND RISE TIME FOR BOTH SOUND IMPULSE PRESSURE AND PARTICLE MOTION AND ALSO BIOLOGICAL

CONSEQUENCES OF EFFECTS SUCH AS BAROTRAUMA OR HEARING LOSS THE OBJECTIVE OF SCIENTIFIC

INVESTIGATION IS TO DESCRIBE THE MAPPING FUNCTIONS BETWEEN BIOLOGICAL CONSEQUENCE AND IMPULSIVE

SOUND CHARACTENSTICS IN SUCH MAPPING IMPULSIVE SOUND CHARACTENSTICS WILL BE GROUPED AS

DATA VECTORS SIMILAR TO THE FAMILIAR XY COORDINATES THAT IDENTIFY POINT IN PLANE THESE DATA

VECTORS INSTEAD OF IDENTIFYING THE LOCATION OF POINT WILL MAP TO THE BIOLOGICAL CONSEQUENCES OF

IMPULSIVE SOUND EXPOSURE WHICH WILL MOST LIKELY BE PROBABILISTIC IN NATURE FOR THAT PARTICULAR

IMPULSIVE SOUND DATA VECTOR THIS PAPER PRESENTS THE INITIAL
STEP IN THIS PROCESS BY PROPOSING

SCIENCEBASED DATADRIVEN APPROACH THAT CONSISTS OF TWO IMPULSIVE SOUND METNCS THAT MAP TO THE

BOARDERS OF BIOLOGICAL RESPONSE SPACE THAT IS POORLY UNDERSTOOD

SCOPE AND PURPOSE

FISH SPECIES ARE SOMETIMES INJURED OR KILLED BY THE IMPACT SOUNDS GENERATED BY

PERCUSSIVE PILE DRIVING THEIR HEARING MAY ALSO BE AFFECTED OR THEIR BEHAVIOR ALTERED THE

SPECIFIC EFFECTS OF PILE DNVING ON FISH DEPEND ON WIDE RANGE OF FACTORS INCLUDING THE TYPE OF

PILE TYPE OF HAMMER FISH SPECIES ENVIRONMENTAL SETTING AND MANY OTHER FACTORS THE FISH

SPECIES AFFECTED DEPEND ON THE LOCATION OF THE OPERATION AND THE HABITAT WHICH VARIES FROM RIVERS

TO REEFS ON THE CONTINENTAL SHELF ULTIMATELY NOISE EXPOSURE CRITERIA FOR FISH ARE NEEDED FOR THE

ONSET OF INJURY BEHAVIORAL DISTURBANCE AND POSSIBLY OTHER AUDITORY EFFECTS SUCH AS NOISE

INTERFERENCE WITH HEARING MASKING OR TEMPORARY LOSS OF HEARING TEMPORARY THRESHOLD SHIFT
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TTS UNFORTUNATELY AVAILABLE DATA ARE CURRENTLY TOO SPARSE TO SET CLEARCUT SCIENCEBASED

CRITERIA FOR BEHAVIORAL DISTURBANCE OF FISH OR AUDITORY MASKING FROM PILE DRIVING THEREFORE ONLY

CRITERIA FOR THE ONSET OF DIRECT PHYSICAL INJURY FROM EXPOSURE TO PILE STRIKES ARE PRESENTED IN THIS

PAPER

SOUNDS FROM PERCUSSIVE PILE DRIVING

THE SOUNDS FROM PERCUSSIVE PILE DRIVING RESULT FROM THE IMPACT OF THE HARD SURFACE OF THE

HAMMER WITH THAT OF THE PILE SEE HASTINGS AND POPPER 2005 FOR FULLER DESCRIPTION OF THE

SOUNDS FROM PILE DRIVING AND ASSOCIATED ACOUSTICS THE SOUNDS ARE SHORT SHARP AND OFTEN VERY

HIGH IN AMPLITUDE THEY ARE REPEATED USUALLY AT INTERVALS GREATER THAN ONE SECOND FOR SOME

MINUTES AND SOMETIMES FOR SOME HOURS FIGURE SHOWS TYPICAL SOUND PRESSURE IMPULSES FROM

SINGLE STRIKE AT DIFFERENT LOCATIONS WITHIN HARBOR AREA THE INDIVIDUAL IMPULSES MAY VARY IN

THEIR CHARACTERISTICS AND AMPLITUDE EVEN AT ONE LOCATION WITHIN SEQUENCE AS THE DRIVEN PILE

ENCOUNTERS DIFFERENT SUBSTRATES MOREOVER THE SHAPE AND AMPLITUDE OF THE IMPULSE VARIES AS THE

SOUND TRAVELS THROUGH DIFFERENT PATHWAYS TO DIFFERENT LOCATIONS THE IMPULSES ARE GENERALLY

SHORTER THAN ONE SECOND HAVE STEEP RISETIME ALTHOUGH THIS MAY CHANGE WITH DISTANCE FROM THE

SOURCE AND MAY REACH SUFFICIENTLY HIGH LEVEL TO RESULT IN NONLINEAR EFFECTS IN THE WATER AND IN

FISH TISSUES BECAUSE OF THEIR BREVITY AND SHARPNESS THEY HAVE WIDE FREQUENCY SPECTRUM AND

ANY MONITORING OR RECORDING EQUIPMENT MUST REFLECT THIS

TO FULLY DESCRIBE THE CHARACTERISTICS OF THE SOUNDS IT IS NECESSARY TO LOOK AT THOSE FEATURES

WHICH MAY CREATE DAMAGE TO THE TISSUES AND ORGANS OF FISH PARTICULARLY AT RISK ARE THE GASFILLED

SWIM BLADDER AND SURROUNDING TISSUES AS THEY EXPAND AND CONTRACT WITH PASSAGE OF PRESSURE

WAVE IN ADDITION THE EAR OF FISH MAY BE VULNERABLE TO EXTREME PRESSURES AND MOTIONS SOUND

CHARACTERISTICS CURRENTLY BELIEVED TO BE MOST GERMANE TO ASSESSING DAMAGE TO FISH INCLUDE

THE PEAK PRESSURE EXCURSION INCLUDING THE NEGATIVE AND POSITIVE PEAKS

THE ACCUMULATION OF ENERGY OVER TIME WITHIN SINGLE IMPULSE INCLUDING NOT ONLY

THE DIRECT SIGNAL BUT ALSO THE SIGNAL AS RECEIVED VIA MULTIPATHS EG DUE TO SURFACE

REFLECTIONS ANDOR TRANSMISSION THROUGH THE SUBSTRATE

THE SHARPNESS OF THE SOUND EG RATIO OF PEAK TO RMS PRESSURE OR CREST FACTOR

AND ITS RISE TIME

THE REPETITION OF THE SOUND AND ACCUMULATION OF ENERGY OVER MULTIPLE EXPOSURES

RECEIPT OF FURTHER SOUND IMPULSES BEFORE ORGANS AND TISSUES HAVE RECOVERED FROM

THE IMPACT OF THE FIRST

THE PARTICLE MOTION STIMULUS ASSOCIATED WITH THE SOUND
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METRICS

AS INDICATED IT IS NOT YET CLEAR WHICH ASPECTS OF SIGNAL ARE RELEVANT WHEN CONSIDERING

HOW SOUND MAY IMPACT FISH IN ORDER TO PROVIDE SOME UNDERSTANDING OF THE POSSIBLE METRICS

FOR DESCRIBING SOUND CHARACTERISTICS RELEVANT TO POTENTIAL INJURY NUMBER OF SUCH METRICS ARE

DISCUSSED BELOW

PEAK SOUND PRESSURE LEVEL

THE PEAK SPL IS THE MAXIMUM EXCURSION OF PRESSURE WITHIN THE SOUND THE MAXIMUM
EXCURSION MAY TAKE PLACE WITHIN SINGLE CYCLE OF SOUND BUT THE HIGHEST POSITIVE PEAK AND THE

