Dewey & LeBoeuf LLP
1101 New York Avenue N.W.
Suite 1100

DEWEY & LEB OEUF Washington, D.C. 20005-4213

tel +1 202 986 8008
fax +1202 956 3217
bsnyder@dl.com

February 12, 2008
BY HAND

Kimberly D. Bose

Secretary

Federal Energy Regulatory Commission
888 First Street, N.E.

Washington, DC 20426

Re: Broadwater Energy LLC, Docket No. CP06-54-000
Broadwater Pipeline LLC. Docket Nos. CP06-55-000 & CP06-56-000

Dear Ms. Bose:

Enclosed for filing in the referenced proceedings is a copy of the
February 11, 2008 correspondence of Broadwater Energy 1.LLC and Broadwater Pipeline LLC
(collectively, “Broadwater”) with the New York State Department of Environmental
Conservation (“NYSDEC™). The February 11, 2008 correspondence also contains a copy of a
February 8, 2008 submission to the NYSDEC.

This submission consists of the following two volumes:

Volume I—Public. Volume [ contains the public portion of this submission.
Broadwater is providing an original and seven copies of Volume L.

Volume II-—Critical Energy Infrastructare Information (“CEII”). The
information in Volume II is CEII as defined in section 388.113(c)(1) of the Commission’s
regulations, 18 C.F.R. § 388.113(c)(1). SESH requests confidential treatment for this material,
which should not be released to the public. Accordingly, Volume II and the information therein
have been marked as “CONTAINS CRITICAL ENERGY INFRASTRUCTURE
INFORMATION — DO NOT RELEASE”. Questions regarding this request for CEI treatment
should be directed to Lawrence G. Acker, Dewey & LeBoeuf LLP, at (202) 986-8000 or at the
letterhead address. Procedures for obtaining access to CEIl may be found at 18 C.F.R.
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Kimberly D. Bose
February 12, 2008
Page 2

§ 388.113; requests for access to CEII should be made to the Commission’s CEIl Coordinator.
Broadwater is providing an original and two copies of Volume I1.

Please do not hesitate to contact me with any questions regarding this submission.
Respectfully submitted,

Ak —

Brett A. Snyder

Counsel to Broadwater Energy LLC and
Broadwater Pipeline LLC

Enclosures

cc:  Mr. James Martin, FERC
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Dewey & LeBoeuf LLP
9% Washington Avenue
Suite 2020

DEWEY & LEBOEUF Albany, NY 12210-2820

tel 518-626-9000
fax 518-626-9010

February 11, 2008

Via Hand Delivery

~ Mr. John Ferguson

New York State Department of
Environmental Conservation

625 Broadway, 4™ Floor

Albany, New York 12233-1750

Re: Broadwater LNG Project - Attachments to Follow-up Response to
December 21, 2007 Notice of Incomplete Application
DEC No. 1-4799-0007/00001

Dear Mr, Ferguson:

As part of the Broadwater's response to the above-referenced Notice of
Incomplete Application, enclosed please find the attachments to Broadwater's letter dated
February 8, 2008 (the "February 8, 2008 Letter"). Specifically, we enclose;

1) A revised Alternatives Analysis Pursuant fo Non-Attainment Area New
Source Review, 6 NYCRR 231-2.4(aj(2)(ii), dated February 2008 (with
exhibits);

2) Two plot plans for typical LNG carriers that would deliver LNG to the
FSRU, as referenced on page 11 of the February 8, 2008 Letter. Please
note that each of the plot plans is marked "Confidential Critical
Infrastructure Information" and we request that each drawing be excepted
from public disclosure in accordance with 6 NYCRR §616.7.

Each of the attached plot plans for typical LNG carriers provides detailed design
information for critical energy infrastructure that would be used to receive and deliver liquefied
natural gas into the interstate natural gas pipeline system in New York State. Broadwater has
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Mr. John Ferguson
February 11, 2008
Page 2

similarly requested that such information be treated as Confidential Energy Infrastructure
Information in filings with the Federal Energy Regulatory Commission.

For your convenience, we are also providing another copy of Broadwater's

February 8, 2008 Letter. Please contact me should you have any questions regarding this filing.

Very truly youys,
Vi V4

af S b L
NPt

P i~y

N. Jonathan Peress

Enclosure/osssa

cc: Broadwater
Robert J. Alessi, Esq.
Sara Allen-Mochrie, Ecology & Environment, Inc. (w/o enclosure)
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BROADWATER Docket Nos. CP06]-351':-2;)((1)V0V?§; 21;(();62‘5(}::(:(:

Federal Energy Regulatory Commission

Mr. John Ferguson February 8, 2008
New York State Department of Environmental Conservation

625 Broadway, 4™ Floor

Albany, New York 12233-1750

Re:  Follow-up Response to Notice of Incomplete Application, December 21, 2007
DEC No. 1-4799-0007/00001

Dear Mr. Ferguson:

This letter provides further substantive information and materials responsive to the
Department's comments in the above-referenced Notice of Incomplete Application ("NOIA")
pertaining to the application for an Air State Facility Permit submitted by Broadwater Energy
LLC ("Broadwater")." Where appropriate, our responses correlate to the numbering in the
NOIA. Broadwater remains committed to providing the Department the requisite information
necessary for the Department to complete its substantive review of the application.

By way of background, Broadwater submitted an application for an Air State Facility
("ASF") Permit seeking preconstruction approval for its proposed floating storage and
regasification unit ("FSRU") to be located in the Long Island Sound. In accordance with the
Department’s regulations governing application content for ASF permits, Broadwater's
application included the information enumerated by 6 NYCRR §201-5.2 necessary for a
complete application. In addition, because the FSRU is proposed in an area designated as
nonattainment for ozone and its potential to emit NOx is above the major source threshold, the
proposed FSRU is also subject to the requirement to obtain a nonattainment New Source Review
("NNSR") permit, which under NYSDEC's permitting protocol, would be issued as a portion of
the ASF permit. Accordingly, Broadwater's application also contained those elements
enumerated in 6 NYCRR §231-2.4 as necessary for a complete NNSR permit application.

Broadwater's letter dated January 23, 2008 provided copies of responses to
Environmental Information Requests ("EIRs") submitted to the Federal Energy Regulatory
Commission ("FERC") that address ambient impacts from marine vessels in the Coast Guard-
required safety and security zone ("SSZ") that will surround the FSRU, the sulfur content of fuel
to be used in the marine vessels within the SSZ and modeling of ambient impacts on the basis of
different sulfur in fuel content.

In this response, Broadwater is providing further substantive information regarding
mitigation of such modeled potential impacts. Specifically, and as set forth below in greater

' Asyou know, Broadwater’s letter dated January 23, 2008 also provided substantive information in response to

the NOIA.
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detail, Broadwater is proposing a sulfur in fuel limitation applicable to marine vessels servicing
the FSRU, including LNG carriers while transiting the Long Island Sound, to diminish the
ambient impacts attributable to marine vessel emissions.

Although Broadwater has no direct operational control over the liquefied natural gas
("LNG") carriers serving the FSRU facility, emissions from such carriers are subject to General
Conformity requirements under the Clean Air Act. To facilitate a General Conformity
determination by the FERC, Broadwater evaluated the extent to which it is feasible to reduce
SO, emissions impacts by reducing the sulfur content of fuel through contractual arrangements
with the owners of the LNG carriers. Based on its evaluation, Broadwater believes it is now
feasible to commit that through contractual arrangements mandating the use of a lower sulfur
fuel, LNG carriers will not exceed 1.5% 12-month rolling average, and no individual carrier will
exceed 2.5% while within the SSZ and while transiting in and out of Long Island Sound.

The proposed FSRU design inherently minimizes emissions and ambient impacts by
combusting natural gas for fuel and through state of the art, BACT/LAER emissions controls.
The use of low sulfur fuel by the LNG carriers will dramatically reduce emissions from marine
vessels and minimize both SO, and PM2.5 ambient impacts within the region. Under the
International Maritime Organization MARPOL Annex VI, the currently applicable sulfur in fuel
limit is 4.5%. By lowering the sulfur in fuel used by the LNG carriers, potential SO, emissions
from the carriers, including while connected to the FSRU, will be reduced by more than half.
The reduction of sulfur in fuel also substantially reduces PM2.5 impacts from the proposed
FSRU and the LNG carriers. Although there is not a readily available PM emission factor
correction procedure for existing marine vessels that switch to a lower sulfur fuel, it is accepted
that as fuel sulfur content is lowered, a considerable reduction in emissions of PM10 and PM2.5
will occur.

In committing to requiring low sulfur fuel use by LNG carriers servicing the FSRU,
Broadwater is relying on extensive experience in LNG shipping by Shell, one of the Broadwater
joint venture partners. Shell's worldwide operations entail contracting with numerous LNG
carriers and based on discussions with its marine contractors, Shell has determined that it is
feasible to require LNG carriers servicing Broadwater to comply with this lower sulfur limit
(1.5% 12-month rolling average, and no individual carrier exceeding 2.5%) for LNG carrier
operations while within the SSZ and while transiting in and out of Long Island Sound. This
commitment is yet another concrete example of the very specific and substantive steps that
Broadwater is undertaking to minimize ambient air impacts.

Broadwater is proposing the sulfur in fuel limitations in an effort to address the
Department’s interests and concerns as stated in the NOIA relating to ambient impacts from
vessel emissions. We are however unclear as to some of the various regulatory provisions the
Department is relying on in the NOIA. For example, under the relevant regulations, LNG carrier
emissions while connected to the FSRU are considered "trivial activities." 6 NYCRR §201-
3.3(c)(10). "Trivial activities" are exempt from the permitting provisions of Subpart 201-5,
which, as discussed above includes the provisions for ASF permits. 6 NYCRR §201-3.1(a).> The

2 Likewise, "trivial activities" are not subject to Title V permitting requirements, other than that emissions

attributable to trivial activities must be listed in a Title V permit application. 6 NYCRR §201-3.1(b).
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regulations governing ASF applications expressly exclude emission units that constitute trivial
activities from the requirement to "list all emission units at the facility" in an ASF permit
application. 6 NYCRR §201-5.2(b)(4). It is our understanding that marine vessel emissions
would not be subject to permitting requirements.” In developing information in response to the
NOIA, it would be helpful to us if the Department would clarify the regulations applicable to
marine vessel emissions.

The following is additional substantive information in response to the various NOIA
comments addressing air permitting issues:

Page 4-5 of 13:  Air Application 2.a.

Section 1 of the Air Quality Modeling Report (Attachment 3d of the application)
states that, per NYSDEC guidance, the emissions from the docked LNG carriers
are included in the impact analysis. Section 3.1 notes that only the boiler
emissions associated with LNG pumping were included as required for EPA’s
PSD applicability determination. However, DEC consistently noted in its
comments during the protocol review that all “stationary” source emissions must
be included in the impact analysis, in addition to those on the FSRU, independent
of any applicability determinations. Thus, emissions during ship hoteling noted
on page 3-7 and any other emissions from the carriers or any anticipated tugs
while stationary next to the FSRU must be modeled.

Page 3-7 also notes that, per NYSDEC guidance, the short term emissions have
not been scaled for the hours with zero emissions in a 24-hour period. This
change should also be reflected in footnote 1 of Table 4 in Attachment B
(Emissions Workbook) of the modeling section, and in other locations

Response: Broadwater revised its estimate of total stationary source annual emissions based on
the proposed fuel sulfur content limits. A revised summary of total annual emissions from the
FSRU and LNG carrier while stationary and pumping, based on a 12-month rolling average fuel
sulfur content of 1.5%, is shown in Table 1 and Table 2 for the two LNG carrier vessel sizes,
respectively. Previously modeled values at the sulfur content of 2.7 % are also provided in
Tablel and Table 2 and in comparison indicate the considerable reduction in emissions for fuel
sulfur content of 1.5%. Emissions outside of the safety and security zone (SSZ), and from the
LNG carrier while mobile within the SSZ are not included in these totals.

Note that the lower fuel sulfur content will affect SO, and PM10/PM2.5 emission totals;
generally, lowering of sulfur content in fuels has minimal to no effect on emissions of NOx, CO
and VOC. The reduction in fuel sulfur content will result in a corresponding reduction in
PM2.5 emissions, secondary formation and ambient impacts. At this time, an emission factor

Marine vessel emissions, other than those occurring during the pumping of LNG while connected to the FSRU,
are also excluded from ambient impact analysis for the proposed FSRU. See, EPA's New Source Review
Workshop Manual (Draft, October, 1990), p. A.16-18; NYSDEC Policy DAR-10: NYSDEC Guidelines on
Dispersion Modeling Procedures for Air Quality Impact Analysis, p. 3-4.
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correction method for PM10/PM2.5 has not been developed. However, it is generally accepted
that as fuel sulfur content is lowered, a reduction in emissions of PM10 and PM2.5 will occur.

Table 1
Broadwater Stationary Source Emission Summary — 140,000 m3 LNG
Carriers
Estimated Total Facility Major
Estimated Annual LNG Emissions Source
Annual FSRU Pumping (tpy) Size (tpy)
Air only Emissions Emissions
Pollutant! (tpy) (tpy)
SO, (2.7%S) 4 84 88 100
SO; (1.5%S) 4 47 51 100

M50, is a candidate PM, s precursor as defined in the EPA proposed PM, s implementation rule.
@ Emission estimates for the LNG carrier include only the portion of LNG carrier emissions occurring during
LNG unloading that are associated with pumping LNG to the FSRU (per USEPA guidance).

Table 2
Broadwater Stationary Source Emission Summary — 250,000 m3 LNG
Carriers
Estimated Total Facility Major
Estimated Annual LNG Emissions Source
Annual FSRU Pumping (tpy) Size (tpy)
Air only Emissions Emissions?
Pollutant" (tpy) (tpy)
SO, (2.7%S) 4 68 72 100
SO, (1.5%9S) 4 38 42 100

™80, is a candidate PMj s precursor as defined in the EPA proposed PM, s implementation rule.
@ Emission estimates for the LNG carrier include only the portion of LNG carrier emissions occurring
during LNG unloading that are associated with pumping LNG to the FSRU (per USEPA guidance).

As set forth above, Broadwater's letter to the Department dated January 23, 2008

addressed certain modeling comments in the NOIA by providing modeling results supplied to
FERC in response to EIR 8. In EIR 8, dated November 9, 2007 (see Attachment A), Broadwater
was asked to provide a modeling analysis that included the FSRU, an LNG carrier operating
within the SSZ, and any support vessels that may be required to support operations, and to

address fuel sulfur content. The FERC EIR and the NYSDEC NOIA overlap in several technical

aspects, most notably fuel sulfur content and modeling to include marine vessel sources within

the SSZ.

Broadwater's responses to FERC, identified as FERC EIR 8-1 through FERC EIR 8-3,
address fuel sulfur content and are also responsive to item 2.b in the NOIA which similarly

addresses fuel sulfur content. Fuel sulfur content variations will affect the SO, and the

PM10/PM2.5 emission rates and annual emissions. The adjustment of basic SO, emission rates
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for various sulfur contents is straightforward since there is a direct correlation between fuel
sulfur content and SO, emission rate. The relationship of PM10/PM2.5 emission rates to fuel
sulfur content is not as straightforward, although it is generally accepted practice that as fuel
sulfur content decreases, PM10/PM2.5 emissions and ambient impacts will also decrease. For
the LNG carriers of approximately 140,000 m® cargo capacity (which are powered by a boiler
and steam turbine), methodology to derive or correct PM10/PM2.5 emission factors based on
fuel sulfur content contained in USEPA FIRE emission factor documents for land-based boilers
may be applicable. Broadwater is investigating the applicability of using the land-based

boiler PM emission factor correction method on marine boilers. Thus, the short-term modeling
results for PM10 and PM2.5 shown in Table 3 which are based on 2.7% sulfur fuel use (as
shown in the FERC EIR and FEIS) would be reduced slightly using Broadwater’s proposed
short-term fuel sulfur limit of 2.5% sulfur.

For LNG carriers of approximately 250,000 m® cargo capacity (which combust traditional
residual fuel oil within marine diesel engines), there is no similar correction methodology in the
USEPA FIRE emission inventory document. However, it would be expected that PM
emission factors for the 250,000 m’ carriers would be lower when using 1.5 % sulfur fuel
(annual average) and 2.5% sulfur fuel (short term) than when using 2.7 or 4.5% sulfur, annual
average and short term, respectively. For most liquid fuels, the higher the sulfur content is in a
fuel, the less refined it is and will contain greater amounts of impurities that result in ash upon
combustion. The ash formed can be emitted as particulate matter. High sulfur content will also
result in a higher rate of formation of sulfate particles, compared to a lower sulfur fuel.
Therefore, reducing fuel sulfur content would likely significantly reduce PM emission levels.
The PM10 and PM2.5 emissions and ambient concentration levels shown in Tables 3 through 6
will be lower with the proposed fuel sulfur restrictions proposed by Broadwater. Broadwater will
continue to investigate methodology to estimate the amount of PM10/PM2.5 reduction that
would be realized by lowering the fuel sulfur content. Any changes to the PM10/PM2.5
emission factors and the methodology used to adjust these factors for lower fuel sulfur content
will be documented in a revision to the modeling report submitted with the ASF permit
application dated October 2007; revised modeling using adjusted PM10/PM2.5 emission factors
will also be included in the revised report which will be submitted no later than March 7, 2008.

Item 2.a in the NYSDEC NOIA requests revised modeling which includes stationary
marine vessels located next to the FSRU. Broadwater's response to FERC EIR 8-4 provided air
quality modeling data and results for various scenarios of marine vessels operating within the
SSZ. Two LNG carrier sizes were evaluated: 140,000 m3 and 250,000m3. For an LNG delivery
cycle, Broadwater defined four distinct operating scenarios consisting of a combination of
vessels needed to conduct each scenario. The four modeled operating scenarios entailed:

1) LNG carrier maneuvering (moving) inbound within the SSZ, assisted by tug boats
(moving), with the FSRU operating at full regasification capacity;

2) LNG carrier docking next to the FSRU with tugs operating at full or near full power to
push the LNG carrier to the FSRU, with the FSRU operating at full regasification
capacity;

3) LNG carrier stationary, hoteling and pumping next to the FSRU, tugs backed away and
stationary (approximately half-way to the SSZ boundary) and holding station at that
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location to monitor the SSZ for unauthorized entry, and with the FSRU operating at full
regasification capacity; and

4) LNG carrier maneuvering (moving) upon departure within the SSZ, assisted by tug boats
(moving), with FSRU operating at full regasification capacity.

Of these four scenarios, scenario 3 would result in the maximum short-term (1 through 24 hour)
emission rates for SO, and PM10/PM2.5; this scenario also consists of the highest emission rate
from an LNG carrier as it includes both hoteling and pumping related emissions while operating
on fuel oil. By comparison, the tug boats holding stationary position within the SSZ are a very
minor contributor to the overall emission total. Because scenario 3 resulted in the highest short
term emission rates, this scenario was evaluated via dispersion modeling for an evaluation of
maximum short-term impacts.

For scenario 3, Broadwater modeled a range of fuel sulfur contents for the LNG carrier,
ranging from 1.5% up to 4.5%. This served to determine the fuel sulfur level for which an
exceedance of the SO, 3-hour and 24-hour NAAQS (including background) is not predicted to
occur. For the FERC response, the modeling predicted that a maximum short-term fuel sulfur
limit for the LNG carriers of 3.2% would result in only one 24-hour time period in the
meteorological data set used for the modeling which would exceed the 24-hour NAAQS only.
The second highest value for the same evaluation was approximately 50% of the highest value;
however, according to the NYSDEC-approved modeling protocol the highest value must be used
for NAAQS comparison. Therefore, a lower maximum fuel sulfur content would be required to
eliminate any NAAQS exceedances for SO,. A fuel sulfur content of 2.5% for the short-term
period was found to result in a maximum impact (including background) that was below the 3-
hour and 24-hour SO, NAAQS. Tables 3 through 6 show results of modeling using short-term
emission rates based on 2.5% sulfur fuel and annual emission rates based on 1.5% sulfur fuel
(excepting PM10 and PM2.5). As you are aware, significant impact levels (SILs) are an
assessment threshold indicator that serve to indicate the pofential for impact and further study,
unlike the NAAQS which are well-defined health-protective based standards.
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Table 3 AERMOD Results for SSZ Emissions for 140,000 m®> LNG Carrier Case - Short-Term

Modeling

Significant AERMOD

Impact Level Maximum

and NAAQS AERMOD including

Averaging (SIL/NAAQS) Maximum Background® Exceed
Pollutant® Period (ng/m’) (ng/ m’) (ng/ m*) SIL/NAAQS
PM;, 24-Hour 5/150 43 101 Y/N
PM, 5 24-Hour 5/35 42 72 Y/Y
Sulfur dioxide (S0,)  |24-Hour 5/365 243 345 YN
3-Hour 25/1,300 764 954 Y/N
Notes:

@ Background concentrations are shown in Table 3-8 of the Modeling Protocol. Combination of maximum
and background shown for comparison to NAAQS. PM, s 24-hour background value (98" percentile) is

32.3 ug/m3.

@ Maximum AERMOD value is highest from model runs using 2004/2005 short-term only meteorological
data set and 2006 full year meteorological data set. This value is compared to the SIL.
®) Results shown for PM10 and PM2.5 are based on 2.7% sulfur fuel and will be lower when corrected to

use of 1.5% sulfur fuel.

Table 4 AERMOD Results for SSZ Emissions for 140,000 m* LNG Carrier Case Using 1.5% Sulfur
Fuel for Annual Period Modeling

Significant AERMOD
Impact Level Maximum
and NAAQS AERMOD including
Averaging (SIL/NAAQS) Maximum Background® Exceed
Pollutant® Period (ng/m?) (ng/ m’) (ng/ m*) SIL/NAAQS
PM;, Annual 1/50 0.6 18.6 N/N
PM,; 5 Annual 1/15 0.6 11.8 N/N
Sulfur dioxide (SO,) Annual 1/80 2.12 21 Y/N
Notes:

@ Background concentrations are shown in Table 3-8 of the Modeling Protocol. Combination of maximum
and background shown for comparison to NAAQS.

@ Maximum AERMOD value is highest from model runs using 2006 full year meteorological data set only.
This value is compared to the SIL.

® Results shown for PM10 and PM2.5 are based on 2.7% sulfur fuel and will be lower when corrected to
use of 1.5% sulfur fuel.
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Table 5 AERMOD Results for SSZ Emissions for 250,000 m®> LNG Carrier Case - Short-Term

Modeling

Significant AERMOD

Impact Level Maximum

and NAAQS AERMOD including

Averaging (SIL/NAAQS) Maximum Background® Exceed
Pollutant® Period (ng/m®) (ng/ m’) (ng/ m®) SIL/NAAQS
PM;, 24-Hour 5/150 45 103 Y/N
PM, 5 24-Hour 5/35 45 75 Y/Y
Sulfur dioxide (SO,) 24-Hour 5/365 153 255 Y/N
3-Hour 25/1,300 470 660 Y/N
Notes:

@ Background concentrations are shown in Table 3-8 of the Modeling Protocol. Combination of maximum
and background shown for comparison to NAAQS. PM, 5 24-hour background value (98" percentile) is
32.3 ug/m3.

@ Maximum AERMOD value is highest from model runs using 2004/2005 short-term only meteorological
data set and 2006 full year meteorological data set. This value is compared to the SIL.

®) Results shown for PM10 and PM2.5 are based on 2.7% sulfur fuel and will be lower when corrected to
use of 1.5% sulfur fuel.

Table 6 AERMOD Results for SSZ Emissions for 250,000 m* LNG Carrier Case Using 1.5% Sulfur
Fuel for Annual Period Modeling

Significant AERMOD
Impact Level Maximum
and NAAQS AERMOD including
Averaging (SIL/NAAQS) Maximum®  Background® Exceed
Pollutant® Period (ng/m?) (ng/ m?) (ng/ m*) SIL/NAAQS
PM;, Annual 1/50 0.94 19 N/N
PM,; 5 Annual 1/15 0.94 12 N/N
Sulfur dioxide (SO,) Annual 1/80 2.00 23 Y/N
Notes:

@ Background concentrations are shown in Table 3-8 of the Modeling Protocol. Combination of maximum
and background shown for comparison to NAAQS.

@ Maximum AERMOD value is highest from model runs using 2006 full year meteorological data set only.
This value is compared to the SIL.

® Results shown for PM10 and PM2.5 are based on 2.7% sulfur fuel and will be lower when corrected to
use of 1.5% sulfur fuel.

Additional modeling analyses for SO, were performed using the OCD model in order to examine
the distance to SIL thresholds for the 3-hour, 24-hour and annual time period, for both LNG
carrier sizes. The receptor locations used in the OCD model consisted of the overwater polar
grid described in the Modeling Protocol, and a receptor set defining the New York and
Connecticut coastline in the vicinity of the project. The results of the modeling are shown in
Table 7. The results show that for the annual average period, the SO, SIL is not exceeded
anywhere overwater or at the shore. For the short-term averaging periods (24-hour and 3-hour),
concentrations above the SO, SILs extend to the shoreline when the LNG carrier is docked next
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to the FSRU (pumping and hoteling emissions were included in the modeling). Maximum SO,
concentration values at the shoreline are shown in Table 8 and compared to the applicable SIL.
As shown, the maximum SO, concentrations at the shoreline are essentially the same as the
applicable SIL with slight variations depending on which meteorological data year is used.

Table 7 — Sulfur Dioxide (SO,) Significant Impact Distance

Radial Distance to SIL from FSRU (kilometers)

Location/Average Time | Met Data Year 2006 | Met Data Year 2005 | Met Data Year2004
140K LNG Carrier
SHORELINE
Annual Not exceeded See note 1 See note 1
24 hour (see Note 2) 16.4 25.5 Not exceeded
3 hour (see Note 2) Not exceeded 16.5 16.5
OVERWATER GRID
Annual Not exceeded See note 1 See note 1
24 hour (see Note 2) 14 17 11
3 hour (see Note 2) 14 17 14
250K LNG Carrier
SHORELINE
Annual Not exceeded See note 1 See note 1
24 hour (see Note 2) 16.4 25.5 Not exceeded
3 hour (see Note 2) Not exceeded 14.9 Not exceeded
OVERWATER GRID
Annual Not exceeded See note 1 See note 1
24 hour (see Note 2) 14 17 11
3 hour (see Note 2) 14 14 14

(1) Meteorological data for 2005 and 2004 are partial year data; annual period concentrations cannot be

determined.

(2) Since meteorological data for 2005 and 2004 does not cover entire year, short term results shown do

not necessarily indicate conditions for all 24-hour or 3-hour periods in those years.

Table 8 — Summary of OCD Model Results for SO, Impacts at the Shoreline

Average OCD SIL (ug/m3) | Exceed SIL? | Receptor LNG Carrier | Met Data year
Period Maximum

3-hr 25.2 25 Y shore 140K 2004
24-hr 3.9 5 N shore 140K 2004
3-hr 28.3 25 Y shore 140K 2005
24-hr 5.9 5 Y shore 140K 2005
3-hr 21.3 25 N shore 140K 2006
24-hr 5.5 5 Y shore 140K 2006
3-hr 246 25 N shore 250K 2004
24-hr 3.8 5 N shore 250K 2004
3-hr 27.6 25 Y shore 250K 2005
24-hr 5.7 5 Y shore 250K 2005
3-hr 20.7 25 N shore 250K 2006
24-hr 5.3 5 Y shore 250K 2006

9
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The implementation of the fuel sulfur limits described above mitigates SO, impacts to the
maximum extent feasible by Broadwater. For the annual period, the 1.5% fuel sulfur limit
results in no exceedances of the annual SO, SIL at or near the shoreline. Mitigation measures
that could reduce short-term ambient impacts such as changing the source (stack) configuration
or height and size of structures (in this case the design of LNG carriers), are not available to
Broadwater since the delivery fleet will consist of vessels from the worldwide fleet of carriers for
deliveries.

In response to the NOIA, corrected footnotes will be added to Table 4 in Attachment B
and in other locations as necessary to reflect that short term emissions have not been scaled for
hours with zero emissions. Broadwater will revise the modeling report submitted with the ASF
application to reflect these changes and other modeling revisions. To assist NYSDEC with its
substantive review of the application, a revised report will be provided no later than March 7,
2008.

Page 5 of 13:  Air Application 2.b.

Section 3.3 notes two sizes for carriers that will supply LNG to the FSRU:
140,000 and 250,000 m® vessels. For the smaller carriers, the oil sulfur
content is 4.5% maximum and 2.7% average for the short term and annual
impacts, respectively, based on data reported by an international
convention. For the larger 250,000 m carriers, the modeling is based on
1.5% sulfur content which is said to be the anticipated convention limit.
Broadwater must provide an acceptable demonstration process, and
permitting should reflect the means by which both those limits will be
achieved by the carriers that will supply the FSRU. Otherwise, the
maximum available sulfur content fuel should be used in the modeling
analysis.

Response: As part of its facility operations, Broadwater will provide and implement Port
Regulations for all vessels that call on the terminal. The Port Regulations will include
operational and regulatory requirements, which will ensure that the vessels can call safely and
securely on the Broadwater LNG Facility. When a vessel is nominated to discharge at the
Broadwater FSRU, the facility will require the vessel to provide information regarding the
physical attributes of the vessel so that Broadwater can determine its compatibility with the
facility and properly prepare for the vessel arrival. At the same time Broadwater will provide the
vessel with the Port Regulations for their review, understanding, and acknowledgement. These
Port Regulations will amongst other things, dictate the proposed sulfur limitation for the period a
vessel is within Long Island Sound. As part of the “FSRU clearance process”, Broadwater will
require each arriving vessel to:

e Submit their latest bunker analysis report.
e Confirm and acknowledge the sulfur restriction.
e Submit a plan on how they will conform to this sulfur limitation imposed.
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Following acceptance of this plan the vessel would be cleared, subject to other clearance

requirements, to call at the FSRU.

Any LNG carrier not capable of operating on 2.5% or lower sulfur fuel for a delivery cycle,
including the time spent maneuvering inbound and outbound within the SSZ and while docked at
the FSRU, will not be accepted for delivery of LNG. Broadwater will calculate a 12-month
rolling average fuel sulfur content value and ensure that it does not exceed 1.5%. For any
individual delivery event, Broadwater will ensure that no fuel with sulfur content greater than

2.5% will be used by an LNG carrier.

In addition, Attachment 3¢ of the application notes that the PM10 and
PM2.5 emissions for the FSRU components reflect the factors from AP42,
which includes the condensable fraction of particulates. It is not clear if
condensable particulate form is also reflected in the carrier emissions per
noted Reference 13. If not, these should be included in the modeling
results.

Response: The emission factors used to determine PM10 and PM2.5 emissions for the LNG
carriers are taken from the New York, Northern New Jersey, Long Island Nonattainment Area
Commercial Marine Vessel Emission Inventory (i.e., the “Starcrest” report), which factors were
reviewed and approved by NYSDEC. Broadwater reviewed the document and the European
marine vessel emission inventory document referenced in the Starcrest report and found that
neither provides detail on the make-up (e.g., condensable vs. filterable fractions) of the LNG
carrier PM10 and PM2.5 emission factors. The Starcrest report states that: "the approach and
methods used in this report have been coordinated with and reviewed by the New York State
Department of Environmental Conservation (NYSDEC), the NJDEP, the United States
Environmental Protection Agency — Region 2 (USEPA - Region 2), the USEPA’s Office of
Transportation Air Quality (OTAQ)....” Based on its review of potential sources for estimating
PM emissions from the LNG carriers, Broadwater believes that using emission factors as stated
in the Starcrest report are the best available information for quantifying marine vessel emission
rates in the proposed project area.

Page 5 of 13: Air Application 2.c.

Section 3.4 discusses how building downwash considerations are
addressed in the modeling and references Appendix B for the FSRU and
carrier dimensions. The only diagrams we can find are in Appendix E, but
these do not provide plot plans detailed enough to confirm whether the
BPIP-PRIME input dimensions are proper. Thus, more detailed vertical
and horizontal plot plans should be provided.

Response: The reference to Appendix B was a typographical error. The FSRU plot plan
shown in Appendix E is an overview of the FSRU. For the LNG carriers, Broadwater has
obtained more detailed plot plans for the 140K and 250K vessel types that would deliver
LNG to the FSRU. These typical drawings are attached.
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Page 5-6 of 13: Air Application 2.d.

The impacts of short term emissions due to startup and shutdown
conditions are incorporated in the modeling by scaling the hourly emission
rates. In previous comments to Broadwater on the protocol DEC
requested a separate assessment of the short term impacts of pollutants
affected by these conditions. The request was based on the potential lower
stack temperatures and velocities associated with start up and shut down
periods. Although the modeled hourly emission rates used by Broadwater
have accounted for these conditions, the corresponding effects of lower
stack parameters must also be addressed.

Response: Broadwater will provide a stand-alone startup and shutdown condition analysis to

NYSDEC no later than March 7, 2008.

Page 6 of 13: Air Application 2.e.

Pages 2-3 of Section 2 incorrectly note that our August 31, 2007
comments on the modeling protocol stated we were satisfied that the
safety zone can be used as the fence line for the purposes of defining
ambient receptors. Our review letter only noted that we did not need
further information from Broadwater at the time because we were awaiting
EPA’s decision on where ambient receptors should be placed. That
determination was made by EPA in an October 9, 2007 letter. Thus,
section 2 and Section 3.6 discussions on receptor placement should reflect
EPA’s determination that the safety zone can be the starting distance of
the receptors, including the determination that the carriers are considered
to be under the control of Broadwater and can be excluded from the
definition of ambient air.

Response: The relevant sections of the air modeling report will be revised to correctly reflect

EPA's determination that use of the SSZ boundary as the starting point for receptors is an

appropriate surrogate for the fenceline for modeling purposes. Broadwater reviewed EPA’s
October 9, 2007 letter and did not observe a determination that the carriers are under the control
of Broadwater. It appears that EPA's rationale for excluding the carriers from the definition of

ambient air is that the carrier's ability to enter the SSZ is subject to the authorization of
Broadwater as is typically the case for contractors entering into the fenceline of a regulated
facility.

Page 6 of 13:  Air Application 2.f.

Section 4 of the Attached 3d presents the results of the modeling of the
FSRU with and without the carriers at berth (at two sizes noted above)
using the OCD and AERMOD models approved for use as per the
modeling protocol review for specific conditions. The results are
presented in Tables 8 to 10 for the OCD model and are separated by on-
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water and on-shore receptors, while Tables 11-13 present results of
AERMOD that simulated downwash effects using more recent
methodologies than in OCD on near-field receptors (i.e. over water only).
To the extent that these results will be affected by comments 1 and 2
[note: assumed to mean comments 2(a) and 2(b) above], a revised set of
Tables will need to be provided. These tables should also be revised to
include PM10 annual impacts since the PM10 standards and PSD
increments are still applicable in New York for source permitting

purposes.

Response: Broadwater will provide the Department with a revised modeling report no later than
March 7, 2008. Based on our review of the Air Regulations, the PM10 standards are no longer
applicable in New York. According to the Department, the Air Regulations were amended,
effective October 19, 2007, "to clarify that the annual national Ambient Air Quality Standards

for PM10 has been revoked by EPA." See

http://www.dec.ny.gov/regulations/propregulations html. It would be helpful if NYSDEC would

identify the regulatory provisions relating to PM10 standards in New York.

Page 7 of 13:  Air Application 2.f.

The results presented indicate that for each of the pollutants modeled,
there is at least one scenario under which the corresponding EPA
significant impact levels (SILs) are exceeded. We request that the
distance to which the SILs are exceeded (i.e. the Significant Impact areas,
SIAs) be provided in all these instances, as well as the locations at which
the maxima occur for each of the tabulated results. EPA and DEC policy
requires that when a SIL is exceeded, a cumulative impact analysis be
conducted to assure that the proposed facility does not contribute to a
modeled standards violation. The modeling protocol (Appendix A, page 3-
19) notes that under these circumstances, NYSDEC procedures in DAR-
10 and Air Guide 36 are used to assess whether and which nearby sources
need to be explicitly modeled in a cumulative analysis, in addition to the
use of regional background levels to represent other source contributions.