LOWEST NEGATIVE PEAK MAY BE SEPARATED IN TIME WITHIN THE SOUND IMPULSE THE PEAK PRESSURE

WILL DETERMINE WHETHER THE SWIM BLADDER AND EAR ARE SUBJECTED TO EXTREME MECHANICAL STRESS

CURRENTLY THE PEAK SPL IS OFTEN THE ONLY MEASUREMENT UTILIZED TO EVALUATE THE IMPACT OF PILE

DRIVING

ACCUMULATION OF ENERGY WITH TIME

THE TIME OVER WHICH ENERGY IS APPLIED TO TISSUE OR ORGAN MAY AFFECT THE DEGREE OF

DAMAGE WHICH IS INFLICTED WITH CONTINUOUS SIGNAL MEASUREMENT OF THE ROOT MEAN SQUARE

RMS SOUND PRESSURE IS AN APPROPRIATE METRIC WITH SOUND IMPULSE HOWEVER METRIC MUST BE

CHOSEN WHICH ADEQUATELY DESCRIBES THE POTENTIAL FOR DAMAGE OF PULSES OF DIFFERENT LENGTHS AND

ENERGY DISTRIBUTION THAT IS WHICH MEASURES THE ACOUSTIC ENERGY IN THE TRANSIENT THE SOUND

EXPOSURE LEVEL SEL IS ONE SUCH METRIC THE SEL IS DEFINED AS THAT LEVEL WHICH LASTING FOR ONE

SECOND HAS THE SAME ACOUSTIC ENERGY AS THE TRANSIENT AND IS EXPRESSED AS DB RE RPA2 SEC

FORMALLY THE SEL IS MEASURED OVER STATED TIME INTERVAL TEN TIMES THE BASEB

LOGARITHM OF GIVEN TIME INTEGRAL OF SQUARED INSTANTANEOUS SOUND PRESSURE IS DIVIDED BY THE

PRODUCT OF THE SQUARED REFERENCE SOUND PRESSURE AND THE REFERENCE DURATION OF SEC THE TIME

INTERVAL OVER WHICH THE SOUND IS MEASURED MUST BE LONG ENOUGH TO INCLUDE MOST OF THE SOUND

SOURCES ACOUSTIC ENERGY

NOTE THAT IN THE CONTEXT OF THIS PAPER THE SEL IS USED TO COMPARE IMPULSES OR SHORT SINGLE

EVENT SOUNDS SEL MAY ALSO BE USED TO EXAMINE AND COMPARE CONTINUOUS SOUNDS WHICH FLUCTUATE

IN LEVEL AND THERE IS EVIDENCE FROM THE MAMMALIAN HEARING LITERATURE THAT TOTAL ENERGY MEASURES

ARE RELEVANT IN DESCRIBING CUMULATIVE FATIGUING EFFECTS UNDER CERTAIN CONDITIONS EG WARD

1997 HAMERNIK ET AL 2003 THE RELEVANCE OF THESE OBSERVATIONS TO PHYSICAL INJURY IN FISH IS

UNKNOWN HOWEVER AT THIS TIME THESE AND OTHER SIGNIFICANT LIMITATIONS IN AVAILABLE DATA

PRECLUDE DEFINITIVE ASSESSMENT OF WHETHER OR HOW SEL SHOULD BE USED TO ACCOUNT FOR THE

REPETITION OF IMPULSE EXPOSURES WHILE IT IS LIKELY THAT IN CERTAIN SITUATIONS THE SEL OF MULTIPLE

STRIKES MAY BE MEANINGFUL METRIC IN DESCRIBING EXPOSURE DOSE AND ASSESSING EFFECTS THERE ARE

NUMEROUS VARIABLES SUCH AS THE ADDITIVE EFFECTS OF MULTIPLE SIGNALS ON PHYSIOLOGY AND HEARING

THAT ARE NOT AT ALL UNDERSTOOD FOR FISH
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SOUND SHARPNESS

NUMBER OF STUDIES HAVE SHOWN THAT THE PRESENCE OF STRONG TRANSIENT WITHIN SOUND

CORRELATES WITH INCREASED DAMAGE TO THE EARS OF MAMMALS THERE ARE WELL DOCUMENTED INCREASES

IN AUDITORY DAMAGE WITH PULSED AS OPPOSED TO NONPULSED SOUNDS OR WITH SHARP SOUNDS AS

OPPOSED TO DULL SOUNDS PILE DRIVING MAY GENERATE SHARP TRANSIENTS WHERE THE PEAK SPL AND

CONVENTIONAL SEL METRICS MAY NOT ALONE BE SUFFICIENT TO DESCRIBE THE STIMULUS IN TERMS OF THE

DAMAGE IT MAY CAUSE AS DISCUSSED BELOW EXPLOSIVES HAVE AN EVEN SHARPER RISE TIME PRICE

1983 HAS SHOWN THAT RIFLE SHOT MAY HAVE MORE DAMAGING EFFECT UPON THE MAMMALIAN

AUDITORY SYSTEM THAN CANNON SHOT OF HIGHER SEL BASED ON MEASURED SPECTRAL DIFFERENCES

PRICE PREDICTED THAT RIFLE IMPULSES WOULD CAUSE PERMANENT THRESHOLD SHIFTS AT APPROXIMATELY DB

LOWER PEAK PRESSURES THAN CANNON IMPULSES THIS THRESHOLD SHIFT WAS LATER CONFIRMED BY

EXPERIMENT

AFTER STUDYING LARGE NUMBER OF CHINCHILLAS DURING EXPOSURE TO HIGH LEVEL CONTINUOUS

NONGAUSSIAN NOISE HAMERNIK ET AT 2003 CONCLUDED THAT THE STATISTICAL METRIC KURTOSIS IN

CONJUNCTION WITH AN ENERGY METRIC CAN IDENTIFY HAZARDOUS EXPOSURE CONDITIONS NOT IDENTIFIED BY

CONVENTIONAL ENERGY BASED METRICS ALONE FORMALLY THE KURTOSIS F3 OF THE SAMPLE DISTRIBUTION IS

THE RATIO OF THE FOURTHORDER CENTRAL MOMENT TO THE SQUARED SECONDORDER CENTRAL MOMENT OF THE

DISTRIBUTION KURTOSIS IS SENSITIVE TO THE VARIOUS PARAMETERS THAT DEFINE COMPLEX NOISE SUCH AS

THE LEVELS AND DURATIONS OF THE TRANSIENTS TEMPORAL STRUCTURE OF THE NOISE THE NUMERICAL

RELATIONSHIP BETWEEN PEAK AND RMS PRESSURE CREST FACTOR AS WELL AS TO THE DURATION OF THE

NOISE SAMPLE OVER WHICH
F3

IS COMPUTED THE CREST FACTOR ITSELF IS OFTEN MONITORED AS POTENTIAL

CAUSE OF DAMAGE IN MECHANICAL SYSTEMS EXPOSED TO CONTINUOUS SOUND

FOR IMPACT SOUNDS THE RISE TIME THE TIME TAKEN FOR THE IMPULSE TO REACH ITS PEAK

PRESSURE OR OTHER METRICS MAY BE MORE APPROPRIATE FOR MEASURING THE SHARPNESS OF ONSET THAN

KURTOSIS OR CREST FACTOR ACCORDINGLY REDUCTION OF THE SHARPNESS OF THE IMPACT SOUNDS FROM PILE

DRIVING MAY PLAY SIGNIFICANT ROLE IN THE REDUCTION OF DAMAGE HOWEVER ONE ISSUE WITH PILE

DRIVING IS THE VARIATION FROM STRIKE TO STRIKE OF RISE TIMES AND THE LACK OF ANY DATA ON THE EFFECT OF

RISE TIME DIFFERENCES ON FISH

SOUND REPETITION

IF ANOTHER IMPULSE IS EXPERIENCED BEFORE AN ORGANISM HAS FULLY RECOVERED FROM THE EFFECT

OF AN INITIAL IMPULSE THEN CUMULATIVE EFFECTS MAY OCCUR LEADING TO GREATER RISK OF INJURY THE

SEL MAY OR MAY NOT BE AN APPROPRIATE METRIC FOR MEASURING REPETITIVE IMPACT SOUNDS IN THIS

CONTEXT AS THE PERIOD OF SILENCE BETWEEN IMPULSES WILL DOMINATE THE MEASUREMENT IN THE PRESENT

STATE OF KNOWLEDGE THE IMPULSE REPETITION RATE MAY BE THE MOST SUITABLE METRIC BUT IT IS NOT

POSSIBLE TO USE THIS METRIC AT THIS POINT SINCE NOTHING IS KNOWN ABOUT CUMULATIVE EFFECTS AND THUS

REPETITION RATE ON FISH AS DISCUSSED IN THE APPENDIX THESE ARE AREAS THAT ARE CRITICAL COMPONENTS

OF FUTURE RESEARCH
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PARTICLE MOTION

SOUND CONSISTS OF TWO MECHANICAL EFFECTS AS WELL AS THE CHANGE IN THE PRESSURE ABOVE

AND BELOW THE HYDROSTATIC PRESSURE THE SOUND PRESSURE WHICH IS NORMALLY MONITORED THERE IS

ALSO BACK AND FORTH MOTION OF THE COMPONENT PARTICLES OF THE MEDIUM OF THE ORDER OF

NANOMETERS WHICH CAN BE EXPRESSED AS THE PARTICLE VELOCITY PARTICLE DISPLACEMENT OR PARTICLE

ACCELERATION PARTICLE MOTION IS ALIGNED ALONG PARTICULAR DIRECTION AND IS THEREFORE VECTOR

QUANTITY

MANY SPECIES OF FISH ARE SENSITIVE TO PARTICLE MOTION IN ADDITION TO OR INSTEAD OF SOUND

PRESSURE POPPER ET AL 2003 IN THESE FISHES IT IS NOT YET CLEAR WHETHER HIGH LEVELS OF PARTICLE

MOTION MAY DAMAGE THE AUDITORY SYSTEM THERE IS NO EXPERIMENTAL EVIDENCE ON THIS POINT

ALTHOUGH IT IS EVIDENT THAT PARTICLE MOTION IS THE IMPORTANT STIMULUS IN CONSIDERING BEHAVIORAL

RESPONSES OF MANY SPECIES OF FISH PARTICULARLY WHEN THEY ARE CLOSE TO THE SOURCE IN THESE

SPECIES PRESSURE WAVES MAY ALSO REMAIN SOURCE OF INJURY TO THE FISH EVEN THOUGH THE AUDITORY

SYSTEM MAY BE RELATIVELY INSENSITIVE TO SOUND PRESSURE

SETTING CRITERIA FOR DAMAGE

ONLY RECENTLY HAS IMPACT SOUND BEEN MANAGED WITH THE INTENT OF MITIGATING ADVERSE

EFFECTS ON FISH THE INTERIM NOISE EXPOSURE CRITERION WHICH THE RELEVANT REGULATORY AUTHORITY IN

THE US NOAAS NATIONAL MARINE FISHERIES SERVICE HAS SET IN MANAGING PILE DRIVING IS PEAK

SOUND PRESSURE OF 180 DB RE RPA MEANING THE SOUND PRESSURE LEVEL AT THE INSTANT OF

MAXIMUM ABSOLUTE PRESSURE WHILE IT APPEARS THAT THIS VALUE IS OFTEN CITED EG
HTTP MAPPING ORR NOAA GOVWEB SITEPORTALPIESPIL THE SCIENTIFIC BASIS FOR THIS

VALUE IS OBSCURE IF NOT COMPLETELY ABSENT SEE DISCUSSION IN HASTINGS AND POPPER 2005 IT IS AN

OVERSIMPLIFICATION THAT HAS LIKELY RESULTED FROM REGULATORS TRYING TO APPLY SINGLE EXPOSURE

CRITERION FOR EXCEEDINGLY WIDERANGING EXPOSURE CONDITIONS

RECENT RESEARCH POPPER ET AL 2005 INDICATES THAT FOR SEISMIC IMPULSES 180 DB RE

IPAPEAK IS CONSIDERABLY LOWER THAN THE SOUND PRESSURE LEVELS THAT COULD CAUSE ACTUAL INJURY IN

THREE TAXONOMICALLY DIVERSE SPECIES OF FISH FURTHERMORE APPLICATION OF THE PEAK PRESSURE

CRITERION ON ITS OWN FAILS TO ACCOUNT FOR THE TEMPORAL CHARACTERISTICS OF THE SINGLE IMPULSE THE RISE

TIME AND THE VARIATION IN PEAK OR RMS PRESSURE WITHIN THE IMPULSE AND THE CUMULATIVE EFFECTS

UPON THE ANIMAL OF MULTIPLE STRIKES FROM PILE DRIVING NOTE THAT THE PEAK PRESSURE UNITS CONTAIN NO

REFERENCE TO TIME FOR THESE REASONS IT IS CRITICAL TO CONSIDER THAT SERIES OF METRICS SHOULD BE

EXAMINED FOR SETTING PROTECTIVE CRITERION

HASTINGS AND POPPER 2005 REVIEWED ALL PERTINENT PEERREVIEWED AND UNPUBLISHED PAPERS

ON NOISE EXPOSURE OF FISH THROUGH EARLY 2005 THEY PROPOSED THE USE OF SEL TO REPLACE PEAK

SOUND PRESSURE LEVEL IN PILE DRIVING CRITERIA AFTER DELIBERATION AND DISCUSSION WE OF THIS PAPER

HAVE CONCLUDED THAT WHILE SEL IS AN IMPORTANT CRITERION IT TOO HAS DRAWBACKS AND UNCERTAINTIES

WHEN USED EXCLUSIVELY INSTEAD WE ADVOCATE USING BOTH SEL AND PEAK SPL SIMULTANEOUSLY TO

DESCRIBE THE CHARACTERISTICS OF SINGLE IMPULSIVE SOUND THIS COMBINATION IS LIKELY TO ACCOUNT

FOR THOSE IMPULSIVE SOUND CHARACTERISTICS IMPLICATED IN INJURY TO FISH BETTER THAN EITHER METRIC

PILE DRIVING INTERIM CRITERIA 51306 5152006 PAGE OF 15

BW016767



200703195123 RECEIVED FERC OSEC 03192007 041840 PM DOCKET CPO654000 ET AL

ALONE

AT THE SAME TIME WE WANT TO POINT OUT THAT THE ADDITION OF SEL TO THE CURRENT CRITERIA

MUST BE CONSIDERED PROVISIONAL FUTURE RESEARCH MAY VERY LIKELY SHOW THAT OTHER METRICS EITHER

ALONE OR IN COMBINATION MAY PROVIDE EVEN BETTER INDICES OF INJURY THAN THE PRESENT CHOICE

KRYTER 1985 ANSI 1986 AND HAMERNIK ET AL 2003 REVIEW ALL THE METRICS THAT HAVE BEEN

FOUND TO CORRELATE WITH PHYSICAL INJURY TO HUMANS AND OTHER ANIMALS OF THESE KURTOSIS OR

ANOTHER METRIC DESCRIBING THE SHARPNESS OF THE IMPULSE SEEM PARTICULARLY PROMISING FOR FUTURE

INVESTIGATION IN FISH SEE APPENDIX PARTICLE MOTION MAY ALSO BE RELEVANT PARAMETER ESPECIALLY

WHERE BEHAVIORAL RESPONSES ARE BEING CONSIDERED OR WHERE FISH LACK SWIM BLADDERS IT IS ALSO

NECESSARY TO CONSIDER THE EFFECTS OF REPETITION OF THE IMPULSE ANDOR THE RISE TIME OF THE SIGNAL

HOWEVER SELECTION OF ADDITIONAL OR ALTERNATIVE METRICS CAN ONLY TAKE PLACE AFTER CONSIDERABLY

MORE RESEARCH ON THE EFFECTS OF SOUND ON FISHES INDEED THERE ARE NO STUDIES EITHER IN THE PEER
REVIEWED OR UNPUBLISHED LITERATURE THAT HAVE EVEN ATTEMPTED TO EXAMINE THESE ALTERNATIVE METRICS

IN STUDIES OF THE EFFECTS OF SOUND ON FISHES

IN THE DUAL CRITERION APPROACH ADOPTED HERE THE SEL VALUE LIMITS THE TOTAL ACOUSTIC ENERGY

FISH MAY EXPERIENCE WITHIN SINGLE IMPULSIVE SOUND WHILE THE PEAK SOUND PRESSURE LEVEL

PROTECTS FISH FROM AN ESPECIALLY STRONG EXCURSION IN PRESSURE WITHIN THE SOUND IMPULSE IN

PRACTICE WE RECOMMEND THAT BOTH SEL AND PEAK PRESSURE ARE MEASURED DURING PILE DRIVING

OPERATIONS AND THAT NEITHER CRITERION SHOULD BE EXCEEDED WE NOTE THE LIKELY RELEVANCE OF SOME

MEANS OF ACCOUNTING FOR THE CUMULATIVE EFFECTS OF MULTIPLE EXPOSURES AND THE FACT THAT PEAK

PRESSURE FAILS ENTIRELY IN THIS REGARD

SELECTING VALUES FOR THE CRITERIA FROM THE AVAILABLE DATA

THE FOLLOWING DISCUSSION PROPOSES THAT INTERIM CRITERIA FOR PILE DRIVING BE SET AT AN SEL

LEVEL OF 187 DB RE RPA2 SEC AND PEAK SOUND PRESSURE LEVEL OF 208 DB RE RPAPS IN ANY

SINGLE STRIKE THE SCIENTIFIC BASIS FOR THIS SUGGESTION IS PRESENTED BELOW NOTE THAT ONLY ONE OF

THE STUDIES CITED CALTRANS 2004 USED PILE DRIVING STIMULI THIS RAISES THE QUESTION OF HOW VALID

IT IS TO USE DATA FROM OTHER SOURCES TO SET CRITERIA FOR PILE DRIVING THE SIGNALS PRODUCED BY

EXPLOSIVES AND SEISMIC DEVICES HAVE DIFFERENT RISE AND DECAY TIMES AND HIGHER PEAK PRESSURES

THAN SIGNALS GENERATED BY PILE DRIVING WAVEFORMS FROM DYNAMITE EXPLOSIONS YELVERTON ET AT

1975 TYPICALLY HAVE PEAK PRESSURES SEVERAL ORDERS OF MAGNITUDE ABOVE THAT OF PILE DRIVING

SIGNALS SEE HASTINGS AND POPPER APPENDIX FOR FULLER DISCUSSION AND FASTER RISE TIMES THUS

THE EFFECTS OF EXPLOSIVES AND POSSIBLY SEISMIC ACTIVITY ARE LIKELY TO HAVE GREATER EFFECT ON FISH

THAN PILE DRIVING SIGNALS AND THE USE OF DATA FROM THESE SOURCES TO SET CRITERIA FOR PILE STRIKES

WOULD BE CONSERVATIVE

IN AN ATTEMPT TO SELECT INITIAL INTERIM CRITERIA WE ARE ONLY ABLE TO USE FOUR STUDIES FOR

GUIDANCE ON EFFECTS OF SOUND IMPULSES ON FISH YELVERTON ETAT 1975 CALTRANS 2004 POPPER ET

AT 2005 POPPER ET AT IN PREP THE ONE UNPUBLISHED STUDY THAT CONSIDERED PILE DRIVING ITSELF

CALTRANS 2004 REPORTED THAT THERE WAS NO DAMAGE TO STEELHEAD AND SHINER SURFPERCH WHEN

EXPOSED TO MULTIPLE PILE DRIVING STRIKES THAT RANGED FROM 158 TO 182 DB RE RPA2S AT DISTANCES

OF 23 TO 314 METERS FROM THE PILE THIS STUDY SHOWED NO STATISTICALLY SIGNIFICANT MORTALITY IE
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DIFFERENT THAN CONTROL GROUPS FOR SELS AS HIGH AS 181 DB RE RPA2S FOR SURFPERCH AND SELS

AS HIGH AS 182 DB RE RPA2S FOR STEELHEAD

IN STUDY INVESTIGATING THE EFFECTS OF EXPLOSIVES ON FISH YELVERTON ET AT 1975

REVIEWED IN DETAIL IN HASTINGS AND POPPER 2005 PREDICTED THE LIKELIHOOD OF MORTALITY ON FISH OF

DIFFERENT SIZES FOR SINGLE EXPLOSIONS THESE DATA WERE CONVERTED BY HASTINGS AND POPPER 2005
TO EXPOSURE IN TERMS OF SEL FIG FROM FIGURE OF HASTINGS AND POPPER 2005 IN FIGURE

THE LOWER CURVE SUGGESTS THAT THE NO INJURY LEVEL FOR THE VERY SMALLEST FISH 001 OCCURS AT

193 DB RE RPA2 SEC IMPULSIVE SOUND WITH SEL BELOW THIS LEVEL HAS NOT BEEN FOUND TO INJURE

FISH AND SELS ABOVE IT POSE RISK OF INJURY PROPORTIONAL TO THEIR LEVEL ABOVE 193 DB

BASED UPON THESE DATA DOUBLING IN EXPOSURE WOULD BE REQUIRED TO CAUSE AN ESTIMATED

50 MORTALITY FOR THESE SMALL FISH UPPER CURVE IN FIG SINCE THE STIMULUS USED BY YELVERTON

ET AT 1975 WAS IMPULSIVE AND HAD CONSIDERABLE SIMILARITY TO THE STIMULUS FROM PILE DRIVING

HASTINGS AND POPPER 2005 THESE VALUES PROVIDE SOME GUIDANCE AS TO POTENTIAL EFFECTS OF SINGLE

STRIKES OF PILE DRIVING

AT THE SAME TIME SINCE THE STIMULUS IN THE FIGURE DOES DIFFER FROM PILE DRIVING SIGNAL

WE SUGGEST THAT MORE CONSERVATIVE VALUE IS NEEDED FOR THE INITIAL SEL INTERIM CRITERION

THEREFORE WE HAVE REDUCED THE LEVELS FROM YELVERTON ET AT 1975 BY AN ADDITIONAL DB
RESULTING IN AN ENERGY LEVEL THAT IS ONEFOURTH THAT OF THE VALUE DERIVED FROM YELVERTON EACH

DB DECREASE IN ENERGY IS 12 OF THE HIGHER VALUE THE RESULTANT CRITERION BECOMES 187 DB RE

RPA2 SEC OVER 1SECOND PERIOD RECEIVED LEVEL FOR AN IMPULSIVE SOUND

THE CONSERVATIVE NATURE OF THIS VALUE IS SUPPORTED BY RECENT PEERREVIEWED STUDY

POPPER ET AT 2005 FOUND NO EFFECT ON THE BEHAVIOR OR PHYSIOLOGY OF SALMONIDS EXPOSED TO

SEISMIC AIRGUNS AT AN SEL OF 180 DB RE RPA2 AND ONLY TEMPORARY THRESHOLD SHIFT TTS IN

TWO OTHER SPECIES TTS IS DEFINED AS REVERSIBLE PHYSIOLOGICAL FATIGUE AND NOT INJURY WARD
1997 FISH LIKE MAMMALS SHOW COMPLETE RECOVERY FROM TTS AND RETURN TO NORMAL HEARING

THE POPPER ET AT 2005 STUDY LEADS TO THE SUGGESTION THAT AN SEL SOMEWHAT HIGHER THAN 187 DB

WOULD STILL BE CONSERVATIVE AS CRITERION FOR INJURY FROM SEISMIC IMPULSES

IN ADDITION POPPER AND COLLEAGUES IN PREP EXPOSED FISH TO LOW FREQUENCY SONAR FOR 324

SECONDS WITH AN SEL OF 1885 DB RE RPA2 THIS LONGDURATION EXPOSURE CAUSED SOME TTS

BUT NO INJURY TO TWO SPECIES OF FISH INCLUDING RAINBOW TROUT AS SURROGATE FOR ENDANGERED

SALMON BUT NOT TO THIRD

THE ABOVE DATA ALONG WITH AN EVALUATION OF THE PEER AND UNPUBLISHED LITERATURE REVIEWED

IN HASTINGS AND POPPER 2005 ALSO DEMONSTRATE THAT THERE IS ABSOLUTELY NO SCIENTIFIC JUSTIFICATION

FOR ESTABLISHING PEAK PRESSURE CRITERION FOR INJURY OF 180 DB RE PAPEAK FOR LOW FREQUENCY

SIGNALS INDEED MORE REASONABLE VALUE IS LIKELY TO BE IN THE RANGE OF 205215 DB RE PAPEAK

FOR CONTINUOUS SOUNDS THIS IS SUPPORTED BY FINDINGS OF POPPER ET AL 2005 WHO SHOWED THAT

TTS ONSET PHYSIOLOGICAL FATIGUE AND NOT DAMAGE IN THREE SPECIES OF FISH EXPOSED TO SEISMIC AIR

GUN PULSES OCCURRED WITHIN THE RANGE OF 205210 DB RE PAPEAK MOREOVER THE PEAK PRESSURES

RECORDED IN THE CALTRANS 2004 STUDY WHICH SHOWED NO DAMAGE TO FISH AT SELS OF OVER 181 DB

RE RPA2 HAD PEAK LEVELS IN THIS SAME RANGE WE RECOGNIZE THAT PILE DRIVING SOUNDS HAVE
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DIFFERENT CHARACTERISTICS THAN THE SEISMIC SIGNALS MAKING DIRECT COMPARISONS LESS THAN OPTIMAL