On the other hand, the application improperly argues that nearby sources
need to be modeled primarily if the proposed source is on land and if its
STAs overlap "permanent" receptors (i.e. not over water). Significantly,
this argument is only presented for the AERMOD results wherein
receptors have been confined to the near field (over water locations) and
this limitation translates to there being no nearby major sources within the
15km distance to the shoreline at Long Island. Thus, the results from the
project are added to only the regional background levels for comparison to

standards in Tables 11-13.

Not only are the supporting arguments provided in the application
unjustified, but also it should be noted that the OCD results in Tables 8 to
10 indicate that the short term SILs for SO, are exceeded at the shoreline
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receptors, in addition to numerous exceedances at over water receptors.
Thus, a cumulative analysis is necessary for the project to demonstrate that
it does not contribute to standards violations. That analysis must follow
the procedures in NYSDEC DAR-10 and Air Guide 36 as well as in EPA's
New Source Review Workshop Manual. Since the protocol did not detail
how such an analysis might be performed, Broadwater should submit a
proposal for DEC review and approval before undertaking the analysis

The starting point would be to define the SIAs for each pollutant and
request a source inventory from New York and/or Connecticut (once it
identifies on which shoreline the SILs are exceeded) out to SOkm from the
largest SIA. Furthermore, the cumulative analysis should remedy the
limited receptors placement in the application to only along the shorelines
(page 3-19), while the protocol noted that a grid of receptors would be
placed to capture near and on- shore impacts. That grid should be refined
to assure maximum impacts are defined for the cumulative analysis.

Response: By proposing a 1.5% annual limit for sulfur content in fuels used by marine vessels,
the modeled SIL exceedances for the annual time period is shown to be eliminated overwater and
at the shore line. An instantaneous 2.5% limit for the sulfur content in fuels diminishes the
extent of modeled SIL exceedances for the short term standards. The modeling data and results
provided in response to item 2.a (above) provide the distance from the FSRU location to the
modeled SIL exceedances.

Page 7-8 of 13:  Air Application 2.g.

The AERMOD results in Table 12 indicate that the project is predicted to
exceed the 3 and 24 hour SO, PSD increments with the 140,000 m’ LNG
carriers at berth. Whether other pollutants or scenarios also might be
projected to have similar exceedances will depend on responses to
comments above on carrier emissions. We had indicated in our 8/31/07
protocol review letter that the PSD regulations require an increment
consumption analysis for minor sources, even if these are not PSD
applicable, pursuant to 40 CFR 51.166(b)(13)(ii)(b). These exceedances
mean that the project as proposed cannot be permitted without mitigation
of the increment violations. The resolution can include either a project
modification or impact offsets per guidance in EPA's New Source Review
Manual (Section C.1V.E).

Response: It is our understanding that the proposed project is a minor source and not subject to
PSD and/or PSD increment consumption analysis. Increment consumption analysis
requirements under EPA's PSD regulations apply to applicants seeking PSD permits. Proposed
sources which are not subject to PSD permitting requirements, such as Broadwater, are exempt
from the increment assessment provisions of EPA's PSD regulations. See EPA Memorandum,
Exemptions from PSD Permit Requirements for Coal Conversions Resulting from DOE
Prohibition Orders, Edward Reich, April 11, 1980.
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Page 8 of 13: Air Application 2.h.

The application discusses the impacts of the project on PM2.5 levels in the
context of Commissioner's Policy 33 (CP-33. Assessing and Mitigating
Impacts of Fine Particulate Matter Emissions. 12/29/2003) on pages 4-8
to 4-10. It concludes that even though these impacts are above the
thresholds in CP-33 that would require an environmental impact
statement, such a Draft EIS has been submitted to FERC. We previously
commented on this analysis and do not know yet FERC's conclusions in
the Final EIS. However, it is seen from Tables 11 to 13 that the impacts
from AERMOD predictions are above the 24 hour PM2.5 standard of 35
ug/m® with and without the carriers next to the FSRU, when the maximum
regional background level from the protocol is added to the project
impacts. If this background level is used for the OCD model results in
Tables 8 to 10, the same standards violations would result. As noted
previously, these results do not account for comments 1 and 2 above [note:
assumed to mean comments 2(a) and 2(b) above] which could increase the
level of impacts.

These projected violations are unacceptable for inclusion in the FERC
EIS, and for DEC permitting purposes. Broadwater can revisit the
background levels, which they note to be conservative, using procedures
allowed in EPA's Modeling Guidelines. In addition, the application (and
FEIS) should discuss all measures which Broadwater can take to minimize
the impacts of PM2.5 not only to meet CP-33 requirements, but also
because the location of the project can be deemed to be in the PM2.5
nonattainment area.

Response: Broadwater understands that CP-33 1s implemented under the State
Environmental Quality Review Act (SEQRA), which is not applicable to the Broadwater
Project. Nonetheless, Broadwater meets the operative standards in CP-33 by having
mitigated ambient impacts of PM2.5 to the maximum extent practicable. Actions to meet
the NNSR permit requirements for NOx (e.g., LAER and offsets) will result in a net
reduction in NOx emissions. As discussed above, Broadwater proposes to further
minimize impacts by accepting sulfur in fuel limits.

Broadwater will revisit the background levels as suggested to determine if
revisions to the values used in the study are viable. As noted above, the proposed limit
on fuel sulfur will cause a reduction in the PM10/PM2.5 impacts. Broadwater is
continuing to evaluate these impacts with additional modeling and will provide a further
response no later than March 7, 2008.

Page 8 of 13:  Air Application 2.1.

Section 3g of the application discusses the nonattainment requirements of
Subpart 231 with respect to an alternative site and size analysis using the
"three prong" test previously determined by the Commissioner as a
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necessary component for major source review in nonattainment areas.
Aspects of this alternatives analysis need to be revised or augmented.
With respect to the first prong addressed in Section 3.1, the discussions
fail to address the projected PM2.5 standards violations (and increment
exceedances) noted above in demonstrating that the potential adverse
effects have been avoided to the maximum extent possible.

With respect to the third prong, the application discussions rely on their
alternative sites analysis in the FERC DEIS and claim FERC has accepted
these assessments. However, the requirements of Section 231-2.4(a)(2)(i1)
are independent of what information FERC might accept or require to
reach its determinations. Thus, the application's claim that they need only
look at sites they own or control is inappropriate within the context of
Subpart 231, and is especially since they do not own or control the
underwater lands of the proposed site. Furthermore, most of the
discussions appear to summarily dismiss all Atlantic Ocean sites and
address either onshore or Sound sites, while ocean sites are noted in terms
of sites in New England or Gulf of Mexico. The only site on the Atlantic
side of Long Island mentioned is the Safe Harbor project which is noted to
be in initial stages of proposal without any discussion of relevant
environmental impacts. There is also a brief discussion of the pipeline
sites suggested by NYSDOS for consideration, as presented in Section 5
of the application.

These discussions of alternative sites fall short of the requirements of
Subpart 231-2 for the Broadwater proposal. Sites which are distinctly
different from the proposal should be assessed in detail with respect to the
air quality aspects, and whether they offer more environmental benefit
without unduly curtailing the project benefits.

Response: In response to the NOIA, and in accordance with applicable precedent regarding the
content of alternative analyses under the Clean Air Act New Source Review ("NSR") program,
the Broadwater Part 231 Alternative Analysis was updated and augmented. As requested, text
was added discussing the PM2.5 impacts of the proposed facility and alternatives in light of the
PM2.5 nonattainment status of the New York Metropolitan Air Quality Control Region
("AQCR"), which geographically covers the market area to be served by the proposed source
project. In addition, revisions were made to express the measures and attributes of the proposed
source that minimize adverse environmental effects. A salient benefit of the proposed project is
environmental improvement provided by the additional supplies of clean-burning natural gas in
the AQCR. This benefit is substantiated by various objective studies and assessments, as
detailed in the revised Alternatives Analysis. For example, studies have documented the
increase in natural gas demand that will result from the implementation of a carbon cap and trade
system. The proposed source, by its fundamental purpose of increasing natural gas supplies and
lowering natural gas prices in the region, facilitates environmental and air quality improvement
from such regulatory initiatives.
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The text was also revised to clarify that the scope of alternatives considered by
Broadwater extended to dozens of potential options located at sites not owned or controlled by
Broadwater, including thorough analysis and consideration of sites on the Atlantic side of Long
Island. Thorough analysis conducted by Broadwater and discussed in the Alternatives Analysis
concludes that environmental impacts from alternatives on the Atlantic-side are greater and
benefits are less than that of the proposed source. This conclusion was shared by both the FERC
EIS and the comprehensive study commissioned by the Long Island Power Authority ("LIPA").

A Part 231 alternatives analysis requires a broader view of environmental costs and
benefits beyond those relating only to air quality impacts. See, e.g., In the Matter of Keyspan
Energy Development Corporation, 2003 N.Y. ENV LEXIS 13 (Crotty, Feb. 25, 2003). In this
regard, the objective analysis conducted by FERC and others (e.g., LIPA) assessing the
environmental and social costs and benefits of the proposed source clearly affirms the
sufficiency of Broadwater's Part 231 alternatives analysis and its substantive conclusions. The
benefits of the proposed stationary source and the environmental and social costs that would be
imposed as result of its location and construction in New York State have been subjected to
thorough and detailed analysis, far in excess of a typical application filed pursuant to 6 NYCRR
§ 231.

In accordance with NYSDEC's precedent in prior air permit application reviews,
applicants "bear a very low burden" to demonstrate compliance with the alternatives analysis
requirements under 6 NYCRR 231-2.4(a)(2)(i1). Keyspan Energy Development Corporation,
2003 N.Y. ENV LEXIS 13, at *13-14, 41. Both EPA and NYSDEC precedent provide that the
substantive importance of an alternatives analysis in rendering an NSR permit decision is
limited, affecting a permitting decision only when evidence favoring a different outcome "clearly
outweighs the choice made" by the applicant. Id.; In re: Campo Landfill, Campo Band Indian
Reservation, 6 E.A.D. 505 (EAB 1996). As provided in the Commissioner's decision in Keyspan
Energy Development Corporation, "that heavy burden is particularly appropriate where, as here,
the nature of the decision to be made [regarding the alternatives analysis] is inherently
subjective." Keyspan Energy Development Corporation, 2003 N.Y. ENV LEXIS 13, at *13, 40-
41. While subjective, Broadwater's alternatives analysis and conclusions are substantiated by
various objective analyses. Further, an applicant is not required to evaluate sites that would not
allow the proposed project to serve its primary business purpose. In re: Campo Landfill, 6
E.AD. at 522-523. Notably, in In re: Campo Landfill, the EPA Environmental Appeals Board
expressly upheld an alternatives analysis that substantially relied on the conclusions of an
Environmental Impact Statement prepared in accordance with NEPA as sufficient under the
Clean Air Act. 1d. at 524. Attached is the revised Alternative Analysis, which incorporates by
reference the FERC EIS and LIPA studies.

As discussed above, Broadwater is committed to providing the Department the requisite
information necessary for the Department to complete its substantive review of Broadwater's
application. We look forward to working with the Department as it progresses with its review of
the application and of the information submitted herewith.
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If there are any questions concerning the attached information, please feel free to contact me at
403-920-2046 or Sara Allen-Mochrie at 716-684-8060.

Murray Sondergard
Project Director

Cc: Robert Alessi (Dewey & LeBoeuf)
John Hritcko (Broadwater)
Sara Allen-Mochrie (Ecology & Environment)
George Stafford (New York State Department of State)
Jim Martin (Federal Energy Regulatory Commission)
Naomi Handell (United States Army Corp of Engineers)
Lingard Knutson (United States Environmental Protection Agency)

Attachments:

1. Revised Alternatives Analysis
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Exhibit A

Final Environmental Impact Statement
Broadwater LNG Project

Docket Nos. PF05-4, CP06-54-000, and CP06-55-000

This document is not included herein; please see FERC's issuance on

01/11/2008 accession number 20080111-4001
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LIMITATION ON LIABILITY

This report has been prepared by Levitan & Associates, Inc. (LAI) for the Long
Island Power Authority solely for the purpose of conducting an independent
assessment of the proposed Broadwater LNG terminal. LAI’s observations and
technical findings pertaining to Broadwater’s market and economic impacts
depend on the assumptions and inputs to various engineering, economic and
mathematical models. Economic results reported in this study are based on
market, economic, and regulatory information available to LAI through July 31,
2005. While LAI believes that all factor input assumptions to various models are
reasonable, there is no assurance that any specific set of assumptions will occur
over the planning horizon.

In conducting technology and safety related due diligence, LAI relied on publicly
available documents for the Safety Review and the Technology Review of the
Broadwater Project.  Any documents marked “Privileged and Confidential,’
“Critical Energy Infrastructure Information” or “Sensitive Security Information”
were not available to LAI, and therefore not reviewed by LAI. LAI does not
assume any liability for potential inconsistencies or discrepancies between non-
public and public information related to the Broadwater Project.

In conducting environmental related due diligence, LAI relied upon field data
collected by Broadwater and submitted to the Federal Energy Regulatory
Commission and other environmental data in the public domain. LAI did not
undertake any independent field sampling or monitoring.

LAI does not make any warranty, expressed or implied, and does not assume any
liability with respect to the use of information or methods disclosed in this report.
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100 Summer Street

_ Suite 3200
Boston, MA 02110
L=VITAN & ASSOCIATES, INC. Fax (617) 831.2826

MARKET DESIGN. ECONOMICS AND POWER SYSTEMS

July 2007

Richard M. Kessel, President & Chief Executive Officer
Long Island Power Authority

333 Earle Ovington Blvd., Suite 403

Uniondale, New York 11553

Re: Due Diligence - Broadwater LNG Import Terminal

Dear Mr. Kessel,

Levitan & Associates, Inc. (LAI) is pleased to submit to the Long Island Power Authority
(LIPA) the results of the due diligence performed on the proposed Broadwater liquefied
natural gas (LNG) terminal in Long Island Sound. Over the last two year, LAI has conducted
an independent and objective assessment of Broadwater’s impact in New York State,
including Long Island Sound. While we have exercised best efforts to take advantage of the
vast body of scientific knowledge pertaining to the LNG industry, specifically, the
information base related to the Broadwater project, the observations and findings expressed
herein are solely the opinion of LAI. Hence, the opinions and conclusions stated in this
report represent LAI’s view on Broadwater’s impact in New York State and therefore should
not be misconstrued as representative of any other entity’s position on the array of research
activities presented herein.

From a New Yorker’s perspective, we have evaluated the market, economic, environmental,
and safety related impacts associated with Broadwater’s development of an 8 billion cubic
foot floating storage and regasification unit, the largest of its kind, anywhere in the world.
Emphasis is placed on the derivation of the expected economic benefits ascribable to
Broadwater in the first ten years of the Project’s economic life relative to what New Yorkers
would otherwise be expected to pay for natural gas and electricity when the region’s gas
supply originates from other supply sources. We have also considered a number of
performance and operational attributes pertaining to Broadwater’s design scale-up of
conventional floating oil and LNG storage technology components employed by global
energy companies elsewhere in the world.

This report is the culmination of technical research largely conducted by LAI from May 2005
through May 2006, augmented by additional analysis performed through July 2007.
Following the main body of the report is a chapter wherein LAI provides a regulatory update
of Broadwater’s status based on information since June 2006 made available by the Federal
Energy Regulatory Commission (FERC), the U.S. Coast Guard, the Government
Accountability Office and other agencies.

In conducting this analysis, LAI relied on financial, safety / security, and environmental

information in the public domain. We also relied on Broadwater’s certificate application at
FERC. LAI consulted with state and federal agency representatives, Iroquois Gas
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Richard M. Kessel, President and Chief Executive Officer
July 2007
Page 2

Transmission, Consolidated Edison Company, and KeySpan Energy, as well as Broadwater’s
staff, including third party advisors. Of critical importance, we note that the Broadwater
docket at FERC, relevant U.S. Coast Guard reports, records of public meetings, and other
scientific reports number in the thousands of documents. Given the size of the information
base, we did not attempt to summarize or otherwise evaluate the file in its totality. Instead,
we centered our research on the economic and scientific questions believed to be of vital
interest to stakeholders on Long Island and, to a lesser extent, New York City, especially
environmental impacts during both the construction and operational phase, and long term
safety concerns under an array of hypothetical contingency events.

I would like to recognize the ongoing support and responsiveness of LIPA’s staff, other
utilities doing business in New York, as well as the invaluable assistance of various
regulatory bodies, without whom LAI would not have been able to meet the goals and
objectives set forth in this study. LAI’s project team is available to meet with you and LIPA
staff at your convenience to address any areas requiring clarification or additional technical
insight.

On behalf of the entire LAI project team, thank you for the privilege of this engagement.

Sincerely yours,

(2

President

cc: Kevin Law
Richard Bolbrock
Lynda Nicolino
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INTRODUCTION

Broadwater Energy, LLC (Broadwater or the “Project”), is a joint venture between TransCanada
Corporation and Royal Dutch Shell. TransCanada is one of the largest energy companies in
North America, primarily known for its natural gas gathering and pipeline system from Alberta
to eastern Canada. Royal Dutch Shell is a global oil and gas company — one of the largest
suppliers of liquefied natural gas (LNG) around the world. Broadwater has proposed to build a
Floating Storage and Regasification Unit (FSRU) to be permanently moored in the middle of
Long Island Sound. Like other land-based LNG import terminals elsewhere on the Atlantic
seaboard, the FSRU would receive LNG cargoes from overseas liquefaction plants and would
have a large storage capacity in order to maintain adequate inventory in the event LNG tankers
are delayed either crossing the Atlantic Ocean or entering Long Island Sound. Over 1,200 feet in
length, 200 feet in width, and 80 feet above the water line, the FSRU is designed to hold eight
separate tanks, a total capacity of 8 billion cubic feet (Bcf). An FSRU of the scale contemplated
for Long Island Sound has not been commercialized elsewhere in the world. It therefore
represents a substantial scale-up of conventional LNG and floating oil storage technology that
has been used by global energy companies for decades.

The FSRU would help meet energy demand throughout the Northeast via a 21.7-mile long
subsea pipeline that would connect to a marine tap on the existing Iroquois Gas Transmission
System (Iroquois). The Iroquois mainline extends from upstate New York through western
Connecticut and across the Sound to Long Island. Iroquois also has a separate high-pressure
marine lateral, Eastchester, which connects the north shore of Long Island to New York City.
The mainline tap on Iroquois would be located due west of the FSRU in the middle of Long
Island Sound. Broadwater expects that the Project would be capable of operating near
continuously at a production rate of 1.0 Bef/d. Broadwater’s proposed in-service date for the
Project 1s late 2010.

In May 2005, the Long Island Power Authority (LIPA) asked Levitan & Associates, Inc. (LAI)
to conduct due diligence on Broadwater’s potential market and economic impacts, as well as to
address highlights of the proposed technology. LAI also conducted an assessment of
Broadwater’s environmental impacts and safety considerations. The assessment conducted
herein constitutes an independent and objective assessment of the Project from a New Yorker’s
perspective.

From a market and economics standpoint, we have quantified the expected economic benefits
ascribable to Broadwater for Long Island, New York City, and Rest of State consistent with
Broadwater’s proposed regasification of 1 Bcf/d. Over the ten-year planning horizon, 2010-
2020, we have held Broadwater’s operating regime constant in order to derive the economic
impact attributable to the Project when its daily output is treated as a baseload gas supply for
redelivery across the New York Facilities System (NYFS). The NYFS is the network of local
transmission and distribution mains owned and operated by Con Edison and KeySpan to serve
gas utility loads and power plants throughout the region. We have conducted a sensitivity
analysis in order to gauge the potential value to New York associated with alternatives including
pipeline expansions and/or rival LNG import terminals that have been proposed in New England
or New Jersey.
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From a technology standpoint, we have compared Broadwater’s proposed FSRU to other
offshore LNG facilities. We have considered the integrity of the yoke mooring system to the
stationary tower in 90 feet of water, and the delivery logistics associated with replenishment of
the inventory of LNG stored on the FSRU via LNG carriers that would be escorted by the United
States Coast Guard (USCG) through The Race to the FSRU each week. The technology review
was based on the draft and final Environmental Impact Statements (EISs) from other proposed
and approved LNG projects, industry LNG technology presentations and papers and publicly
available reports on LNG technology.

From an environmental standpoint, we have assessed the potential impacts to marine plants and
animals during the construction period and the long-term operational phase. We have also
evaluated the effectiveness and feasibility of mitigation methods proposed by Broadwater in light
of observations at similar projects in Long Island Sound and other marine sites. Finally, we have
considered the potential impacts of the Project on boating and commercial fishing, and on other
marine traffic in Long Island Sound, including The Race. Our environmental review is based on
the Resource Reports and other documents submitted by Broadwater to the Federal Energy
Regulatory Commission (FERC), other publicly available reports pertaining to Long Island
Sound, and discussions with state officials. LAI also researched post-construction monitoring
reports prepared for other marine infrastructure projects constructed in Long Island Sound, and
similar marine habitats in the Northeast. The scope of this review encompassed the potential
impacts arising from the construction of the 21.7-mile pipeline from the FSRU to the Iroquois
mainline, the construction of the yoke mooring system tower and riser pipe, and the operation of
the pipeline, FSRU, and LNG cargo vessels.

From a safety standpoint, we have assessed the magnitude of various hazards associated with
LNG, including the likely results under a number of postulated bad events. We researched the
impact of LNG spills over water for both accidental and intentional events based on both
experimental and modeling studies performed by others. We also evaluated safety zones
established or proposed for other LNG projects. Finally, we reviewed the Resource Report on
Safety and Reliability in Broadwater’s application to FERC. In performing the safety review,
LAI relied upon publicly available information developed by Broadwater, as well as other
technical studies performed on similar energy projects elsewhere in the U.S. and Canada, in
particular, the Cabrillo Deepwater Port (Cabrillo Port) project proposed to be located about 14
miles off the southern California coast. LAI reviewed a technical report issued by Sandia
National Laboratories (Sandia) under contract to the U.S. Department of Energy (DOE), on the
risk analysis and safety implications of a large LNG spill over water — Sandia has been doing
research on nuclear weapons, military technology and homeland security since 1949. LAI
assessed the impact of an LNG spill over water based on both experimental and modeling studies
referenced by Sandia.

Unless otherwise noted, the observations and findings presented in this report were the product
of due diligence conducted from May 2005 through May 2006. LAI’s assessment was
conducted after Broadwater filed its Resource Reports at FERC on January 30, 2006, but prior to
FERC’s issuance of the Draft EIS (DEIS) on November 17, 2006, the USCG’s issuance of the
Waterways Suitability Report (WSR) on September 21, 2006 and the Government
Accountability Office’s (GAO’s) maritime security report on March 14, 2007. LATI’s review of

il
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these documents is incorporated in the final section of this report, as an update of the regulatory
status of the Project.

il
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EXECUTIVE SUMMARY

The highlights of LAI's due diligence on market / economics, technology, environmental, and
safety are presented by topical area.

Market & Economics

The objectives of LAI’s market and economic analysis were threefold: first, to quantify the
economic benefits reasonably ascribable to Broadwater over the ten-year planning horizon for
gas utility and electricity customers on Long Island, in New York City and Rest of State; second,
to compare the economic benefits associated with Broadwater to other potential pipeline
enhancements and/or rival LNG import terminals proposed elsewhere in the Northeast; and,
third, to identify noteworthy commercial considerations and risk factors that bear upon the
economic merits / demerits of the Broadwater project.

North America is not running out of natural gas. It is just more difficult and therefore costly for
gas producers to keep pace with demand. While natural gas supplies across North America are
growing ever tighter due to accelerated maturation effects in conventional producing basins — in
particular, the Gulf Coast and western Canada — new production will likely be very expensive in
ultra deepwater in the Gulf of Mexico, the Mackenzie Delta in northern Canada, and Alaska. In
the U.S., the brightest spot production-wise is unconventional production from the Rocky
Mountains, but New York is too far away for production in the Rocky Mountains to matter
much. Even stellar production sustained by Rocky Mountain producers over the next decade is
unlikely to counterbalance the maturation effect on price and supply in conventional basins
behind the pipelines that serve Long Island and New York City.

Whether or not Broadwater is developed, the U.S. will surely increase materially its reliance on
LNG imports in order to plug the anticipated supply gap between production in North America
and domestic demand. Among the crowded field of rival LNG projects proposed for the Atlantic
seaboard, in LAI’s opinion, most projects will likely be abandoned. No one knows for sure
which ones will succeed. Due to the high capital intensity and geopolitical risks characteristic of
the LNG “supply chain,” we believe that the LNG import projects that are indeed
commercialized will be those that can take advantage of the balance sheet strength of the global
oil and gas companies.

Highlights of our assessment of Broadwater’s market and economic impacts in New York State
include the following:

» Absent Broadwater, natural gas prices on Long Island and in New York City are likely to
remain high, generally indexed to crude oil prices, and broadly reflective of tight market
fundamentals across North America. Natural gas prices are also likely to remain volatile,
whipsawing during the heating season when pipelines serving New York are periodically
constrained. Even if Broadwater is commercialized, its existence will not in and of itself
immunize New York from global competition for premium fossil fuels. Assuming
Broadwater regasifies 1 Bcf/d, natural gas prices will certainly be much lower on Long
Island, in New York City, and Rest of State in relation to what they would otherwise be
without a large-scale import terminal at Long Island’s doorstep. Relative to LAI’s
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Business-as-Usual Case — that is, a long term energy future without Broadwater — when
Broadwater is added to the resource mix we estimate that the average price of natural gas
for two leading market-area indices over the ten-year forecast period would decrease by
$1.35/MMBtu (Transco Zone 6 New York, or “TZ6-NY,” shown in Figure ES1) and
$1.61/MMBtu (Iroquois Zone 2, or “IGTS-Z2”), a reduction up to 17%. This average
decrease in price is explained by the expected reduction in volatility resulting from
Broadwater’s location in the heart of the market center, as well as the heightened
competition among rival production basins to serve New York’s gas demand. Natural
gas prices will also be lower in New Jersey and Connecticut. Prices will also be
somewhat lower in other key market centers along the supply chain from the Gulf Coast
to New York State, and from western Canada to New York.

Figure ES1 — Market Area Price Effect Attributable to Broadwater (TZ6-NY)
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» Presently, New York State’s natural gas supply is predominantly sourced 1,500 to 2,700
miles away in the Gulf Coast and Alberta, respectively. Con Edison and KeySpan rely
on conventional underground storage in Pennsylvania at the Leidy and Ellisburg storage
fields, and, to a lesser extent, in southern Ontario at Dawn. Broadwater’s vast storage
inventory, up to 8 Bcf, located in the heart of the market will surely reduce commodity
prices as well as dissipate or, conceivably, eradicate gas price volatility for the
foreseeable future. Due to Broadwater’s storage capacity, we believe that natural gas
prices would no longer be nearly as volatile throughout the planning horizon. The
potential elimination of price volatility effects is explained by the expected absence of
congestion effects along the big pipelines serving New York, in particular, Transco,
Texas Eastern, and Iroquois. With Broadwater, we note one key market assumption,
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namely, that New York’s gas utilities do not subsequently relinquish their respective
primary, long-haul entitlements from both storage centers and production areas to the
NYEFS.

Long Island’s total current and foreseeable energy requirements — both gas and electric —
are much less than New York City’s. If Broadwater is developed, it is likely that the
majority of the benefits will flow physically and financially to New York City. From a
physical standpoint, most of the gas from Broadwater will flow into New York City via
Iroquois’ Eastchester lateral from Northport to the terminus at Hunts Point. A substantial
portion of Broadwater’s daily output will be delivered to Long Island at the Northport
power plant and at South Commack, the terminus of the Iroquois mainline, for redelivery
through the KeySpan local distribution system. The remainder of Broadwater’s daily
production will flow via a reversal on Iroquois northward into Connecticut. Only about
20% of the total expected benefits are expected to reside on Long Island. On Long
Island, LAI has estimated that over 70% of the benefits would be realized by electricity
customers rather than gas utility customers.

Broadwater is not needed now to ensure reliable energy supply for Long Island or New
York City, but would clearly represent the most economic solution in the future to meet
the region’s robust energy demand growth. Absent Broadwater, the pipelines serving
New York have been and can continue to be expanded so long as KeySpan, Con Edison,
and their customers are willing to “foot the bill” for increased deliverability. A number
of new pipelines are already on the drawing boards but await final authorization, for
example, Islander East. If constructed — and that is a major challenge — these new
conduits are likely to provide Long Island and, conceivably, New York City, with
breathing room for the next decade to satisfy the region’s critical need for pipeline
delivery capability to ensure that people stay warm throughout the heating season and the
power grid remains secure year-round. However, the all-in delivered cost of natural gas
behind the new pipelines or pipeline expansions proposed for New York is an altogether
different question, one that puts Broadwater in a favorable light.

The economic benefits of the Broadwater Project have been differentiated by core (gas
utility) and non-core (electric) demands for Long Island, New York City and Rest of
State. Figure ES2 summarizes the present value of total core benefits for each sub-region
from 2010 to 2020. Total benefits for core amount to $4.6 billion as follows: $1.9 billion
for New York City (41%), $0.8 billion on Long Island (17%), and $1.9 billion for Rest of
State (42%).
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Figure ES2 — Gas Utility (Core) Benefits Attributable to Broadwater by Sub-Area
(2010-2020)
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Figure ES3 shows the present value of non-core benefits for each sub-region from 2010
to 2020. Total benefits for non-core amount to $10.2 billion as follows: $4.4 billion for
New York City (43%), $1.9 billion on Long Island (19%), and $3.9 billion for Rest of
State (38%).

The total savings attributable to Broadwater are summarized in Table ES1 with and
without an economic adjustment, called the multiplier effect, which takes into account
secondary economic impacts from changes in employment, income and other variables.
These savings are depicted graphically in Figure ES4 with the economic multiplier
adjustment.
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Figure ES3 — Electric (Non-Core) Benefits Attributable to Broadwater by Sub-Area
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Table ES1 — Savings Attributable to Broadwater

Savings without Savings with
Multiplier Effect Multiplier Effect
Long Island $2.7 billion $3.8 billion
New York City $6.3 billion $8.8 billion
Rest of State $5.8 billion $8.1 billion
Total $14.8 billion $20.7 billion
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Figure ES4 — Economic Savings Attributable to Broadwater”
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» In April 2005, Broadwater told LIPA’s management and trustees that New Yorkers
would save $6 billion from 2010 to 2020. Discussions between LAI and Broadwater
revealed important structural differences between modeling techniques and assumptions.
Broadwater’s model was designed to analyze regional inputs on a high-level basis, and
did not consider avoided gas price volatility, core versus non-core procurement patterns,
income multiplier effects or potential economic benefits outside of Long Island and New
York City. Also, Broadwater did not discount these savings to account for the time value
of money. Had they discounted the savings, this number would have been much lower
than $6 billion. LAI observes that Broadwater’s representation in April 2005 to LIPA’s
Board of Trustees was stated in very conservative terms. On an apples-to-apples basis,
LAT has estimated that expected savings in New York State will equal $21.6 billion, well
above three times Broadwater’s portrayal. In present value terms, this equates to $14.8
billion expressed in 2010 dollars.

» The total expected value to New York State, $20.7 billion — including the adjustment to
account for benefits to the economy — requires a number of material adjustments to
account for other benefits and costs, quantification of which was outside the scope of this
study. Not included in LAI’s estimated total savings are: (i) potential payments in lieu of
taxes to “host” communities on Long Island, (ii) the value of potential commercial
inducements from Broadwater to one or more anchor customers, (iii) environmental

* Adjusted for economic multiplier effect
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benefits associated with the increased use of natural gas in lieu of oil for power
production, including one or more generation asset repowering(s) on Long Island, in New
York City or Rest of State that might not otherwise occur, and (1v) miscellaneous capital
costs potentially borne by gas utilities and power generators on Long Island and in New
York City for the sake of reliability. Regarding this last item — miscellaneous capital
costs borne mainly by KeySpan and Con Edison — Broadwater’s daily dispatch regime
would materially change the pattern of gas flows on Long Island and New York City.
Both KeySpan and Con Edison may therefore need to commit significant capital
resources to maintain network reliability in response to much higher receipts at different
gate stations on the NYFS, the costs of which would ultimately be recovered from retail
gas and electric customers. Other costs borne by KeySpan, Con Edison and power plants
to ensure that Broadwater’s gas supply is interchangeable with pipeline rendered supply
must also be counted. Other costs may be borne by the region’s gas utilities to ensure
that processes at the existing peak-shaving LNG facilities in Suffolk County, Queens and
Brooklyn are not impaired as a result of commingling Broadwater’s regasified supply
with pipeline-rendered supplies from Canada and the Gulf Coast.

Another economic benefit is associated with both KeySpan’s and Con Edison’s ability to
reduce the total cost of pipeline transportation by releasing temporarily their valuable
pipeline and storage entitlements on Transco and Texas Eastern. Margin recoupment
through capacity release has the potential to be material, but we have not attempted to
measure it for purposes of this analysis.

LAI compared how Broadwater stacks up against other plausible infrastructure additions
to serve growing gas demand on Long Island and New York City. When we tested how
natural gas prices on Long Island and New York City change without Broadwater, but
with other postulated infrastructure improvements, including a rival LNG import terminal
proposed in New Jersey, we found that Broadwater was by far the best economic
outcome for New York State. Central to this determination is the reasonable expectation
that in order for Broadwater to capture market share, Broadwater will need to be a price
taker, not a price setter. In LAI’s opinion, Broadwater will sell its inventory of natural
gas under avoided cost principles, that is, Broadwater’s price of natural gas will need to
beat what its customers would otherwise pay to deliver natural gas to Long Island or New
York City. Otherwise, Broadwater will not sell very much natural gas. Under the array
of factor input assumptions used by LAI in our quantitative analysis, we observe that the
addition of the first phase of the proposed Millennium Pipeline and downstream
improvements on both Algonquin and Iroquois will not be expected to yield a significant
reduction in gas prices on Long Island or New York City. The addition of these upstream
pipeline segments would confer vital reliability benefits, however. Other postulated
pipeline expansions onto Long Island and New York City would be expected to reduce
gas prices in the market area by $0.62/MMBtu, only about one-third the reduction on
Long Island attributable to Broadwater. The impact of BP’s proposed Crown Landing
LNG import terminal in New Jersey was about the same as the pipeline expansions we
tested. While other potential LNG import terminals such as Crown Landing or one of
several new import terminals proposed in New England will likely reduce energy prices
in New York, the net impact for New Yorkers is not remotely comparable to that of
Broadwater. Moreover, rival LNG import terminals’ prospects for success are a
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wildcard. Importantly, our findings regarding the economic impact of other contenders in
lieu of Broadwater do not incorporate any of the high fixed annual payments payable by
utilities and power generators associated with reserving space on new or expanded
pipelines into the market center.

Unless Broadwater is contractually obligated to meet commitments on Long Island and in New
York City and, perhaps, other adjacent markets, Broadwater, or its marketing affiliate, may
divert cargoes destined to New York, electing instead to move charter vessels to the most
lucrative spot market across the Atlantic Basin. Until worldwide liquefaction capability in
exporting countries catches up to the demand for LNG, competing markets across the Atlantic
Basin constitute heightened competition for spot cargoes, in particular, the United Kingdom,
Spain, and a number of other European Union countries. Certainly, the best way to assure
Broadwater’s operating regime around 1 Bcf/d is to require performance through contractual
safeguards oriented around a “take-if-tendered” commercial structure.

Technology

LATs technology study objectives were threefold: first, to evaluate the various types of offshore
LNG facilities; second, to identify technology limitations associated with the FSRU, its major
components, and the yoke mooring system; and, third, to assess operational issues with the
FSRU and LNG transfer.

Offshore LNG technology builds on the industry’s record of safety and reliability established
over the past four decades. At present there is no FSRU technology on the scale proposed by
Broadwater operating anywhere in the world. Nevertheless, each of the essential components of
Broadwater’s FSRU has been used safely and reliably in both offshore petroleum and onshore
LNG terminal operations around the world. LAI examined each type of offshore LNG facility
proposed or operating in the U.S. These include gravity-based structures, a modified LNG
tanker unloading to a submerged turret loading buoy and alternative FSRU design technology.
LAI evaluated the essential operating components of the FSRU from the perspective of historical
use and suitability in Long Island Sound. We evaluated multiple components of Broadwater’s
proposed technology, namely, containment, regasification, cargo transfer, emergency shutdown,
boil-off, custody transfer, and mooring.