USING THE COMBINED INFORMATION AND ACKNOWLEDGING THE DIFFERENCES IN STIMULUS PARAMETERS WE

PROPOSE VALUE OF 208 DB RE PAPEAK IE FROM THE LOW END OF THE RANGE AS THE INTERIM PEAK

PRESSURE CRITERION FOR INJURY TO FISH FROM PILE STRIKES

THE SUGGESTION THAT THESE VALUES ARE CONSERVATIVE IS ALSO SUPPORTED BY RESEARCH ON

BAROTRAUMA WHICH HAS SHOWN THAT CHANGES IN OVERPRESSURE LESS THAN 04 TIMES ACCLIMATION

PRESSURE AT RATES OF CHANGE IN PRESSURE ON THE ORDER OF 150 PASE61 DO NOT CAUSE INJURY TO TESTED

SPECIES AND SIZES OF PHYSOCLISTOUS OR PHYSOSTOMOUS FISH CADA 1990 THE 208 DB RE PAPEAK

CRITERION IS EQUAL TO PEAK OVERPRESSURE OF 251 KPA WHICH WOULD BE APPROXIMATELY 025 TIMES

THE ACCLIMATION PRESSURE FOR FISH LOCATED AT THE WATER SURFACE THE CRITERION BECOMES INCREASINGLY

CONSERVATIVE WITH DEPTH AS THE OVERPRESSURE BECOMES SMALLER FRACTION OF ACCLIMATION PRESSURE

FINALLY IT IS IMPORTANT TO APPRECIATE THE REASONING BEHIND USING AN EXPOSURE OVER SINGLE

PILE DRIVING PULSE IN MAKING DECISIONS ON INTERIM CRITERIA AT THIS TIME THERE ARE NO DATA ON

CUMULATIVE EFFECTS OF PILE DRIVING OR ANY ANTHROPOGENIC STIMULUS ON FISH NOR IS IT KNOWN

WHETHER THERE IS RECOVERY FROM ANY EFFECTS OF PILE DRIVING IN THE INTERVALS BETWEEN STRIKES AT THE

SAME TIME WHEN CONSIDERING CUMULATIVE EFFECTS IT IS NOT CORRECT TO JUST ADD THE AMOUNT OF SIGNAL

TO WHICH THE ANIMAL IS EXPOSED SINCE THE CUMULATIVE EFFECT MUST INCLUDE ANY RECOVERY THAT TAKES

PLACE IN THE ANIMAL BETWEEN STIMULI CHEN ET AT 1999 THUS IF THE SIGNALS ARE FAR APART THERE IS

LIKELY TO BE MORE RECOVERY FROM EACH STIMULUS EXPOSURE THAN IF THE STIMULI ARE CLOSE TOGETHER

SINCE NOTHING IS KNOWN ABOUT CUMULATIVE EFFECTS OF PILE DRIVING IT IS DIFFICULT TO KNOW

WHETHER THE EFFECTS OF SEQUENTIAL STRIKES ARE IN FACT CUMULATIVE AND IF SO WHAT THE RELEVANT

FACTORS OF EXPOSURE RELATIVE TO DAMAGE AND RECOVERY ARE IT IS WELL KNOWN THAT AUDITORY SYSTEMS

SHOW SOME RECOVERY FROM TRAUMA OVER EVEN SHORT PERIODS OF TIME EG CHEN ET AT 1999 AS

CONSEQUENCE IF ONE STRIKE IS QUICKLY FOLLOWED BY SECOND THERE MAY BE CUMULATIVE EFFECT

SINCE THERE MAY BE NO TIME FOR RECOVERY FROM THE FIRST STRIKE HOWEVER IF THE SECOND STRIKE

FOLLOWS THE FIRST BY SOME GREATER PERIOD THE AFFECTED SYSTEM MAY SHOW SOME OR COMPLETE

RECOVERY FROM THE EFFECTS OF THE FIRST STRIKE AT THIS POINT WE KNOW NOTHING OF THE ACCUMULATION

OF EFFECTS RESULTING FROM STRIKES THAT ARE VARIABLY SPACED IN TIME CONSEQUENTLY PREDICTING THE

CUMULATIVE EFFECTS OF MULTIPLE PILE STRIKE EXPOSURES REMAINS SPECULATIVE IT IS CLEAR THAT FUTURE

RESEARCH AS DISCUSSED IN THE APPENDIX WILL BE NEEDED TO ADD THE VERY IMPORTANT VARIABLES OF

MULTIPLE STRIKES AND INTERSTRIKE INTERVALS INTO SUBSEQUENT EXPOSURE CRITERIA

WHILE THE SEL CRITERION GIVEN HERE IS FOR SINGLE STRIKE WE RECOGNIZE THE IMPORTANCE OF

ACCOUNTING FOR THE ENERGY CONTAINED IN MULTIPLE EXPOSURES EXPLICIT RESEARCH ON THIS MATTER WILL

INFORM SUBSEQUENT CRITERIA BUT CURRENTLY IT IS POSSIBLE ONLY TO SUGGEST SOME REASONABLE AND

ADMITTEDLY UNDOCUMENTED MEANS OF APPROXIMATING SEL SUMMATION FOR INSTANCE IT IS LIKELY

IMPORTANT THAT SEL BE CALCULATED ONLY DURING THE ACTUAL EXPOSURE PERIOD INCLUDING THE MULTI

PATH ENERGY FROM EACH STRIKE RATHER THAN INCLUDING THE SILENT INTERVALS BETWEEN STRIKES

ADDITIONALLY CUMULATIVE SEL FOR MULTIPLE EXPOSURES WHICH COULD BE ASSESSED RELATIVE TO THE

SINGLE STRIKE SEL CRITERION SHOULD VERY LIKELY ONLY BE DETERMINED FOR CONDITIONS IN WHICH INTER

STRIKE INTERVALS ARE ON THE ORDER OF SECONDS RATHER THAN MINUTES OR HOURS
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ADDITIONAL ISSUES

AN ADDITIONAL ISSUE TO CONSIDER IS THE POINT AT WHICH THE SIGNALS ARE MEASURED FOR

DETERMINATION WHEN THE CRITERIA ARE EXCEEDED THE IDEAL SITUATION IS TO USE RECEIVED LEVEL OF THE

SIGNAL AS THE CRITERION SINCE THIS IS THE ACTUAL SIGNAL DETECTED BY THE ANIMAL HOWEVER SINCE

REGULATORS DEAL WITH ANIMALS AT WIDE RANGE OF DISTANCE FROM SOURCE IT IS IMPOSSIBLE TO

STIPULATE THAT RECORDINGS BE DONE AT EVERY CONCEIVABLE FISH LOCATION AT THE SAME TIME IT IS NOT

POSSIBLE TO SET CRITERIA AS SIGNAL LEVELS AT THE SOURCE SINCE THESE ARE OFTEN DIFFICULT OR DANGEROUS

TO MEASURE AND THE SIGNALS AT THIS POINT ARE VERY COMPLEX THUS IT IS OUR RECOMMENDATION IS THAT

SINGLE DISTANCE FROM THE SOURCE BE SELECTED AS THE POINT AT WHICH MEASUREMENTS ARE MADE TO

DETERMINE WHETHER SIGNALS EXCEED CRITERIA BASED ON CURRENT PROCEDURES WE SUGGEST THAT THIS

DISTANCE BE 10 METERS FROM THE SOURCE

FINAL ISSUE IS RECOGNITION THAT FISH BEHAVE DIFFERENTLY AND THAT CRITERIA WILL ULTIMATELY

HAVE TO BE BASED ON FISH BEHAVIOR IN ADDITION TO SOUND LEVELS SOME FISHES ARE ACTIVE SWIMMERS

AND COULD BE EXPECTED TO SWIM THROUGH OR AWAY FROM AREAS OF HIGHEST SIGNAL LEVEL WITH

EXPOSURE TO VERY FEW PILE DRIVING IMPULSES OTHER FISH TEND TO BE RESIDENT IN AREAS AND WOULD NOT

MOVE AWAY FROM IMPINGING SOUNDS AND THUS WOULD BE EXPOSED TO SIGNALS FOR THE DURATION OF THE

PILE DRIVING ACTIVITY THE EFFECTS OF PILE DRIVING ON THE LATTER FISHES IS POTENTIALLY MUCH GREATER

THAN UPON THE FORMER

CONCLUSIONS

BASED UPON THE BEST AVAILABLE SCIENCE AND USING CONSERVATIVE ESTIMATES WE CONCLUDE THAT

IT IS REASONABLE AND APPROPRIATE AT THIS POINT TO USE COMBINED INTERIM SINGLE STRIKE CRITERION FOR

PILE DRIVING RECEIVED LEVEL EXPOSURE AN SEL OF 187 DB RE RPA2 SEC AND PEAK SOUND PRESSURE

OF 208 DB RE PAPEAK AS MEASURED 10 FROM THE SOURCE WE HAVE CONSIDERED THE IMPORTANT

ISSUE OF CUMULATIVE EFFECTS OF MULTIPLE EXPOSURES BUT EMPHASIZE THE CURRENT ABSENCE OF ANY

EMPIRICAL INFORMATION WHICH WOULD ALLOW CUMULATIVE EFFECTS TO BE TAKEN INTO ACCOUNT OUR

EXPECTATION IS THAT OUR INTERIM CRITERIA WILL CHANGE AS WE OBTAIN MORE DATA ON EFFECTS OF PILE

DRIVING AND OTHER SOUNDS ON FISHES HOWEVER SINCE THESE VALUES BASED UPON CURRENT DATA ARE

CONSERVATIVE THEY ARE FAR MORE REALISTIC THAN THE VALUE OF 180 DB RE PAPEAK WHICH IS CURRENTLY

IN USE AND FOR WHICH THERE IS NO SCIENTIFIC JUSTIFICATION

APPENDIX ASSUMPTIONS AND RESEARCH NEEDED TO TEST THEM

ASSUMPTIONS

IN PROPOSING THE INTERIM CRITERIA WE MAKE NUMBER OF CONSERVATIVE ASSUMPTIONS ABOUT

PILE DRIVING AND THE BEHAVIOR OF FISH DURING EXPOSURE TO THE PILE DRIVING SOUND HOWEVER THERE

ARE FEW OR NO DATA TO INDICATE WHETHER THESE ASSUMPTIONS ARE VALID AND ANY DEVIATION FROM THESE

ASSUMPTIONS WILL RESULT IN LESSER EFFECTS ON FISH
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FISH HAVE NO AVOIDANCE REACTIONS NOR ARE THEY CARRIED BY WATER CURRENTS OR OTHERWISE AFFECT

CHANGE IN POSITION IE THEIR POSITION RELATIVE TO THE SOUND SOURCE IS STATIC THAT WOULD

ALTER THEIR EXPOSURE FROM STRIKE TO STRIKE THROUGHOUT PILE DRIVING OPERATION THEY WILL

EXPERIENCE THE SAME RECEIVED LEVEL FROM EVERY STRIKE REQUIRED TO DRIVE PILE THIS IS

POSSIBLY CONSERVATIVE ASSUMPTION BECAUSE IT HAS NOT BEEN SHOWN AND IS PROBABLY

UNLIKELY THAT MANY FISH WILL REMAIN STATIC DURING DRIVING OF PILE ALTHOUGH HOW FAR THEY

CANMOVE BETWEEN STRIKES IS AN OPEN QUESTION AND WILL DEPEND UPON THE NORMAL FRIGHT

BEHAVIOR OF FISH AND THEIR SWIMMING SPEED THEY ARE PROBABLY LIKELY TO CHANGE

ORIENTATION ACTIVELY MOVE AWAY FROM THE AREA OF HIGHEST ENSONIFICATION OR BE TRANSPORTED

BY FLOW THROUGH THE MORE INTENSE REGIONS OF THE SOUND FIELD BUT SINCE FEW DATA NOW

EXIST THE CONSERVATIVE APPROACH IS TO ASSUME THAT NONE WILL MOVE

AT GIVEN RANGE THE RECEIVED LEVEL IS THE SAME AT ALL DEPTHS IN THE WATER COLUMN AND THE

SOUND FIELD DOES NOT CHANGE WITH THE ANGLE OF THE FISH FROM THE PILE THEREFORE EXPOSURE

VARIES AS FUNCTION OF RANGE BUT NOT DEPTH OR DIRECTION FROM THE PILE SOUND PROPAGATION

MODELS FOR PILES ARE NOT WELL DEVELOPED PARTICULARLY FOR THE SHALLOW WATER ENVIRONMENTS

COMMON TO MOST PILE DRIVING WORK SOUND PROPAGATION MODELS DEVELOPED FOR OTHER

IMPULSIVE SOUND SOURCES SUCH AS EXPLOSIONS AND SEISMIC DEVICES INDICATE THAT THE SOUND

FIELDS GENERATED BY SUCH DEVICES CAN VARY WITH DEPTH AND ANGLE FROM THE SOURCE

PARTICULARLY FOR SHALLOW WATER ENVIRONMENTS

FISH SUSCEPTIBILITY TO PILE STRIKES IN THE FORM OF BAROTRAUMA IS UNIFORM AT ALL DEPTHS THIS

ASSUMPTION IS KNOWN TO BE FALSE INDEED THE RISK OF BAROTRAUMA IS KNOWN TO DECREASE AS

THE ACCLIMATION DEPTH OF EXPOSED FISH INCREASES AND THE OVERPRESSURE IN THE SOUND IMPULSE

REMAINS CONSTANT HOWEVER THE DATA ARE CURRENTLY INSUFFICIENT TO SET CRITERIA FOR ALL

SPECIES OF INTEREST THAT INCORPORATE DEPTH OF EXPOSURE

THE SEL CRITERION IS BASED ON EXPOSURE OF FISH WEIGHING 001 AND ASSUMES THAT SUCH FISH

ARE PRESENT AT EVERY PILE DRIVING OPERATION AT ANY SEASON OF THE YEAR THIS IS

CONSERVATIVE ASSUMPTION BECAUSE IN MOST CASES ONLY FISH LARGER THAN 001 ARE PRESENT

AND FISH SUSCEPTIBILITY TO IMPULSIVE SOUND DECREASES WITH SIZE SEE FIG UPPER LINE

THE SEL CRITERION ASSUMES THAT SOUND IMPULSES GENERATED BY PILE DRIVING STRIKES HAVE THE

SAME POTENTIAL FOR INJURY AS THE SOUND IMPULSES GENERATED BY EXPLOSIONS EXPLOSIONS WERE

USED AS THE BASIS FOR THE INITIAL 193 DB RE RPA2 SEC ESTIMATES OF SAFE SEL HOWEVER

COMPARISON OF SOUND IMPULSES FROM PILE DRIVING AND THOSE FROM EXPLOSIONS SHOW THAT THE

LATTER HAVE FASTER RISE TIME HIGHER PEAK PRESSURE AND DIFFERENT FREQUENCY SPECTRUM

THE PRESSURE CRITERION USES TTS TO DEFINE EFFECTS WHICH IS CONSERVATIVE GIVEN THAT TTS IS

CONSIDERED TO BE PHYSIOLOGICAL FATIGUE FROM WHICH THERE IS COMPLETE RECOVERY WARD
1997 AND PERMANENT THRESHOLD SHIFT PTS IS CONSIDERED TO BE INJURY TTS AND PTS ARE

LIKELY PRODUCED BY DIFFERENT MECHANISMS LIBERMAN AND DODDS 1987 NORDMANN ET AT

1999 AT PRESENT DATA ARE INSUFFICIENT TO ESTIMATE PTS ONSET FROM TTS ONSET IN FISH SO

TTS IS USED AS GENERAL PROXY FOR INJURY VERY HIGHLY CONSERVATIVE
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RECOMMENDATIONS FOR RESEARCH

THIS DOCUMENT PROPOSES THE FIRST ROUND OF INTERIM CRITERIA FOR IMPULSIVE SOUND TO REFINE

THESE CRITERIA DETERMINE MORE ACCURATE SEL AND PEAK PRESSURE LEVELS AND DETERMINE WHETHER

METRICS OTHER THAN THESE WOULD BETTER INDEX INJURY TO FISH LONGTERM SERIES OF STUDIES IS NEEDED

THE FOLLOWING LIST OUTLINES THE NEEDED STUDIES ADDITIONAL STUDIES ARE PRESENTED IN HASTINGS AND

POPPER 2005

STUDIES ARE NEEDED THAT EXPOSE FISH TO SIMULATED PILE DRIVING SOUND IMPULSES WHILE

INDEPENDENTLY VARYING PRESSURE AND PARTICLE MOTION FISH SHOULD BE TESTED LEVELS UP TO

AND EXCEEDING THE PROPOSED INJURY CRITERIA FOR BOTH PEAK PRESSURE AND SEL

STUDIES ARE NEEDED THAT EXAMINE CUMULATIVE EFFECTS OF SOUND EXPOSURE ON FISH FACTORS TO BE

CONSIDERED INCLUDE CUMULATIVE EFFECTS OF MULTIPLE STRIKES AND THE EFFECTS OF DIFFERENT INTER

STRIKE INTERVALS ON CUMULATIVE EFFECTS IN OTHER WORDS IS IT APPROPRIATE TO DEFINE CRITERION

BASED ON ONE STRIKE OR MANY STRIKES AND IF ON MANY STRIKES HOW MANY AND OVER WHAT

PERIOD OF TIME

STUDIES ARE REQUIRED TO EXAMINE THE EFFECT OF THE TEMPORAL CHARACTERISTICS OF SINGLE IMPULSES

INCLUDING THE RISE TIME IN CAUSING INJURY OR HEARING LOSS IN FISH QUESTIONS NEED TO BE

ASKED REGARDING EFFECTS OF DIFFERENT RISE TIMES ON THE TRAUMA IMPOSED UPON FISH AS WELL AS

POTENTIAL TEMPORARY EFFECTS SUCH AS HEARING LOSS

HARDWARE AND SOFTWARE SHOULD BE ACQUIRED OR DEVELOPED SO THAT OPERATORS CAN MONITOR PILE

DRIVING SIGNALS IN SEL IN NEAR REAL TIME FOR BOTH SINGLE STRIKE AND MULTIPLE STRIKE

EXPOSURES ULTIMATELY OPERATORS MAY NEED TO MEASURE PARTICLE MOTION AS WELL

STUDY SHOULD BE INSTITUTED TO INVESTIGATE THE BEHAVIORAL REACTIONS OF NONRESTRAINED FISH TO

ACTUAL PILE DRIVING USING VISUAL OR ACOUSTIC DETECTION METHODS THIS PROJECT WOULD TEST THE

KEY ASSUMPTION THAT FISH HAVE NO AVOIDANCE BEHAVIOR

THE RESULTS OF THIS BEHAVIORAL STUDY SHOULD BE INCORPORATED INTO MODEL SUCH AS THE ACOUSTIC

INTEGRATION MODEL AIM THAT MODELS ACCUMULATED ACOUSTIC EXPOSURE FOR SIMULATED FISH

MOVING THROUGH AN ENSONIFIED WATER COLUMN

DATA ARE REQUIRED TO DETERMINE WHICH APPROACHES SEL KURTOSIS PEAK PRESSURE SOMETHING

ELSE ARE THE BEST DESCRIPTORS OF EFFECTS ON FISH THESE SHOULD BE CONSIDERED IN TERMS OF

EFFECTS ON BEHAVIOR HEARING AND BAROTRAUMAS IT SHOULD BE RECOGNIZED THAT DIFFERENT

MEASURES MAY BEST DESCRIBE DIFFERENT IMPACTS ON FISH
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TIR

TIME

FIGURE THREE IMPULSES FROM PERCUSSIVE PILE DRIVING OBTAINED AT DIFFERENT LOCATIONS IN

SHALLOW WATER ENVIRONMENT AT 189M AT 552M AND AT 906M NOTE THE SHORT

DURATION SHARP ONSET AND UNEVEN DISTRIBUTION OF ENERGY OVER TIME
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CD

III

FISH MASS GRAMS

FIGURE ESTIMATED SOUND EXPOSURE LEVEL SEL THAT RESULTS IN NO MORTALITY AND 50 MORTALITY BASED

ON DATA FOR EXPOSURES TO SINGLE EXPLOSIVE SOUND AS REPORTED BY YELVERTON ET AL 1975 AND MODELED AS

AN IDEAL IMPULSE WAVE AS DESCRIBED IN HASTINGS AND POPPER 2005 FRIEDLANDER WAVEFORM AS

DESCNBED BY HAMEMIK AND HSUEH 1991 FIGURE FROM HASTINGS AND POPPER 2005 FIGURE
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FEDERAL ENERGY REGULATORY COMMISSION