Highlights of our assessment include the following:

» There is no evidence of fatal flaws in the FSRU design. Broadwater’s functionality and
design combines existing and proven technology from onshore LNG terminals and LNG
vessels. In LAD’s opinion, Broadwater will benefit from the technology progress and
knowledge gained from over forty years of reliable performance in terms of shipping,
storage, and terminal operations around the world. The containment system, individual
tank design, and related hull design will undergo rigorous evaluation by the American
Bureau of Shipping (ABS) to ensure compliance with all applicable codes and guidelines.

» The FSRU includes multiple system redundancies to ensure reliable and safe operation.
Examples of system redundancies include an additional gas turbine for electricity
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generation, multiple pumps in storage tanks, excess vaporization capacity, an additional
loading arm and additional condensers and liquid pumps for the vaporizers.

» Offshore cargo transfers are limited by the relative motion between the FSRU and the
LNG carrier. LNG deliveries will not be scheduled unless there is a 24-hour weather
window within operating limits corresponding to wind speeds less than 33 knots and
waves less 6.6 feet. During cargo transfer, the FSRU loading arms are connected to the
receiving flanges of the LNG carrier. If weather were to take a sudden and rapid turn for
the worse, that is, unanticipated choppy seas and high winds materialize after cargo
transfer has commenced, the simultaneous movement of the FSRU and LNG carrier has
the potential to unduly stress the loading arms on the FSRU. In such an event, the
emergency shutdown system would be activated when the relative motion between the
two vessels exceeds threshold tolerances. In LAI’s opinion, the risk involved in offshore
cargo transfer can be competently managed through the adherence to prudent operational
procedures.

» The scale of Broadwater’s storage system significantly exceeds the storage capacity of
LNG carriers currently in service or likely to begin service this year or next. However,
Broadwater’s eight individual storage tanks of 1 Bcf per tank are similar in size to those
planned for new, large LNG vessels currently under construction in shipyards in Korea,
Japan and France.

» Broadwater’s yoke mooring system is designed to permanently tether the FSRU to the
mooring tower. The yoke mooring system is a critical Project component: both
reliability and safety depend on the integrity of the yoke mooring system, as there will
not be an anchor on board the FSRU in the event of failure. The yoke mooring system is
designed to withstand a Category 5 hurricane — comparable to the force of Hurricane
Katrina that devastated the Gulf of Mexico in August 2005. The high waves and wind of
a Category 5 hurricane would be more severe than a “100-year storm” on Long Island.
The worst storm ever recorded on Long Island occurred in 1938, a Category 3 hurricane.
Aside from weather-related risk, either a terrorist attack or an accidental vessel collision
with the yoke mooring system could conceivably release the FSRU from its mooring.
Although the FSRU would have thrusters to maintain a constant heading, its motion
would generally be controlled by tug boats. Tugs cannot operate reliably when waves are
greater than 2 meters (6.6 feet). Therefore, the yoke mooring system must be designed
for maximum safety. Of critical importance, the area around the yoke mooring system
must be protected from incoming vessels by an adequate safety zone.

» In the final analysis, all technology risk will be borne by Broadwater, not market
participants doing business on Long Island or in New York City or Rest of State.

Environmental

LAT’s environmental review objectives were four-fold: first, to identify the most significant
potential impacts on marine plant and animal resources in Long Island Sound resulting from the
construction and operation of the Project; second, to identify the potential impact on recreational
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and commercial fishing and boating associated with the construction and operation of the
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Project, including the delineation of Safety Zones around the FSRU and the LNG carriers; third,
to identify feasible mitigation methods applicable to Broadwater in the context of how such
mitigation methods have been implemented for similar projects; and, fourth, to evaluate the
incremental impact of the Project relative to existing infrastructure, commerce, and other uses of
Long Island Sound. LAI’s review does not constitute an independent environmental impact
statement. We did not perform an independent compliance review or impact assessment with
respect to air emissions or water discharge associated with operation of the FSRU and the LNG
carriers. If permits are issued by the authorized federal and state agencies, we assume that
conditions attached to air permits, the State Pollutant Discharge Elimination System (SPDES)
permit, and other permits would be protective of, and prevent deterioration of air quality and
marine resources. The decrease in natural gas prices ascribable to the Project may promote
repowering of existing steam plants on Long Island and/or conversion of core heating load from
oil to gas, thus enabling a net reduction in emissions on NO, SO; and CO,. LAI has not
quantified this potential benefit. Furthermore, LAI takes no position concerning the so-called
“industrialization of Long Island Sound.” This issue must be decided by state and local officials.

Highlights of our environmental assessment include the following:

» The selection of the Project site avoids sensitive resources that are located in the
nearshore area of Long Island Sound, including shellfish beds, marine bird breeding
grounds, and tidal wetlands. The Project site also avoids disturbance of the most heavily
contaminated sediments, which tend to be along coastal areas and in the western portion
of Long Island Sound. On both the Long Island and Connecticut shorelines, there are no
significant environmental impacts associated with the FSRU and the pipeline lateral
connecting the FSRU to the Iroquois mainline.

» Impacts associated with pipeline construction are well-documented from other marine
infrastructure projects in Long Island Sound. The method proposed by Broadwater for
excavation of the pipeline trench using a subsea plow is the least environmentally
damaging. However, benthic invertebrates in the areas of direct impact from the subsea
plow and buried by sidecast spoils will likely be killed. Larger, more mobile
invertebrates and fish will likely be able to avoid the disturbance. Avoidance of near-
surface bedrock substrate eliminates the need for blasting, which has the highest impact
to marine resources. Some finfish species may be susceptible to barotrauma from
pressure waves during pile driving for the yoke mooring system tower, but the effects
will be short-term and localized. Changes in water quality due to increased turbidity
during trenching for the pipeline and yoke mooring system construction will be short
lived. Time of year restrictions will help minimize effects to commercially important
species such as lobster, and rare, threatened or endangered species such as whales and
turtles. Although the area of the seafloor that is expected to be disturbed during
construction is over two thousand acres — approximately 0.26% of the total area of Long
Island Sound — numerous scientific studies have documented the recovery of benthic
marine resources in Long Island Sound and similar environments following disturbance.
For other marine infrastructure projects, studies have shown that recolonization occurs
within a period of weeks to months, with total recovery to the original condition taking
several years.
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» Some of the potential operational impacts can be categorized as low risk-high impact.
These include contaminant release through fuel spills, whale / turtle entanglement or
collisions with marine traffic. These potential impacts are not unique to Broadwater, and
are generally mitigated through best management practices and spill prevention, control
and countermeasure plans.

» The FSRU mooring tower will alter approximately 13,000 square feet (about 0.3 acres) of
sea bottom within the four legs of the structure, with an additional 5.7 acres of shading
beneath the FSRU. The FSRU’s draft of 40 feet leaves approximately 53 feet of water
column underneath the hull to the mudline. Like a weathervane, the FSRU is free to
pivot around the mooring tower. Hence, the shaded area will not be fixed, thus
minimizing the potential for a zone of oxygen reduction underneath the FSRU. The
FSRU and associated Safety Zone would create a different and diverse community
underneath the FSRU and on the mooring tower. We understand that the area associated
with the Safety Zone will be inaccessible to commercial and recreational boating and
fishing for Broadwater’s life, presumably decades. Because commercial and recreational
fishing will be excluded from the vicinity of the FSRU, it is possible that a de facto
marine protected area will be created around the Project.

» The design and operation of the FSRU’s water intake structures are intended to minimize
mortality of ichthyoplankton (fish eggs and larvae) and adult fish by impingement and
entrainment. Thermal impacts above applicable criteria from cooling water discharge
from offloading LNG carriers are expected to be limited to a small localized mixing zone,
0.22 acres or less, between the FSRU and the LNG carrier. No ballast water discharge
will be allowed for the LNG tankers within Long Island Sound, reducing the potential for
invasive species introduction.

» Socioeconomic effects during construction include the inability to access commercial and
recreational boating and fishing areas, fishing and lobster gear loss, and potential loss of
income for lobster and fin fishermen unable to relocate their effort away from the
construction activities. Restricting construction to the October through April window
will reduce conflicts with recreational fishing and boating; Broadwater anticipates
construction to occur during this time window only, over a two-year period. The FSRU
and the associated Safety Zone will cover an area of roughly 1.5 square miles.
Broadwater would displace up to five lobster fishermen who currently set pots within that
area. Up to twelve fishermen reportedly trawl the area. The actual area lost would be
greater for those trawlers who utilize established east / west trawl lanes, because the
Safety Zone restriction cuts off access to a greater portion of the lane. Interference with
the established east / west trawl lanes could result in fishing conflicts and reduced
catches. Broadwater acknowledges that compensation for revenue losses and potential
gear losses to commercial fishermen is necessary. Such compensation could be
administered either through the State acting as a trustee, a fishermen’s association or
another third party.

» The FSRU was sited to avoid the predominant east / west and north / south shipping
channels and ferry routes in Long Island Sound. However, some vessels that utilize the

BW032582



east-west shipping channel located through the middle of the Sound would need to
modify their routes to avoid the Safety Zone around the FSRU.

» Broadwater anticipates that 2 to 3 LNG cargo vessels per week will transit the Sound and
dock at the FSRU. This represents an increase of less than 1% of the total commercial
traffic currently operating in Long Island Sound, but, more importantly, an increase of
15% of large draft commercial traffic, i.e., greater than 19 feet. On a tonnage basis, LNG
imports would represent an increase of about 36% over the tonnage of commodities
currently landed or exported through Long Island Sound ports. However, this percentage
does not consider the extent to which LNG vessels would displace some of the barge and
tanker traffic that currently delivers oil to New York for heating and power production.
Petroleum products (other than LNG) currently constitute the largest portion by tonnage
of total annual imports into Long Island Sound ports.

» LNG cargo vessels would be the largest vessels transiting the Sound. However, the LNG
carriers will utilize the central east-west shipping lane where visibility from the shoreline
will be minimized. LNG cargo vessels and their associated Safety Zone will interrupt
marine traffic for a period of up to approximately 15 minutes as they traverse The Race.
The Coast Guard will be responsible for developing and implementing a traffic
management plan.

Safety

The objectives of LAI’s safety review were fourfold: first, to assess the hazards associated with
an offshore LNG storage facility based on existing scientific studies and reports; second, to
assess the impact of an LNG spill from an accidental or intentional event; third, to evaluate the
definition of hazard zones based on safety zones established or proposed for other LNG projects;
and fourth, to review Broadwater’s Resource Report on Safety and Reliability in its application
to FERC. Importantly, we note that LAI’s safety review does not encompass any information
that Broadwater has provided government entities on a Privileged and Confidential basis, or
other documents considered “Critical Energy Infrastructure Information” or “Sensitive Security
Information” at FERC.

There is no other offshore storage and regasification facility like Broadwater. There is no safety
record for a facility equal to or substantially similar to Broadwater for purposes of safety
analysis. However, LNG vessels have sustained an excellent safety record over the last forty
years. In contrast to the number of crude oil spills, including several catastrophic events, there
has never been an LNG cargo tank breach of any type despite several LNG groundings around
the world since the 1970s.

The most serious potential LNG hazard is thermal radiation resulting from a pool fire or the
ignition of a vapor cloud. Thermal radiation is light emitted from the surface of an object due to
its temperature. The power of the thermal radiation per unit area, also called the “heat flux,” is
conventionally expressed in units of kilowatts per meter squared (kW/m?). In this case, these
units have nothing to do with electricity, but instead express the amount of thermal radiation over
a given area. For reference, the average radiation from the sun reaching the Earth’s atmosphere
is 1.4 kW/m®. At the edge of a pool fire, the thermal radiation exceeds 220 kW/m?. The impact
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on humans from thermal radiation depends both on the intensity of the radiation and the
exposure time. According to the National Fire Protection Association, an incident heat flux level
of 5 kW/m® is recommended as the design level that should not be exceeded in areas where more
than 50 people might assemble. 5 kW/m® is also the permissible level for emergency operations
lasting several minutes with appropriate clothing. No pain has been shown for thermal fluxes
less than 1.7 kW/m® regardless of exposure time. LAI considers 2 kW/ m? to be the thermal flux
level that should be used as the limit for calculating safe distances from an LNG pool or vapor
fire. Table ES2 shows the type of damage that occurs from different levels of heat flux based on
an average 10-minute exposure time.

Table ES2 — Thermal Radiation Damage Levels”

Incident Heat

Flux (kW/m?*)* Type of Damage

Damage to process equipment including steel tanks, chemical process
35-37.5 equipment or machinery - third degree burns, lethal 50% of the time
for a person wearing average clothing

Minimum energy to ignite wood at indefinitely long exposure
without a flame

Exposed plastic cable insulation degrades — second degree burns,
lethal 1% of the time for a person wearing average clothing

Permissible level for emergency operations lasting several minutes
with appropriate clothing

1.7 No pain regardless of exposure time

Computer models calibrated by limited experiments have been used to estimate how far from a
pool fire the resultant heat flux drops to 5 kW/m?® or less. Model results vary depending on the
assumptions and the initial conditions at the time of a postulated spill. In performing this review,
LALI relied on the Sandia report, Sandia’s assessment of the Cabrillo Port Draft Environmental
Impact Report (DEIR), and many other relevant documents. The Cabrillo Port project proposes
an FSRU similar to Broadwater 14 miles off the California coast. Sandia calculated heat flux as
a function of distance for a possible spill scenario off the coast of southern California. Figure
ESS, from Sandia’s review of Cabrillo Port, is an example of how far from the edge of the fire
the radiation levels fall below 5 kW/m®. In this case, a minimum distance of 2.4 km (1.5 miles)
is required for the heat flux to drop to 5 kW/m®. An additional 1.3 km (0.8 miles) is required to
reach a safer level of 2 kW/m?® Therefore, people and property outside 3.7 km (2.3 miles)
should be within the safer radiation levels.

* Based on Sandia Report and other fire safety documents.
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Figure ESS — Pool Fire Calculation (Cabrillo Port)
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Highlights of LAT’s safety assessment include the following:

» Broadwater’s location, about nine miles from the closest shore, minimizes the hazards to
the public associated with either an accident or a catastrophe at the FSRU. Broadwater’s
homeland security experts assert that the FSRU is likely an unattractive terrorist target
because any incident would cause few casualties and would not be very accessible for
extensive media coverage. Arguably, the FSRU is a difficult terrorist target with a
comparatively low probability of success. Nonetheless, we note that the maximum
number of crew on board the FSRU at any one time would be approximately 30
individuals. In the event of a catastrophe, we believe that the FSRU is too far from either
shoreline to affect the Long Island or Connecticut population.

» The risk of an accident while the LNG carrier is transiting The Race appears very low
although the consequences could be high. Elsewhere in the U.S., LNG carriers have
regularly transited both high and low density population centers without event for
decades. Although the LNG carrier route comes within approximately one mile of land
at The Race, an experienced pilot familiar with the route will have boarded the FSRU
before it enters the Sound. The USCG will then escort the carrier to the FSRU. Both the
USCG and Broadwater are eager to schedule passage during periods which avoid conflict
with commercial and recreational vessel traffic, in particular, late night. Furthermore, the
LNG carriers will not enter the Sound unless there is a favorable 24-hour unloading
weather window within the operating limits corresponding to wind speeds less than 33
knots and waves less than 6.6 feet.
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» Safety zones for offshore LNG projects are based on modeling of LNG spills over water.
There has never been a large, offshore LNG spill over water — either accidental or
experimental. LNG spill experiments conducted by scientists have been limited to
volumes that constitute a small percentage of what might conceivably be released under
any scenario. In LAT’s opinion, scientists’ inferences from controlled LNG spills are
highly theoretical and therefore subject to uncertainty. LAI to date has not encountered
any experimental data that counters the recommended safety zone for the Project. DOE’s
current study involving large-scale LNG fire experiments may further reduce
uncertainties concerning heat impact distances.

» Minor hazardous events such as LNG leaks on the FSRU or the LNG carrier are likely to
occur from time to time. The FSRU and tugs would be equipped with firefighting
equipment, and we expect that the FSRU and LNG carrier crew would be highly trained
to handle such emergencies. Nevertheless, cryogenic damage to crew or equipment could
take place. Escalation of minor hazards is conceivable under extremely sudden and
difficult weather conditions, but improbable with the type of emergency response training
that is required. More serious hazardous events, such as release during LNG transfer
events, are unlikely. If such a hazardous event were to occur, a pool fire or a minor vapor
cloud could ensue. Broadwater’s emergency shutdown system will limit the size of a
spill and therefore minimize the probability of escalation.

» The most serious hazardous event would involve a collision between a vessel transiting
Long Island Sound and the LNG carrier or the FSRU. The USCG has proposed a Safety
Zone around the FSRU with a 1.1 km radius (0.68 miles). They have also proposed a
moving safety zone around the LNG carrier while it transits the Sound that extends 3.7
km (2.3 miles) in front of the carrier, 1.85 km (1.15 miles) behind, and 0.69 km (0.43
miles) on either side. These Safety Zones will increase the navigational safety and
reduce the likelihood of an accident or intentional attack. Furthermore, most of the
vessels transiting Long Island Sound are neither large enough nor traveling with the
speed required to penetrate the double hull of the FSRU or the LNG carrier.

» In the event of a pool fire, the thermal radiation could result in loss of life on the FSRU
and might harm vessels and occupants in the area surrounding the FSRU. A pool fire
could cause escalation to a multiple tank release, but it would take hours for all the LNG
to be released. A worst-case scenario involving the total loss of the FSRU is conceivable,
but all the LNG on board would not be instantaneously released. In the event of a worst-
case scenario, the existing body of scientific knowledge indicates that the inhabitants of
Long Island and Connecticut are far enough away to avoid burns through exposure to
high levels of thermal radiation.

» Unignited vapor clouds are extremely unlikely to travel more than 2 miles without
encountering an ignition source, such as a recreational, commercial or fishing boat. Near
the FSRU, an unignited vapor cloud could lead to asphyxiation of crew members or other
emergency personnel. Any intentional initiating event will almost certainly provide an
ignition source and therefore not lead to a diffusing vapor cloud. Once the vapor cloud is
ignited, the flash fire will burn back to the spill source, i.e., presumably the hull of the
FSRU.
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» A secondary hazard that could damage the FSRU is a rapid phase transition. This type of
explosion is caused by LNG pouring into warm seawater and vaporizing very quickly due
to heat transfer. This rapid expansion from the liquid to the vapor state causes large
overpressures. Rapid phase transitions are localized in the vicinity of the LNG leak and
may cause some structural damage to the LNG carrier or the FSRU. Although rapid
phase transitions on their own do not involve a fire, they may increase the rate of LNG
pool spreading and the size of a vapor cloud that could subsequently ignite.

> LIPA asked LAI to estimate the impact zone to 2 kW/m? since a radiation flux of 5
kW/m? is only a permissible level for emergency operations lasting several minutes with
appropriate clothing. Discussions with fire safety engineers and a review of the
engineering literature led to the choice of 2 kW/m? as a “safe” level of radiative flux.
LAI found the impact zone to 2 kW/m? would extend 6 km (3.7 miles) around the FSRU
for a credible worst-case scenario. Therefore both shorelines would effectively be
buffered by approximately 5 miles.
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1. PROJECT DESCRIPTION

The proposed Broadwater LNG terminal would be located in Long Island Sound approximately
9 miles (14.5 km) from Long Island and 10 miles (16 km) from Connecticut (Figure 1). The
FSRU is designed as a modified LNG carrier to receive, store and regasify LNG. It will be
moored in 90 feet (27 m) of water to a tower via a yoke mooring system (YMS). The FSRU will
be free to weathervane around the tower in response to winds and currents. The mooring tower
will be secured to the seabed by four legs with the structure covering a total area of 13,180
square feet.

The FSRU is designed to have a double hull similar to a membrane tank LNG carrier. It will be
1,215 feet (370 m) long, 200 feet (61 m) wide and 80 feet (24 m) above the waterline, with 40
feet (12 m) of draft (Figure 2). Broadwater plans for LNG carriers with cargo capacities ranging
from 125,000 m® to 250,000 m® to deliver LNG to the FSRU two to three times per week.'
Regasification capacity will allow for an average send-out of 1 Bef/d and a peak sendout of 1.25
Bef/d. Net storage capacity is 350,000 m’, equivalent to 8 Bef. After revaporization, the gas
will be transported via a 22-mile (35 km), 30-inch subsea lateral to the Iroquois mainline for
delivery to Long Island, New York City and Connecticut.

Figure 1 — FSRU Location and Area Infrastructure
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Figure 2 — Broadwater FSRU Offshore Terminal

Broadwater’s proposed location, away from the sensitive shoreline and nearshore ecosystems
that serve as important nesting, feeding, resting, spawning and nursery areas for many species, is
designed to minimize environmental impacts.

The shipyard where the FSRU will be constructed has not yet been chosen, but it will most likely
be in the Pacific Rim. Once completed, the FSRU will be towed to Long Island Sound and
moored at its permanent location utilizing a YMS. The YMS also serves as the connection from
the FSRU to Iroquois.

A detailed review of the proposed project technology can be found in Section 3. The main
components of the Broadwater FSRU include the LNG loading arms, the LNG storage tanks,
power generation, the regasification plant, the nitrogen plant, an accommodation area and the
YMS.

The LNG cargo transfer system consists of four loading arms mounted on the starboard side of
the FSRU. The LNG storage tanks are below deck. Each of the eight membrane storage tanks
has a storage capacity of 45,000 m’, about 1 Bef. The LNG is stored at -260°F and a normal
operating pressure of 1 to 3 pounds per square inch (psi). Power generation for the FSRU
includes three 22-MW gas turbines which would use vaporized LNG for fuel. The regasification
plant includes a recondenser for boil-off gas, shell and tube vaporizers (STVs), superheaters and
metering and odorization equipment, and is designed to vaporize LNG at a peak capacity of
2,500 m’/hr. The nitrogen plant uses air compressors and membrane nitrogen generating units to
generate nitrogen gas which is injected into the regasified LNG to adjust its composition and
heating value so that it meets the gas quality standards of the receiving pipeline. The
accommodation area will serve as the living, dining, recreational and working areas for up to 30
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crew members. The YMS is attached to the stationary mooring tower and consists of the jacket,
the mooring head and the yoke. The YMS also provides the connection from the outlet of the
regasification unit to the pipeline lateral that runs undersea to the Iroquois mainline. In addition,
the FSRU will have a water ballast system in order to maintain its draft, trim and stability during
loading and regasification. The FSRU’s flare will be used for emergency burning of excess LNG
vapors when there is overpressure in the storage tanks or excessive boil-off volumes that cannot
be handled by the recondensers.
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2. MARKET & ECONOMICS

The primary objective regarding market and economic analyses is the derivation of the expected
impact on energy prices on Long Island, New York City and Rest of State ascribable to
Broadwater’s provision of baseload natural gas supply. Assuming an FSRU operating regime
over the study horizon equal to 1 Bef/d, LAI has quantified the impact on market clearing prices
for natural gas and electricity. Economic benefits are stated on a gross basis, that is, before
accounting for sundry costs potentially borne by KeySpan, Con Edison, and generators
throughout the region to ensure local gas-side reliability. Economic benefits have been
differentiated for core (gas utility) and non-core (electric) demands on Long Island, New York
City and Rest of State.” Potential benefits in New Jersey and Connecticut are not reported in this
analysis. The economic benefits associated with Broadwater have also been compared to rival
pipeline and/or LNG expansion scenarios in the greater Northeast.”

To quantify Broadwater’s potential economic impacts, LAI analyzed regional market dynamics.
We assessed the impact of new LNG supplies on supply / demand balances, gas flows, market
area gas prices, and wholesale electricity prices throughout New York. This work effort
included an analysis of historical basis differentials and liquidity levels at relevant pricing points
across the greater Northeast. LAI used a mathematical optimization model to predict natural gas
pricing relationships and price volatility effects in the greater Northeast. Of particular relevance
are energy prices on Long Island, New York City, and Rest of State. The primary mathematical
modeling system used to determine price effects is “GPCM,” or, more formally, the Gas Pipeline
Competition Model. GPCM is a proprietary model licensed by RBAC, Inc. a California software
firm. GPCM relies on a proprietary database licensed by Platts, a leading international energy
data firm.* Electric energy price effects were quantified using MarketSym, a chronological
modeling system licensed by Global Energy Decisions, Inc., a California energy software firm.
Hydraulic analyses of the pipelines serving the market area required steady-state and limited
transient flow analyses. LAI’s quantification of pipeline delivery capability was conducted using
hydraulic modeling tools licensed by Gregg Engineering, a Texas software firm.

In order to determine Broadwater’s expected price impact, LAI constructed a “buf for” test. We
asked the question: what are expected natural gas prices on Long Island, New York City, and
Rest of State under Business-as-Usual conditions (no Broadwater) over the period 2010 through
2020? We then postulated the addition of Broadwater throughout the forecast period under a
steady state operating regime equal to 1 Bef/d, adjusted for brief intervals to account either for
required maintenance or for constraints associated with the timely arrival of LNG tankers to
replenish the inventory aboard the FSRU. Known or potential pipeline enhancements into the
market area have been incorporated, including adjustments to the pipelines linking production or

* For the purposes of this analysis, “core” residential, commercial and small industrial customers are served by local
distribution companies (LDCs) either through bundled sales or transportation service. “Non-core” customers
incorporates all electric generation that is gas-fired and large industrial customers that are either directly connected
to an interstate pipeline or purchase transport-only service from the LDC.

? For purposes of this study, the greater Northeast is defined as New Jersey, New York, and New England.
* Platts, a division of the McGraw-Hill Companies, specializes in energy industry information and related services.
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storage centers to New York. The price effects ascribable to planned regional gas infrastructure
improvements on existing or new pipelines have been incorporated. Also included are pipeline
expansions or new entry on Millennium, Algonquin, Iroquois, Tennessee, and Islander East, as
well as an array of adjustments to account for new storage projects and new LNG import
terminals in North America.

The impact of different natural gas prices by location was tested using the wholesale electric
production simulation model in order to gauge wholesale electricity price changes in regional
and local markets. MarketSym was also utilized to determine the amount of gas burned for
electricity generation over the forecast horizon under various cases. The economic analysis
results have been adjusted for income multiplier effects across the region.

2.1. Natural Gas Market Analysis
2.1.1 Introduction

The natural gas market across North America is a continental market characterized by high
connectivity and deliverability. Interstate, intrastate, and inter-provincial pipelines link supply
basins and both production area and market area storage fields across the U.S. and Canada to gas
utility and power loads across the continent. Whereas the U.S. is heavily dependent on crude oil
imports, domestic production of natural gas provides more than 80% of the natural gas consumed
in the U.S. Natural gas imported by pipeline from Canada accounts for most of the remainder.
Today, LNG imports comprise only about 3% of total U.S. demand. LNG imports are a much
greater percentage of New England’s energy balance, however, representing about 23% of the
region’s total gas supply. As domestic gas production wanes in the next decade or two, the U.S.
is expected to become increasingly dependent on LNG in order to maintain adequate supplies for
the Atlantic seaboard, Gulf Coast, and California.

Until the 1980s, the natural gas industry was heavily regulated, including wellhead gas prices
and gas transportation rates.” Deregulation commenced in 1978 under the Natural Gas Policy
Act (NGPA), which mandated the lifting of wellhead price controls by 1985. A series of
landmark FERC orders in the mid to late 1980s helped transition the pipeline industry from the
traditional “merchant” function where natural gas was bundled with interstate transportation for
resale in the marketplace, to the transportation or common carrier function typical of railroads.
Since the 1980s, as a result of the NGPA and a series of landmark rulings by FERC, gas prices
from the wellhead to the citygate have been set by market forces rather than traditional cost of
service principles. At the local level, from the citygate to the burner-tip, traditional cost of
service regulation remains in place.

The lifting of wellhead price controls coupled with federal tax incentives for gas production
resulted in a protracted supply “bubble” from the mid-1980s until the late 1990s. While natural
gas prices into-the-pipe fluctuated with market conditions over the last decade, the supply
overhang and relatively weak crude oil prices during this period kept natural gas prices both low

* The wellhead is the point at which natural gas leaves the well and flows into the pipeline gathering and
transportation system.
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and comparatively stable. By the late 1990s, the favorable price outlook made natural gas the
fuel of choice for new electricity generation. Since the mid-1990s, over 154,000 MW of gas-
fired generation has been added to the generation supply mix throughout the U.S.® While a
portion of this capacity has taken the place of older gas or gas / oil steam turbine generator
capacity, nearly all of the new gas-fired capacity represents incremental demand for natural gas.

Producing basins across North America have increasingly shown signs of depletion-induced
production declines. The increased demand for natural gas coupled with decreased supply due to
the maturation of many conventional natural gas producing fields have put upward pressure on
commodity prices. Over the last five years, commodity gas prices have been high as well as
volatile. As gas wells in conventional producing basins move well past peak production, it
becomes more difficult for producers to maintain production levels. Many producers throughout
North America have found themselves on a “treadmill” where accelerated depletion trends cause
producers to drill many less productive wells and deeper wells in increasingly remote areas to
replenish reserves. Over the forecast period, new sources of supply will need to be developed to
augment current production from traditional supply basins. In addition to drilling in ultra
deepwater in the Gulf of Mexico, the Rocky Mountains, northern Canada and Alaska, industry
experts expect LNG to fill the growing gap between production and consumption.

The addition of Broadwater to the region’s pipeline infrastructure has the potential to lower
natural gas prices as well as dampen or even eliminate the pattern of gas price volatility. If
Broadwater is commercialized, first-order benefits would be derived from price reductions at key
pricing points across the network of pipelines serving New York.” Of particular relevance are
TZ6-NY® and IGTS-Z2,” the market area pricing points that demarcate the value of bundled
natural gas and transportation around New York City and Long Island, respectively. While the
addition of Broadwater in the market center would be expected to directly impact market prices
on Long Island and New York City, measurable price effects would be expected to “ripple
across” the supply chain back to the Henry Hub, Louisiana, and the Leidy, Pennsylvania and
Dawn, Ontario storage hubs, as well as across the supply chain from the Gulf of Mexico or
Canada to New York. The Henry Hub, Leidy, and Dawn are pricing points of particular
relevance in defining the cost of natural gas for gas utility markets on Long Island, New York
City, and Rest of State.

Throughout this chapter, LAI discusses the modeling approach and factor inputs to various
simulation models used to conduct the market impact analysis, in particular, GRCM. Many
details of LAI’s Business-as-Usual Case are provided. Definition of other supply scenarios on
Long Island, New York City and Rest of State are provided. Following the discussion of the gas

2005 U.S. Energy Information Agency (EIA) Annual Energy Review.

7 A number of second order benefits associated with potential payments in licu of taxes (PILOT) to host
communities on Long Island, New York and, perhaps, Connecticut, are not included in this analysis. Other benefits
associated with potential commercial inducements and the environment have not been quantified in this analysis.
Also, various capital costs potentially borne by local distribution companies to ensure local reliability have not been
quantified.

¥ TZ6-NY is the primary New York City market pricing point for Zone 6 of the Transco pipeline.
° IGTS-Z2 is the Iroquois Zone 2 pricing point, which is also relevant for Long Island.
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market modeling approach and factor inputs to GPCM, we review the building blocks of the
electric market simulation model.

Readers interested primarily in the results of LAI’s economic analysis are directed to Section 2.3.

2.1.2  Market Modeling Approach

Figure 3 shows the generalized modeling framework LAI employed in order to compute the first
order economic impacts of adding Broadwater to the natural gas infrastructure.

Figure 3 — Overview of Broadwater Market Analysis Modeling Process
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The center of LAI’s modeling framework includes two models: GPCM and MarketSym. LAI’s
market analysis was conducted largely through the GPCM optimization modeling system. The
optimization model includes a proprietary database (GPCMdat) developed by Platts. Using
GPCM, LAI has simulated the market dynamics across the U.S. and Canada from 2010 through
2020. To ensure model integrity, extensive “backcasting” of supply / demand fundamentals
throughout the greater Northeast was conducted over a five-year historic period. In conducting
the market assessment, emphasis has been placed on regional, state, and local market dynamics.
The use of the optimization modeling system provides a consistent platform for the
determination of price effects under rival natural gas infrastructure scenarios. The modeling
system allows changes in key factor input assumptions pertaining to gas supply and demand to
be examined in the context of how changes in factor inputs determine local, regional, and
continental natural gas prices.

LAI also utilized pressure / flow simulation models to assess the impact of Broadwater on
regional gas flows. As shown in the above schematic (upper-right), WinFlow is the steady state
hydraulic simulation framework used to identify potential pipeline constraints limiting the flow
of gas on Iroquois, Eastchester, and upstream pipelines that interconnect with Iroquois, i.e.,
Algonquin, Tennessee, TransCanada. No hydraulic modeling of local transportation constraints
across the New York Facilities System has been conducted. The results of the gas optimization
and simulation models were integrated into MarketSym to determine the consequent impact of
different gas price forecasts on electric energy prices on Long Island, New York City, and Rest
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of State. Finally, in conjunction with the electric simulation model, LAI has used our financial
models in order to adjust the resource mix in the market area for power plant retirements and
new entry. The addition of new generation capacity by location in New York State is in accord
with existing NYISO reliability criteria — presumably, a constant over the forecast period.

Network models are based on linear programming (LP) techniques. LP is extensively used for
solving complex resource allocation problems in the energy industry. Specific applications to
the natural gas industry are focused on the sourcing and routing of gas. The flow of natural gas
encompasses a sequence of transactions including sales and purchases, shipments, storage, and
delivery. The transaction sequence is affected by changes to gas supplies or infrastructure
capability. Changes in the transaction sequence “ripple” or cascade down the supply chain from
the wellhead to the burner-tip. Hence, postulated changes in gas supply or pipeline / storage
infrastructure directly bear on prices across the interconnected network of facilities linking
suppliers and consumers.

Gas industry LP models are centered on the (re)establishment of a competitive equilibrium. In
achieving the competitive equilibrium, GPCM determines prices by optimizing at each supply
and demand node the flow of available supplies, constrained by relevant pipeline and storage
delivery constraints.

More detail regarding the theory and structure underlying the use of GPCM for the economic and
market analysis conducted by LAI is presented in Appendix 1.

2.1.3  Key Factor Inputs for the Business-as-Usual Case

In order to determine the economic impacts associated with Broadwater, we defined a reference
case. The reference case is synonymous with the Business-as-Usual (BAU) Case representing
the pipeline and storage infrastructure to serve New York without Broadwater. After completion
of the Business-as-Usual Case, LAI postulated the addition of Broadwater. We then traced the
value of the changes when Broadwater is added to the resource mix. Other supply related
scenarios were tested as well, in particular, competing pipelines into New York, rival LNG
import terminals, and changes to the underlying gas supply assumptions, in particular, basin-
specific production trends.

LAI reviewed and analyzed the detailed assumptions and model inputs provided with the GPCM
and the GPCMdat database developed by Platts. These assumptions and inputs cover a wide
range of values regarding gas supply and production, pipeline transportation rates and capacities,
individual sector demands by market locations, and sector demand growth rates. Where
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appropriate, LAI customized GPCMdat to reflect regional deliverability constraints.® A
summary of significant changes is provided in footnote eleven below.''

The primary modifications that LAI incorporated into the GPCM model inputs and database are
detailed in Appendices 2 through 4. Following is a discussion of the background and
justification for the various assumptions that provide the framework for the Business-as-Usual
Case.

2.1.4 Natural Gas Supply in North America

From a New Yorker’s perspective, the most important gas producing regions in North America
are the Gulf Coast, which includes gas production from the onshore Gulf Coast and the offshore
Gulf of Mexico, and the Western Canada Sedimentary Basin (WCSB)."> These supply areas
account for almost two-thirds of the total gas production in North America. The Gulf Coast
provides more than half of total U.S. gas production. The WCSB accounts for almost 98% of
total Canadian gas production. Most gas imported to the U.S. originates in the WCSB.
Production from the Gulf Coast, particularly the offshore continental shelf, has been declining
for several years, while WCSB production has essentially leveled. The distribution of gas flows
from Canada and the Gulf Coast to New York State is shown in Exhibit 1.