ENVIRONMENTAL INFORMATION REQUEST

PAGE OF 14

EIR 324

REQUEST

PROVIDE DETAILED COMPARISON OF VARIOUS BACKFILLING METHODS THAT COULD BE USED ALONG

THE LENGTH OF THE PIPELINE TRENCH PROVIDE DETAILED DESCRIPTIONS OF THE VARIOUS METHODS

INCLUDING NATURAL BACKFILLING ACTIVE BACKFILLING WITH ROCK AND ACTIVE BACKFILLING WITH

NATIVE SEDIMENT USING VARIOUS CONSTRUCTION METHODS EG BACKFILL PLOW BACKFILL PLOW

WITH SLED AND DIVERS ALSO DISCUSS THE POTENTIAL FOR USING COMBINATION OF THESE

METHODS DEPENDING ON SITESPECIFIC CONSIDERATIONS ALONG THE PIPELINE CORRIDOR ASSESS THE

TECHNICAL FEASIBILITY OF SUCCESS BASED ON OTHER LINEAR MARINE PROJECTS IN THE REGION

INCLUDING THE TROQUOIS PIPELINE THE EASTCHESTER PIPELINE THE HUBLINE PIPELINE AND THE

CROSS SOUND CABLE FOR EACH METHOD QUANTIFY THE MAGNITUDE EXTENT FREQUENCY AND

DURATION OF IMPACTS ASSOCIATED WITH TURBIDITY SEDIMENT CONVERSION AND DISTURBANCE OF THE

SEAFLOOR BENTHIC COMMUNITIES AND OTHER MARINE RESOURCES

RESPONSE

THE VARIOUS BACKFILLING METHODS THAT COULD BE USED ALONG THE LENGTH OF THE PIPELINE TRENCH

ARE DIRECTLY RELATED TO THE PIPELINE LOWERING OR TRENCHING METHODS THAT ARE PLANNED TO BE

USED ALONG THE LENGTH OF THE PIPELINE ROUTE

BROADWATER PIPELINE LOWERING METHODS

UPON COMPLETION OF THE PIPELAYING OPERATION THE PIPELINE WILL BE LOWERED BELOW THE

SEABED ALONG ITS ENTIRE LENGTH WHEREVER SEDIMENT CONDITIONS PERMIT IN GENERAL PIPELINE

LOWERING CAN BE ACCOMPLISHED BY EITHER PRE OR POSTTRENCHING OF THE SEABED PRE

TRENCHING IS TRENCHING PRIOR TO PIPELINE LAY AND IS USED IF THE PIPELINE NEEDS TO PASS

THROUGH VERY STIFF MATERIAL POSTTRENCHING MEANS THAT THE TRENCHING EQUIPMENT WOULD

REMOVE SEDIMENT FROM THE UNDERNEATH AND SIDES OF THE PIPELINE WHILE THE PIPE LIES ON THE

SEABED

BASED ON THE OBSERVED SEDIMENT CHARACTERISTICS TOGETHER WITH ENVIRONMENTAL IMPACT

ANALYSES BROADWATER HAS PROPOSED THE POSTLAY PLOW METHOD TO LOWER THE ENTIRE 217

MILE PIPELINE THE POSTLAY PLOW IS PLACED OVER THE PIPELINE PREVIOUSLY LAID ON THE

BOTTOM BY THE LAY BARGE AND THE PIPELINE IS THEN LIFTED AND THE PLOW SHARES ARE CLOSED

AROUND AND BELOW THE CONCRETE COATED PIPE THE PLOW IS PULLED FORWARD BY THE ATTENDANT

BURY BARGE WITH THE PLOW ROLLERS CENTRALIZING SUPPORTING AND GUIDING THE PLOW THE PLOW

THEN EXCAVATES TRENCH BELOW THE PIPELINE AND THE PIPELINE IS LOWERED INTO THE FURROW IN

THE SEABED IN CONTINUOUS FASHION AS THE PLOW IS PULLED AHEAD BROADWATER HAS

CONSERVATIVELY ALLOWED FOR TWO COMPLETE PASSES OF THE POSTLAY PLOW TO OBTAIN THE TARGET

DEPTHS OF COVER THE MULTIPASS PLOW WILL CLEAR THE SPOIL PILE TO SUFFICIENT DISTANCE

AWAY FROM THE EDGES OF THE TRENCH TO PREPARE THE SEABED FOR THE SECOND LOWERING PASS
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POSTLAY PLOWING WILL DECREASE THE AMOUNT OF SEDIMENT INTRODUCED INTO THE WATER COLUMN

WHEN COMPARED TO OTHER INSTALLATION TECHNOLOGIES THAT COULD BE UTILIZED AS PREVIOUSLY

DISCUSSED BY FERC IN RECENT PROJECTS PROPOSED OR CONSTRUCTED IN THE LONG ISLAND SOUND

SEE FEISS FOR THE EASTCHESTER PROJECT NO CPOO232000 AND THE ISLANDER EAST

PIPELINE PROJECT NO CPOJ 384000 BOTH JETTING AND DREDGING INSTALLATION

TECHNOLOGIES ARE RECOGNIZED TO CAUSE GREATER DISTURBANCE TO SEDIMENTS AND DISPERSE

SEDIMENTS OVER MUCH LARGER VOLUME OF THE WATER COLUMN THAN THE SUBSEA PLOW WHICH

HAS BEEN THE RECOMMENDED CONSTRUCTION METHODOLOGY WHERE FEASIBLE

FOR SAFETY REASONS POSTLAY PLOWING WILL NOT BE USED AT CERTAIN LOCATIONS AS NOTED IN TABLE

EIR 241

TABLE EIR 241 EXCEPTIONS TO POSTLAY PLOWINCI METHOD

LOCATIONS EXCAVATION METHOD

MP 00 FSRU TIEIN EXCAVATIONS WILL BE PERFORMED USING

MP 04 CHECK AND ISOLATION VALVE SPOOL SUBMERSIBLE PUMP OR BY DIVERS USING HAND

MP21 7 IROQUOIS TIEIN JETTING OR AIRLIFTING EQUIPMENT

MP 30 CROSS SOUND CABLE CROSSING AIRLIFTING OF THE MATERIAL BELOW THE PIPELINE WILL

MP 64 ATT CABLE CROSSING BE COMPLETED BY DIVERS AND WILL RESULT IN THE

LOWERING OF THE PIPELINE ONTO BRIDGE SUPPORTS

THE STRATFORD SHOAL IS LOCATION WHERE THE PRESENCE OF HARD MATERIAL BOULDERS OR LARGE

COBBLES COULD PREVENT POSTLAY PLOWING BASED ON THE RESULTS OF THE GEOTECHNICAL

INVESTIGATIONS COMPLETED BY BROADWATER IN 2005 IT IS PROPOSED THAT TRIAL PLOW OPERATION

USING SCALEDDOWN PLOW BE PERFORMED PRIOR TO CONSTRUCTION TO EVALUATE THE

SEDIMENTSMATERIALS OF THE SITE ASSUMING THAT THE TRIAL PLOW OPERATION IS UNSUCCESSFUL

APPROXIMATELY 4000FEET 075 MILE ACROSS STRATFORD SHOAL WILL REQUIRE DREDGING INSTEAD

OF POSTLAY PLOWING

BROADWATER NOTES THAT THIS REQUEST CITES THE BACKFILL PLOW WITH SLED AS BACKFILLING

METHOD BROADWATER SURMISES THAT THIS IS REFERRING TO THE JET SLED METHOD POSSIBLY

REFERENCING THE SMARTJET JETPLOW USED TO LOWER AND BACKFILL THE CROSS SOUND CABLE SEE

TABLE EIR 244 FOR DESCRIPTION OF THE SMARTJET JETPLOW THE EQUIPMENT AND METHODS

REQUIRED FOR THE SAFE HANDLING INSTALLATION AND LOWERING OF LARGE DIAMETER SUBSEA

PIPELINES ARE NOT AT ALL COMPARABLE TO THE EQUIPMENT USED FOR THE INSTALLATION AND LOWERING

OF SUBSEA CABLES PARTLY OWING TO SIGNIFICANT DIFFERENCES IN THE SIZE AND WEIGHT OF THE

FACILITIES POSTLAY JETTING USING PIPELINE JET SLED WAS REJECTED BY BROADWATER PIPELINE

JET SLED USES HIGH PRESSURE AIR AND WATER TO FLUIDIZE THE MATERIAL UNDER THE PIPELINE AND

REMOVES IT AWAY COMPLETELY CREATING VOID BENEATH THE PIPELINE THE PIPELINE THEN SETTLES

INTO THE TRENCH TO REACH THE REQUIRED DEPTH OF BURIAL ONE OR MORE PASSES WOULD BE NEEDED

DEPENDING ON THE CHARACTERISTIC OF THE SEDIMENTS JETTING WILL CREATE LARGER TRENCH CROSS

SECTION AND THUS WILL DISTURB MORE SEDIMENT THAN PLOW UNLIKE PLOWING WHICH CREATES

SPOIL PILE ALONGSIDE THE TRENCH JETTING WILL CREATE HIGH TURBIDITY AS THE SPOIL IS DISCHARGED
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AND SPREAD OVER AN EXTENDED AREA ON BOTH SIDES OF THE PIPELINE RECOVERING THIS SPOIL FOR

BACKFILLING WITH NATURAL SEDIMENTS IS NOT POSSIBLE

PIPELINE BACKFILLING METHODS

TO MINIMIZE THE NUMBER OF PASSES OF THE CONSTRUCTION BARGES ALONG THE PIPELINE ROUTE

BROADWATER HAS PROPOSED NATURAL BACKFILLING OF THE PIPELINE TRENCH EXCEPT IN IDENTIFIED

LOCATIONS INCLUDING THE FIRST TWOMILE SECTION OF PIPELINE WHERE ACTIVE BACKFILLING WILL BE

ACHIEVED WITH CLEAN ROCK IMPORTED FROM AN APPROVED LOCATION AND DUMPED FROM

SUITABLE VESSEL WITH TREMIE SYSTEM IE DROP TUBE TO ENSURE ACCURATE PLACEMENT IN

THE TRENCH

ALTERNATIVELY THE POSTLAY PLOW METHOD OF PIPELINE LOWERING WOULD ENABLE THE USE OF

PLOW TO BACKFILL THE ENTIRE PIPELINE TRENCH WITH CERTAIN EXCEPTIONS WITH NATIVE SUBSTRATE

THIS WILL HOWEVER INCREASE THE NUMBER OF PASSES OF THE CONSTRUCTION BARGE ALONG THE

PIPELINE ROUTE THE BACKFILL PLOW WOULD BE EITHER MULTIPURPOSE PLOW THAT CAN BE

MODIFIED AFTER COMPLETION OF PIPELINE LOWERING TO UNDERTAKE BACKFILLING OR SEPARATE

SINGLEPURPOSE BACKFILL PLOW IN EITHER CASE AFTER LOWERING THE PIPELINE THE BACKFILL PLOW

WOULD BE PULLED ALONG THE TRENCH BY THE BURY BARGE TO COLLECT THE SPOIL STOCKPILED ON EACH

SIDE OF THE TRENCH AND RELOCATE IT BACK INTO THE TRENCH

ECOLOGICAL RESTORATION

BROADWATER IS NOT AWARE OF ANY PUBLICLY AVAILABLE LITERATURE THAT PROVIDE MONITORING DATA

WHICH ASSESSED THE REAL TIME IMPACTS FROM CONSTRUCTION PROJECTS EITHER IN THE SOUND IE
EASTCHESTER PIPELINE CROSS SOUND CABLE OR ELSEWHERE IE HUB LINE BROADWATER HAS

ACQUIRED TWO DOCUMENTS THAT PRESENT FINDINGS REGARDING THE LONG TERM RESTORATION OF THESE

PROJECTS SPECIFICALLY BROADWATER HAS REVIEWED THE CROSS SOUND CABLE PROJECT POST

INSTALLATION BENTHIC MONITORING SURVEY CONDUCTED IN 2003 WHICH ASSESSED THE RESTORATION

SIX MONTHS POST CONSTRUCTION AND HAS REVIEWED THE FEIS FOR THE NEPTUNE LNG

DEEPWATER PORT LICENSE APPLICATION THIS FEIS INCLUDES BY REFERENCE DISCUSSIONS OF

THE RECOVERY OF THE HUB LINE PROJ ECT

AS INDICATED IN RESOURCE REPORT BROADWATER ANTICIPATES THAT RESTORATION ALONG THE

PROPOSED PIPELINE WOULD BEGIN IMMEDIATELY UPON COMPLETION OF CONSTRUCTION GIVEN THE

DEPOSITIONAL ENVIRONMENTS WITHIN WHICH THE PIPELINE IS LOCATED BROADWATER ALSO

ANTICIPATES THAT SIGNIFICANT RESTORATION WOULD OCCUR WITHIN RELATIVELY SHORT TIMEFRAME

DATA PRESENTED IN THESE TWO SOURCES WOULD APPEAR TO SUPPORT THIS CONCLUSION SUMMARIES

OF EACH REVIEW ARE PROVIDED BELOW REVIEW OF THESE STUDIES CONFIRM BROADWATER

CONCLUSIONS THAT PIPELINE INSTALLATION WILL MOST LIKELY RESULT IN SHORT TERM IMPACTS

ASSOCIATED WITH TURBIDITY AND DISTURBANCE OF THE SEAFLOOR AND THAT BENTHIC BIOTA WILL LIKELY
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RECOLONIZE THE AREA QUICKLY AND NATURALLY IN THE SILTCLAY DEPOSITIONAL AREAS OF LONG ISLAND

SOUND

CROSS SOUND CABLE STUDY

THE CROSS SOUND CABLE WAS INSTALLED IN SPRING 2002 USING JET PLOW INSTALLATION

TECHNIQUES LONG TERM MONITORING LOCATIONS WERE ESTABLISHED ALONG THE LENGTH OF THE

CABLE BUT WERE CONCENTRATED IN THE MORE CRITICAL NEAR SHORE AREAS OFF OF NEW HAVEN AND

THE LONG ISLAND COAST LINE SINGLE MONITORING POINT WAS ESTABLISHED IN THE CENTRAL

PORTION OF THE SOUND THIS CENTRAL MONITORING LOCATION IN THE SOUND IDENTIFIED AS AREA

MOST CLOSELY RESEMBLES THE CONDITIONS THAT WOULD BE EXPECTED IN PROXIMITY TO THE

BROADWATER PROJECT AND AS SUCH THE ONLY MONITORING POINT EVALUATED FOR COMPARISON

PURPOSES THE MAJORITY OF THE BROADWATER PIPELINE IS SITED THROUGH MUDDY SILT AND CLAY

BENTHIC SUBSTRATES SIMILAR TO AREA OF THE CROSS SOUND CABLE SURVEY THE SIMILAR

SURFACE SEDIMENTS AT THE TWO SITES CAN BE ATTRIBUTED TO BOTH AREAS BEING LOCATED WITHIN LOW

ENERGY DEPOSITIONAL PORTIONS OF THE SOUND

THE BENTHIC COMMUNITY AND BENTHIC CONDITIONS IN AREA WERE OBSERVED PRIOR TO

INSTALLATION OF THE CROSS SOUND CABLE AND SIX MONTHS AFTER CONSTRUCTION VIA REMOTE

SENSING METHODS THE CROSS SOUND CABLE WAS BURIED SIX FEET BELOW THE SEA FLOOR

GEOMORPHOLOGY

POSTINSTALLATION STUDIES AFTER SIX MONTHS REVEALED THAT THE DEPRESSION IN THE SEA FLOOR AT

THE LOCATION OF PIPELINE INSTALLATION VARIED FROM 05 TO FEET WHILE THE WIDTH OF THE

DEPRESSION VARIED FROM TO 19 FEET BEING INSTALLED VIA JET SLED THE CONSTRUCTION DID NOT

RESULT IN THE ESTABLISHMENT OF MOUNDS ON EITHER SIDE OF THE TRENCH THE PROCESS OF

LIQUEFYING THE SEAFLOOR FOR INSTALLATION RESULTS IN MUCH GREATER RESUSPENSION OF SEDIMENT

AND MORE WIDELY SPREAD DEPOSITION OF SEDIMENT AS CONTOURS WERE ONLY MEASURED IN

05 FOOT INCREMENTS THE ACTUAL EXTENT AND DEPTH OF SEDIMENT DEPOSITION COULD NOT BE

DETERMINED THROUGH REVIEW OF THIS SUMMARY REPORT

IN CONTRAST TO CROSS SOUND CABLE WHICH WAS READILY INSTALLED VIA JET PLOW DUE TO ITS

MINIMALDIAMETER THE 30INCH PIPELINE PROPOSED BY BROADWATER REQUIRES MUCH LARGER

TRENCH TO INSTALL THE PIPELINE TO ADEQUATE DEPTH AND MOVEMENT OF SIGNIFICANTLY LARGER

VOLUME OF SEDIMENT WHEREAS THE CROSS SOUND CABLE WAS EFFECTIVELY INSTALLED IN

TRENCH THAT VARIED IN WIDTH FROM TO 19 FEET THE BROADWATER PIPELINE WILL REQUIRE DITCH

THAT IS NOMINALLY ESTIMATED TO BE 25 FEET WIDE USE OF JET PLOW WITH ITS LIQUEFACTION AND

SUSPENSION OF THE SEAFLOOR SEDIMENT WOULD LIKELY RESULT IN MEASURABLE DEPOSITION OF

SEDIMENT AWAY FROM THE TRENCH AS MODELED IN APPENDIX OF RESOURCE REPORT

OUTSIDE THE SPOIL PILES BROADWATER ANTICIPATES MINIMAL SEDIMENT DEPOSITION IN

CONJUNCTION WITH THE PLOW INSTALLATION DUE TO THE LOW ENERGY INVOLVED WITH THE ACTUAL

PLOW OPERATION MAXIMUM DEPOSITION OF MM IS MODELED DIRECTLY ADJACENT TO THE TRENCH
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WITH DEPOSITIONAL DEPTHS OF GREATER MM NOT EXTENDING MORE THAN 100M200M FROM THE

TRENCH LINE

BIOGENIC ACTIVITY

CONSTRUCTION REGARDLESS OF INSTALLATION METHODOLOGIES WILL RESULT IN SOME UNAVOIDABLE

DIRECT ADVERSE IMPACT TO EXISTING COMMUNITIES WITHIN THE TRENCH LINE HOWEVER

MONITORING DOCUMENTED IN THE CROSS SOUND CABLE STUDY REVEALED SIGNIFICANT BIOLOGICAL

RECRUITMENT IN THE AREA ONLY SIX MONTHS AFTER CONSTRUCTION IN AREA AFTER SIX MONTHS

OBSERVATIONS REVEALED BIOLOGICAL PROCESSES DOMINATING PHYSICAL PROCESSES IN THE SURFACE

SEDIMENTS INCLUDING THE PRESENCE OF FEEDING MOUNDS PITS AND BURROWS IN THE VICINITY OF

THE PIPELINE SEDIMENT PLUMES WERE WITNESSED IN THE VICINITY AS RESULT OF BIOTURBATION

AND LARGE QUANTITY OF MOBILE AND EPIPHYTIC ORGANISMS WERE IDENTIFIED ADVANCED

SUCCESSIONAL COMMUNITIES OF ORGANISMS WERE WITNESSED THROUGHOUT THE AREA BOTH PRIOR TO

AND POST PIPELINE INSTALLATION OBSERVATIONS CONCLUDED THAT THE PRIMARY FACTOR SHAPING THE

BENTHIC COMMUNITY AND HABITAT ARE THE BIOLOGICAL PROCESSES TAKING PLACE THERE INDICATING

WHAT APPEARS TO BE FULL REBOUND IN BENTHIC BIOTA AFTER SIX MONTHS

HABITAT QUALITY

HABITAT TYPE AND QUALITY DID NOT APPEAR SIGNIFICANTLY DIFFERENT AT THE POINT OF PIPELINE

INSTALLATION AND THE AREAS IN THE VICINITY BASED ON THE REMOTE SENSING TECHNIQUES BEING

USED ANALYSIS OF UNDERWATER VIDEO IMAGERY DID NOT REVEAL ANY HABITAT DIFFERENCES

BETWEEN AREAS WITHIN AND OUTSIDE THE CABLEWAY THE ORGANIC SEDIMENT INDEX OSI
RHOADS AND GERMANO 1986 WHICH ASSESSES BENTHIC HABITAT ON RANGE FROM 10 POOR

QUALITY HABITATS TO 11 HIGH QUALITY HABITATS RANGED FROM TO FOR THE AREA FOLLOWING

INSTALLATION OF THE CABLE IN COMPARISON TO RANGE OF TO 10 MEASURED PRECONSTRUCTION

INDICATING THAT OSI DID NOT CHANGE SIGNIFICANTLY BETWEEN PRE AND POSTINSTALLATION

STUDIES AN OSI OF SIX OR HIGHER INDICATE GOOD HABITAT CONDITIONS THAT ARE GENERALLY

ASSOCIATED WITH BOTTOMS THAT ARE NOT HEAVILY INFLUENCED BY STRESS EITHER PHYSICAL OR

ANTHROPOGENIC OSI 2003 THIS WAS CONSIDERED CONSERVATIVE ESTIMATE OF BENTHIC

HABITAT QUALITY AS TWO OF THE FOUR COMPONENTS OF THE INDEX WERE NOT WITNESSED AT THE SITE

ONLY DEPTH OF REDOX POTENTIAL DISCONTINUITY AND SUCCESSIONAL STAGE OF MACROFAUNA WERE

ACCOUNTED FOR NOT THE PRESENCE OF GAS BUBBLES OR LOW DISSOLVED OXYGEN

BROADWATER RECOGNIZES THAT THE INSTALLATION OF 30INCH PIPELINE IS LIKELY TO HAVE GREATER

IMPACT THAN INSTALLATION OF CABLE HOWEVER THE DATA FROM THE CROSS SOUND CABLE POST

CONSTRUCTION MONITORING SUPPORTS BROADWATERS CONCLUSION THAT IMPACTS FROM INSTALLATION

WOULD BE SHORT TERM IMPACT AND THAT ECOLOGICAL COMMUNITIES WOULD BE EXPECTED TO

REBOUND QUICKLY THE BIOTIC REBOUND OF THE CROSS SOUND CABLE ECOSYSTEM IN AREA AFTER

INSTALLATION IS INDICATIVE OF SYSTEM THAT CAN ASSIMILATE THE CONSTRUCTION DISTURBANCE

ASSOCIATED WITH THE PIPELINE INSTALLATION
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HUBLINE STUDY

THE HUBLINE NATURAL GAS PIPELINE WAS CONSTRUCTED BY ALGONQUIN GAS TRANSMISSION

COMPANY IN MASSACHUSETTS BAY DURING 20022003 THIS 294 MILE LONG 24 TO 30
DIAMETER PIPE RUNS FROM SALEMBEVERLY TO WEYMOUTH AND IS BURIED AT MINIMUM DEPTH