Total U.S. gas production has averaged 19.2 trillion cubic feet (Tcf) each year since 1996. After
reaching a peak of 19.8 Tcf in 2001, production declined 3% by 2004." Total production in
Canada over this period increased by 9%, including production from Sable Island. During the

' All adjustments to pipeline and storage infrastructure incorporated in this analysis are consistent with LAI’s prior

Non-Disclosure Agreements with NYISO, the PJM Interconnection (PJM), the Independent System Operator — New
England (ISO-NE), the Independent System Operator (ISO) of Ontario, and the North American Electric Reliability

Council.

' Database adjustments were many, as follows. (i) Atlantic Canada production was materially reduced, reflecting
deteriorating production at Sable Island and the Scotian Shelf. (ii) Production and decline rates for the WCSB were
changed to conform to the most recent forecasts from the National Energy Board (NEB) and TransCanada. (iii)
Offshore Gulf of Mexico production was increased, based on analysis and review of historical production data and
forecasts from the National Petroleum Council, U.S. EIA and Simmons & Co. (iv) Supply curves for many of the
LNG projects were adjusted to reflect a wider range of landed prices. (v) The timing and number of LNG terminals
were varied to avoid long-haul pipeline obsolescence from the Gulf Coast to the market center, among other relevant
conditions associated with gas demand over the forecast period along the Atlantic seaboard and California. (vi)
Forecasted production and the decline curve in the Permian basin (west Texas) were adjusted. (vii) The capacities of
Texas Eastern, Transco, Tennessee, Columbia and Dominion were adjusted based on LAI’s experience and recently
available FERC certificate applications. Adjustments to pipeline capacities serving New England were made. (viii)
Many adjustments to pipeline tariffs on pipelines serving the greater Northeast were made to reflect the most recent
rates. (ix) New York gas demands by sector were revised to conform to the Northeast Gas Association’s (NGA)
2004 New York Gas Report. (x) Electric generation gas demands were modified in accord with MarketSym output.
(xi) Gas demand growth rates, by sector, for states in several regions were adjusted upward, particularly in regard to
the growth in gas demand for electricity.

'2 For the purposes of this comparison, the Gulf Coast Onshore supply region included production from Alabama,
southern Louisiana, Mississippi, and southeastern Texas. The WCSB included production from Alberta,
Saskatchewan, and British Columbia.

'3 Gas production and reserves statistics are sourced primarily from the EIA, but have been augmented with data
from BP, the National Petroleum Council and Natural Resources Canada.
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same period, demand in Canada increased by more than 13%. A significant contributor to this
growth in demand involved the highly gas intensive oil sands production which continues to
ramp up in response to high global oil prices. As gas production in Canada levels off and then
declines while Canadian demand increases, market pressures will likely force a reduction in
Canadian exports to the U.S., including New York.

Since 2000, natural gas supplies have not been elastic: high prices have not induced
commensurate increases in supply. Depletion at existing producing fields throughout North
America, particularly in the Gulf of Mexico, has more than offset the additional production from
new wells. Natural gas producers have drilled more wells in response to high prices but
production has not increased accordingly. In the U.S., from 1996 to 2004 the total number of gas
exploratory and development wells completed more than doubled while reserves increased by
about 15% and production increased only 1.6%.

Over the last five years, depletion trends in the Gulf Coast and Canada, pipeline transportation
and storage constraints, lackluster production from offshore Nova Scotia, and the addition of
gas-fired combined cycle plants throughout many parts of the U.S. have driven gas prices much
higher. U.S. demand is projected to increase while North American production is expected to
wobble around current levels and then decline; thus, a growing gap or potential supply shortfall
is developing. Most industry analysts are looking to increased imports of LNG to cover the
expected shortfall. Figure 4 shows historical production and consumption through 2005, along
with EIA’s most recent forecast of U.S. natural gas production, demand and imports through
2025.
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Figure 4 —U.S. Natural Gas Production, Consumption and Imports'*
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While the EIA forecast shows U.S. gas production growing at an average annual rate of 0.6%
during this period, the forecast of total consumption for the period shows an annual growth rate
of 1.5% — ultimately resulting in a gap of almost 9 Tcf to be met by pipeline imports from
Canada and LNG imports. In light of the less than encouraging gas supply balance available for
exports from Canada, LAI expects that the U.S. will increasingly rely on LNG.

Gas wells in mature supply basins have experienced accelerated depletion in which the initial
production rates for new wells decline more rapidly than initial production rates for wells drilled
earlier in the life of the basin. In the early 1990s the average base production decline rate for
wells drilled in those years was less than 18%. By the late 1990s the decline rate had increased
to 22%. The decline rate has recently been estimated to exceed 30%."

As shown in Figure 5, the drilling treadmill effect requires producers to drill more and more
wells to maintain production levels as existing wells reach depletion.

" Source: EIA, Annual Fnergy Outlook (AEO) 2005.
" EOG Resources, February 2005 Presentation, North America Natural Gas.
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Figure S — Normalized Gas Production per Well from Gas Wells
(By Year of Production Start, Total U.S) *°
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Increased drilling, coupled with technology improvements such as horizontal drilling techniques
and full-wave seismic imaging, can partly offset this decline. The degree to which new fields
can offset production declines in the future will depend on the remaining resource base. The
larger and more geologically diversified the remaining resources, the better the odds of finding
and developing sufficient reserves to support current production levels.

Proved reserves in North America, the geological equivalent of gas inventories available for
production, currently amount to 246 Tcf, or 9.8 years of production.'”” U.S. proved gas reserves
have grown 14% since 1996, reaching 189 Tcf in 2004." The largest increases in reserves have
been in the Rocky Mountains, Arkla East Texas, and Texas Gulf Onshore supply regions. Large
decreases in proved reserves have occurred in the Gulf of Mexico shallow water and in the South
Louisiana Onshore supply regions. In addition to proved reserves, the total ultimate potential gas
supply is referred to as the resource base. The remaining continental natural gas resource base
has been estimated to be between 1,847 Tcf and as much as 2,193 Tcf, or sufficient gas for up to
85 years of production at current rates.”” Worldwide proved natural gas reserves amount to
6,337 Tcf or about 67 years of production. The estimated global gas resource base is at least 7
times proved reserves, or more than 400 years of production.”**'

'® Source: THS Energy and Anadarko.

"7 Proved reserves are the estimated quantities which geological and engineering data demonstrate with reasonable
certainty to be recoverable from known reservoirs under existing economic and operating conditions. The resource
base, which defines the potential universe for ultimate production, includes proved reserves plus the potential
undiscovered gas that can be estimated based on current geologic knowledge.

¥ EIA U.S. Crude Oil, Natural Gas, and Natural Gas Liquids Reserves Annual Reports.

19 Resource base estimates based on information obtained from the National Petroleum Council, the U.S. EIA,
Anadarko Petroleum, Natural Resources Canada, and the Potential Gas Committee.

*“ BP Statistical Review of World Energy June 2005.
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In LAT’s opinion, while North American reserves are adequate and the continental resource base
is large, production from these reserves and resources will be more difficult to access, involve
harsher operating environments, be more expensive to produce, result in lower production per
well, and be located greater distances from markets. Highly capital intensive pipeline
infrastructure will need to be added to provide a new conduit from remote basins to market
centers, for example, northern Canada, Alaska, and the ultra deepwater off the Outer Continental
Shelf in the Gulf of Mexico. North American production is therefore in the midst of a transition
from conventional gas reservoirs to increasing production from unconventional gas formations.*
In 2004 about 39% of total production came from unconventional formations. In the next
decade, as unconventional gas production continues to grow, gas from these sources will account
for almost one-half of total U.S. gas production. Tight sands account for about 19% of total U.S.
gas production with shale gas, including the prolific Barnett Shale in Texas, providing about
11%. Coalbed methane, which is the natural gas associated with coal deposits, currently
accounts for about 9% of U.S. production and 10% of U.S. proved reserves.”> Typically, these
formations require more expensive drilling and completion technologies to produce gas in
marketable quantities.

The primary driver for the development of unconventional gas has been the maturation of the
North American gas resource base. The maturity of the resource base means that fewer gas
reserves and less production are obtained for every dollar spent on exploration and production
(E&P). The maturing resource base also means that the long-term floor for gas prices, set by the
cost of production, will continue to rise. External to the U.S. and Canada, gas development and
production in Africa, the Former Soviet Union (FSU), in particular, Russia, and the Middle East,
involve fields that are comparatively in their infancy. The large and generally untapped
hydrocarbon resources in Africa, the FSU, and the Middle East offer great promise for global
LNG trade in the decade(s) ahead. A building boom to increase the number of LNG carriers is
well underway, thereby ensuring that LNG carrier capacity will be available to meet the growing
LNG trade.

New production from the Rocky Mountain supply basins, the deepwater Gulf of Mexico, the
MacKenzie Delta, and the western regions of the WCSB are potential bright spots in terms of
new production frontiers that will help offset production declines from existing fields in the Gulf
Coast and conventional fields in the WCSB. Increased coalbed methane production in the Rocky
Mountains will also help offset production declines. However, most new wells drilled in existing
fields as well as in many of the new fields in the Rocky Mountains and the WCSB are not nearly
as prolific as wells drilled years ago in the Gulf Coast and Canada. New wells will be more
expensive and make smaller contributions to reserves.

2! This estimate of the global natural gas resource base does not include methane hydrates, a mixture of methane
trapped in an ice lattice, that occur in deep ocean waters or in Arctic regions. Methane hydrates have the potential to
increase the global resource base 100-fold.

> Unconventional gas production is from non-traditional reservoirs, which include coalbeds, low permeability
“tight” sandstone formations, and shale formations.

* Coalbed methane occurs within the fractures or cleat system of the coal, in many cases in conjunction with water,
and requires extensive dewatering and fracturing before commercial production.
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GPCM includes supply curves that provide the basis for the forecasts of gas production by basin.
The basin production forecasts and related assumptions concerning reserve additions, reserve to
production (R/P) ratios, supply costs and supply elasticities were developed by Platts.** These
data are integral to the supply / demand conditions underlying forward prices, basis differentials
and gas flows. LAI has analyzed the projected production and reserve addition patterns for the
major supply basins contained in GPCM and implemented adjustments where appropriate. Our
analysis compared these data and model inputs to similar data including the growth in basin
reservesisdrilling statistics, production trends and resource evaluations available in the public
domain.

The following basin production curves show the projected production levels for key supply
regions in GPCM, including LAT’s adjustments. A comparison of the shallow and deepwater
Gulf production basins is shown in Exhibit 2.

Production (Bcf)
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Figure 6 — Basin Production Curves
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** R/P is a ratio of the reserves ina gas field to the annual production and can be used as a guideline to estimate
productive life.

%> National Petroleum Council, EIA, U.S. Minerals Management Service, U.S. Geological Survey, the Stanford
University Energy Modeling Forum, the Potential Gas Agency at the Colorado School of Mines, Anadarko

Petroleum, BP, EOG Resources, TransCanada, Simmons and Co. International, Natural Resources Canada, and
NEB Canada.
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Table 1 provides 2004 production and January 1, 2004, reserves data for each supply region or
basin reviewed. These regions and basins accounted for more than 98% of total continental
production and 97% of total proved reserves in 2004.

Table 1 — North American Supply Region and Basin Production and Proved Reserves

(2004, Bcf)*
Supply Region or Basin Production Proved Reserves

Permian Basin 1,516 14,166
ArkLa — East Texas 1,796 18,829
Gulf of Mexico (shallow)?’ 2,802 12,481
Deep Gulf of Mexico 1,072 10,041
Texas Gulf Onshore 2,293 14,944
South Louisiana Onshore 770 3,745
East Gulf Onshore 299 3,396
Rocky Mountain 2,431 35,282
San Juan Basin 1,531 20,192
Midcontinent 2,726 27,593
North Central 258 3,876
Appalachian Basin 727 12,555
California 294 2,961

Alaska 478 8,285
WCSB 5,761 55,000

Eastern Canada 147 2,000

More detailed discussion of the basin-specific reserve outlooks and depletion trends over the
forecast period is presented in Appendix 2. Sample production isograms for selected producers
can be found in Exhibit 3.

2.1.5 LNG Import Terminals

Total global proved natural gas reserves are immense and, in relation to oil, the development of
natural gas resources worldwide is fledgling. The key concern for the global natural gas markets
will be the ability to move natural gas from the areas where vast reserves are presently
underutilized — the Middle East and the FSU — to the major consuming regions in North
America, Europe, China, India, Japan and Korea. Given the high cost of intercontinental
pipeline construction, most of the gas from these reserves will move to global markets as LNG.

2 Source: EIA.

%’ Based on production and reserves data from the EIA, the demarcation between Gulf of Mexico shallow and deep
water is 200 meters (656 feet).
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Figure 7 — Proved Natural Gas Reserves (2004, Tcf)*®
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The LNG supply chain is extremely capital intensive and consists of five main business
segments: E&P, liquefaction, shipping, regasification, and distribution. The total cost of a single
LNG supply chain requires investments of $10 to $15 billion. Depending on the relevant politics
and siting challenges, it can take five or ten years, perhaps longer, to integrate all the components
of an LNG supply chain to enable timely shipments. Investment in E&P, including the gathering
and pipeline systems in the host country to move natural gas to the point of liquefaction may also
require many billions of dollars. The cost of constructing a liquefaction terminal, building or
leasing several LNG tankers, and constructing the import terminal in the downstream market also
adds to the investment requirement. Host countries normally require oil and gas companies to
enter into long-term commitments in order for the exploration, production and liquefaction of
natural gas to ensue. The balance sheet strength of global energy companies is therefore usually
required to line up supply under long-term agreements. In light of global competition for LNG
across the Atlantic Basin and the Pacific Rim, LAI observes that spot cargoes consistently move
to the highest value market. Even contract shipments can sometimes become “destination
flexible” cargoes, thereby being diverted on short notice to more profitable markets on either
side of the Atlantic Ocean. By 2009 there will be over 100 new LNG carriers added to the
worldwide fleet of ocean going vessels that transport LNG, in addition to approximately 230 that
are currently in service.” The addition of these new LNG vessels will promote worldwide
liquidity, may put downward pressure on the cost of leasing tanker capacity and will ease

* Source: BP Statistical Review of World Energy, June 2003.
* Most of the new LNG vessels have total capacities of about 3 Bcf, or 140,000 m’.
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transportation constraints from existing points of liquefaction to import terminals throughout the
world.

The additional liquefaction capacity, tankers and terminals under construction and in various
stages of development assure the rapid growth of the global LNG market. In 2005, global LNG
trade totaled 18.4 Bcf/d, equivalent to about 7% of the total world-wide natural gas market. By
2022, the volume of LNG traded globally will likely increase 2% times, reaching 46 Bcf/d, about
10% of the total world natural gas market. Currently, Asia imports almost two-thirds of all the
LNG traded internationally, making Asia by far the largest “sink” for global cargoes. Cargoes
for Europe comprise 24% of the global LNG trade. The U.S. represents about 9%. Supply
sources in the Atlantic Basin accounted for 2.1 Tcf, about 31% of the total global LNG market of
6.7 Tcf. The primary markets for these Atlantic Basin suppliers are Europe and the U.S. In the
Atlantic Basin, the U.S. competes with Spain, Italy, France, Belgium and the UK. In 2005,
Eurcglooe and the U K. received 1.2 Tcf from Atlantic Basin sources. The U.S. imported about 0.6
Tcf.

During the winter of 2004-05, the Atlantic Basin LNG markets quickly turned highly
competitive when several spot LNG cargoes originally destined for Lake Charles were diverted
to Spain where mid-winter spot prices exceeded Henry Hub prices. By the spring of 2005 the
pricing patterns reversed resulting in diversion of spot cargoes from Europe to the U.S. More
than 50 new LNG terminals have been announced for the U.S., Canada, and Mexico. Almost all
of the LNG import terminals target the U.S. energy market.*’ In LAI’s opinion, the majority of
these facilities will be abandoned due to local opposition to terminal construction and global
energy companies’ aversion to market saturation. Congressional legislation to federalize the
LNG permitting process is unlikely to result in the elimination of all barriers to the siting of
major import terminals near population centers or sensitive marine coastlines. Capacity
expansions at the existing LNG receiving terminals will bring total import capabilities to 6.6
Bcef/d by 2010, about 10% of the U.S. market. In its 2005 Annual Energy Outlook (AEO), EIA
projects LNG imports to increase to 6.4 Tcf by 2020, more than 20% of the U.S. demand. LAI’s
Business-as-Usual Case has North American LNG import capacity reaching 4.0 Tcf by 2011,
increasing to 7.5 Tcf by 2020. The corresponding forecasts for LNG import volumes are 2.8 Tcf
in 2011 and 5.8 Tcf'in 2020.

2.1.6 New LNG Import Terminals

The Business-as-Usual Case assumes that all planned expansions to existing LNG terminals will
be completed as scheduled. Of note for the Northeast market is Dominion’s near doubling of its
Cove Point capacity and daily vaporization capability in Cove Point, MD, in 2009. Downstream
of Cove Point, we also assumed Dominion’s expansion of its Leidy line to the storage fields in
north central Pennsylvania would be completed. LAI assumed the following new import

" Source: EIA. The existing LNG terminals in the U.S. include onshore terminals in Everett, MA; Cove Point, MD;
Elba Island, GA; and Lake Charles, LA along with the Gulf Gateway terminal located 116 miles offshore of
Louisiana in the Gulf of Mexico.

*! The proposed LNG projects equate to about 26 Tcf of annual import capacity.
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terminals would be operational by 2010: Freeport, Texas (+1.5 Bcf/d), Hackberry, Louisiana
(+1.5Bct/d), and Canaport, New Brunswick (+1.0 Bef/d).

From 2010 to 2020, LNG entry assumptions included in the Business-as-Usual Case reflect new
terminals added primarily in the Gulf Coast where there is sufficient pipeline and storage
infrastructure to accommodate daily flows from new import terminals. Relative to the greater
Northeast, it is much easier to permit energy facilities in the Gulf Coast. Over the forecast
period, new LNG import terminals incorporated in the Business-as-Usual Case include the
following:

Table 2 — LNG Import Terminals in the Business-as-Usual Case

Import Terminal Sponsor Location Size In-Service Date

Freeport Chenier / Freeport LNG Texas 1.5 2008
Hackberry Sempra Energy Louisiana 1.5 2008
Canaport Repsol / Irving Oil New Brunswick 1.0 2008
Costa Azul Sempra Energy Mexico 1.5 2014
Grand Bahamas AES / Tractebel Bahamas 0.8 2015
Generic N/A Louisiana 1.5 2015
Generic N/A Texas 1.5 2016
Generic N/A Louisiana 1.5 2017
Generic N/A Louisiana 1.8 2018
Generic N/A Louisiana 2.0 2019

By 2020 an additional seven terminals would be operational, an increase in total import capacity
of 10.6 Bef/d**  As depletion reduces the production levels at gas fields in the onshore and
offshore Gulf Coast, any supply shortfall is assumed to be supplanted by LNG imports from new
terminals in the production area.

2.1.7 Interstate Pipeline Network

There are nine interstate and intrastate pipelines directly serving New York, as shown in Figure
8, which draw on around 5,000 miles of pipe to transport gas from the production areas described
above to the market. The regional service areas of these pipelines are shown in Table 3.

2 LAI has assumed an adequate boundary flow of LNG to meet the dispatch requirements of each import terminal
over the forecast period.
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Figure 8 — Gas Pipelines Serving New York State and the Greater Northeast
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Table 3 — Delivery Areas of Gas Pipelines Serving New York State

Pipeline Long Island New York City Rest of State
Algonquin X
Columbia X
Dominion X

Empire X

Iroquois X X X

National Fuel Gas X

Tennessee X X
Texas Eastern X
Transco X X

Figure 9 shows Iroquois’s average monthly deliveries to the NYFS at the Northport generation
plant, South Commack for delivery to KeySpan, and Hunts Point for delivery to Con Edison.

The average monthly delivery profile is from October 2003, through September 2006.
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Figure 9 — Average Monthly Iroquois Deliveries to Long Island and New York City
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In addition to these existing pipelines, the Business-as-Usual Case includes major pipeline
additions to serve the greater Northeast: first, the expansion of Maritimes & Northeast (M&N) to
accommodate new LNG supplies from Canaport, New Brunswick; and, second, Millennium,
including the upstream improvements on the Empire Pipeline and new connector from near
Rochester, NY, to the Millennium receipt point near Corning, NY. The additional certificated
deliverability associated with the expansion of M&N is about 420 MDth/d. The capacity of
Millennium is about 525 MDth/d. Hence, total additional capacity in the greater Northeast is
950 MDth/d. Both M&N and Millennium represent large new transportation pathways designed
to bring natural gas from western Canada and the Maritimes to New England and New York.
Whereas M&N’s expansion will allow regasified LNG from Canaport to capture market share in
New England, Millennium will provide New York with access to natural gas from the WCSB,
and, perhaps, the Rocky Mountains via the Dawn storage hub in southern Ontario. The
anticipated addition of Millennium, in particular, will add a large block of new capacity to
downstate New York, but not onto Long Island or New York City.” Millennium does not serve
Long Island or New York City. Downstream improvements on Algonquin and/or Iroquois are

** Millennium Phase 1 terminates in Ramapo, New York. The extension of Millennium Phase 2 into New York City
is not part of the Business-as-Usual Case. Other pipeline expansions, such as Islander East, could also transport the
Millennium Phase I supplies to Long Island, but were not included in the Business-as-Usual Case.
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necessary in order for KeySpan and/or Con Edison to realize the capacity benefits associated
with Millennium, or some portion thereof.>

The Duke Energy / KeySpan proposed Islander East Pipeline from Southern Connecticut to Long
Island is not included in the Business-as-Usual Case.

2.1.7.1 M&N Phase 1V

Expansion of M&N to increase the delivery capability from Atlantic Canada to New England is
driven primarily by the proposed new LNG projects in New Brunswick and Nova Scotia. In
response to its March 2005 open season, potential shippers requested natural gas transportation
service for an additional 1.5 Bef/d. Interest in M&N’s Open Season would increase pipeline
capacity nearly four-fold, from 440 MMcf/d to 1.9 Bcf/d. In the Business-as-Usual Case, we
assumed only one new LNG import terminal in the Maritimes, not two. Included is the Repsol
Canaport project.”> M&N’s Phase IV expansion was designed to increase the pipeline’s capacity
to 800 MMcf/d, primarily through additional compression.

2.1.7.2 Millennium Phase 1

The proposed Millennium Pipeline project, which would receive gas from the Empire pipeline, is
sponsored by KeySpan, DTE Energy and NiSource Inc., the owner of the Columbia Pipeline.
Empire Pipeline is part of National Fuel Gas’s intrastate pipeline system in upstate New York.
Empire’s receipt point is at the Canadian border via an interconnection with TransCanada at the
Chippawa Channel of the Niagara River. Empire extends eastward passing Buffalo and
Rochester to the terminus of the line northwest of Syracuse. Empire’s existing capacity is over
500 MMcf/d. To meet Millennium’s requirements, Empire plans to construct a north-to-south
lateral, an 85-mile segment that would extend from a tap near Rochester to Corning, NY. This
project is generally referred to as the Empire Connector. The extension would add about 250
MDth/d of capacity from the existing Empire mainline to Millennium.

FERC issued Millennium a certificate in 2002. Phase I primarily follows right-of-way along
Columbia’s existing route system in upstate New York. Most of the upgrade is simple
replacement of older, smaller diameter pipe with new segments capable of greater deliverability.
Phase 1 consists of a 186-mile section from Corning to Ramapo, and has a capacity of 525
MDth/d. Anchor shippers include KeySpan, Con Edison and Central Hudson Gas and Electric.
KeySpan’s entitlement on Millennium equals 150 MDth/d.** In December 2006, FERC issued
certificates for the revised Millennium project and the Empire Connector, along with other
downstream projects on Algonquin and Iroquois. In June 2007, Millenium finally commenced
construction. These facilities are anticipated to begin commercial operation in November 2008.

** Expansion of Algonquin and Iroquois within Zone 2 from Brookfield to South Commack or Hunts Point was not
included in the Business-as-Usual Case. Subsequent analysis was performed in order to test the price impact in New
York City associated with adding 100 MMcf/d.

%> The proposed Bear Head project in Nova Scotia has not been included as construction has been stopped.

*® LAI assumes that Key Span will arrange upstream entitlements on TransCanada, Union Gas, and/or Empire to
bring additional natural gas to Millennium.
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2.1.7.3 Market Area Storage

In the Business-as-Usual Case, LAI assumed the continuation of all existing storage facilities in
New York, Pennsylvania, West Virginia and at Dawn in Ontario. We also included the Phase II
expansion of the Stagecoach Storage project located in New York State approximately 100 miles
northwest of New York City. The Stagecoach expansion will increase Stagecoach’s working gas
storage capacity to 20 Bcf. The maximum withdrawal capacity will be increased to 1 Bef/d in
2007. We also incorporated the planned improvements along Dominion’s Leidy Line to the
storage center in north central Pennsylvania.

2.1.8 Regional Natural Gas Demand

In 2005, total gas consumption in New York State was about 1,150 Bef. According to EIA data,
New York State is the fourth largest state in terms of gas demand —behind Texas, California, and
Louisiana. There are approximately 4.6 million natural gas customers served by 11 gas
utilities.”’

Throughout the greater Northeast, there has been significant industry consolidation over the last
ten years.”® About 92% of the total customer base is residential; about one-half of total
residential home heating throughout New York is natural gas. As shown in Figure 10, residential
use accounts for 34%, commercial / industrial represents 39%, and gas for electricity production
represents 27% of total gas use.

*" Central Hudson Gas & Electric (CHG&E), Con Edison, Corning Natural Gas Co. KeySpan Energy Delivery of
New York (KEDNY), KeySpan Energy Delivery of Long Island (KEDLI), National Fuel Gas Distribution
Corporation (NFGDC), Niagara Mohawk Power Corporation (NMPC), New York State Electric & Gas NYSEG),
Orange & Rockland (O&R), Rochester Gas & Electric (RG&E), and, St. Lawrence Gas.

*¥ Many mergers and acquisitions have occurred since the mid-1990s, thus decreasing the number of individually
owned and operated gas utilities. Energy East, NYSEG’s parent, acquired Rochester Gas & Electric. KeySpan has
acquired three utilities in Massachusetts (Boston Gas, Colonial Gas, and Essex County Gas). Con Edison acquired
Orange and Rockland Utilities. Energy East acquired Berkshire Gas, Connecticut Natural Gas and Southern
Connecticut Gas. National Grid’s acquisition of Niagara Mohawk has been completed.
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Figure 10 — New York State Gas Use by Sector (2005)*

In Table 4 we summarize the number of customers by utility in New York State, including the
number of firm and non-firm customers.

Table 4 — Gas Customers by Utility in New York State™

Number of Customers

vty Teasidential- C(il:c;ﬁ::rciljll-& (fﬁ:'eﬁﬂ';tfﬁﬁ“ & Total
Fiem Firm Transportation)

CHG&E 57,486 9,031 1,006 67,523
Con Edison 919,966 103,273 31,597 1,054,836
Corning 10,018 807 3,772 14,597
KEDLI 433,768 48,512 28,068 510,348
KEDNY 1,044,978 34,351 80,499 1,159,828
NFGDC 442,444 23,840 49,835 516,119
NMPC 443,376 34,603 79,496 557,475
NYSEG 220,573 24,479 5,025 250,077
O&R 74,717 7,137 39,651 121,505
RG&E 227,932 15,729 47,873 291,534
St. Lawrence 13,638 1,600 70 15,308
Total 3,888,896 303,362 366,892 4,559,150

¥ Source: EIA.

9 See footnote 37 for the complete name of each utility short-formed in Table 4. Gas customers are from the 2004
New York Gas Report, Northeast Gas Association, for the 12 months ending October, 2003.
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Table 5 shows gas sales by utility in New York State.

Table 5 — Gas Sales by Utility in New York State®

Sales (MDth)

Company Residential- C‘iﬁ'ﬂﬁfﬂ;‘.& (Iﬁ:lerl\i(:;t?lgzn & Total
Firm Firm Transportation)

CHG&E 5,490 5,394 8,223 19,107
Con Edison 52,156 43,654 145,337 241,147
Corning 1,189 367 6,748 8,304

KEDLI 45,799 26,943 112,670 185,412
KEDNY 78,679 69,486 114,074 262,239
NFGDC 54,544 27,003 48,537 130,084
NMPC 51,406 17,578 112,259 181,243
NYSEG 26,425 8,683 36,594 71,702
O&R 11,249 5,413 18,908 35.570
RG&E 25,292 5,711 32,063 63,066
St. Lawrence 1,893 1,273 9,262 12,428
Total 354,122 211,505 644,675 1,210,302

2.1.8.1 State Policy to Enhance Competfition

In 1998, the New York Public Service Commission (NYPSC) issued a Policy Statement that set
forth a framework for the evolution of a competitive gas market in New York.*” The Policy
Statement encouraged gas utilities to relinquish capacity as contracts expire in order to make
vintage interstate transportation and storage capacity available for marketers. Most firm
transportation entitlements on pipelines serving New York provide entitlement holders with the
right of first refusal to extend their capacity right when the contract term ends. Many storage
entitlements are similarly held at Leidy, Ellisburg, and Dawn.

In developing the Business-as-Usual Case, LAI assumed that pipeline infrastructure will be
added in order for the region’s gas utilities to keep pace with core and non-core demand growth.
We have not made any assumptions regarding KeySpan or Con Edison’s willingness to extend
their pipeline or storage entitlements. Similarly, LAI has not made any explicit assumption
regarding the allocation of cost responsibility among market participants related to adding new
pipeline infrastructure into the NYFS.

412004 New York Gas Report, Northeast Gas Association, for the 12 months ending October, 2003.

2 Case 93-G-0932, Proceeding on Motion of the Commission to Address Issues Associated with the Restructuring
of the Emerging Competitive Natural Gas Market; Case 97-G-1380 Policy Statement Concerning the Future of the
Natural Gas Industry in New York State and Order Terminating Capacity Assignment, November, 1998.
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2.1.8.2 Status of the New York State Retail Market

Large gas customers in New York have been able to choose from non-utility suppliers since the
mid-1980s.® In 1996, the NYPSC extended the opportunity to purchase gas from non-utility
suppliers to all customers. As of Q1 2007, about 12% of New York customers — representing
40% of total sales — had migrated to competitive third-party suppliers.** Large-volume
customers are by far the lion’s share of the New York customers who have migrated, roughly
one-half; most large volume customers switched to a non-utility gas supplier years ago. 19% of
small commercial and industrial customers and 9% of residential customers have migrated to
third-party suppliers.*

Over the forecast period, LAI has assumed that continued migration trends among commercial,
industrial and residential customers will have no bearing on either the demand for natural gas or
the market clearing price of natural gas on Long Island, New York City, or Rest of State.

2.1.8.3 GPCM Demand Assumptions and Inputs

Historical gas demand data in GPCM is based on EIA’s monthly natural gas use. Demand data
by state are summed for three groups: residential/commercial, industrial and power generation.
Transportation sector natural gas use is included with industrial demand. The data are parsed
into gas utility demands through a number of state regulatory and industry reports. GPCM
forecasts of residential / commercial and industrial gas demands are based on statistical analyses
of long-term growth rates for an LDC’s service territory, adjusted using publicly available
information relating to expected changes in near term growth rates.

Substantial modifications to EIA demand data for New York have been incorporated based
largely on the NGA’s 2004 New York Gas Report. LAI also analyzed the underlying sector
demand growth rates for major census regions. These growth rates were compared to other
forecasts of demand growth including EIA’s. The 2005 EIA AEO projects a 1.5% growth rate in
natural gas demand in the U.S. The 2005 forecasts include natural gas demand growth at 1.3%
per annum in the Mid-Atlantic region,*® while New England’s growth rate for natural gas is
expected to be 1.4% per annum.

Our analysis of the individual sectors resulted in general agreement with the growth rates used
for the residential, commercial and industrial sectors. In our view, the underlying growth rate for
gas consumption by electric power generation was too low, about 2.6% per annum. This
compares with the AEO forecasted growth rate of more than 4.1%. As a result, LAI significantly
increased the forecast of natural gas use for electricity generation for the U.S. at large.”” For the

3 There are about 25 marketers in the downstate area, in particular, New York City, and 15 Rest of State.
! Gas Retail Access Migration Summary Report, March 2007, NYPSC website.
45 :
Ibid.
“© New Jersey, Pennsylvania, and Maryland.

7 Gas-fired combined cycle plants have been the technology of choice for capacity additions since the early 1990s.
According to EIA, gas used for electricity generation increased from 3.8 Tcf in 1991 to 6.0 Tcf in 2004. The share
of total U.S. net generation using natural gas increased from 12.4% in 1991 to 17.7% in 2004. In Business-as-Usual,
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greater Northeast, the growth in gas demand for electricity generation is obtained from LAI’s
production simulation of gas use for power generation in NYISO, PJIM and ISO-NE. We
compared our results with Platts for the GPCM database. While there are a number of
significant differences in specific sub-regions, the data are reasonably comparable over the
forecast period.

2.1.9 Alternate Infrastructure Cases Tested in GPCM

A number of alternative cases were tested in GPCM in order to derive the economic impact of
different combinations of pipeline infrastructure and LNG import terminals of relevance to the
greater Northeast. First, LAI ran the Business-as-Usual Case with Broadwater added to the
resource mix. Second, LAI suppressed Broadwater and then re-ran the Business-as-Usual Case
with the addition of Millennium Phase 2 and Islander East.*® Third, LAI ran the Business-as-
Usual Case, but added the Crown Landing LNG import terminal in New Jersey. Fourth, we ran
two LNG Overbuild Cases where we tested the price effect associated with the acceleration of
the development of the new LNG projects incorporated in the Business-as-Usual Case and the
postulated addition of three new import terminals in Nova Scotia and Massachusetts (no
Broadwater). However remote the likelihood of occurrence, we then modified the LNG
Overbuild Case by combining Broadwater with the three new import terminals in Nova Scotia
and Massachusetts.

Under the LNG Overbuild Cases, 11.5 Bcef/d of new capacity comes online by 2010. The three
new terminals add 2.6 Bcf/d of LNG import capacity so that by 2020 17.2 Bef/d of LNG import
capacity is online compared with 14.6 Bct/d in Business-as-Usual.

2.1.10 Backcast Analysis to Ensure Model Validity

In order to calibrate GPCM to reduce measurement error and to assure predictive accuracy over
the study horizon, LAI conducted a backcast analysis of market prices in New York City from
1999 through July 2005. The objective of the backcast analysis was to fine-tune a broad array of
factor inputs to ensure that the model accurately “predicted” actual market area prices. The
market area price of particular significance was TZ6-NY.* Results of the backcast analysis
relative to actual TZ6-NY prices are shown in Figure 11.

environmental restrictions and favorable economics continue to support the modest growth in gas use for power
generation over the forecast period.

*® Including required facilities on Algonquin.

* Although IGTS-Z2 represents the value of natural gas delivered on Long Island, TZ6-NY is a more liquid index,
and is easily tradable among market participants, including buyers and sellers on Long Island.
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Figure 11 — GPCM Backcast Analysis of TZ6-NY Prices
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The overall goodness of fit was reasonably strong — the correlation coefficient over the backcast
period equaled 0.82.°° LAI elected not to incorporate additional model refinements that might
have allowed for a closer approximation of historic volatility events on Long Island and in New
York City.

2.2. Electric Market Simulation Analysis

2.2.1 Role of Market Simulation in Overall Market Analysis

In order to assess the impact of Broadwater on regional electricity prices and to provide forecasts
of the volumes of gas burned for electricity generation over the forecast period, MarketSym was
used to simulate regional power markets. GPCM and MarketSym were run in a recursive mode
in order to obtain convergence for the level of gas burns and prices over the forecast period.

LAI developed long-term forecasts of delivered fuel prices in order to schedule generation plants
in NYISO, PJM, and ISO-NE. Regional delivered fuel prices are key inputs to MarketSym for
purposes of forecasting energy prices across New York, PJM and ISO-NE. The modeling
system accounts for power plant operations and transmission interchange in the Day Ahead

> Price volatility effects during the peak heating season, December through February, were consistently
underestimated through GPCM, an artifact of the monthly price intervals used for calculation purposes.
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Market (DAM). A capacity model to account for new entry and generation attrition effects was
also run over the planning horizon. In addition to fuel prices, load data, and production cost data
for power plants across the relevant control areas, an extensive set of factor inputs to the electric
simulation models covering plant performance, emission allowances, transmission capability,
and market behavior were also incorporated.

The forecast of wholesale electricity prices throughout New York and the surrounding market
areas depends on fuel prices. LAI presents the long term forecast of delivered natural gas, oil,
coal, and uranium fuel prices in Appendix 3.

2.2.2  MarketSym Topology

MarketSym simulations were run with three part bids consistent with the bid structures in New
York, New England and PJM. Assumptions regarding the MarketSym structure, inputs,
interface, and other modeling issues are described in this section. Energy prices can be measured
on a zonal or on a nodal basis. An overview of our approach is depicted in Figure 12.>!

Figure 12 — Power System Model Interfaces
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LAI modeled the NYISO, ISO-NE, and the Mid Atlantic, Allegheny Power (APS), American
Electric Power (AEP) and Virginia Power (VP) portions of the PJM market areas, as well as the

TLAT's proprietary financial and mathematical models are used to derive entry and attrition.
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imports / exports from First Energy, Quebec and Ontario. Each of these market areas is divided
into sub-areas for dispatch and pricing purposes, as shown in Figure 13 below.”

Figure 13 — Geographic Overview of Market Topology
i I QUEBEE

NE_NOR
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2.2.3  Transmission Linkages

Both the Cross Sound Cable and Neptune are modeled as free-flowing connections in which
energy flows will depend on the energy price differentials between the source and the sink. The
Cross Sound Cable was modeled as bi-directional and Neptune was modeled as uni-directional to

52 LAI modeled NYISO with five sub-areas: NY-West includes zones A, B, C, D and E; NY-GHI includes zones G,
H and I; and zones F, J and K are stand alone sub-areas to capture the price differentials in Albany, New York City,
and Long Island, respectively. A detailed description of the NYISO zones can be found in the report entitled,
“Locational Installed Capacity Requirements Study covering the New York Control Area,” February 12, 2003.

LAI modeled ISO-NE with six sub-areas, in order to optimize cable flows on Y49/Y50, Cross Sound Cable, and
Line 1385: NE-Nor includes zones BHE, S-ME and ME; NE-Central includes zones VT, NEMA, WMA, CMA and
NH; SEMA-RI includes zones SEMA and RI; and zones SWCT, CT and BOSTON are stand-alone sub-areas to
capture locational pricing differentials of relevance to Long Island. A detailed description of the ISO-NE zones can
be found in the report entitled, “R7EP02,” November 7, 2002.

LAI modeled the Mid-Atlantic Area Council (MAAC) plus APS portion of PJM with three sub-areas: JCP&L is a
stand-alone sub-area to capture the price differentials at Sayreville; PJME includes the rest of MAAC’s eastern
zone; and PIMW or “RTO” includes the western zone of MAAC plus APS. In addition, the AEP and VP zones
were modeled as stand-alone sub-areas to capture locational pricing differentials.

FirstEnergy, Quebec and Ontario were modeled as single sub-areas to capture the effects of imports into and exports
out of New York, New England and PIM.
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Long Island. Over the forecast period, we have assumed that Line 1385 is available for free-
flowing economic energy transfers between southwestern Connecticut and LIPA.> The “bubble
chart” shown in Figure 14 depicts the topology of the modeled control areas, including transfer
limits.

Figure 14 — Estimated Transfer Capabilities, Peak Loads, and Capacities™

The estimated transfer limits have been updated to reflect information from various 1SOs.™

2.2.4 Generation and Load Data

LAI used the load and capacity database licensed by Global Energy Decisions, Inc., updated
where appropriate with data from NYISO, ISO-NE, and PJM (Table 6).

> Line 1385 is currently fixed at zero, but is expected to become available for transactions before Broadwater begins
operations.

> These transfer capabilities were used as normal operation.

>> Sources: ISO-NE Draft RTEP04 Report, August 30, 2004; NYISO 2004 Load and Capacity Data Report; NYISO
Locational Capacity Requirements Study Report, February 20, 2004; and, PJM — Historical operational limits as
posted on www.pjm.com.
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Table 6 — Sources of Load Data Information

Market Data Source
NYISO 2004 Load and Capacity Data Report
RTEPO04 and 2004 Report of Capacity, Energy, Loads and
ISO-NE S n
Transmission
PIM 2004 EIA 411 Filing

2.2.5 Regional Transmission Expansion Plans

ISO-NE and PJM have embarked on formalized regional transmission expansion planning
processes that form the basis for transmission expansion. NYISO is developing a comprehensive
10-year plan. ISO-NE’s Regional System Plan (RSP) presents a regional system expansion plan
that addresses resource planning criteria. The PJM Regional Transmission Expansion Planning
Protocol provides the basis for planning transmission expansions. Transmission upgrades in PJIM
and New England are based on each ISO’s RTEP.

2.2.6 Capacity Values and Entry / Ixit

LATs installed capacity (ICAP) models establish the mix of generation resources over the long-
term. LADs Attrition Model analyzes the operating economics of existing plants to test whether
they are viable on a cash going-forward basis. LAI’s Entry Model compares the economic
performance of hypothetical new plants to determine which type would be added to the supply
mix. The market prices for [ICAP in New York and neighboring control areas have been forecast
over the study period by simulating the respective demand curve mechanisms in each market
area.

2.2.6.1 Plant Attrition

LATs Attrition Model evaluates the economic performance of each existing plant in the market
based upon forecasted energy, ancillary services, ICAP revenues and cash operating expenses.
The retirement analysis assumes that a plant would be at risk of retirement if it experiences an
out-of-pocket cash operating loss of a designated amount for a certain number of years. Under-
recovery of capital costs payable to debt lenders or investors is not considered. Cash expenses
include fuel costs, emissions costs, variable operations and maintenance expenses, transportation,
labor, maintenance, insurance, incremental general and administrative expenses, property taxes,
and other items.

* PJM uses the Reliability Pricing Model. ISO-NE uses the Forward Capacity Market (FCM). NYISO uses the
demand curve.
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Capital expenditure requirements to meet the increasingly stringent emissions standards for
existing coal and residual fuel oil (RFO)-fired plants may affect the economic viability of plants
in the greater Northeast. '

2.2.6.2 New Entry

New entrants are added to the model as required to maintain reserve margins considering load
growth and retirements. In New York, new capacity also includes anticipated renewable
generation projects as prescribed by the Renewable Portfolio Standard (RPS). Additional
capacity in New York beyond the anticipated RPS projects is assumed to be combustion
turbines, either in simple-cycle or combined-cycle mode. In other areas of the study region all
generic new entry is assumed to be combustion turbine based.”® LAI’s Entry Model determines
the mix of combined-cycle and simple-cycle new generation in each market area. Simple cycle
combustion turbines in New York City and on Long Island are assumed to be LM6000 units (or
equivalent aero-derivatives) that are somewhat less expensive than combined cycle plants and
well suited for fast starts and shutdowns.” LATs entry model incorporates a forecast of all the
capital costs of a new plant, including the items in Exhibit 4.

The costs in Exhibit 4 represent the base costs for a new greenfield plant at relatively
unconstrained sites on Long Island and New York City. The total capital costs include project
development, EPC contract, interconnections, legal and financing, construction supervision,
start-up, spares, and financial costs. Financing parameters are generally consistent with prior
advisory work performed by LAI for NYISO regarding the demand curve.

Exhibit 5 contains a listing of the resource additions included in the NYISO, PIM and ISO-NE
control areas. Additions in Ontario are also identified. The expected start-up date for each
project is also listed along with the winter MW rating.

2.2.7 NYISO ICAP Demand Curve Mechanism

The demand curve mechanism is duplicated within the Attrition Model on an annual basis across
the forecast horizon. Downward sloping demand curves using published data are generated in
the Attrition Model for the entire New York Control Area (NYCA) as well as for the New York
City and Long Island zones. NYISO requires those zones to satisfy locational ICAP
requirements for which 80% of New York City’s peak load must be met by in-City generators,
and 99% of Long Island’s peak load must be met by on-island generators.”® These locational

°7 The Attrition Model incorporates investments for additional add-on emission controls to meet federal
requirements for particulates, SO,, and NO,, as well as limits on mercury emissions. Upon the retirement of one or
more plants, the supply curve in subsequent years is adjusted.

% As noted in Exhibit 5, PJM has recently added one waste coal-fired plant, the Seward unit.

%% Simple cycle combustion turbines in PJM, New England and Rest of State are assumed to be GE-7FA units that
are larger and less expensive on a unit-of-capacity basis. Combined cycle units are assumed to be industrial frame
units, employing “F” or “G” technology, that are best suited for thermodynamic efficiency with heat recovery steam
generators and steam turbine cycles.

% Current NYISO rules allow for controllable direct current cables to qualify as on-island generation provided
certain conditions are met, including corresponding capacity committed to New York load.
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requirements are due to the limited ability of the high voltage transmission system to import
power into those zones, taking into account normal operating conditions and contingency events.
Over the forecast period, LAI has held constant the locational capacity requirements on Long
Island and in New York City.

2.2.8 PJM Reliability Pricing Model

At the time the electric simulation modeling was conducted, the capacity market in PJM included
daily, monthly, and multi-monthly unforced capacity (UCAP) auctions that determined a single
clearing price for the entire PJM footprint. Load-serving entities (LSEs) submitted buy bids in
these auctions to satisfy their UCAP requirements or to lay off surplus UCAP, while generators
submitted bids to sell non-committed UCAP. These bids were voluntary and are residual, 7.e.
they did not include UCAP commitments in place either through bilateral contracts or through
self-supply. The Reliability Pricing Model (RPM) is generally similar to the NYISO demand
curve mechanism, but with many noteworthy distinctions. Consistent with NYISO, UCAP
clearing prices would be determined based on the interaction of a demand curve that is set to
provide a peaking generator with sufficient revenues to achieve a threshold return.

PJM intends to establish as many as 23 Locational Deliverability Areas to set UCAP prices that
reflect locational reliability issues. For purposes of this analysis, LAI assumed that UCAP prices
in eastern and southwestern MAAC would ultimately converge over the relevant planning
horizon.®" By the fourth planning year, a number of critical transmission upgrades are expected
to be completed within PJM, causing locational ICAP prices to converge.

2.2.9 ISO-NE Capacity Market

During our evaluation, ISO-NE had promoted a capacity market mechanism referred to as
LICAP. Like NYISO’s demand curve, LICAP would use a sloped demand curve and a supply
curve to set market-clearing ICAP prices. This structure would have been very similar to the
Spot ICAP Market mechanism in NYISO that has been utilized since 2003. We expected that
LICAP would result in the addition of gas turbine peakers or combined cycle plants when net
energy and ancillary service revenues cover the incremental capital cost.

LICAP met resistance in New England, and was ultimately replaced by FCM — a product of
settlement. FERC approved the FCM settlement, allowing for a multi-year transition period
through 2010. FCM will use a descending clock auction process to accept or reject bids from
new suppliers, as well as bids to retire from existing suppliers. Like LICAP, FCM is intended to
reflect locational factors, in particular, transmission constraints. LAI’s entry assumptions
incorporated our then current understanding of LICAP. In LAI’s view, the use of LICAP for
purposes of adding new generation capacity does not constitute a significant bias regarding
energy prices on Long Island under the Business-as-Usual case.

®! Results of the first PJM auction held in April 2007 for delivery year 2007/2008 indicate that both castern and
southwestern MAAC have substantially higher UCAP prices than the rest of PIM. A second auction was held in
July 2007 for delivery year 2008/2009 and introduced material changes associated with transmission limits and the
amount of generation in eastern MAAC. A third auction for delivery year 2009/2010 will be held in October 2007.
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2.2.10 New York Renewable Portfolio Standard

In September 2004, the NYPSC issued an order implementing an RPS that requires at least 24%
of the State’s electric energy to come from renewable resources by 2013. Currently, about 19%
of the state’s energy requirements are supplied by renewable sources, primarily hydro. The
September 2004 order implements a program whereby the New York State Energy Research and
Development Authority (NYSERDA) will subsidize developers of new renewable facilities,
selected via auction, to increase the state’s renewable portfolio and furnish 24% of total state
requirements.**

To achieve the RPS target, the rules require NYSERDA to procure, and New York customers of
LSEs to pay for, an incremental block of renewable energy. This incremental block represents
roughly 1.4 million MWh per year starting in 2006. The incremental block of renewable
generation represents roughly 0.8% of total state energy consumption and 1% of the total energy
consumption served by LSEs.

The NYPSC estimates that a total of 3,539 MW of new qualified renewable capacity will need to
be added by 2013 to fulfill the RPS requirement, based on assumed capacity factors for the
various renewable technologies employed.” The NYPSC also estimated that, in addition to the
capacity required to fulfill the RPS requirements, another 1,006 MW of incremental renewable
capacity (i.e., for a total of 4,546 MW) will be developed in NY State in the same time period.**
Of the total 4,546 MW of incremental renewable capacity, the NYPSC projected that a
significant majority, 3,029 MW, would come from new wind resources. The remaining
renewable capacity is projected to come from hydro imports (1,100 MW), biomass (294 MW),
and landfill gas (123 MW).

Given various siting difficulties, limitations in wind turbine manufacturing, and our skepticism
of non-RPS renewable capacity development, LAI made the conservative assumption that only
approximately 20% of the NYPSC’s estimate of new wind capacity, or 650 MW, will be
operational by 2013. We assumed that other forms of renewable capacity, totaling
approximately 1,500 MW, will be developed as projected by the NYPSC. The NYPSC
projections and LAl-adjusted values are detailed in Exhibit 6.

2.2.11 Emissions Assumptions and Allowance Prices

The Clean Air Act (CAA) and amendments authorized the Environmental Protection Agency
(EPA) to establish market-based programs to reduce NOy and SO, emissions from a variety of
stationary sources, including fossil fuel fired electric generating units. Title IV of the CAA set a
goal of reducing annual SO, emissions by 10 million tons below 1980 levels. To achieve these
reductions, the law required a two-phase tightening of the restrictions placed on fossil fuel-fired

%2 The NYPSC expects an additional 1% of the state’s energy requirements to be met through voluntary purchases of
incremental renewable energy.

% See 03-E-0188, Appendix D, Table 7.

%! The additional capacity is expected to be developed in response to: Executive Order 111 (31 MW), green
marketing (551 MW) and New England demand (424 MW).
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power plants. Phase II, which began in 2000, tightened the annual emissions limits imposed on
these plants and also set restrictions on smaller, cleaner plants fired by coal, oil, and gas. The
program affects generators with an output capacity of greater than 25 MW. SO, allowance
allocation calculations were made for various types of units. EPA allocated allowances to each
unit at an emission rate of 1.2 pounds of SO,/MMBtu of heat input, multiplied by the unit's
baseline. Existing plants can meet their budget allocation through the use of compliance coal or
low sulfur RFO (0.7% sulfur or less), by operation of flue gas desulfurization (FGD) systems, or
by acquiring emissions allowances from the market.

All NOy trading programs have the same goal: reduce the transport of ground-level ozone.
However, several programs have developed through different mechanisms, which has led to
differences in the number of states involved, the timing of the compliance period each year, and
the milestones for the targeted reductions. The Ozone Transport Commission (OTC) member
states have been subject to a NOy budget “cap and trade” program since 1999. ® The OTC
program limits the total emissions from affected units in each state during the ozone season (May
1 to September 30) of each year. The most recent NOyx budget reductions under the OTC
program were implemented in May 2003. Two other regional trading programs, the Section 126
final action (2005) and the NOy State Implementation Plan (SIP) Call, will affect 22 states,
including several states in PJM not previously subject to the OTC NOy budget program.®® The
most recent NOy SIP Call deadline for Phase I reductions was May 2004. The emission limit
used by EPA to calculate the Phase I NOy SIP call budgets, 0.15 b NO,/MMBtu, represents
approximately an 85% reduction from uncontrolled NO, emissions for most large coal-fired
power plants. Further reductions must be implemented by the Phase II compliance date in 2007,

In 2005, EPA promulgated the Clean Air Interstate Rule (CAIR), intended to further reduce and
permanently cap emissions of SO, and NOy from electric generating plants. CAIR focuses on
the 29 eastern states where power plant emissions significantly contribute to the non-attainment
of downwind states with respect to ozone and fine particulates. The rule establishes a cap-and-
trade program, which would reduce power plant SO, emissions by 3.6 million tons in 2010, and
1.8 million tons in 2015. The rule also establishes year-round NOy caps beginning in 2010, with
further reductions in 2015. Although each affected state is required to develop its own
implementation plan, we expect that coal and oil-fired plants, which currently lack selective
catalytic reduction (SCR) and/or FGD will retrofit such systems by 2010. Our capacity model
reflects these investments. The expanded emission allowance program, including a non-ozone
season market for NOy allowances, also affects our forecast for NOy and SO, allowance prices.®’

% New England, New York, New Jersey, Delaware, Maryland, Pennsylvania, and the District of Columbia.

% States and districts covered by the NO, SIP Call are: AL, CT, DC, DE, IL, IN, KY, MA, MD, MI, NC, NJ, NY,
OH, PA, RI, SC, TN, VA, WV. GA and MO subject to Phase I only. States and districts covered by the Section
126 final rule are: DC, DE, IN, KY, MD, ML, NC, NJ, NY, OH, PA, VA, WV.

%" Many of the coal-fired plants in New York, PJM, and Ontario have implemented strategies to reduce SO, and NO,
emissions. A number of the larger and more efficient plants have retrofit FGD systems for SO, control and a
somewhat larger number of plants have retrofit SCR or selective non-catalytic reduction systems to control NO;
emissions. Other less efficient plants, have implemented CAA compliance strategies that involve less expensive and
less effective emission control technologies (low NO, burners) coupled with the purchase of emissions allowances.

35

BW032622



2.2.11.1 New York Regulations

In 1999, Governor Pataki announced that fossil fuel-fired generators in New York would be
required to further reduce SO, and NO, emissions to protect sensitive regions such as the
Adirondacks and the Catskills from the deleterious impacts of acid rain. The Acid Deposition
Reduction Program (ADRP) became effective on May 17, 2003.°® In accordance with Part 237,
affected sources must collectively reduce NOy emissions during the non-ozone season beginning
October 1, 2004 to a level that corresponds with the ozone-season NOy reductions that were
achieved in May 2003 under the current NOy budget trading program.® Part 238 reduces the
SO, emissions to 50% below the levels allowed under the current phase of the federal acid rain
program. The SO, reductions are implemented in two phases, beginning January 1, 2005 and
January 1, 2008.

Consistent with LAD’s treatment in prior energy price forecasting studies performed for LIPA,
NOy and SO; allowances are treated as variable operating costs for each fossil fuel generating
unit. Energy prices are therefore directly impacted by the allowance markets to reflect
generators’ ability to bid allowance costs into the DAM or real-time market. As discussed in
Appendix 4, LAI’s forecast incorporates our outlook for the SO, and NO; allowance markets.
The SO, allowance price forecast shows prices near $700/ton through 2007, followed by a
gradual decline to $200/ton by 2014, after which allowance prices will escalate in keeping with
inflation. The NOy allowance price forecast shows a similar pattern, with prices around
$3,340/ton in 2006, then decreasing to $1,500 in 2012. After 2012, prices will increase with
inflation.

2.3. Market Analysis Results

The results of the GPCM modeling cases include the impacts of various assumptions regarding
supply, demand, market conditions and infrastructure projects on natural gas prices at continental
pricing points and regional pricing points. The continental pricing points of particular relevance
are Henry Hub and Dawn. The regional pricing points of particular relevance for Long Island
and New York City are TZ6-NY and IGTS-Z2. Rest of State values are indexed to Dominion
South Point (DTI-SP). The comparison of these prices with and without Broadwater provides
the basis for determining the economic benefits on Long Island, New York City, and Rest of
State that are ascribable to Broadwater.

The market has been divided into core and non-core on Long Island, New York City and Rest of
State. The core and non-core demands are further divided among relevant pricing points in
Canada, the Gulf Coast, storage centers, and the market area. LAI has made assumptions
regarding where natural gas is purchased for each company, as well as how existing versus
incremental loads are served. In sum, LAI has assumed that the region’s gas utilities purchase all
of their natural gas either at production areas or major storage hubs, i.e., Leidy, Ellisburg and

6 New York State Codes Rules and Regulations NYCRR) Parts 237 and 238
% 6 NYCRR Part 204
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Dawn. We have assumed that power generators on Long Island and New York City purchase
natural gas based on TZ6-NY and/or IGTS-Z2 prices.

Figure 15 provides a comparison of the Henry Hub prices for the Business-as-Usual Case. The
various price impacts at the Henry Hub when Broadwater is added are shown in dark blue
(second line). Commodity prices are shown in green when Millennium Phase 2 and Islander
East are added to the resource mix, absent Broadwater. Finally, the impact of Crown Landing on
Henry Hub prices is also reported, absent Broadwater. Relative to the Business-as-Usual
forecast of gas prices at the Henry Hub, the commodity price difference ranges from a low of
$0.03/MMBtu higher with Millennium Phase 2 and Islander East to a high of $0.50/MMBtu
lower for Crown Landing. The addition of Broadwater results in commodity prices at the Henry
Hub that would average $0.46/MMBtu lower over the forecast period.

Figure 15 — Commodity Price Changes at the Henry Hub: Business-as-Usual v. Alternative
Cases (Broadwater, Millennium Phase II + Islander East, Crown Landing)
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Figure 16, Figure 17 and Figure 18 compare the forecast of prices under the same Business-as-
Usual Cases at various continental and regional pricing points of specific relevance to Long
Island and New York: Dawn, TZ6-NY, and IGTS-Z2. As shown in Figure 17, the average price
reduction in TZ6-NY prices with Broadwater is $1.35/MMBtu over the forecast period. If
Crown Landing is built in lieu of Broadwater, the resultant average price decrease in TZ6-NY
prices is $0.59/MMBtu. Coincidentally, the price effect attributable to Millennium Phase 2 and
Islander East is the same as Crown Landing.
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Figure 16 — Commodity Price Changes at the Dawn Storage Hub: Business-as-Usual v.
Alternative Cases (Broadwater, Millennium Phase II + Islander East, Crown Landing)
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Figure 17 — TZ6-NY Price Change: Business-as-Usual v. Alternative Cases (Broadwater,
Millennium Phase II + Islander East, Crown Landing)
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Figure 18 — IGTS-Z2 Price Change: Business-as-Usual v. Alternative Cases (Broadwater,
Millennium Phase II + Islander East, Crown Landing)
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In Figure 19 through Figure 22 we show the forecast of prices at the Henry Hub, Dawn, TZ6-NY
and IGTS-Z2 associated with the LNG Overbuild Case. In the event that there is an LNG
Overbuild in the greater Northeast and Broadwater is also added to regional infrastructure,

Broadwater’s consequent price effect on Long Island, New York City and Rest of State would
still remain high.
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Figure 19 — Henry Hub Price Comparison: LNG Overbuild Case
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Figure 20 — Dawn Price Comparison: LNG Overbuild Case

= Dawn LNG Overbuild

= Dawn LNG Overbuild w/ Broadwater - Average Difference $0.33

Jan-06

T T T T T T
N~ o8] D o ~ N (301 < [Lp]
e < Q o T S b S T

c c c c c c c c c

© © © © © © © © ©
i - il - ] - i - -

40

Jan-16 -

Jan-17

Jan-18 -

Jan-19 -

BW032627



Figure 21 — TZ6-NY Price Comparison: LNG Overbuild Case
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Figure 22 — IGTS Z2 Price Comparison: LNG Overbuild Case
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Table 7 summarizes the average gas price impact over the forecast period for Broadwater,
Millennium Phase 2 plus Islander East, Crown Landing, and, finally, the LNG Overbuild Case.
Price effects in select years at regional pricing points are shown in Exhibit 7.

Table 7 — Average 10-Year Price Results by Case

Henry Dawn Iroquois Transco

Hub Zone2 Z6NY

Business-as-Usual $7.45 $7.82 $9.54 $9.54
Business-as-Usual + Broadwater $6.99 $7.33 $7.93 $8.19
Broadwater Impact $0.46 $0.49 $1.61 $1.35
Business-as-Usual + Millennium 2 / $7 48 $7 85 $8.92 $8.95

Islander East

Millennium 2 + Islander-East Impact -$0.03  -$0.03 $0.62 $0.59
Business-as-Usual + Crown Landing $6.95 $7.30 $8.99 $8.95
Crown Landing Impact $0.50 $0.52 $0.55 $0.59

LNG Overbuild Case — w/o Broadwater $6.24 $6.69 $8.55 $8.54
LNG Overbuild Case — w/ Broadwater $5.95 $6.35 $6.97 $7.17
Broadwater Impact ™ $0.29 $0.34 $1.58 $1.37

2.4. Benefits Attributable to Broadwater

2.4.1 Gas Utility and Electric Utility Benefits on Long Island, New York City and Rest of State

Natural gas to serve core utility load 1s sourced primarily from the production area in the Gulf of
Mexico and western Canada. Gas that originates from the Gulf of Mexico is priced at the Henry
Hub. Gas that originates from western Canada is priced at Dawn. For both KeySpan and Con
Edison, we have assumed that 60% of the existing core load originates from the Gulf Coast via
the major trunklines connecting the Gulf Coast with New York via the storage facilities in
Pennsylvania and New York. The remainder, 40%, is assumed to originate in western Canada
and therefore priced at Dawn. Since the pipelines serving New York City and Long Island are
fully subscribed, we have assumed that gas utilities in New York meet incremental load growth
at a price equal to TZ6-NY.

Quantification of economic benefits for core customers reflects the following pricing points
throughout New York State:

7% Results are gauged around prices in the LNG Overbuild Case (no Broadwater) rather than the Business-as-Usual
Case.

42

BW032629



Table 8 — Market Center Pricing Points

Sub-Area Pricing Point
New York City TZ6-NY
Long Island IGTS-Z22 / TZ6-NY
NY Central & North IGTS-Z1
NY West Niagara
NY South DTI-SP

Gas-fired generation bids into NYISO’s DAM reflect the value of natural gas in the market area,
i.e., TZ6-NY, IGTS-Z2.”"  On Long Island, LIPA pays for the actual costs of generation and
power procurement, mostly the “legacy units” owned and operated by KeySpan. These oil and
gas fired stations provide most of the energy used on Long Island. Energy prices and fuel use
were calculated by MarketSym.”> The hourly product of energy price and load was integrated
over each year to establish a wholesale energy supply cost for each region.

The financial logic LAI used to quantify the economic benefits to core and non-core customers
on Long Island, New York City and Rest of State is presented in Exhibit 8. LAI has computed
the present value in the change in both gas utilities’ natural gas procurement costs over the study
horizon as well as the change in electricity prices of relevance by location.”” The first-order
change in natural gas costs for core and non-core customers has then been adjusted to account for
the second-order income multiplier effects. The use of the income multiplier is discussed in
section 2.4.2.

In Figure 23, we report annual savings for core customers attributable to Broadwater for Long
Island, New York City and Rest of State. Total savings for core customers in New York State
range from above $300 million in 2010 to about $780 million in 2020. In absolute dollars, core
utility customers on Long Island are expected to realize much lower benefits than New York
City and Rest of State. Broadwater’s beneficial price impact cascades back to upstream market
centers; hence, economic benefits for Rest of State are comparable to New York City. In Figure
24 we report the present value of total core benefits by each sub-region. Total benefits for core
amount to $4.6 billion as follows: $1.9 billion for New York City (41%), $0.8 billion on Long
Island (17%), and $1.9 billion for Rest of State (42%).

! Gas-fired generation in upstate New York is generally reflective of lower priced indices, i.e., DTI-SP, IGTS-Z1,
and Niagara.

72 MarketSym provided total gas burns by area, which were used to refine the GPCM runs.

7 Fixed costs payable to pipelines and storage companies are deemed sunk and therefore not relevant for purposes
of quantifying the change in total natural gas costs.
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Figure 23 — Core Benefits Attributable to Broadwater by Year
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In Figure 25 we report annual savings for non-core electricity customers attributable to
Broadwater for Long Island, New York City and Rest of State. Total savings for non-core
customers in New York State range from above $500 million in 2010 to about $2 billion in 2020.
Consistent with the relative breakdown of benefits for core customers, in absolute dollars non-
core electricity customers on Long Island are expected to realize much lower benefits than New
York City and Rest of State. Benefits for Rest of State are roughly comparable to New York
City. In Figure 26 we report the present value of total non-core benefits by sub-area. Total
benefits for non-core amount to $10.2 billion as follows: $4.4 billion for New York City (43%),
$1.9 billion on Long Island (19%), and $3.9 billion for Rest of State (38%).

Figure 25 — Non-Core Benefits Attributable to Broadwater by Year
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Figure 26 — Non-Core Benefits Attributable to Broadwater by Sub-Area (2010-2020)
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2.4.2  Economic Multiplier Analysis

In gauging the local economic impacts of the Broadwater facility, it is necessary to estimate the
first-order effects as well as the second-order effects associated with increased economic activity
due to lower energy prices. Economic multipliers are quantitative factors designed to provide a
measure of the secondary economic impacts from changes in employment, income, and other
variables. A wide range of economic multipliers can be found in publicly available economic
analyses and reports. We endeavored to find an applicable multiplier that reasonably estimated
the indirect impacts associated with reduced energy costs. No independent derivation of the
economic multiplier was performed in this study. Instead, we relied on a study prepared at
Cornell University on New York State’s economy regarding multipliers for the transport and
utilities industries. The range reported in the Cornell study for New York State was 1.31 to
1.48."* There are many other studies with multipliers well above or somewhat below the
aforementioned range.”” For purposes of this analysis, LAI applied an economic multiplier equal
to 1.4.

’* Economic Multipliers and the New York State Economy, by K. Jack, New York State Department of Labor, and
N. Bills & R. Boisvert, Professors in the Department of Agricultural, Resource, and Managerial Economics,
December 1996.

> Another study evaluating DOE spending concluded that economic multipliers tend to be in the range of 1.5 to 2.0.

The Nuclear Energy Institute (NEI) evaluated the impact of continued operation of the Indian Point nuclear power
plant. Entergy, the owner of Indian Point, calculated multipliers for plant output and local employment on the
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Other benefits associated with PILOT, job creation, and commercial inducements potentially
available from Broadwater are not included.

2.4.3 Discussion of Net Benefits

As shown in Table 9 and reported in Section 2.4.1, the total first-order expected economic
benefits on Long Island, New York City and Rest of State amount to $14.8 billion. When these
benefits are increased to account for the economic multiplier effect, total benefits increase to
$20.7 billion over the forecast period. With or without the multiplier effect, the benefits are
stated in present value terms for 2010.7

Table 9 — Summary of LAI’s Economic Findings

w/oBl\e/Il:lelit.litpslier w/ ﬁ/i:llletii:iier % Total
Long Island $2.7 billion $3.8 billion 18.3
New York City $6.3 billion $8.8 billion 42.6
Rest of State $5.8 billion $8.1 billion 39.1
Total $14.8 billion $20.7 billion

2.4.4 Benefits Reconciliation

In April 2005, Broadwater represented to LIPA’s management and Board of Trustees that the
Project would produce energy savings of $6 billion over the first ten years of its operating life.
Subsequent discussions between LAI and Broadwater revealed that Broadwater’s model was
designed to broadly analyze regional inputs on a high-level basis, and that the purported $6
billion savings was a simple nominal sum over ten years of core and non-core savings on Long
Island and New York City. Broadwater did not estimate the value of avoided gas price volatility
in the market center. Broadwater did not accurately differentiate core from non-core in terms of
natural gas procurement patterns. Broadwater only counted potential economic benefits on Long
Island and New York City, not elsewhere in New York State. Broadwater did not count
economic multiplier effects. There were many other important structural differences between
modeling techniques and assumptions.

Had we applied Broadwater’s financial approach for consistency sake, LAI’s determination of
economic benefits would increase from $14.8 billion to $21.6 billion,”” a difference of $15.6
billion from Broadwater’s estimate.

county, state and country. NEI calculated a local multiplier of 1.17 and a state-wide multiplier of 1.25 on plant
output, a local multiplier of 1.35, and a state-wide multiplier of 1.45 on labor income. DOE has asserted that utility
services generally produce an economic multiplier of 1.66.

76 Discount rate equals 6%.

77 Reflects the nominal pattern of annual savings at a zero percentage discount rate consistent with the $14.8 billion
total savings at 6%.
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2.4.5  Omitted Variables

A number of benefit and cost components have not been quantified in this assessment, but are
potentially significant.

e Broadwater’s location in the market center improves reliability across the NYFS by
allowing Iroquois to “pack the pipe” throughout the year, including the Eastchester lateral
from Northport to New York City. The value of increased pipeline system reliability has
not been quantified in this analysis.

e Broadwater’s potential PILOT to host communities have not been considered.

e The value of potential commercial inducements from Broadwater to one or more anchor
customers on Long Island or New York City has not been estimated.

e A new, baseload natural gas supply source located in the heart of the market should
increase the use of natural gas relative to residual fuel oil for power production on Long
Island and, perhaps, New York City. The value of reducing CO,, SO, NOy, volatile
organic compounds, and particulates has not been quantified. The reduction in
commodity gas prices as well as damped gas price volatility may induce KeySpan on
Long Island and other generation companies in New York City, or Rest of State, to
undertake costly generation asset repowering(s) that might not otherwise occur.”® The
environmental benefits associated with repowering have not been quantified.

e Broadwater’s daily dispatch regime would materially change the pattern of gas flows on
Long Island and New York City. Both KeySpan and Con Edison may therefore need to
commit substantial capital resources to maintain network reliability in response to much
higher receipts at different gate stations on the NYFS.” Other costs borne by KeySpan,
Con Edison and power plants to ensure that Broadwater’s gas supply is interchangeable
with historical pipeline rendered supply must also be counted. Other costs may be borne
by the region’s gas utilities to ensure that the level of nitrogen injection to facilitate
interchangeability does not cause operating problems at existing peak-shaving LNG
facilities in Suffolk County, Queens and Brooklyn. Finally, significant costs may be
borne by generators in the region to ensure safe and reliable operation following the
introduction of natural gas from Broadwater.

e Economic benefits associated with both KeySpan’s and Con Edison’s ability to reduce
their costs by laying off, through FERC approved capacity release, a portion of their

"8 To the extent the repowering(s) would happen anyway, there should be no inclusion of environmental benefits
attributable to Broadwater.

P LAI conducted an independent, high-level analysis of potential transmission system reinforcements on the NYFS
in order to derive a plausible upper limit to ensure local reliability in New York City. Using the most expensive
segment along Iroquois’ Eastchester Expansion into New York City as a data source for high construction costs in-
City, LAI estimated that up to $350 million could be required to transport natural gas from the Hunts Point gate
station to a new gate station up to 10 miles from the existing terminus. Whether Con Edison would plan to add
another gate station is unknown, however. Whether KeySpan would plan to add another gate station has not been
determined.
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valuable pipeline and/or storage entitlements on Transco, Texas Eastern, Tennessee, and
in Ontario, as well, has the potential to be significant, but has not been estimated.
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3. TECHNOLOGY REVIEW

The anticipated long-term growth in U.S. natural gas demand will require the construction and
operation of both onshore and offshore LNG terminals. Recently, several offshore LNG
terminals have been proposed to increase LNG deliveries to market centers where onshore
facilities cannot realistically be sited. The technologies and experience developed for offshore
oil infrastructure and onshore LNG terminals can be applied to the development and operation of
offshore LNG terminals. The proposed offshore LNG terminals benefit from the record of safety
and reliability that has been achieved by the offshore oil industry and by onshore LNG terminals
around the world. Each of the essential components of Broadwater’s FSRU has been used safely
and reliably in both offshore petroleum and onshore LNG terminal operations. The main
difference is the scale of the application proposed for Broadwater.