OF FT WITH SEVERAL EXCEPTIONS WHICH PROVIDES THE OPPORTUNITY FOR COMPARISON TO THE

BROADWATER PROJECT UNLIKE BROADWATER HOWEVER HUBLINE REQUIRED SEVERAL DIFFERENT

CONSTRUCTION TECHNOLOGIES TO INSTALL THE PIPELINE DUE TO VARIATIONS IN THE BOTTOM SUBSTRATE

ENCOUNTERED HORIZONTAL DIRECTIONAL DRILLING CONVENTIONAL DREDGING JETTING PLOWING

AND BLASTING WERE ALL PART OF THE CONSTRUCTION PROCESS DEPENDING UPON THE TYPE OF

EQUIPMENT USED THE AREA OF DISTURBED SEDIMENTS ALONG THE PIPELINE PATHWAY CAUSED BY

TRENCHING AND BACKFILLING VARIED TO AS WIDE AS 70FT ALTHOUGH BROADWATER HAS NOT BEEN

ABLE TO OBTAIN SPECIFIC RESTORATION MONITORING REPORTS COMPLETED FOR THE HUBLINE PROJECT

RESTORATION OF THIS PIPELINE IN ADDRESSED IN THE FEISEIR THAT WAS PREPARED BY THE UNITED

STATES COAST GUARD FOR THE NEPTUNE LNG DEEPWATER PORT LICENSE APPLICATION

SPECIFICALLY THE FEISEIR REFERENCES THE YEAR ONE MONITORING CONDUCTED FOR THE PROJECT

WHILE THE BENTHIC SUBSTRATE OF THE HUBLINE POSTCONSTRUCTION MONITORING IS NOT AS

COMPARABLE TO THE BROADWATER PIPELINE AS IS THE CROSS SOUND CABLE STUDY SIMPLY

DESCRIBED AS SOFT HABITAT DUE TO THE DIVERSITY OF HABITAT TYPES ENCOUNTERED POST

CONSTRUCTION MONITORING EFFORT OF THE BENTHOS ASSOCIATED WITH HUBLINE REVEALED THAT

BENTHIC COMMUNITY RECOVERY WAS UNDERWAY WITHIN YEAR AFTER PIPELINE INSTALLATION AND

THAT DISPLACED BENTHIC ORGANISMS DID NOT DELAY IN RECOLONIZING THE AREA FOLLOWING

CONSTRUCTION THE FEIS NOTED THAT POSTCONSTRUCTION MONITORING OF THE HUBLINE PROJECT

INDICATED THAT ALL AREAS SHOWED SOME FORM OF REESTABLISHMENT OF BENTHIC ORGANISMS

YEAR AFTER CONSTRUCTION IN SUMMARIZING THE HUBLINE STUDY THE FINAL ETS FOR THE NEPTUNE

LNG DEEPWATER PORT LICENSE APPLICATION CONCLUDES THAT PIPELINE INSTALLATION WILL RESULT

IN SHORTTERM MINOR ADVERSE IMPACTS

IN ADDITION TO THE DISCUSSING THE HUBLINE PROJECT THE FEISEIR FOR NEPTUNE FURTHER

PROVIDES TABLE DETAILING RATES OF RECOVERY OF BENTHIC COMMUNITIES FOLLOWING DREDGING

ACTIVITIES WHILE NOT DIRECT COMPARISON TO THE IMPACTS RESULTING FROM SUBSEA PLOW

INSTALLATION OF PIPELINE DREDGING WOULD RESULT IN SIMILAR DISRUPTION OF BOTTOM SEDIMENT

WITH RESTORATION LARGELY RELYING ON NATURAL RECRUITMENT FROM ADJACENT AREAS TO REESTABLISH

BIOLOGICAL COMMUNITIES TABLE 4211 FROM THE FEISEIR PRESENTS DATA THAT INDICATE

RECOVERY TIMES FOLLOWING DREDGING AS BETWEEN WEEKS AND 18 MONTHS FOR MUD

SUBSTRATES WITH RECOVERY TIMES ANTICIPATED FOR SANDY AND GRAVELLY SUBSTRATES WITH THE

EXCEPTION OF THE STRATFORD SHOAL CROSSING THE BOTTOM SEDIMENTS THAT WILL BE DISTURBED BY

BROADWATER ARE PRIMARILY SILTS AND CLAYS WITH THIS TABLE FURTHER SUPPORTING CONCLUSION

THAT SHORT TERM RECOVERY CAN BE ANTICIPATED FOR THE BROADWATER PROJECT BASED ON THIS

INFORMATION THE IMPACTS ASSOCIATED WITH THE STRATFORD SHOAL CROSSING MAY BE OF SLIGHTLY
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LONGER DURATION BUT STILL WOULD NOT BE CONSIDERED SIGNIFICANT DUE TO THE SHORT DISTANCE OF

THE CROSSING AND THE LIMITED EXPANSE OF THE STRATFORD SHOAL THAT WOULD BE IMPACTED

COMPARISON TABLES

TO COMPLETE THIS RESPONSE NUMBER OF TABLES ARE PRESENTED AS FOLLOWS

TABLE EIR 242 PROVIDES DETAILED DESCRIPTION OF THE VARIOUS BACKFILLING METHODS

INCLUDING NATURAL BACKFILLING ACTIVE BACKFILLING WITH ROCK AND ACTIVE

BACKFILLING WITH NATIVE SEDIMENT USING VARIOUS CONSTRUCTION METHODS

FOR EACH METHOD THE MAGNITUDE EXTENT FREQUENCY AND DURATION OF

IMPACTS ASSOCIATED WITH TURBIDITY SEDIMENT CONVERSION AND

DISTURBANCE OF THE SEAFLOOR BENTHIC COMMUNITIES AND OTHER MARINE

RESOURCES ARE QUANTIFIED

TABLE ERR 243 PROVIDES DISCUSSION OF THE POTENTIAL FOR USING COMBINATION OF THE

VARIOUS BACKFILLING METHODS DEPENDING ON SITESPECIFIC CONSIDERATIONS

ALONG THE PIPELINE CORRIDOR AND

TABLE EIR 244 PROVIDES DISCUSSION OF THE TECHNICAL FEASIBILITY OF SUCCESS OF VARIOUS

BACKFILLING METHODS BASED ON OTHER LINEAR MARINE PROJECTS IN THE REGION

INCLUDING THE IROQUOIS PIPELINE THE EASTCHESTER PIPELINE THE HUBLINE

PIPELINE AND THE CROSS SOUND CABLE
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REQUEST

TIDAL MODELING INFORMATION FOR LONG ISLAND SOUND INDICATES THAT TIDAL CURRENTS

APPROACHING 08 METERS PER SECOND MIS ARE REPORTEDLY COMMON IN THE VICINITY OF THE

Y1VIS AND THIS CURRENT SPEED WAS CONSIDERED TO BE THE EXTREME CURRENT IN 100 YEAR IN

BROADWATERS YMS DESIGN CRITERIA REVIEW AVAILABLE DATA AND MODELING INFORMATION ON

LONG ISLAND SOUND CURRENTS AND UPDATE THE YI45 DESIGN CRITERIA AS APPROPRIATE BASED ON

CONSTANT CYCLING OF TIDAL CURRENTS APPROACHING 08 MS
UPDATED ESTIMATES OF EXTREME CURRENTS IN 100 YEAR AND

ANTICIPATED LOADINGS WITH AND WITHOUT AN LNG CARRIER MOORED ALONGSIDE THE

FSRU

RESPONSE

THE CURRENT CRITERIA FOR OPERATION SPRING TIDE DESIGN OF THE YIVIS IS DEFINED AT 06 MS
WITH GOING TO DIRECTION OF 6065 AND 260265 DEGREES AND THE EXTREME CURRENT OF 1100

YEAR AT 08 MS FOR MARINE OPERATIONS THE 995 NONEXCEEDANCE TIDAL CURRENT IS AT 045

MS THE METOCEAN CRITERIA INCLUDING CURRENTS ARE PRELIMINARY AND WILL BE UPDATED DURING

THE DETAILED DESIGN PHASE TO INCORPORATE MEASUREMENTS OBTAINED IN 2006

CURRENT CRITERIA ARE DEPTHAVERAGED RATHER THAN THE MAXIMUM SURFACE CURRENT VELOCITY

COMMERCIAL NAVIGATION SOFTWARE SUGGESTS MAXIMUM TIDAL CURRENTS IN LONG ISLAND SOUND

OF ABOUT 06 MIS THESE ARE SPOT MEASUREMENTS AT ONE POINT IN THE WATER COLUMN AND

WOULD BE EXPECTED TO BE HIGHER THAN DEPTHAVERAGED VALUE SIMILARLY MAXIMUM

SURFACE CURRENT OF 08 MS WOULD BE EXPECTED TO BE SIGNIFICANTLY GREATER THAN DEPTH

AVERAGED CURRENT

TO ADDRESS THE IDENTIFIED QUESTIONS REGARDING THE TIDAL CURRENT CRITERIA AND ASSOCIATED

DESIGN IMPACT THE PROJECT TECHNICAL EXECUTION SCOPE INCLUDES THE FOLLOWING

IN DETAILED DESIGN TIDAL MODELING WILL BE CONDUCTED AND NEWLY ACQUIRED

MEASUREMENT DATA WILL BE PROCESSED TO UPDATE THE TIDAL CURRENT CRITERIA AND

CONFIRM WHETHER CONSTANT CYCLING TIDAL CURRENT WOULD APPROACH 08 MS

IN DETAILED DESIGN THE EXTREME METOCEAN DESIGN CRITERIA WILL BE UPDATED

INCLUDING THE 100YEAR RETURN PERIOD EXTREME CURRENT CRITERIA AND

THE DESIGN DRIVER OF THE YMS STRUCTURE IS EXPECTED TO BE THE 100YEAR EXTREME

WAVE WITH ASSOCIATED WIND AND CURRENT AND THE 10000YEAR SURVIVAL CONDITIONS

CURRENT ALONE IS NOT LIKELY TO BE DESIGN DRIVER DURING THE DETAILED DESIGN OF

THE YMS STRUCTURE INTEGRATED MULTIBODY HYDRODYNAMIC CALCULATION ANALYSES WILL

BW016791
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BE CONDUCTED TO PREDICT THE HYDRODYNAMIC LOADS ON THE YMS STRUCTURE FOR

STRUCTURAL DESIGN THESE ANALYSES WILL CONSIDER BOTH LOADING SCENARIOS WITH AND

WITHOUT AN LNG CARRIER MOORED ALONGSIDE THE FSRU MODEL TEST PROGRAM WILL

ALSO BE EXECUTED TO VALIDATE THE KEY ANALYSIS CALCULATIONS
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CERTIFICATE OF SERVICE

HEREBY CERTIFY THAT HAVE THIS DAY SERVED THE FOREGOING DOCUMENT UPON EACH

PERSON DESIGNATED ON THE OFFICIAL SERVICE LIST COMPILED BY THE SECRETARY IN THIS PROCEEDING

IN ACCORDANCE WITH THE REQUIREMENTS OF RULE 2010 OF THE COMMISSIONS RULES OF PRACTICE

AND PROCEDURE

DATED AT WASHINGTON DC THIS 19TH DAY OF MARCH 2007

S BRETT SNYDER

BRETT SNYDER

BWO1 6793
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