Offshore siting innovations for LNG facilities necessitate new rules and guidelines for the
design, construction and maintenance of such facilities. Since 1862, ABS has developed such
rules and guidelines for the maritime industry. ABS has published a guide for building and
classing offshore LNG terminals that puts forth a comprehensive set of criteria.®’ The
classification process begins with an assessment of design and continues throughout the
operational life of the offshore LNG facility. Such oversight ensures the continued adherence to
the ABS rules and guidelines and other relevant standards beyond the initiation of service
through the installation and operation of the facility.®'

LAT’s technology study objectives were threefold: first, to evaluate the various types of offshore
LNG facilities; second, to identify the technology limitations of the FSRU, its major components
and the YMS; and, third, to assess operational issues with the FSRU and LNG transfer. LAI’s
technology review was based on data obtained from the draft and final EISs from other proposed
and approved LNG projects, industry LNG technology presentations and papers, and publicly
available reports on technology.

LAT’s approach to evaluating Broadwater’s technology involved a high level review of each type
of offshore LNG facility proposed or operating in the U.S. including gravity-based structures
(GBSs), modified LNG tankers unloading to a submerged turret loading buoy, and other FSRUs.
LAI also evaluated each of the essential operating components of the FSRU from the perspective
of historical use and assessed their appropriateness for the proposed application. The following
LNG systems and components were evaluated: containment, regasification (vaporization), cargo
transfer, emergency shutdown, boil-off, custody transfer and mooring.

3.1. Offshore LNG Technology Options

An offshore LNG terminal receives LNG from oceangoing vessels, regasifies the LNG either
immediately or subsequent to being stored, and delivers the LNG to the onshore market through
a subsea pipeline. While offshore applications have been used successfully for a number of
different petroleum products, only recently has interest been focused on LNG. Such interest has

8 American Bureau of Shipping, “Guide for Building and Classing Offshore LNG Terminals,” April 2004.
81 ABS was selected as the third party Certifying Entity for the Project on February 16, 2007.
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been generated by the need to expand the opportunities to meet market requirements in light of
sensitive siting and public safety issues. The development and use of offshore facilities is an
extension of the industry’s experience over the past several decades from land-based LNG
terminals, LNG ship design, and similar floating applications utilized in the petroleum sector,
referred to as Floating Production Storage and Offloading (FPSO) units. Offshore LNG import
terminals can be grouped into the following five categories, some of which are illustrated in
Figure 27.

e Natural Island Facility — A terminal sited on an island, such as the facility that is
proposed in the Bahamas, with the regasified LNG delivered to a mainland location in
Florida via an undersea pipeline.

e Artificial Island Facility — A terminal sited on a foundation created by building up the
seafloor above the waterline, such as the Safe Harbor project proposed off Long Island.

e Floating Facility — A free-floating structure connected to the sea floor by a mooring
system. FSRUs, such as Cabrillo Port and the Broadwater Project, and Floating
Regasification Units (FRUs), such as Excelerate’s Gulf Gateway, are included in this
category.

e Fixed and Mobile Structure — A facility which depends on the sea floor for support. Such
a facility is currently proposed for offshore California (Crystal Clearwater Port) and
would make use of an existing offshore platform reconfigured to receive LNG.

e Subsea — A structure predominately or totally below the water surface which rests on the
sea floor. Such a facility is also known as a GBS. The proposed Gulf Landing facility to
be located 38 miles south of Cameron, Louisiana, is such a project.

Figure 27 — Illustration of Offshore LNG Facility Types®
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Of the various types of offshore facilities, the Floating and Subsea facilities present the most
viable alternatives to meet the current needs of the market while maximizing the opportunities
presented by currently available technology. Broadwater chose an FSRU over a GBS because
the water depth in Long Island at the proposed site, about 90 feet, is too deep to make a GBS
facility economical. A more detailed discussion of the alternatives examined by Broadwater can
be found in Appendix 5. Although the development of the FSRU is supported by proven
technology, the scale of this project exceeds the scale of the projects that have been implemented
to date. For example, the storage capacity of the largest LNG vessel currently in operation is
153,000 m®. The Broadwater FSRU, which will be constructed with a double hull similar to
currently operating LNG vessels, will have a storage capacity of 350,000 m’, a significant
scaling up from current capacities. Over the past 40 years, the LNG industry has successfully
scaled up the capacity of LNG carriers from below 20,000 m® to current sizes, almost a factor of
10, as shown in Figure 28. The industry’s operating record of safety and reliability has remained
unblemished over this extended interval.

Figure 28 — Growth Pattern for LNG Vessel Size®
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An FSRU is a very large LNG vessel, permanently moored at a location that has relatively
benign sea conditions. The FSRU integrates complex functionality: it has the capability to
accommodate the berthing of LNG vessels for transferring cargo; it stores LNG and then
regasifies LNG from storage; it conditions the vaporized LNG in order to meet the gas quality

¥ Source: Maritime Business Strategies, LLC. Worldwide Construction of Large Gas Carriers.
http://www.coltoncompany .com/shipbldg/worldsbldg/gas.htm.
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conditions specified by the market; it connects to the delivering pipeline; it meters send-out and
accounts for process boil-off; and it provides for the necessary monitoring and control systems to
ensure safe and reliable operation, including the provision of room and board for the dozens of
industry professionals that work round-the-clock. In addition to Broadwater, LAI has examined
three other projects with different technologies for purposes of comparison: first, the Cabrillo
Port project located offshore of southern California; second, Excelerate’s Gulf Gateway terminal
in the Gulf of Mexico; and, third, Shell’s proposed Gulf Landing project located offshore of
Louisiana.

Table 10 summarizes the specifications for the offshore LNG projects considered in this

evaluation.

Table 10 — Summary of Offshore LNG Project Specifications

Broadwater Cz;)l:)r:tllo Excelerate L:I;Il(liliil.lg
Class FSRU FSRU FRU GBS
Capacity, m® 350,000 273,000 135,000 180,000
Structure Length, ft 1,215 971 909 1,115
Structure Width, ft 200 213 142 230
Structure Height
Above Water, ft 80 161 75-100 35-40
(Top of Tank)
Tank Design Membrane Spherical Membrane Membrane
Number of Tanks 8 3 4-5 2
Mooring YMS Turret STL NA
Unloading Side by Side  Side by Side NA Side by Side
Water Depth, ft 90 2,900 290 55
Avg. Vap. Rate, Bef/d 1.0 0.80 0.5 1.0
Max Vap. Rate, Bcf/d 1.25 1.50 0.7 1.25
Vapor Process STV SCV STV(O/C) ORV(0/C)
Receiving Vessels, m’ 122550’%%% 122550’%%% NA 122050’%%%

3.1.1 Cabrillo Port

The Cabrillo Port LNG facility proposed for offshore California is an FSRU substantially similar
to Broadwater. Cabrillo Port has announced an in-service date of 2010. Significant differences
exist in major technology areas such as the cargo containment system and the mooring system.
The Cabrillo Port FSRU will use three Moss spherical tanks for the storage of LNG (Figure 29)
instead of the eight membrane tanks used by Broadwater. Each of the spherical tanks will have
approximately two times the capacity of one of Broadwater’s membrane tanks. To accommodate
the selection of the spherical containment system, the FSRU at Cabrillo Port will be
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approximately 22% shorter (971 feet), 18% wider (213 feet) and 100% higher (161 feet) than the
Broadwater FSRU. The storage capacity at Cabrillo Port will be 28% less than Broadwater’s
proposed capacity (273,000 m® v. 350,000 m®). The water depth at Cabrillo Port is 2,900 feet
compared to 90 feet at Broadwater’s proposed location. To accommodate the much deeper water
at Cabrillo Port, the mooring system would be a turret design instead of the YMS incorporated in
the Broadwater design. As with the YMS, the turret permits the FSRU to weathervane as wind
and sea conditions dictate. Like Broadwater, Cabrillo Port’s cargo transfer operation would be
side-by-side unloading from the LNG vessel. The regasification process would involve eight
submerged combustion vaporizers, fueled by the boil-off gas stream.

Figure 29 — Cabrillo Deepwater Port FSRU*

3.1.2  Excelerate Gulf Gateway

The Excelerate Gulf Gateway project was the first LNG offshore terminal to begin commercial
operations in the U.S. The facility is located in the Gulf of Mexico, approximately 116 miles
south of the Louisiana coastline, in water with a depth of approximately 290 feet. Since
commercialization in Q1 2005, Gulf Gateway has received only a few LNG cargoes, including
the initial shipment in March 2005, a subsequent full shipment in August 2005, and a partial
shipment in August 2006. LNG is regasified directly on the tanker and transferred from the
tanker using the Submerged Turret Loading (STL) buoy system (Figure 30). As such there is no
LNG cargo transfer operation and no on-site storage capacity. The absence of permanent storage
at Gulf Gateway undermines firm deliverability associated with onshore LNG terminals or
Broadwater, because LNG can only be revaporized when a ship is positioned at the unloading
buoy.

The STL technology was first introduced in 1993 and has been utilized for many years in the
North Sea. The STL buoy is connected to the delivery pipeline by a flexible riser, and is

8 Source: BHP Billiton.
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submerged to a depth of 80 feet when no unloading vessel is in position. When a vessel is ready
for delivery, the vessel connects to the terminal by pulling the STL buoy into the onboard STL
compartment. The regasified LNG then passes through the STL system into the delivering
pipeline on the seabed, as shown in Figure 30.

Figure 30 — Illustration of STL Technology85

i

End Manifiold

The LNG tankers serving the Gulf Gateway terminal are specially outfitted to include facilities
for regasification in addition to the equipment necessary for connecting to the STL buoy system,
as shown in Figure 31.

¥ Source: Excelerate Energy, LLC.
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In addition to the STL system, the Gulf Gateway terminal required the construction of a platform
to house the custody transfer meters and related equipment to receive the vaporized gas from the
LNG vessel and distribute it to the delivering pipelines. The platform includes the incoming gas
piping, a flow control manifold, custody transfer metering systems, delivering pipeline
connections, power generation, a heliport and a control building. The platform was constructed
onshore and transported to the installation site. It is staffed during regasification and from time
to time during non-operating periods for maintenance and safety checks.

In addition to its existing facility in the Gulf of Mexico, Excelerate has plans for developing
similar installations at offshore locations for New England, Baja Mexico, and California.

3.1.3  Gulf Landing

The other facility evaluated as part of our technology review is Shell’s proposed Gulf Landing
terminal in the Gulf of Mexico, which is scheduled to be operational in 2010. This project will
be located 38 miles offshore of Cameron, Louisiana, in a water depth of 55 feet. The proposed
import terminal is a GBS, comprised of two concrete structures that sit on the sea bed and
contain the LNG storage tanks. Each structure will provide for the storage of 90,000 m®. The
concrete caisson will provide the secondary containment in the event of a leak in the primary
tank. This application requires that the facility be located in relatively shallow water and has no
requirement for a mooring, as the entire structure rests on and is supported by the sea floor. The
positioning of the GBS structure requires a relatively level seabed in a stable geological
environment with adequate geotechnical qualities to support the mass of the structure. The
footprint of the structure on the seafloor will be 1,115 feet long and 230 feet wide. The deck of
the structure will sit 35 to 40 feet above the water line (Figure 32).

% Tbid.
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The regasification process specified for Gulf Landing is an open-loop system, using warm
seawater to vaporize the LNG. Such a regasification process presents significant environmental
challenges for the project since it uses approximately 136 million gallons of seawater per day.
Gulf Landing will be capable of receiving LNG vessels ranging in capacity from 125,000 m® to
250,000 m®. Similar to onshore terminals, Broadwater and Cabrillo Port, the cargo transfer
operation will be a side-by-side process.

lS7

Figure 32 — Illustration of Gulf Landing Termina

3.2. Technology Components

A general description of Broadwater can be found in Section 1. Figure 33 shows the main
components of the proposed FSRU, which are described in more detail below.

8 Source: Shell Global Solutions.
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Figure 33 — Detail of Broadwater FSRU Offshore Terminal®
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e LNG loading arms consist of four loading arms mounted on the starboard side of the
FSRU. Two of the four unloading arms are liquid lines, one is a vapor return line and the
last is a spare line for liquid or vapor. Each arm has a 5,000 m’/hr capacity and is
controlled by the emergency shutdown system.

e [NG storage tanks are below deck. Each of the eight membrane storage tanks has a
storage capacity of 45,000 m’, about 1 Bef. The LNG is stored at -259°F and a normal
operating pressure of 1 to 3 psi. The membrane storage tanks have a 1.2-mm stainless
steel primary barrier, rigid polyurethane foam insulation and a secondary barrier. The
insulation is reinforced with glass fibers and supported between two plywood sheets. The
secondary barrier is a laminated composite material of two glass cloths with aluminum
foil in between.

e Power generation for the FSRU includes three 22-MW gas turbines with SCR for the
control of NOy, emissions and waste heat recovery units (WHRUs). The gas turbines
would use vaporized LNG for fuel. Only two turbines are needed at any one time; the
third turbine would serve as a spare.

e Regasification plant includes a recondenser for boil-off gas, STVs, superheaters,
metering and odorization equipment. LNG is pumped to eight STVs by eight individual
high pressure pumps. Three superheaters equipped with SCR heat the vaporized gas to
the appropriate send-out temperature. The heating medium for the STVs and
superheaters is a closed loop 50/50 glycol / water mixture which is heated by gas-fired

¥ Source: Broadwater Energy.
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process heaters and by exhaust from the gas turbine WHRUSs. The gas flow is measured
and odorized before being transferred to the riser, which is connected to the subsea
pipeline. The regasification plant is designed to vaporize LNG at a peak capacity of
2,500 m>/hr.

e Nitrogen plant uses air compressors and membrane nitrogen generating units to generate
nitrogen gas. This gas is injected into the regasified LNG up to a maximum of 4% by
volume to adjust its composition and heating value so that it meets the gas quality
standards of the receiving pipeline.*

e Accommodation area will serve as the living, dining, recreational and working areas for
up to 30 crew members.

e YMS is attached to the stationary mooring tower and consists of the jacket, the mooring
head and the yoke. The jacket is a tubular steel structure with four legs that attach to four
piles driven into the seafloor. The mooring head on top of the jacket supports the tubular
steel yoke that connects to the FSRU. The yoke has a ballast system that acts as a
counterweight and restores the FSRU to equilibrium. The YMS also provides the
connection from the outlet of the regasification unit to the pipeline lateral that runs
undersea to the Iroquois mainline.

In addition, the FSRU will have a water ballast system in order to maintain its draft, trim and
stability during loading and regasification. The FSRU will discharge ballast water during LNG
offloading from the carrier and will take on ballast water to offset the hourly vaporization rate of
up to 2,500 m’/hr. The flare is used for emergency burning of excess LNG vapors when there is
overpressure in the storage tanks or excessive boil-off volumes that cannot be handled by the
recondensers.

LAI evaluated each of the essential operating components of the FSRU — containment,
regasification (vaporization), cargo transfer, emergency shutdown, boil-off, custody transfer and
mooring — which are discussed in detail in the following sections. The technology alternatives
presented by Broadwater are outlined in Resource Report 10, which is discussed in Appendix 5.

3.2.1 Containment System

Broadwater proposes a containment system with a total net storage of approximately 350,000 m’,
which will be contained in 8 tanks of equal size, each about 45,000 m’. The scale of the LNG
vessel’s total net storage capacity far exceeds what is currently in service (153,000 m’) or
contemplated to be in service in the near term (~210,000 m®) or the long term (~260,000 m”).
However, the individual storage tanks are similar in size to those planned for use in new large
LNG carriers under construction (52,500 m?).”

The LNG containment provides two basic functions: first, to contain the liquid natural gas and
second, to maintain the temperature of the liquid by providing adequate insulation.

¥ Actual nitrogen injection may be much less, based on local area reliability considerations.
* http://www.coltoncompany.com.
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There are three basic materials that can provide the containment function: nickel steel, stainless
steel and aluminum. Spherical tank designs include self-supporting (independent) tanks, where
the tank is designed to withstand on its own the loading of the liquid cargo. In membrane tanks,
a thin membrane contains the liquid and the inner hull of the vessel provides the structural
support. Historically, LNG vessels have used both types of storage tank designs: the Moss
spherical tank, which is a self-supporting design, and membrane tanks of either the Gaz
Transport or Technigaz design. Both systems have been used in LNG vessels since the 1960s
and have excellent performance histories regarding safety and reliability.  Although the
containment systems on about half of the existing LNG vessels are of the membrane design, 70%
of the new vessels on order are of membrane design. In both cases, the insulation surrounding
the tank allows for some of the liquid to become regasified. Such vapor is known as boil-off
and, through its removal from the storage tank, the tank remains at constant pressure and
temperature keeping the bulk of the cargo in its liquid state. The elements of all three tank
designs can be seen in Table 11.

For both the spherical and membrane designs, the LNG pumps that transfer the cargo from the
storage tank to the regasification system are located within the storage tank. The Broadwater
design calls for more than one pump in each tank, most likely two or three, providing redundant
functionality to allow for continued pumping of LNG for regasification in the event of a
malfunction or necessary maintenance.
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Table 11 — Containment System Parameters’"
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Because the height of the Moss spherical tanks can rise as much as 100 feet above the level of
the main deck, the use of such tanks in an FSRU results in a higher profile and visibility from the
shoreline. This also limits the amount of deck space available for auxiliary processes on the
vessel. Proponents of using Moss spherical tanks for FSRU applications cite the significant
experience from their use in LNG vessels, their excellent safety and reliability record, the fact
that they are less affected by sloshing, have no filling restrictions, and no internal stiffeners.

Membrane technology seems to be the preferred containment system for current LNG vessels in
the queue to be constructed. Membrane containment systems are comprised of a very thin
metallic cryogenic liner made of either a nickel-steel alloy or stainless steel. All LNG vessels
using membrane technology have two membrane liners, the first, or primary, contains the LNG

! Source: Mitsubishi HIL.
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cargo and the secondary protects the inner hull structure from damage due to the leakage of any
LNG.” The inner hull, which provides structural support, is constructed of a non-cryogenic
material and would become brittle and possibly fracture if it were to come in direct contact with
LNG. As the ship size is scaled up, the increased tank stability comes from stronger, thicker
insulation boxes around the tank. Membrane thickness does not change because the insulation
boxes are the load-bearing component of the tank system. With the insulation providing a
second layer of protection for the LNG, it would take more than 5 bar of overpressure to rupture
a tank.

Unlike LNG carriers whose storage tanks will be either empty or full, the Broadwater FSRU will
be continuously loading and discharging, resulting in varying degrees of fullness of the storage
tanks. Sloshing in partially filled LNG tanks is a major concern for storage tanks with the
membrane design.”®> As carriers and their respective storage tanks become larger, the impact
magnitudes from sloshing also become more significant.”* The likelihood of sloshing depends
on weather conditions, the shape and size of the vessel and the LNG tanks, the filling level in the
tanks, and the interaction between the motion of the vessel and the motion of the LNG in the
tanks. Therefore, sloshing is more of a concern in offshore applications than in onshore
terminals. This is precisely why Broadwater chose to be conservative regarding tank size by
using 45,000 m’ storage tanks that are in existing LNG tankers rather than the larger 52,500 m’
size under construction.

Broadwater’s containment system, individual tank design, and related hull design will undergo
intense evaluation by the ABS to insure compliance with all applicable codes and guidelines.
ABS 1is currently undertaking an advanced computational fluid dynamics (CFD) study to
improve predictions of sloshing pressures and loads and is therefore in a position to ensure the
best possible design for Broadwater’s storage tanks concerning sloshing.

The insulating material is either expanded perlite contained in prefabricated plywood boxes or
panels of reinforced polyurethane. The function of the insulation is twofold: first to limit the
amount of heat being transferred to the cargo, thereby minimizing boil-off, and second, to
prevent transfer of the stresses created by the thermal changes in the cargo to the inner hull
structure.

The geometry of the membrane technology is more suitable to offshore applications such as an
FSRU. These storage tanks fit totally within the hull structure leaving adequate space on the
deck for all the ancillary equipment needed to provide regasification and transfer to the
delivering pipeline. The membrane LNG vessel’s lower profile minimizes the visual impact of
the offshore facility as well as reducing the weathervaning of the vessel resulting from side
winds. From a safety perspective, proponents of the membrane technology assert that the space
between the inner and outer hulls (water ballast capacity) contributes to the protection of the

°2 The secondary containment is supposed to be capable of holding any leakage for a period of 15 days — H.
Lawford, “IAMU LNG Round Table: an Underwriter’s Viewpoint”, UK P&I Club (February 28, 2005).

%3 Maritime Research Institute, Netherlands: http://www.matin.nl/web/show/id=46003.
°* Press release, “ABS Advances CFD to Improve Predictions of Sloshing Pressures and Loads,” December 4, 2006.
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containment system in the event of a collision. Although such a collision may impact the inner
hull, this impact will be offset by the flexibility of the membrane technology allowing it to
maintain its integrity and avoid cargo loss. Finally, unlike the spherical Moss tank design, the
Broadwater FSRU’s membrane tank design allows for the deck to serve as a safety barrier
between processing areas and LNG storage tanks.

Each Broadwater storage tank will have rollover protection even though rollover is not usually a
problem on LNG vessels. Rollover occurs when two layers of LNG with different densities and
heat content form and mix suddenly resulting in the release of large volumes of vapor. This
LNG vapor would have to be discharged from the tank through safety valves and vents or else
the tanks could be damaged.

3.2.2 Mooring System Technology

The Broadwater FSRU will be anchored in Long Island Sound with a YMS. The YMS will be
mounted to a tower and attached to the front of the FSRU. This technology has been used for
years at offshore sites in China and Nigeria, and also in FPSO units which produce, process and
store petroleum products offshore. Figure 34 shows a diagram of the proposed technology.

Flgure 34— Proposed Yoke Moormg System
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The key difference between Broadwater’s YMS and Cabrillo Port’s turret mooring system is that
the turret is attached directly to the bow of the FSRU, as shown in Figure 35, while with the
YMS a pendulum system separates the vessel and the tower. In addition, the turret is used for

°* Source: Broadwater Energy.
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mooring in deeper water while the more costly YMS is necessary at the shallower Broadwater
site.

Figure 35 — Turret Mooring System®

The anchoring system for the mooring tower will be piles driven into the substrate, as shown in
Figure 36. The FSRU is designed to withstand a 1-in-10,000-year weather event, which would
be more extreme than the hurricane that hit Long Island in 1938. A storm of that magnitude
would generate 9-meter waves. Weather conditions that would prohibit cargo transfer would
have a combination of 27-knot winds, 1.5-meter waves, and a 1-knot current. Broadwater
repor9t7s that such conditions are experienced in Long Island Sound approximately 1% of the
time.

 LNG Joumnal Mar/Apr 2004.

°7 Moffatt and Nichol International, Broadwater LNG Project: FSRU Marine Operability Study — Downtime
Simulations (June 15, 2005).
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The FSRU will be free to weathervane around the mooring tower at all times, including during
unloading when an LNG carrier is berthed at its side. The ability of the FSRU to weathervane
around the mooring point will simplify the side-by-side cargo transfer process because both the
FSRU and the LNG tanker will be experiencing the same wind and wave forces, without being
subject to crosswinds.

3.2.3 Cargo Transfer

The offshore ship-to-ship transfer of petroleum cargoes has been in operation for over 30 years
in U.S. waters; about 850 such transfers take place in the Gulf of Mexico each year. The
expected berthing procedure at the FSRU is very similar to the procedure undertaken at land-
based terminals. The preferred method of cargo transfer is the side-by-side process illustrated in
Figure 37. Most, if not all, of the current LNG fleet is designed for side-by-side transfer.
However, side-by-side transfer is weather sensitive and therefore not suitable for operation
during adverse weather conditions.

*® Source: Broadwater Energy.
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Figure 37 — FSRU with Moored LNG Carrier”

In more severe weather conditions, the preferred method is tandem (bow to stern) ship-to-ship
cargo transfer. For petroleum operations, a simple rubber hose provides the flexible connection
to withstand the heavy sea conditions. Such a transfer mechanism has yet to be developed for
cryogenic products like LNG. A significant effort is currently underway to develop the flexible
cryogenic hoses and mechanisms to accommodate such severe maritime weather conditions.

The cargo transfer process consists of four main steps:

e Dberthing of the LNG vessel to the offshore facility;
e connecting of the unloading arms to the LNG vessel,
e transferring the cargo; and

e disconnecting the unloading arms and unberthing the LNG vessel.

The expected frequency of transfer cargo operations at Broadwater would be two to three times
per week and the average time between berthing and unberthing would be twenty hours.

The berthing operation involves a tug-assisted approach of the LNG vessel to the FSRU. During
the approach, the FSRU would be maintained in a stable position through the use of its stern
thrusters. Once positioned, the LNG vessel would be tied with mooring lines to the FSRU, in a
similar manner as if the facility were land-based.

Once berthed, the LNG vessel would be connected to the FSRU using four unloading arms, three
to transfer the LNG cargo from the vessel to the terminal and one to return the vapor displaced
from the storage tanks on the FSRU to the LNG vessel. The LNG cargo is transferred using

* Source: Broadwater Energy.
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pumps located in the LNG vessel’s tanks. Generally, two or three pumps will be located in each
tank to provide the necessary redundancy in the event of an equipment failure. The unloading
arms, also known as “Chicksan arms” (Figure 38) are engineered in a manner that allows them to
accommodate the relative motion of the two vessels caused by the wind and wave action.
However, the horizontal motion between the two vessels 1s monitored during unloading and any
acceleration towards the envelope limits will activate the emergency shutdown system. During
the transfer operation, a water curtain between the two vessels protects them from thermal shock
in the event of an LNG spill. The cargo transfer operation is extremely sensitive and is under the
control of the LNG vessel’s cargo officer.

In mid 2005, Broadwater completed an FSRU Marine Operability Study to confirm the Long
Island Sound location as suitable for LNG cargo transfer.'” The operations at the FSRU and
LNG carrier were modeled in order to determine downtime subject to a variety of limiting
environmental conditions. With the carrier waiting to proceed from the Block Island pilot
boarding area, the weather forecast was carried out to locate a 40-hour weather window during
which none of the operational limits are exceeded. In the Base Case, the approach and departure
limits were 2-m significant wave height, 33-knot wind and 0.9-knot current while the side-by-
side mooring limits were 3-m significant wave height, 39-knot wind and 0.9-knot current. The
conclusion of this work was that only 1% of vessels would be exposed to weather downtime.
The scope of the study did not include a comparison between different locations as this was
included earlier during the site selection phase of the Project. Weather downtime was a
component of why the Atlantic locations did not move forward.'”! Taking other factors into
account (non-weather), Broadwater concluded that 98% was a reasonable expectation of
availability at the proposed location.'”?

1% The work was completed by Moffatt and Nichol, an internationally recognized firm in the planning and design of
ports, harbors and marine terminals (http://www.moffattnichol.com/).

1" Metocean buoy data that was reviewed for the Atlantic locations is publicly available from the National Oceanic

and Atmospheric Administration’s (NOAA) website. NOAA moored buoys which are in the general vicinity of the
Atlantic side of Long Island include Buoys No. 44017 (near Montauk) and No. 44025 (nearer to the middle of Long
Island Sound). The data from these buoys were not the only data reviewed; however, these buoys are closest to the

Atlantic locations that were considered.

1% Broadwater Resource Report 11.
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Figure 38 — Chicksan Unloading Arms"'"”

3.2.4 Regasification Process

The equipment for regasifying the LNG, along with gas turbines for electricity generation, will
be located on the FSRU’s deck. The regasification equipment will have a built-in N+1
redundancy, based on a peak day, with all other equipment planned based on a standard N+1
redundancy. Average sendout is purported to be 1 Bcef/d, with a maximum sendout of 1.25
Bcf/d.

There are a number of different types of LNG vaporizers in use today. The five most common
applications include:

e Shell and Tube type Vaporizers (STVs),

e Open Rack Vaporizers (ORVs),

e Submerged Combustion Vaporizers (SCVs),

e Combined Heat and Power units with SCVs, and

e Other types, i.e. Ambient air-Heated Vaporizers.

1% Source: hittp://www.marine-marchande. net.
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The most significant factors for consideration for an FSRU like Broadwater in the
implementation of regasification technology are:

e Availability and quality of seawater,
e Size of equipment relative to deck space available
e Capital cost and fuel cost, and

e Environmental issues such as air and water emissions.

The most common applications for regasifying LNG at receiving terminals are ORVs and SCVs.
For the most part, ORVs use seawater to transfer heat to the LNG stream. The capital cost of an
ORY is greater than that of the SCV, but it has a lower operating cost. The increased capital cost
of the ORYV is a result of the added expense of the seawater pumping and treatment facilities in
addition to the vaporizer itself. The SCV requires either diesel fuel or natural gas as fuel to fire
the vaporizer. It is estimated that the fuel consumption of the SCV is 1-2% of the LNG sendout
rate.

Broadwater has chosen closed-loop STVs for its regasification technology, illustrated in Figure
39. Although the use of seawater in an ORV application was considered, the temperature profile
of the water in Long Island Sound did not make it a feasible alternative. The choice of STV
technology was based on the extensive use of STVs in other regasification applications and the
limited amount of deck area to be allocated to the regasification process, although the associated
environmental emissions are higher with this technology. Broadwater’s STV system will have a
glycol / water solution heated by a boiler as the re-circulating medium.

Figure 39 — Closed-Loop Shell and Tube Vaporizer Configuration

)
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The STV can be fueled with boil-off gas or from the vaporized LNG stream. The burner
configuration can either be one large single burner or a series of smaller burners to accommodate
the modulation necessary to meet varying load requirements. The STV process generates several
emission streams, including NOy and CO,. SCR technology will be utilized to reduce the NOy
levels, but with an increased cost impact.

Re-circulating Medium (Cooled)
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3.2.5 Boil-off

LNG is stored in large tanks insulated either by loose or compacted perlite or layers of
polyurethane panels. The thickness of the insulation depends on the facility. For example, tanks
located in LNG vessels have 2-3 feet of insulation while land based facilities have 4-5 feet of
loose perlite. In spite of the insulation, there is a certain amount of heat that is transferred to the
stored LNG, which causes it to vaporize within the storage tank, a process known as boil-off. In
addition to insulation heat leakage, boil-off quantities are a function of barometric pressure
changes, heat input from the internal LNG pumps, and “flashing” due to transfer of the LNG
cargo from the ship to the storage tank. It is estimated that approximately 0.1 to 0.15% of the
volume of LNG stored will boil-off each day. For an installation such as Broadwater, the boil-off
volume would equate to 8 to 12 MMcf/d at full capacity. Failure to recover or utilize the boil-off
volumes would have significant adverse cost implications for the Project.

Except in an emergency, Broadwater does not plan to not emit any methane into the atmosphere.
During unloading, the boil-off will be returned to the LNG vessel through the vapor return line.
When there is no cargo transfer, the boil-off will either be re-liquefied, compressed and
combined with the sendout vapor or used for fuel. Figure 40 is a simplified diagram of the boil-
off handling system for an onshore LNG terminal. Although this example is land-based, the
design concept is applicable to offshore projects.

Figure 40 — Generalized Boil-Off Process'"*
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A survey of current LNG projects demonstrates that for economic and environmental benefits,
the facility design contemplates the maximum use of boil-off for either fuel gas or as part of the
sendout stream. In all cases, the design specified a closed system for handling boil-off in a

'™ Source: ANEI Bear Head LNG Terminal Environmental Assessment, May 2004,
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manner that did not allow escape or venting to the atmosphere during non-emergency operating
periods.

Under normal operating conditions, all of the boil-off gas would be compressed and flowed to a
recondenser. The boil-off gas would be recondensed by a stream of cold LNG pumped from the
storage tank and routed to the regasification units. In some cases, the recondenser would be
designed to handle all of the boil-off generated including a portion of the flash gas generated
during the unloading of an LNG cargo vessel. During periods when there is no regasification
being undertaken, the compressed boil-off gas would become part of the fuel gas stream required
for FSRU operations.

Under emergency conditions when the storage tank is threatened with over-pressurization, the
volume of boil-off gas would far exceed the volume that could be processed by normal
operations. As such, an emergency system would be activated which would maintain safe
operating pressures within the storage tank by either flaring the excess boil-off or venting
directly to the atmosphere through emergency relief valves. At times such valves are heated to
increase the buoyancy of the vented gas. The decision to flare or vent to the atmosphere under
such conditions would be determined by the emergency conditions and the environmental
sensitivities surrounding the project. Broadwater’s design includes a flare for such emergencies.

3.2.6 Emergency Shutdown System

All LNG facilities, whether onshore or offshore, have incorporated in their operation
sophisticated and fully redundant monitoring and control systems and subsystems to protect all
elements of the facility from the impacts of uncontrolled events. Such events encompass an
escape of liquid or vapor, fire, or equipment malfunction.

Each facility is designed with a comprehensive supervisory control and data acquisition
(SCADA) system, which interfaces with control systems for each of the processes undertaken at
the facility. Such subsystems would include cargo transfer and containment, regasification, boil-
off handling, custody transfer, and the utility requirements of the facility. The safety and
operational integrity of the entire facility is assured through the monitoring and control
capabilities of these systems.

In response to the detection of an uncontrolled event, the SCADA would determine whether the
event can be safely addressed through (i) isolation or shutdown of a specific element of the
process, (i1) isolation or shutdown of the entire process, (iii) isolation or shutdown of several
processes, or (1v) complete shutdown of the entire facility. In extreme situations, action would
be initiated to disconnect the unloading arms and release the mooring so that the LNG vessel can
depart from the terminal. In addition, the facility would be outfitted with manually activated
shutdown capability at strategically sensitive areas.

3.2.7 Custody Transfer

Custody transfer operations take place at the point where the regasified LNG is transferred to a
third party for delivery to market. Systems that support this process include compression
equipment, pressure reduction equipment, flow control, volume metering (either orifice or
turbine), gas chromatography equipment, and odorization facilities. In its liquid state natural gas
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is odorless, therefore odorant needs to be added to the gas prior to its distribution to the market.
Other than the volume metering equipment, the remaining processes are in place to insure that
the LNG vapor is delivered in compliance with the pressure, quality and odorant level conditions
specified in Iroquois’s tariff.'” The equipment necessary for such operations can be located on
the LNG vessel / FSRU, a separate tower located near the LNG vessel / FSRU or at the terminus
of the subsea pipeline onshore.

Varying LNG compositions can occur with different sources of LNG supply. Hence, in order to
comply with the quality conditions, either air or nitrogen may be blended into the vaporized
LNG stream. If air is the chosen medium, the necessary air compression equipment will be
included. Broadwater’s design includes the injection of nitrogen as a blending agent. Therefore
an air reduction facility will be required to produce and store the nitrogen.

All equipment required for the custody transfer operation will be monitored and controlled by the
centralized regasification control system and tied to the facility’s emergency shutdown system.

3.3. Summary of Findings
Highlights of our assessment include the following:

» The water depth at the proposed Broadwater site is approximately 90 feet. From a
maritime perspective, the sea conditions can be classified as benign. This water depth is
too deep for a GBS and too shallow for an STL buoy. A GBS would have to be sited in
shallower water closer to shore where the environmental impacts would potentially be
greater. An STL buoy would have to be sited outside of Long Island Sound, in the
Atlantic, and the length of the connecting pipeline to IGTS would be considerably longer
requiring intermediate pressure boosting. Environmental impacts during pipeline
construction would be proportionately greater. The FSRU with a YMS is the only
feasible technology for this location. Furthermore, the water depth at the site
accommodates the draft requirements of most LNG vessels currently in service or under
construction.

» There is no evidence of fatal flaws in the FSRU design. Broadwater’s functionality and
design combine existing and proven technology from onshore LNG terminals and LNG
vessels. In LAI’s opinion, Broadwater will benefit from the technology progress and
knowledge gained from over forty years of unblemished performance in terms of
shipping, storage, and terminal operations around the world. The containment system,
individual tank design, and related hull design will undergo rigorous evaluation by the
ABS to ensure compliance with all applicable codes and guidelines.

» Broadwater has selected the membrane design for its containment storage tanks. These
tanks use the FSRU’s inner hull for structural support and are located below the deck
level of the FSRU leaving adequate space on deck for the ancillary equipment needed for

1% KeySpan and Con Edison will set forth local tolerance requirements on the NYFS in order to ensure gas
interchangeability with pipeline rendered supply from western Canada and the Gulf of Mexico.
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regasification and transfer to the delivery pipeline. This design contributes significantly
to reducing the height of the FSRU to less than half of the alternative technology and
minimizes the visual impact from the shoreline. Finally, unlike the spherical Moss tank
design, the Broadwater FSRU’s membrane tank design allows for the deck to serve as a
safety barrier between processing areas and LNG storage tanks. A minor disadvantage of
the membrane system is that the storage tanks are susceptible to sloshing when partially
filled. However, Broadwater’s conservative tank size of 45,000 m’ and operating
procedures that minimize the occurrence of partially filled tanks should reduce the
probability of sloshing to a minimum.

The FSRU includes multiple system redundancies to ensure reliable and safe operation.
Examples of system redundancies include an additional gas turbine for electricity
generation, multiple pumps in storage tanks, excess vaporization capacity, an additional
loading arm and additional condensers and liquid pumps for the vaporizers.

Although it is one of the most sensitive operations involved with the FSRU, side-by-side
cargo transfer technology is the only technology available at this time. It is almost
exclusively used in onshore receiving terminals and its limitations in offshore
applications are well understood. According to Broadwater, such limitations will not
allow cargo transfer to be undertaken approximately 2% of the time at the chosen site.
As such, this chosen technology will accommodate a wide range of weather conditions
experienced at the selected site. Offshore cargo transfers are limited by the relative
motion between the FSRU and the LNG carrier. LNG deliveries will not be scheduled
unless there is a 24-hour weather window within operating limits corresponding to wind
speeds less than 33 knots and waves less than 6.6 feet. During cargo transfer, the FSRU
loading arms are connected to the receiving flanges of the LNG carrier. If weather were
to take a sudden turn for the worse, that is, unanticipated choppy seas and high winds
materialize after cargo transfer has commenced, the simultaneous movement of the FSRU
and LNG carrier has the potential unduly to stress the loading arms. Such an event, or
any other variation from pre-determined operating parameters, will cause the initiation of
an orderly emergency shutdown: disconnecting the unloading arms, shutdown of pumps,
operation of appropriate isolation valves and separation of the LNG cargo vessel from the
FSRU. 1In LAT’s opinion, the risk of offshore cargo transfers can be competently
managed through the implementation of prudent operational procedures.

The scale of Broadwater’s storage system significantly exceeds the storage capacity of
LNG carriers currently in service or likely to begin service this year or next. However,
Broadwater’s eight individual storage tanks of 1 Bcf per tank are similar in size to those
planned for new, large LNG vessels currently under construction in shipyards in Korea,
Japan and France.

The choice of closed-loop STV for regasification technology is based on its compactness
and the limited amount of deck space available. In addition, closed-loop technology
avoids the environmental trauma generated by the open-loop alternative which requires
the use of huge amounts of seawater as the heat transfer medium. All chosen combustion
technologies (regasification and power generation) will be equipped with SCR
technology to minimize negative atmospheric emissions from such processes.
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» The YMS is the preferred technology choice for mooring vessels similar to the FSRU in
shallow waters, i.e. 90 feet. Broadwater’s YMS is designed to permanently tether the
FSRU to the mooring tower. The YMS is a critical project component; both reliability
and safety depend on the integrity of the YMS. There will not be an anchor on board the
FSRU in the event of failure. The YMS is designed to withstand a Category 5 hurricane
— the high waves and wind of a storm more severe than the “100-year storm.” The worst
storm ever recorded on Long Island occurred in 1938, a Category 3 hurricane. Aside
from weather-related risk, either a terrorist attack or an accidental vessel collision with
the YMS could conceivably release the FSRU from its mooring. Although the FSRU has
thrusters to maintain a constant heading, its motion is generally controlled by tug boats.
Tugs cannot operate reliably when waves are greater than 2 meters (6.6 feet). Therefore,
the YMS must be designed for maximum safety. Of critical importance, the area around
the YMS must be protected from incoming vessels by an adequate safety zone.
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4. ENVIRONMENTAL REVIEW

LAI conducted an environmental review of the Project based on information developed by
Broadwater and other publicly available reports and data pertaining to the resources of Long
Island Sound. A brief summary of each of the publicly available Resource Reports submitted
with Broadwater’s application and reviewed by LAI may be found in Appendix 5. LAI also
researched post-construction monitoring reports prepared for other marine infrastructure projects
constructed in Long Island Sound and other similar marine habitats in the Northeast. The scope
of this review encompassed the potential impacts arising from the construction of the buried
21.7-mile pipeline from the FSRU to Iroquois, the construction of the YMS tower and riser pipe,
and the operation of the pipeline, FSRU and LNG cargo vessels. This review was nof intended
to serve as an independent EIS for the Project. Hence, LAI did not perform an alternatives
analysis or an evaluation of cumulative impacts. Furthermore, LAI did not perform a detailed
assessment of air emissions or water discharge impacts associated with operation of the FSRU
and the LNG carriers; we assumed that the Project would be designed to operate in conformance
with all required state and federal permits and certificates, and that permit conditions would
ensure protection of air and marine resources. Furthermore, socio-economic impacts not directly
related to commercial fishing and boating, noise, and visual impacts were evaluated by
Broadwater and in the FERC DEIS, but were not independently analyzed by LAI. LAI’s study
objectives therefore encompass the following:

e Provide a general overview of the potentially affected resources in Long Island Sound,

e Identify the most significant potential impacts on marine plant and animal resources in
Long Island Sound associated with construction and operation of the Project;

e Identify the potential impact on recreational and commercial fishing and boating
associated with the construction and operation of the Project, including the delineation of
Safety Zones around the FSRU and the LNG carriers;

o Identify technically feasible mitigation methods potentially applicable to Broadwater and
research whether these mitigation methods have been successfully implemented for
similar projects in similar marine habitats; and

e Evaluate the incremental impact of the Project relative to existing infrastructure,
commerce, and other uses of Long Island Sound.

LAT’s environmental review was essentially completed prior to the issuance of FERC’s DEIS.
Various state and federal resource agencies subsequently commented on the DEIS. In Section
6.4, LAI summarizes the significant issues and data gaps identified by these resource agencies.

4.1. Potential Impacts to Marine Plants and Animals

4.1.1 QOverview of Marine Plant and Animal Resources in Long Island Sound

Long Island Sound is an estuary, a partially enclosed body of water formed where freshwater
from rivers and streams flows into and mixes with ocean water. The tidal, sheltered waters of
estuaries support unique communities of plants and animals. Estuarine environments are among
the most diverse and productive on earth, creating more organic matter each year than
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comparably-sized areas of forest, grassland, or agricultural land.'” Long Island Sound provides

a unique habitat that is sufficiently cool to support some northern species at their southern extent,
and warm enough to support some southern species at their northern extent. Birds, mammals,
fish, and other wildlife depend on estuarine habitats as places to live, feed, and reproduce.
Numerous marine organisms, including most commercially valuable fish and shellfish species,
depend on estuaries at some point during their development.

4.1.1.1 Water Quality

The water quality of Long Island Sound is a function of the exchange of saline water from the
offshore waters of the New York Bight'”” and The Race, and the inflow of freshwater from the
rivers, uplands and shorelands surrounding Long Island Sound. Direct and indirect sources of
pollution to Long Island Sound include sewage treatment plants, industrial discharges, and
nonpoint sources (urban and agricultural runoff, atmospheric deposition). Broadwater is located
in water designated by the New York State Department of Environmental Conservation
(NYSDEC) as Class SA waters (6 NYCRR Part 701). Class SA waters are deemed suitable for
shellfishing, and primary and secondary contact swimming and fishing. As Class SA waters,
there are defined water quality criteria that must be maintained in order to secure discharge
permits. The Broadwater project is located in an area of the Sound identified under the Federal
Clean Water Act Section 303(d) as “impaired waters” — waters that do not support designated
uses.

The Long Island Sound Comprehensive Conservation and Management Plan (CCMP) was
developed in 1994 as part of the Long Island Sound Study (LISS), a cooperative program
undertaken by the EPA, NYSDEC and the Connecticut Department of Environmental Protection
(CTDEP). The CCMP identifies low dissolved oxygen (DO), or hypoxia, as the most serious
water quality impairment in Long Island Sound. As defined by the LISS, hypoxia exists when
DO drops below a concentration of 3 milligrams per liter (mg/L). Hypoxic conditions during the
summer are mainly confined to the Narrows and Western Basin of Long Island Sound, west of a
line from Stratford, Connecticut to Port Jefferson, Long Island, '°® which encompasses the
westernmost 2 to 3 mile segment of the proposed pipeline. The primary cause of this hypoxia is
consumption of oxygen due to the death and decay of phytoplankton, which are stimulated to
excessive growth by nutrient additions (especially nitrogen) from anthropogenic sources. The
extensive hypoxia in Long Island Sound has caused Connecticut and New York to initiate
development of a Total Maximum Daily Load for biological oxygen demand.

1% EPA National Estuary Project, http://www.epa.gov/owow/estuaries/about1.htm.

197 Area of Long Island Sound located between Long Island and the New Jersey coast, including the Hudson River
outer harbor.

1% CTDEP Water Quality Monitoring Page: http://dep.state.ct.us/wtr/lis/monitoring/lis_page.htm.

76

BWO032663



4.1.1.2 Vegetation

Broadwater’s proposed pipeline from the FSRU to the Iroquois mainline is located in areas
where the sea floor is below the photic zone, the maximum depth of light penetration.'” Marine
vegetation requires light to survive, and as a result there is no marine vegetation (algae or
seaweeds, vascular plants such salt marsh grass, or submerged aquatic vegetation in the form of
eelgrass) along the project corridor. Single celled plants called phytoplankton occur in the upper
layers of the water column along the project corridor. These are an important element of the
food web, recycling nutrients and providing a food source for invertebrates.

4.1.1.3 Invertebrates

Invertebrates in Long Island Sound can be divided into planktonic, those organisms that dwell in
the water column, and benthic, those that dwell on the bottom. Plankton organisms include small
crustaceans that are permanent residents, as well as the larval life stages of molluscs such as
clams and mussels, and crustaceans such as crabs and lobster. Direct sampling of the Project site
through sediment collection and video revealed a soft sediment community that is typical for the
depth and sediment type, dominated by marine worms, small crustaceans, tunicates (sea squirts)
and sea anemones.''’

4.1.1.4 Fish

Finfish are commercially and recreationally important, as well as important components of the
diverse food webs in Long Island Sound. Fish eggs occur both on the seabed and in the water
column, depending on the species. Eggs hatch into a larval stage that matures into juveniles and
finally adults. Juvenile and adult fish assemblages are highly variable in time and space
throughout Long Island Sound because of their mobility and widely varying sensitivities to
environmental factors.

Data on the fish population along the Broadwater corridor can be obtained from two sources: the
CTDEP Long Island Sound trawl surveys and the National Marine Fisheries Service (NMFS)
habitat designations of Essential Fish Habitat (EFH). CTDEP’s trawl surveys collect demersal
(associated with the bottom) and pelagic (associated with the water column) marine fish and
shallow water estuarine fish species. The finfish species assemblage has been observed to vary
between a cold-water demersal assemblage and warm water migrants.'"! The cold-water
assemblage is dominated by windowpane, winter flounder, and little skate. Seasonal warming
causes these cold-water species to move to deeper waters, with replacement by warm water
migrants such as bluefish, butterfish, weakfish and scup.

1% Whether the lateral is owned and operated by Broadwater or Iroquois is outside the scope of this inquiry. LAI
assumes that pipeline ownership and operational control has no bearing on environmental impacts.

"% Broadwater Resource Report 3.

""" Gottschall, K.F., M.W. Johnson, and D.G. Simpson. 2000. The Distribution and Size Composition of Finfish,
American Lobster, and Long-finned Squid in Long Island Sound based on the Connecticut Fisheries Division
Bottom Trawl Survey. 1984-1994. NOAA Tech. Rep. NMFS 148. 195 pp.
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Appendices to Broadwater’s Resource Report 3 provide information on the major fish species
collected during the Long Island Sound Trawl Surveys, with Sound-wide maps of their
distribution. However, the information has not been analyzed to identify the potentially affected
fish communities along the project corridor, other than a mean finfish count. The NMFS
identifies EFH across Long Island Sound. EFH is defined as “those waters and substrate
necessary to fish ...for spawning, breeding, feeding, or growth to maturity.”''* Long Island
Sound is divided into 10 minute by 10 minute squares of latitude and longitude; each quadrat is
associated with a list of managed finfish and molluscan (sea scallop, long finned squid) species
that utilize the habitats within the quadrat for the individual life stages (generally eggs, larvae,
juveniles, adults, and spawning adults). There is a rebuttable presumption that all areas within an
EFH quadrat are important for the listed species. A project proponent may argue that specific
habitats that occur in a project area preclude the likely presence of a species, or, alternatively,
demonstrate that the construction window or nature of project operations will avoid adverse
effects to a species. According to Broadwater, the Project’s pipeline corridor contains three EFH
quadrats, which provide habitat for 20 of the NMFS-managed species.

4.1.1.5 Commercially Important Shellfish

Molluscs: Commercially harvested molluscan shellfish species in Long Island Sound include
hard clam, sea scallop and the eastern oyster. The water depth at the FSRU and pipeline corridor
precludes the presence of oysters, which prefer shallower waters, and sea scallops, which prefer
deeper waters. Hard clams or quahogs occur in intertidal and subtidal areas of estuaries, with
salinities from 10 to 35 parts per trillion. They occur mainly on clean sand substrates with good
water circulation.'”® The hard clam industry has been steadily increasing from the mid-1990s to
over 420,000 bags with a value of over $16 million in 2005. In contrast, the oyster harvest has
been steadily declining since two natural diseases resulted in major die-oft of oyster stocks in
1997 and 1998. In 2005, the oyster harvest was only valued at $953,050, greatly diminished
from a prior level of over $40 million in 1995.'"*

No live molluscan shellfish (surf clams, hard clams, or oysters) were observed during surveys of
the Broadwater corridor.'”> Fishermen interviewed by Broadwater indicated that conchs or
whelks (also known as scungilli) are collected in the Project area.''® We note that NYSDEC
shellfisheries section does not include whelks in its definition of “shellfish.”

Lobsters: The American lobster is one of the most valuable commercial fishery species in Long
Island Sound. The lobster has two benthic life stages that may be vulnerable to impacts during
construction and operation of the Broadwater project. During the early benthic phase (EBP) of
the lobster’s life cycle, which lasts about two years, the organism moves from its planktonic

"2 Magnuson-Stevens Act 16 U.S.C. 1801 et seq.

'3 Stanley, J.G. and R. DeWitt. 1983. Species Profiles: Life Histories and Environmental Requirements of Coastal
Fishes and Invertebrates (North Atlantic). U.S. Fish. Wildlife Service, FWS/OBS-82/11.

1 Connecticut Department of Agriculture Statistics, http://www.ct.gov/doag/cwp/view.asp?a=1369&q=271358.
'3 Broadwater Resource Report 3.
" Tbid.
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stage to the bottom. The EBP organisms require a cobble substrate for survival. Research
indicates that the amount of this substrate can limit population size. During the adult phase,
lobsters live on the bottom on a variety of substrates that provide the required shelter. Adult
lobster data are acquired both through annual landings data as well as the Long Island Sound
Trawl Survey. Lobster abundance (as measured by the Long Island Sound Trawl Survey) and
catches have fallen precipitously since 1998. The lobster die off in 1999 was a result of the
combination of hypoxia and warm water temperatures, which, combined with over crowding,
would have sufficed to produce mortalities. These conditions led to an inhibited immune
response and the resultant shell disease. According to recent studies, levels of two of the
commonly used pesticides for mosquito control were not a contributing factor, but a third
(resmethrin) may have reached dangerous levels in a few embayments.'”” The smaller die-off in
2002 was the result of a new lobster disease, calcinosis, related to warm water temperatures.
Diminished catches could mean that the lobster population is more vulnerable to other impacts.
The diminished lobster catches and resultant commercial impacts make this a highly sensitive
issue.

The Project site, including the anticipated Safety Zone, is currently utilized for commercial
lobstering. Lobster pot densities provide a measure of the fishing effort, which is high along the
Broadwater pipeline corridor. However, no live lobsters were observed during surveys of the
Broadwater corridor. Mud burrows typical of lobsters occurred at several locations.'"®

Crab: Trawl surveys of recreationally important species indicate that abundant crabs in Long
Island Sound include spider, lady, rock, blue and flat claw hermit.'” Lady crab and rock crab
are the most abundant. The horseshoe crab (actually more closely related to spiders than crabs)
is second only to lobster in abundance in the CTDEP trawl surveys.”” The Resource Report
adds red crab, a deep water crab to this list; however, only one spider crab was observed during
the site specific survey of the Broadwater corridor.

4.1.1.6 Turtles

Five marine turtle species could utilize Long Island Sound: the Atlantic Green Turtle, the
Atlantic Ridley Turtle, the Hawksbill Sea Turtle, the Leatherback Turtle, and the Loggerhead
Turtle. All are listed as threatened or endangered by the U.S. Fish and Wildlife Service. These
species have all been occasionally observed in Long Island Sound in the summer months. Their
use of Long Island Sound is restricted to summer feeding activities. The Broadwater application
excludes the Hawksbill, which is very rare in Long Island Sound, according to information from
the Coastal Education and Research Society of Long Island.

"7 Atlantic Marine Fisheries Commission. April 2005. Habitat Hotline Atlantic. Vol. XII. No. 1; Long Island Sound
Lobster Health Symposium. Identifying the Driving Forces Behind the 1999 lobster mortality event- fitting together
the pieces of the puzzle.

'¥ Broadwater Resource Report 3.
9 CTDEP 2002, Recreational Fishing Survey.
120 CTDEP. 2002. op. cit.
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4.1.1.7 Birds

Bird species that utilize open water habitats in Long Island Sound include ducks, gulls and
oceanic birds. Recreationally important waterfowl, such as ducks and geese, including sea
ducks, overwinter in Long Island Sound.

4.1.1.8 Marine Mammals

Marine mammals are protected by the Marine Mammals Protection Act of 1972 (MMPA, 16
USC Chapter 31), which ensures that these species are maintained or restored to healthy
population levels. Eleven species, including four in the dolphin family, four seals, and three
whales, occasionally occur in Long Island Sound. Results of a 1999 census indicated a
population of more than 6,000 seals within Long Island Sound waters, the highest number in two
decades. Harbor porpoises have been occasionally observed in Long Island Sound. Humpback
whales have been occasionally noted in the eastern Long Island Sound. Other whale species are
rarely observed.

4.1.1.9 Threatened/Endangered Species

Federally Listed Species: The Endangered Species Act of 1973 (ESA, 16 USC Chapter 35)
protects federally listed endangered species. The ESA requires that every federal action be
reviewed in order to ensure that actions do not jeopardize the continued existence of a federally
listed endangered or threatened species or result in the destruction or adverse modification of the
designated critical habitat.'*'

Eight federally and New York State listed marine species could potentially occur in the
Broadwater Project area. These include three species of whales and five species of marine
turtles. The occasional occurrence of sea turtles in Long Island Sound is solely for feeding
purposes during the warmer months (June-November). Whales are infrequent visitors to Long
Island Sound. Shortnose sturgeon is also listed as endangered but is unlikely to occur in the
Broadwater project area because of its preference for riverine and nearshore marine habitats.
Two federally listed bird species, the piping plover and roseate tern, may occur as transients in
the Project area.

State-Listed Endangered Species In addition to the eight federally listed species, New York
State also lists two marine mammals, the harbor seal and harbor porpoise. These species are
discussed above under the marine mammals section. Five species of state-listed turtle, described
above, could occur in Long Island Sound. Eight state-listed bird species (two of which are also
the federally listed species) occur in coastal Long Island Sound.

121 Critical habitat is defined as “(i) specific areas within the geographic area occupied by the species...on which are
found those physical or biological features (I) essential to the conservation of the species, (II) which may require
special management considerations or protection, and (ii) specific areas outside the geographical areas outside the
geographical area occupied by the species that are...essential for the conservation of the species.”
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4.1.2 Potential Construction Related Impacts

LAI reviewed Broadwater’s filed Resource Reports, which provide an assessment of potential
environmental impacts and propose mitigation methods. LAI compared the Broadwater impact
assessment to information derived from other marine pipeline and cable projects that have been
constructed in the Northeast and elsewhere, if relevant. Other marine projects undertaken in the
last five years, such as the Cross-Sound Cable, Duke’s HubLine pipeline in Boston Harbor, and
Iroquois’s Eastchester Pipeline have provided marine construction contractors, project
developers, and regulators with extensive field experience. These projects represent the evolving
state-of-the-art with respect to marine energy infrastructure construction techniques. They
reflect a variety of methods for avoiding, minimizing, and/or mitigating adverse impacts to the
marine environment. Where construction or post-construction monitoring data are available,
LAI has applied “lessons learned” from these recent projects in evaluating the mitigation
methods proposed for Broadwater during construction.

Submarine pipelines utilize a variety of construction methods depending on depth to bedrock,
surface substrate conditions, distance from shore, and water depth. Each construction method
has an associated impact footprint on the substrate and can cause changes in water quality by
causing disturbed sediments to become suspended. Seafloor impacts can extend from the direct
footprint of a trench to adjacent areas when sediments removed from the trench are sidecast, or
to far field areas where sediments released into the water column are redeposited.'* If excavated
sediments are not removed, they may be subject to dispersion into farfield areas by strong
currents resulting from storm events. Seafloor impacts may also include the footprint of any
anchors or spuds that are used to position and stabilize the installation barge. The recovery of
the seafloor to pre-construction conditions depends on the geophysical characteristics of the
sediments that were disturbed, on the dynamic environment such as waves and currents, as well
as on how the trench is backfilled. Depending on the site conditions, the trench may be
mechanically backfilled with indigenous material, backfilled with imported material such as
rock, or allowed to naturally backfill by re-sedimentation. Restoration of ecological function
depends on factors such as type of preexisting biological community, complexity of the habitat,
source of biota for recruitment, and time of year of the impact.

Broadwater plans to use a subsea plow as the primary method for installation of the pipeline.
Plowing is typically done following assembly of the pipe and placement on the substrate. For
burial of the pipeline to about eight feet below the surface, as for the HubLine project, the
plowing technique results in a pipeline trench on the order of 20 to 25 feet wide at the surface of
the seabed. The spoil material is displaced on both sides of the trench cut by the plowshares.
Depending on the substrate conditions and burial requirements, more than one passage of the
plow may be required. After the pipeline is located to the desired depth, the trench spoil may be
placed back on top of the pipeline or the excavated materials could be allowed to recover the
trench through natural sediment transport processes. While Broadwater proposed to actively
backfill only 10% of the pipeline trench, FERC in the DEIS recommended that the entire trench
be actively backfilled. Plowing is generally preferable to the jetting method of trenching, in

122 The word “trench” is used in this context to mean the cut created by any construction method.
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which a high-pressure water or air jet excavates a trench approximately 40 feet wide. Jetting
disperses excavated sediments, particularly fine-grained particles, farther from the trench than
plowing does. Burial of the pipeline following jetting can be accomplished through the same
methods as for plowing. Seafloor impacts may also include the footprint of any anchors or spuds
that are used to position and stabilize the installation barge. If slack in the cables contacts the
seafloor as the anchors are repositioned by tugs, sediments may also be disturbed. Anchor cable
sweep can be minimized by installing mid-line buoys to support the cables.

Geotechnical conditions encountered in the substrate may require contingency planning for
certain areas, such as along the Stratford Shoal. In this area, Broadwater proposes to use
dredging as a backup method. This would result in a wider trench and somewhat greater
disturbance of sediments. As currently envisioned, the installation of the Project pipeline would
not entail blasting, horizontal directional drilling (HDD), or construction through contaminated
sediments, which are more complex construction techniques. Bedrock areas were avoided
during the route selection process because of the expense and environmental impacts of blasting.
This is beneficial to marine biota since the environmental effects of blasting can be more
significant than other methods for a variety of reasons. Blasting may cause destruction of rare
habitat that is difficult to replicate and recovers more slowly than soft substrate. Blasting
generally prolongs the duration of construction and may cause concussion impacts to fish or
marine mammals. Small areas of bedrock or heavily contaminated sediments would require
placing the pipeline on the sea floor and covering it with an armoring of stone rip-rap or concrete
mats, which locally alters the substrate and habitat. HDD is typically only employed in near-
shore environments. HDD uses a trenchless process, so that there is minimal direct disturbance
to the ocean bottom where the pipeline is located. The impacts are usually restricted to the entry
and exit points, and includes turbidity, deposition of drilling fluids (inert materials), and
disturbance of bottom sediments.

As proposed by Broadwater, the pipeline installation will require three passes: one pass to lay
the pipeline, followed by two plowing passes to achieve the minimum burial depth of 7 to 9 feet.
Broadwater proposes an 8-point mooring vessel with mid-line buoys on half of the 8 anchor
cables. With this configuration, project construction would disturb a total of 2,235.2 acres. The
largest contribution would be associated with anchor cable sweep (2,020 acres), plowing of the
pipeline trench and sidecasting of spoils (197.3 acres) and the footprint of the anchors (16.5
acres). Impacts from the pipeline installation can be grouped into five basic categories:

¢ Direct habitat disturbance related to excavation (plowing) of the trench,;

e Direct impact to marine species associated with the trench plowing;

e Sediment resuspension (water quality impacts) and deposition (benthic impacts) resulting
from trench plowing;

e Substrate disruption related to anchor cable sweep; and

e Permanent habitat alteration related to placement of armoring materials, such as may be
used to cover and protect other cables that the pipeline intersects.

Impacts related to the construction of the FSRU could include the following:
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e Sediment disturbance during installation of the mooring system;
e Noise and other disturbance to mobile marine organisms; and

e Withdrawal and discharge of seawater for hydrostatic testing with potential use of
biocides.

The following sections describe potential construction impacts, mitigation methods, and habitat
recovery rates, based on experience from similar marine infrastructure projects. The timing of
construction affects the type and level of impacts that may occur. Avoiding construction during
the sensitive life stages of marine species will minimize potential impacts. These impacts can
vary depending on the species. Broadwater expects to restrict all pre-construction and
construction activities to the colder weather months. As reported in the DEIS, Broadwater
proposes to initiate pre-lay surveys for the pipeline in September 2009. In-water work on the
pipeline would take place between October 2009 and April 2010. The YMS and connection to
the FSRU would be scheduled for September through November 2010.

4.1.2.1 Water Quality Impacts

Water quality is directly affected by the displacement and disturbance of bottom sediments and
the resultant release of sediments into the water column. This causes increased turbidity, which
can affect habitat and marine species. The suspension of sediments into the water column can
temporarily affect water quality through the reduction of DO and depth of light penetration.
Contaminants, if present in the sediments, also may potentially be released. The suspended
sediment drifts with the water currents and eventually settles on the bottom. Coarse sediments
generally settle quickly, whereas finer sediments remain suspended in a plume for longer periods
of time. Water quality impacts associated with construction are generally short in duration.
Generally, a turbidity plume generated by bottom disturbance will dissipate within hours of
cessation of the activity that caused it. Release of anoxic organic sediments into the water
column can also remove dissolved oxygen from the water column in the immediate vicinity of
the disturbance. The magnitude of this effect is controlled by a number of factors including
water depth, substrate conditions, currents, and construction technique.

Release of contaminants from sediments into the water column does not appear to be a
significant concern for the Project. The preferred pipeline route avoids the most contaminated
areas in the Sound, which are generally higher in the western region of the Sound and within
harbors and coastal embayments. Sediment sampling along the pipeline alignment and review of
existing sediment chemistry data showed the presence of metals, volatile organic compounds,
and dioxins, but none that exceeded the NYSDEC technical and operational guidance series for
sediment and dredged material.'® No polycyclic aromatic hydrocarbons, polychlorinated
biphenyls, or pesticides were detected in sediment samples collected along the pipeline route.
Broadwater has used these data in the MIKE 3 model, a hydrodynamic model that has been
widely used by the U.S. Army Corps of Engineers (USACE) for projects in New York and New

'3 Broadwater Resource Report 2.
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Jersey, including Long Island Sound. Broadwater’s modeling results indicated that estimated
contaminant levels would fall within acceptable water quality standards for Class SA water.

4.1.2.2  Impacts on Benthic Communities

Benthic communities may potentially be impacted by direct disturbance of bottom sediments
from construction and from the cable sweep during the construction vessel anchoring process,
with resultant mortality by displacement or burial. Indirect impacts from the associated turbidity
and sediment deposition could include mortality by suffocation beneath silt, interruption of
spawning and migration, habitat loss or alteration, and introduction of water pollutants, if
present. Benthic invertebrates in the areas of direct impact from the subsea plow and from pile
driving for the YMS will likely be killed. Larger, more mobile invertebrates and fish may be
able to avoid the disturbance. Loss of the benthic community also results in the loss of habitat
value for predators, although scavengers such as lobsters and crabs may be attracted to the newly
disturbed substrate because normally buried benthic organisms may be exposed on the surface.

Broadwater reports that the largest portion of the disturbed seafloor area would arise from anchor
cable sweep as the construction vessels are positioned along the pipeline corridor. Attaching
mid-line buoys to support the anchor cables would minimize the disturbance. In the DEIS,
FERC recommended that mid-line buoys be attached to all anchor cables, and suggested that this
could substantially reduce the area of impact. The effectiveness of this method continues to be a
topic of discussion between Broadwater and FERC.'**

Recovery time is dependent on the type of benthic community. The benthic community along
the Broadwater corridor is a relatively mature community, typical of stable conditions. This type
of community repopulates more slowly than shallower communities that are exposed to more
energetic near-shore conditions and more frequent disturbance. Based on similar types of
disturbances in similar habitats elsewhere, including along the Cross Sound Cable construction
corridor, the benthic assemblage previously existing along the Project pipeline corridor would be
expected to repopulate over a period of months to one or two years.”*'**'*”  However,
opportunistic or pioneering species of benthic invertebrates would begin recolonizing within a
period of days to weeks, depending on the timing of the disturbance.'**'*

Recovery of the fish and shellfish functions is in part dependent on the recovery of the benthic
infauna within the sediment, which help create the appropriate food resources and habitat for

21 eBoeuf, Lamb, Greene & MacRae LLP for Broadwater Energy, LLC, Comments on Draft Environmental
Impact Statement, January 23, 2007, and response to Environmental Information Requests, July 10, 2007.

12 Six-Month Post Installation Benthic Monitoring Survey for the Cross-Sound Cable Project, New Haven, CT to
Shorecham, NY. October 14 to November 20, 2002. Prepared by Ocean Surveys, Inc.

' Kropp, R K., Diaz, R., Hecker, B, Dahlen, D., Boyle, J.D. Hunt. C.D. 2000. 1999 Outfall Benthic Monitoring
Report. Boston: Massachusetts Water Resources Authority. Report ENQUAD 2000-15. p. 230.

2" Murray, P.M. and H.L. Saffert. 1999. Monitoring Cruises at the Western Long Island Sound Disposal Site.
DAMOS contributing No. 125. U.S. Army Corps of Engineers. Waltham, MA. 80 pp.

1% Rhoads, D.C., P.L. McCall, and J.Y. Yingst. 1978. Disturbance and Production on the Estuarine Sea Floor.
' Murray, P.M. and H.L. Saffert. 1999. op. cit.
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larger organisms. Mobile fish and larger invertebrates such as lobster may be able to avoid
construction activities and return as part of the habitat recolonization. Other species that rely on
substrate-specific characteristics, such as winter flounder and other demersally spawning fish can
begin using the habitat as it returns to its previous condition.

4.1.2.3 Lobster and Shellfish

The potential effects of the Broadwater Project on lobsters have received considerable attention
due to the commercial importance of the fishery and its apparent vulnerability following recent
die-off events in Long Island Sound. The potential impacts from Broadwater may be
exacerbated because the population is under stress. Sources of construction-related mortality for
lobster may include direct contact with construction equipment, increased exposure to predators
if the open trench or cover material acts as a barrier to migration, burial of lobsters in the trench
during backfilling, and loss of EBP habitat. Impacts can be minimized by restricting activity to
cold water temperature periods when movement of lobsters is at the annual low, and the
probability of encounter between lobsters and construction is reduced. Regardless of the time of
year, any lobsters residing in the path of the active trenching and side casting activity will likely
suffer mortality, but the probability of "new" lobsters entering the area of construction activity is
minimized when temperatures are lower. The construction window for marine infrastructure
projects in the Northeast is typically November through April.

Preliminary post-construction monitoring data from the HubLine project in Boston Harbor
indicates that lobsters recolonized the substrate within what Massachusetts Division of Marine
Fisheries (MADMF) terms “a relatively short period of time.”"*® Lobster catches along the
HubLine corridor have not shown a difference when compared to control areas outside of the
HubLine construction area. >' Although there are clearly ecological differences between Boston
Harbor and Long Island Sound, the HubLine experience indicates that mitigation methods to
protect lobster habitat can be successfully implemented.

EBP lobsters prefer complex habitat that provides shelter, especially cobble beds."** This type of
habitat is likely to occur mainly in the Stratford Shoals area of the Project corridor. Habitat
alteration or loss can be minimized by backfilling a plowed trench with the native gravel and
cobble.

139 HubLine, in Boston Harbor, provides useful insights regarding the success of state-of-the-art marine construction
mitigation and lobster recolonization. Although it is not located in Long Island Sound, the lobster populations and
commercial importance are similar to Broadwater’s Project area. HubLine relied upon time of year work windows
to minimize impacts during trenching and pipelaying operations. When construction extended beyond the April 30
deadline, Algonquin, a Duke company, was required to pay $5 million to the Commonwealth of Massachusetts to
compensate for impacts to aquatic resources. The compensation is being used for a variety of studies that are being
conducted by MADMF. The approval was based on the assumption that it would be less detrimental to marine biota
to continue work beyond the traditional work window rather than stop the work, leaving an open trench and exposed
pipe in some locations, and resume the following year, interrupting ongoing recovery.

I MADMEF. 2005. Monitoring and Assessment Update 7-7-05.

132 palma, A.T., R.A. Wahle, and R.S. Steneck. 1998. Different early post-settlement strategies between American
lobsters Homarus americanus and rock crabs Cancer irroratus in the Gulf of Maine. Mar. Ecol. Progr. Ser.
162:215-225.
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Most of the commercially-important molluscan shellfish, including hard clams, oysters and sea
scallops, are not harvested within the Broadwater Project area, and therefore impacts to these
species are not significant.

4.1.2.4 Finfish Impact Assessment

Finfish have the potential to be affected by construction through direct contact with construction
equipment, obstruction of migrations, blasting, pile driving, and degradation of habitat. Fish are
mobile organisms that will to a great extent avoid construction activities. Degradation of habitat
can occur due to siltation from trenching activities, increased suspended solids affecting water
quality, and modification of the habitat following backfilling. Demersal fish that live on the
bottom are most susceptible to habitat degradation. Release of pollutants from contaminated
sediment is another possible source of habitat degradation, but sediment sampling indicates that
this is unlikely to be an issue along the Project site. The offshore location of the Project, in
combination with time of year restrictions, will minimize disruption to anadromous fish
migration. Fish eggs and larvae are susceptible to increased turbidity and siltation resulting from
dredging, especially if the eggs are demersal. Most larvae are poor swimmers and it is not
expected that they could avoid any areas of high turbidity. However, it is likely that elevated
turbidity would be a short-term condition and only in a small area around active construction.

The primary impact to pelagic species and lifestages would be a temporary increase in suspended
sediments in the water column. Increased suspended solids are generally short-lived and not
lethal to finfish. Data from the HubLine water quality monitoring support this conclusion.'”
Demersal fishes are found in close association with the bottom, and therefore are sensitive to
siltation and changes in bottom composition resulting from trenching activities. In the short
term, it 1s expected that most adult demersal fishes will be able to avoid construction activities.
However, eggs, larvae, and juveniles, particularly demersal eggs, will be susceptible to siltation
and turbidity effects. Eggs are expected to be more resistant to turbidity as their food source is
contained within the egg, although eggs from some commercially-important species such as
winter flounder and ocean pout, may become silted over and experience mortality. Larvae and to
a lesser extent juveniles may be more susceptible to turbidity impacts because they have limited
ability to avoid high turbidity and are actively seeking food sources after the yolk-sac stage.
Time of year restrictions can be used to minimize impacts.

Pile driving during the construction of the YMS tower for the FSRU may have adverse effects on
finfish. Pressure waves from pile driving (and blasting) cause barotrauma on finfish swim
bladders.”** The degree of damage varies depending on the species, age, and distance from the
activity. According to Broadwater, the pile driving for the tower construction is expected to
occur over a period of days to a few weeks. Therefore impacts can be minimized by restricting
the activity to the time period when most sensitive species are absent.

133 TRC Environmental Corporation. 2004. HubLine Pipeline Project: Construction Water Quality Monitoring
Summary Report, January 30, 2004.

" Hardyniec, S. and S. Skeen. 2005. Pile Driving and Barotrauma Effects. TRB Paper No. 05-2242.
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4.1.2.5 Submerged Vegetation

Seagrass and algae beds occur outside of the Broadwater corridor and will not be adversely
affected.

4.1.2.6 Birds

Because birds are highly mobile during feeding and migration, construction-related impacts to
most marine birds will be negligible. Various species may be displaced temporarily from
feeding and resting areas as the construction vessels traverse through particular habitats.
However, because of their mobility and large ranges, the birds typically will utilize other
available habitat during construction and move back into the work areas quickly after
construction is complete. This brief loss, if any, of feeding and resting habitat and the additional
energy expended to depart from normal movements generally represent little to no threat to any
marine birds. Potential impacts will also be mitigated through time-of-year restrictions on the
construction period.

4.1.2.7 Marine Mammals and Sea Turtles

The likelihood of impacts to marine mammals or sea turtles is expected to be limited because
project permit and certificate requirements typically prohibit construction during periods when
such species would be present in Long Island Sound. Furthermore, agencies are likely to require
marine mammal monitoring during construction, and contingency plans in the event of a marine
mammal sighting.

4.1.2.8 Other Construction-Related Impacts

Other secondary impacts during construction include increases in vessel traffic, air emissions
from construction vessels and onshore support and fabrication facilities, and the risk of vessel
collisions or fuels spills. These impacts would be short term.  Construction is anticipated to be
scheduled during the fall and winter months when fishing and boating activities are reduced and
the potential for impacts would be minimized. If authorized, construction would be conducted in
compliance with state and federal regulations and permit conditions. Broadwater is currently in
discussion with NYSDEC regarding requirements for a State Facility air permit to authorize
construction and a Title V operating permit (under NYSDEC’s delegated authority).'>’

In 2003, during construction of the tie-in at Northport of the Iroquois Eastchester pipeline,
odorized gas was vented to the atmosphere. During this venting, weather conditions
unexpectedly changed, causing an atmospheric inversion, and many odor complaints were
received from neighboring communities. Because the tie-in location for the Broadwater pipeline
will be 9 or 10 miles from either shoreline, the potential for odor impacts is significantly
reduced. Nonetheless, during the construction, care should be taken to closely monitor weather
conditions and only vent when atmospheric conditions are conducive.

13> Most recently, LeBoeuf, Lamb, Greene & MacRae LLP, Response to FERC’s Environmental Information
Request, July 10, 2007.
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4.1.3 Potential Impacts During Project Operations

4.1.3.1 Impacts of Operation on Marine Resources

The footprint of the FSRU will measure approximately 5.7 acres. The extent of the shaded area
beneath the FSRU has not been calculated but will vary depending on season and time of day.
Since the FSRU is free to pivot around the mooring base, the shaded area will not be fixed but
will shift based on wind and currents. The FSRU will lie in approximately 93 feet of water with
a draft of approximately 40 feet, leaving approximately 53 feet of water underneath the structure.
Broadwater indicates that the YMS tower will be an open structure but will straddle
approximately 13,000 square feet of the sea floor, which is the area within the four legs of the
tower. As discussed elsewhere in this report, approximately 2 to 3 LNG carrier vessels will
arrive at the FSRU per week. Potential operational impacts associated with the operation of the
FSRU and LNG carrier vessels include:

¢ habitat alteration and loss beneath the YMS tower and creation of new habitat along the
legs of the tower;

e reduction in water column area and shading of the water column and possibly sea floor
beneath the FSRU;

e entrainment/impingement from sea water intake by the FSRU and LNG carriers;
e reduction in the area available for commercial and recreational fishing and boating;

e impacts associated with increased shipping traffic due to increased potential for spill,
ballast water discharge, and collisions with marine mammals and turtles;

e increased light and noise from the FSRU and the LNG carrier vessels; and

e possible circulatory changes from the FSRU and YMS tower, and thermal impacts from
cooling water discharge and the YMS riser pipe.

Potential impacts on the marine environment from the operation of the pipeline include
permanent changes to the substrate if backfilling remains incomplete, potential release of gas and
liquid dropout from the pipeline if there is a breach, periodic redisturbance of sediments during
pigging of the pipeline, and potential thermal impacts. Broadwater reports that the temperature
of the gas traveling through the pipe would range from a maximum of 130°F at the YMS to a
low of 50°F at Iroquois.

4.1.3.2  Water Quality Impacts

Operational impacts associated with increased shipping traffic such as spills and discharges will
be minimized through adherence to federal regulations and industry standards. The FSRU, LNG
carriers, and other support vessels would be expected to conform to the EPA’s Spill Prevention,
Control and Countermeasures (SPCC) protocols and Oil Pollution Act, minimizing the potential
for contaminant discharge. All discharges from the FSRU would conform to the State’s SPDES
standards, protecting water quality and aquatic life from acute and chronic effects.
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Operational impacts on water quality associated with operation of the pipeline are expected to be
minimal, and only associated with an accidental breach of the pipeline. The effects of the
pivoting FSRU with a 40 foot draft combined with a subsurface tower with a 13,000 square foot
footprint on water circulation are not known but expected to be small because of the size of the
water body and distance from the shoreline. No other studies were found that could provide
insight into this evaluation. The FSRU is located outside of areas in Long Island Sound
considered to hypoxic, with levels of DO between 3.5 and 4.79 mg/L."*® Given that the FSRU is
in an area that is at low risk but still potentially vulnerable to a low oxygen event, it would be
important for the Project to evaluate this risk thoroughly, possibly through water quality
modeling. Since low oxygen has an adverse effect on benthic invertebrates, fish and lobsters, the
results will be applicable to these other resources.

Of critical importance in gauging potential water quality impacts, Broadwater indicates that the
regasification process will be a closed-loop glycol-water system. Therefore it will not involve
any seawater intake or discharge. FSRU water intake will amount to an annual average of 5.5
million gallons per day, principally for ballast with a lesser amount for fire-fighting and other on-
board personnel needs. *7 The ballast will be treated with a biocide and discharged as LNG is
taken on. Other FSRU discharge will be from the on-board desalinization plant and the on-board
waste water treatment plant. All discharge streams from the FSRU will be monitored and
required to meet the NYSDEC water quality criteria and SPDES permit limits for protection of
Long Island Sound.

Broadwater reports that the LNG carriers will typically be steam powered and will intake an
average of 22.7 million gallons per day, consisting of ballast and cooling water. The LNG
carriers, like most large commercial vessels in the Sound, would treat cooling water with low
doses of a biocide to prevent fouling. The LNG carriers are not expected to discharge any ballast
water in Long Island Sound. Broadwater evaluated the thermal impact of cooling water
discharge from an LNG carrier while oftloading at the FSRU. Broadwater modeled a “worst
case” scenario, assuming a type of LNG vessel with a high thermal discharge flow rate and
surface water temperatures typical of summer months. The resulting thermal plume is expected
to exceed the NYSDEC thermal criterion — 1.5°F above ambient temperature — for an average
distance of 23 m from the point of discharge. Since the discharge port is located about 45 m
from the aft of the LNG carrier, the thermal plume would not extend beyond the end of the
channel be}ygeen the FSRU and the carrier vessel, and would have a localized footprint of only
0.22 acres.

The water intake requirements of the FSRU are relatively small compared to other energy
projects situated around Long Island Sound. For example, in Connecticut, Bridgeport Harbor
Station is currently permitted to withdraw 152 million gallons per day, New Haven Harbor is
permitted to withdraw 410 million gallons per day, and the Millstone nuclear power plant is

13 http://www.dep.state.ct.us/wtr/lis/hypo/fsindex. htm.
137 Broadwater General Project Description, Resource Report 1.

131 eBoeuf, Lamb, Greene & MacRae, LLP, Broadwater Response to FERC’s March 6, 2007 Environmental
Information Request, May 7, 2007.
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permitted to withdraw 1.5 billion gallons per day. On Long Island, Northport Station is
permitted to withdraw 938 million gallons per day and Port Jefferson Station is permitted to
withdraw 398 million gallons per day.

Broadwater proposes to use a copper-based anti-fouling paint on the hull of the FSRU and on the
YMS tower to retard the growth of organisms. The copper has the potential to leach into
seawater. Broadwater modeled this impact and reported that the resulting copper concentration
(1.0005 microgram per liter) would be below EPA’s ambient water quality criteria for acute and
chronic exposures.'” FERC has requested further information on the type of copper-based paint
proposed to be used and also the potential for flaking of paint during periodic hull cleaning.

4.1.3.3 Impacts on Benthic Communities

The pipeline will be buried in a trench with a minimum depth of 7 to 9 feet, which is expected to
eliminate any surficial thermal impact. No long term impacts from pipeline operation would be
expected, with the exception of the potential for a release. Burial of the pipeline is expected to
provide protection from anchor drag damage that might result in a release of gas and condensate.
The YMS tower would disturb or eliminate the benthos in a minimum of a 13,000 square foot
area when it is installed. Construction details of the tower are not in publicly available volumes
of Broadwater’s application, but Broadwater has indicated that a mud net will span the area
underneath the tower and provide support for the four legs of the YMS tower during
construction. This is a wooden mesh structure that will gradually become covered with
sediment. Any hard substrate structures (YMS tower and FSRU hull) would be rapidly
colonized with fouling organisms, particularly within the photic zone, unless such growth is
effectively retarded by the anti-fouling paint. Unless regularly removed, this would create a food
source for larger invertebrates and fish, along with habitat diversity. The soft substrate beneath
the mooring tower would be rapidly colonized with pioneering organisms; continuous
disturbance from the mooring structure or periodic physical removal would change the benthic
community to a pioneering community typical of disturbed conditions.

Increased ship traffic increases the risk of introducing invasive species through ballast water or
hull fouling. Broadwater asserts that the LNG cargo vessels will not discharge ballast within
Long Island Sound, which will help minimize this risk.

Decommissioning and removing the FSRU after its 30-year life span will remove the associated
organisms. Broadwater suggests that the YMS tower could be removed from the seafloor or,
alternatively, abandoned in place and used as an aid to navigation.'* Currently, although
controversial, the subsurface structures of some oil rigs elsewhere in the U.S. are being left in
place rather than remove the diverse fauna that has developed (the rigs-to-reef program).

139 Broadwater Resource Report #2, p.2-66.
1% Broadwater Resource Report 1, p. 1-30.
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4.1.3.4 Phytoplankton and Vegetation

Because the substrate is below the photic zone, no submerged vegetation (e.g. algae or eel grass)
is present around the FSRU site. The only primary producers would be phytoplankton, single
celled plants in the portions of the water column that receive light. The amount of production by
these plants depends on the presence of light and nutrients. Since the FSRU has a draft of about
40 feet, it may eliminate the area of primary producers under the FSRU and reduce primary
production in the shaded areas. However, because the FSRU will pivot around the mooring
tower, the shading in any specific location would not be continuous. Water under the FSRU will
circulate with the normal currents, reducing the impact of shading. Hard surface areas of the
FSRU and YMS tower will be colonized by vegetation such as diatoms and kelps, increasing
habitat complexity and food resources for herbivores.

4.1.3.5 Lobster

Potential operational impacts on lobster include barriers to movements and permanent alteration
of habitat especially for EBP lobsters. One issue of concern for many marine infrastructure
projects has been whether the incompletely backfilled open trench or the sidecast materials
surrounding the pipeline pose a barrier to migrating lobsters. Preliminary results from the
HubLine project indicate that the open trenches and surface laid pipeline have not been an
impediment for lobster movements.'*' Diver inspections of the existing Long Island Sound 1385
Cable have not reported observing lobsters in distress. These field observations suggest that
other cable§4c2)n the seafloor in Long Island Sound have not posed a significant obstacle to lobster
movement.

The YMS tower will disturb or eliminate an area of approximately 13,000 square feet for lobster
production. Additional details on how the structure will be arrayed on the sea floor are necessary
to evaluate the impacts. Hard substrate structures may provide habitat complexity and necessary
cover, depending on how the structure is configured. The mesh underneath the tower will collect
sediment through natural sediment transport and will colonize with organisms typical of soft
substrate. Also unknown is whether the pivoting FSRU and its shading will affect the underlying
lobster population. Because lobster harvesting will be precluded beneath the FSRU, and
possibly throughout the Safety Zone surrounding the FSRU, lobster population may be
beneficially affected in this area.

4.1.3.6 Finfish Impact Assessment

Demersal fishes with specific habitat requirements are most susceptible to the long-term impacts
due to habitat modification arising from Project operation. These fishes would include those that
have specific preferences for spawning, young-of-year, or feeding habitat. Substrate restoration
and other engineering measures to minimize siltation and turbidity can minimize the potential for

MU TRC and Normandeau Associates. 2003. HubLine Pipeline Project Supplemental Monitoring Report, Lobster
Assessment. http://ma.gov/dfwele/dmf/programsandprojects/hubline/monitoring. htm#hub. Accessed 7/24/05.

12 Task Force on Long Island Sound, 2003. Comprehensive Assessment and Report, Part I Environmental
Resources and Energy Infrastructure of Long Island Sound. June 3, 2003.
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population-level impacts to demersal fish species. EFH coordination with NMFS should
thoroughly evaluate these impacts on a species by species basis based on the type of habitat
disturbed and the type of construction method.

Operation of the Project would result in minor but long-term impacts to finfish due to water
intake and discharge from the FSRU. Impingement and entrainment through the intake
structures will cause losses to ichthyoplankton (fish eggs and larvae) and adults. However, these
losses are not expected to affect the overall finfish or lobster population within Long Island
Sound."” Broadwater intends to minimize these losses by locating the intake structure at mid-
depth, 40 feet below the surface, where ichthyoplankton densities are lower. Broadwater also
proposes to limit intake flow velocities to 0.5 feet per second and use small mesh screen (0.2-
inch mesh) across the intake structure to minimize losses. To minimize the growth of organisms
within seawater systems on the FSRU, sodium hypochlorite will be injected into the intake
stream. Complete or near complete mortality of entrained organisms is expected. Residual
chloride levels will also be present in the discharge, but are not expected to have an adverse
impact on marine organisms.

The FSRU will reduce or eliminate about 13,000 square feet of demersal fish habitat. Additional
details on how the structure will be arrayed on the sea floor are necessary to evaluate the
impacts. Hard substrate structures will be colonized by fouling organisms, which will provide a
food source for some species. As a result, the finfish assemblage may change locally. It is not
known whether the pivoting FSRU and its shading will affect the underlying demersal
population. Decommissioning the structure in 30 years will eliminate the community that has
developed.

4.1.3.7 Birds

The FSRU and the LNG carrier vessels will be lighted. Lighting may attract some seabird
species, especially at night, and may cause disorientation and death. Collisions during migration,
particularly during adverse weather conditions, may cause mortality. Broadwater intends to
minimize these potential impacts by utilizing best management practices for design and use of
lighting and other components on the FSRU. Increased LNG carrier traffic and the FSRU itself
may locally interfere with seabird resting and feeding.

4.1.3.8 Marine Mammals and Sea Turtles

Increased ship traffic and the addition of the FSRU and YMS tower may increase the probability
of a collision with these species. These species are rare and under federal protection, so any
potential impacts should be resolved through agency coordination either through the Marine
Mammal Protection Act or Endangered Species Act.

' FERC Broadwater DEIS, p. 3-38.
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4.2. Potential Impacts to Commercial and Recreational Fishing

4.2.1 Commercially Important Marine Resources

Research commissioned by the LISS, a cooperative program initiated by the federal government,
Connecticut, and New York in 1985, estimated that more than $5 billion is generated annually in
the regional economy from boating, commercial and sport fishing, swimming, and beachgoing
within and along Long Island Sound. Commercial and recreational fisheries in Long Island
Sound are valued at over one billion dollars. In 2001, over 325,000 Connecticut anglers made
over 1.7 million fishing trips, catching nearly 6.5 million fish."** Four species, bluefish, striped
bass, scup, and summer flounder, composed over 90% of the catch. Tautog and winter flounder
were once important recreational species, but catches have been low in recent years.'*
Management efforts are causing only modest increases.

4.2.1.1 Crab

Recreational surveys indicate important crabs in Long Island Sound include spider, lady, rock,
blue and flat claw hermit."** Most abundant are lady crab (most abundant in fall), followed by
rock crab (most abundant in spring); the remainder are relatively uncommon. Lady crab catches
show evidence of a recent decline, with 2001 catches the lowest since 1992. Spring spider crab
and rock crab catches have also been decreasing since 1994-1996. None of these species was
mentioned in Broadwater’s interviews with fishermen who frequent the proposed Project site,'*’
so crab fishing does not appear to be important in the Project area.

4.2.1.2 Lobster

The lobster fishery is important in Long Island Sound and has declined significantly since the
1998 lobster die-off. The Broadwater project is located in an area that is utilized for lobster
fishing. Squid are mentioned as an important by-catch species by local fishermen, but it is not
clear whether squid harvesting occurs independently in the Project area.'*®

4.2.1.3 Molluscan Shellfish

Commercially harvested molluscan shellfish species in Long Island Sound include hard clam,
sea scallop and the eastern oyster. None of these appear to be harvested in the Project area. No
live molluscan shellfish (surf clams, hard clams, or oysters) were observed during surveys of the

' No equivalent data are readily available for New York.

> Gottschall e al.

16 CTDEP 2002, A Study of Marine Recreational Fisheries in Connecticut. F 54-R-21. Annual performance report.
47 Broadwater Resource Report 8.

' Broadwater Resource Report 8.

93

BW032680



Broadwater corridor.!® Interviews with fishermen that use the Broadwater area included conchs
or whelks as important.”>° New York does not include whelks in its definition of “shellfish”.

4.2.1.4 Finfish

Commercially important finfish in the Project area include scup, butterfish, bluefish, tautog,
striped bass, summer and winter flounder, and windowpane. Recreationally im;l)ortant species
include bluefish, scup, summer flounder, striped bass, tautog, and winter flounder. 31

4.2.2  Potential Impacts firom Construction and Operation

Sections 4.1.2 and 4.1.3 detailed potential impacts to the populations of finfish and shellfish from
both construction and operation of the Broadwater Project. Any changes to these populations
would potentially affect the industry. Therefore, this section will focus on potential impacts
other than related to threats to the population size. Potentially affected species are limited to
offshore fisheries and shellfish identified above. Nearshore shellfish beds and fisheries,
including oyster and quahog resources, will not be affected by the Project.

4.2.2.1 Construction-Related Lffects

Construction-related effects include inability to access commercial and recreational boating and
fishing areas, possible fishing and lobster gear loss, and potential loss of income for fishermen
unable to relocate their effort away from the construction activities. Lobster fishing occurs year-
round. Fishing for various finfish species varies seasonally depending on the species, but also
occurs year round. Restricting the construction window to the winter months will reduce
recreational conflicts but will not reduce conflict with commercial lobstering and finfishing.
This will result in a loss in the ability to fish within the active construction area, and associated
income loss for the construction period. Gear conflicts may be reduced by marking the
construction locations clearly and publicizing the construction schedule and location."”> While
in theory updating the construction schedule on a daily basis could provide other users with the
information necessary to make decisions about whether to set fixed gear such as lobster pots in a
particular area, typical marine construction programs involve simultaneous activities at multiple
locations, so commercial fishermen would likely avoid the entire construction route. Thus gear
losses are likely due to entanglement with construction vessels and would require compensation.

4.2.2.2 Operational Effects

Operational effects include those related to any population changes in commercially-important
species, discussed in Section 4.1.2 and 4.1.3. Other possible effects include LNG carrier traffic
interference with commercial and recreational boating and fishing, the loss of fishing and boating
access around the FSRU and the Safety Zone, gear losses associated with increased shipping

' Broadwater Resource Report 3.
% Broadwater Resource Report 8.
13! Broadwater Resource Report 8.
132 The HubLine project made use of a website for this purpose and published construction monitoring reports.
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traffic, and effects related to the creation of an inaccessible and protected community underneath
the FSRU and within the Safety Zone. According to the DEIS, “The Project would not interfere
with natural coastal processes that supply beach materials to land adjacent to such waters and
would not result in flooding or erosion.”’> However, neither the DEIS nor any of the
Broadwater Resource Reports specifically address whether increased LNG carrier vessel traffic,
particulegay in and near The Race, would contribute to increased wave action and shoreline
erosion.

The Broadwater Project will involve approximately two to three LNG cargo vessel dockings per
week. This represents an increase in ship traffic, which may increase the likelihood of gear loss.
Within the Safety Zone, an area of approximately 1.5 square miles would likely be lost to fishing
and recreational boating. Based on Broadwater’s fishermen outreach program, Broadwater
determined that up to 5 lobstermen currently set pots within that area. Up to 12 fishermen trawl
in this area. The actual area lost would be greater for trawlers, who utilize established east/west
trawl lanes. Displacement of these users might increase usage and conflicts in other areas.
Broadwater indicates that it has initiated an outreach program to commercial and recreational
users. Compensation for gear and revenue losses from lost fishing, lobstering and whelk catch
opportunities will likely be necessary and could be administered either through the State as a
trustee, a fishermen’s association or other third party. A history of reported catches can provide
a basis for compensation for lost catches, but this information is often of uncertain accuracy.

The undersea mooring of the FSRU will become colonized with fouling organisms, which will
attract a variety of larger invertebrates and finfish. Oil rigs, which have similar subsurface
structures, have become natural reef systems that some finfish are attracted to.">> To the extent
that Broadwater intends to have divers remove these organisms periodically, such communities
would be short-lived. The absence of fishing could increase the fish and lobster population
under the FSRU and associated Safety Zone, acting like a refuge or small Marine Protected Area
(MPA). A review of the literature did not uncover any studies that confirmed that MPAs do
enhance marine fish and shellfish populations.

4.3. Commercial Shipping in Long Island Sound

Long Island Sound is an important commercial shipping corridor for ports in Connecticut and
New York. Formal navigational channels are not delineated in the Sound. However, there are
established traffic patterns into the major commercial harbors and along the long east-west axis
of the Sound. These are illustrated in Figure 41. The FSRU is proposed to be sited to the north
of the primary east-west shipping route, and west of a primary north-south shipping route. As
seen in Figure 42, the Safety Zone recommended by the USCG would encroach upon the
primary east-west shipping route, requiring some vessel traffic to modify course.

'3 FERC, Broadwater DEIS, p. 3-105.

1> The potential for shoreline erosion and other impacts due to a fire on an LNG carrier was addressed ina response
to a FERC Environmental Information Request and found to be not significant. LeBoeuf, Lamb, Greene & MacRae,
LLP, Response to FERC Environmental Information Request, June 5, 2007.

' Minerals Management Service. 1997. Offshore oil and natural gas resource management: Cumulative Effects
1992-1994. MMS 97-0027.
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Figure 41 — Vessel Traffic Density
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Figure 42 — Vessel Tracks in the Vicinity of the FSRU"’
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Figure 43 — Shipments To or From Long Island Sound Ports (2003)158
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The petroleum supply chain for Long Island and southern New England is dependent on barges
and small coastal tankers that utilize Long Island Sound. Other commodities shipped through
the Sound include coal (chiefly for power plants in Connecticut), petrochemicals and other
chemicals, sand and gravel, and imported produce and other food products. On a commodity
tonnage basis, LNG shipments arriving at Broadwater would represent an increase of 36% over
current commerce in Long Island Sound, based on the most recent data available (Figure 43),
assuming all other commodities remain unchanged. However, to the extent that the 1.0 Bef/d of
gas from the Project displaces demand for petroleum in the region, petroleum tanker and barge
traffic will be reduced. This may reduce the risk of petroleum spills in Long Island Sound. In
addition, the decrease in natural gas prices ascribable to the Project may promote repowering of
existing steam plants on Long Island and/or conversion of core heating load from oil to gas, thus
enabling a net savings in emissions of NOy, SO,, and CO,. LAI has not quantified this potential
benefit.

Table 12 presents commercial vessel counts for ports in Long Island Sound. This information is
included in the DEIS and is based on data compiled by the USACE in its annual report of
Waterborne Commerce of the U.S., as well as additional information obtained by Broadwater.
Data for year 2003 is the most recent available. The table includes domestic and foreign
commercial vessels, but does not include fishing vessels, escort tugs, or through traffic that is
transiting the entire Sound without calling on any port. It also does not include vessels calling on

¥ U.S. Army Corps of Engineers, Waterborne Commerce of the United States, Calendar Year 2003.
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or departing from Flushing Bay and East River, NY, which may traverse Long Island Sound.
Ingoing and outgoing trips are both counted individually. The anticipated number of LNG
carriers, about 118 per year (236 transits), would represent an increase of about 0.4% of the
current commercial vessel traffic in Long Island Sound, based on total transits, and 43% of the
self-propelled bulk tankers currently arriving at Long Island Sound ports. However, because
through-traffic is not included in this data, these percentages are a very conservative
overestimate of the incremental effect of the LNG carriers. Furthermore, it does not consider the
potential displacement of petroleum tankers and barges by LNG deliveries. LNG carriers would
be among the largest vessels currently operating in Long Island Sound. However, unlike the
coastal tankers and barges currently delivering petroleum products to Long Island and
Connecticut, the LNG carriers would always occupy the central shipping corridor, and thus
would be more distant and less visible from either shoreline. Further information on the impact
of LNG carriers on other marine traffic within Long Island Sound, and particularly within The
Race, is discussed in Sections 5.7.1.2, 5.10 and 6.3.1.

Table 12 — 2003 Commercial Vessel Traffic To and From Ports in Connecticut and Long

Island"”
Deepwater Port Vessel Trips per Year Transit Tankers
Bridgeport, CT 21,695 27
New London, CT 10,933 12
New Haven, CT 3,639 470
Port Jefferson, NY 22,515 4
Northville, NY 1,207 31
Asharoken, NY 282 11
Northport, NY 68 0
Total 60,339 555
' Source: USACE 2003.
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S.  SAFETY REVIEW

LAT’s primary objective in conducting the safety review was to assess the hazards associated
with an offshore LNG storage facility based on existing scientific studies and reports. Currently,
there 1s no other offshore storage and regasification facility similar to Broadwater anywhere in
the world. Therefore there is no comparable safety record for a facility that is equal to or
substantially similar to the proposed FSRU. However, LNG cargo vessels have sustained an
excellent safety record over the past forty years. There have been no cargo tank breaches of any
type despite a number of LNG groundings. The double hull design of the LNG carrier and the
stringent safety and security procedures surrounding LNG vessels in U.S. waters are partially
responsible for the industry’s historic safety record.

For this review, LAI evaluated the definition of hazard zones for the Project based on the Sandia
Report'® and EISs of other LNG projects in the U.S. and Canada. We researched the impact of
LNG spills over water both for accidental and intentional events based on publicly available
experimental and modeling studies performed to date. Finally, we extensively reviewed
Resource Report 11 on Reliability and Safety in Broadwater’s Application to FERC.

5.1. LNG Properties

LNG is a clear cryogenic liquid which boils at -259°F (-162.3°C). 1t is formed in a liquefaction
process by cooling natural gas and reducing its volume by a factor of about 600. This decrease
in volume is common to all gases when they are cooled and allows natural gas to be effectively
and economically transported from the production site to the consumption site. LNG is less
dense than water with a specific gravity of 0.423 and therefore floats on water.'® On the other
hand, cold LNG vapor is heavier than air by a factor of 1.52. If LNG spills, it forms a pool
which spreads along the water surface or ground as it evaporates. Because the LNG vapor is
initially colder than the surrounding air, it forms a wvisible (white) vapor cloud by the
condensation of water. However, when the regasified LNG vapor reaches ambient temperature
and pressure, it is lighter than air by a factor of 0.54 and is no longer visible.

LNG is composed mostly of methane (CH4). Thus, the properties of methane serve as a first
approximation of LNG’s properties. LNG also contains ethane (C,Hg), propane (CsHg), butanes
(C4Hy0) and iso-pentane (CsH;z) as well as nitrogen (Nz). However, the composition of LNG can
vary widely depending on its source, as shown in Table 13, and therefore must be adjusted after
regasification to meet a comparatively tight tolerance requirement regarding the chemical
composition of the natural gas before it can be deemed pipeline quality.

10 M. Hightower, L. Gritzo, A. Luketa-Hanlin, J. Covan, S. Tieszen, G. Wellman, M. Irwin, M. Kaneshige, B.
Melof, C. Morrow and D. Raglan, “Guidance on Risk Analysis and Safety Implications of a Large LNG Spill Over
Water”, SAND2004-6258 (Dec. 2004).

1°1 Specific gravity is a dimensionless ratio of the densities of two materials with the reference material being water.
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Table 13 - LNG Compositions by Source (% by volume)'®

Nitrogen Methane Ethane Propane iso-Butane n-Butane iso-Pentane LHYV

Origin N, C, G, Cs iCy nC, iCs Btu/scf
Trinidad 0.01 96.13 3.40 0.39 0.04 0.03 0.00 1045.09
Algeria 0.32 89.57 8.61 1.18 0.13 0.18 0.01 1102.30
Indonesia 0.03 90.15 6.41 238 0.50 0.51 0.02 1118.00
Nigeria 0.05 9048 5.05 295 0.58 0.87 0.02 1125.75
Qatar 0.09 89.18 7.07 2.50 0.46 0.69 0.01 1127.19
Abu Dhabi 0.13 85.82 12.57 1.33 0.06 0.08 0.00 1132.88
Malaysia 0.01 87.63 6.88 3.98 0.84 0.66 0.00 1155.70
Australia 0.30 86.11 9.04 3.60 042 0.52 0.01 1161.79
Oman 0.09 86.52 8.31 332 0.85 0.85 0.06 1162.33
Variation
between
) 031 10.31 9.17 3.59 0.81 0.84 0.06 117.24
high and
low

Fuels require oxygen to burn. Therefore LNG itself is not flammable. LNG vapor, which is a
mixture of LNG and air, is flammable if its concentration is between 5.5% (the lower
flammability limit, or LFL) and 14% (the upper flammability limit, or UFL) by volume in air at
77°F (25°C). Figure 44 shows the flammability limits for selected fuels. It is important to note
that methane’s flammability range is narrow compared to hydrogen’s flammability range, which
has an LFL of 4.0% and a UFL of 75%.

162 Source: Solar Turbines
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Figure 44 — Flammability Limits for Selected Fuels'®
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There are two general classes of explosive combustion: detonation, which is more powerful, and
deflagration, which is less powerful. In order for a detonation to occur, the fuel / air mixture
must be within the minimum and maximum detonation limits which are narrower than the
flammability limits, and shock initiation is required.'®* Figure 45 shows that methane is a safer
fuel relative to other hydrocarbons because it requires a large quantity of explosive initiator in
order to detonate.

16 Sandia Report, Table 4, p29.

1% The detonation limits for various fuels do not seem to be publicly available and are not listed in the Sandia report
with the flammability limits.
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Figure 45 — Relative Detonation Properties of Common Fuels'®
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5.2. LNG Hazards

Several types of events can lead to an LNG spill at both onshore and offshore LNG facilities.
LNG is stored in insulated storage tanks that are not under pressure, so the LNG is continuously
vaporizing. The vapor is released through piping from the tank and either used as fuel for
ancillary processes or recondensed. Leaks are, however, more likely to occur when LNG is
under pressure for transfer or vaporization. Minor hazardous events, including leaks from low-
pressure storage, from high-pressure pumps, vaporizers, metering or piping, are associated with
the vaporization and storage of LNG. More serious events are associated with the LNG carrier
and transfer of LNG from the carrier to the FSRU. Examples of more serious hazardous events
include: an LNG carrier leak or failure, an emergency venting, and a transfer system leak or
failure. Major events are associated with an intentional attack or a vessel collision between the
FSRIIJ66and/or the LNG carrier and a vessel of significant mass such as an oil tanker or cargo
ship.

In the event of a spill from the FSRU or the LNG carrier, a pool of LNG will form on the water’s
surface (Figure 46). LNG is not soluble in water and is therefore not a source of seawater
contamination. The liquid will vaporize into a cloud which drifts with the wind close to the

1% Sandia Report, Figure 15, p154.

1% For a more detailed list of hazards see: E. Skramstad, S.U. Musacus and S. Melbo, “Use of Risk Analysis for
Emergency Planning of LNG Carriers”, DNV Consulting, 2000 Gastech Conference (November 20, 2000).
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water surface. The vapor cloud will likely encounter an ignition source, such as a tug or fishing
boat, almost immediately. If the gas is in the flammability range (5.5-14% by volume), it will
ignite and rapidly burn back to the pool. This event is called a flash fire because it travels very
quickly. The pool will continue to burn as long as LNG is leaking from the FSRU or carrier.

Figure 46 — Sequence of Events Following a Spill
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Because of its long range effects, the most serious LNG hazard is thermal radiation resulting
from a pool fire or the ignition of a vapor cloud. Thermal radiation is light emitted from the
surface of an object due to its temperature. The power of the thermal radiation per unit area, also
called the heat flux, is expressed in kilowatts per meter squared (kW/m?® — international units).
For reference purposes, the average radiation from the sun reaching the earth’s atmosphere is 1.4
kW/m?. At the edge of a pool fire, the thermal radiation may exceed 220 kW/m®. The injury to
humans from thermal radiation depends both on the intensity of the radiation and the exposure
time (Figure 47). Exposure to heat flux at the edge of a pool fire is strong enough to damage
structures and cause death almost instantly. Table 14 shows the type of damage that occurs from
different levels of heat flux based on an average 10 minute exposure time.

According to the National Fire Protection Association (NFPA), an incident heat flux level of 5
kW/m? is recommended as the design level that should not be exceeded in areas where more than
50 people might assemble.'”” 5 kW/m? is also the permissible level for emergency operations
lasting several minutes with appropriate clothing. At an exposure level of 5 kW/m?, first-degree
burns would occur in 20 seconds, second-degree burns in 30 seconds and third-degree burns in
50 seconds with a 1% fatality rate."®® No pain has been shown for thermal fluxes less than 1.7
kW/m? regardless of exposure time.'® The California Energy Commission’s (CEC) filing at
FERC concerning the Long Beach LNG terminal expresses concern that FERC uses a thermal

7 NFPA standard for the production, storage, and handling of LNG - Standard 59A (2001).

P.W. Parfomak and A .M. Flynn, “Liquified Natural Gas (LNG) Import Terminals: Siting, Safety and Regulation”,
CRS Report for Congress (May 27, 2004).

1% California Energy Commission, December 8, 2005 filing at FERC concerning the Long Beach LNG terminal
(CP04-58-000).

1% C L. Beyler, “Fire Hazard Calculations for Large, Open Hydrocarbon Fires”, Chapter 3-11, SFPE Handbook of
Fire Protection Engineering (2002).
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radiation level of 5 kW/m® which does not ensure the safety of all populations.'”

They

recommend a level of 1.4 kW/m” which is equivalent to the “no observable effects level” that the
CEC uses in siting power plants.

FERC relies exclusively on the thermal radiation levels identified in NFPA 59A. It must be
noted that in the 2005 NFPA 59A update, the proposed revision to the thermal radiation flux
levels, from 5 kW/m? to 2.5 kW/m? was rejected. In Europe, the allowable thermal radiation

level for “critical areas”, i.e. areas that are difficult to evacuate on short notice, is 1.5 kW.

/m2.171

In Austria, the land use planning standard for new facilities is 2.0 kW/m>.'”? LAI considers 2

kW/m® to be the thermal flux level that should be used as the limit for calculating safe
distances from an LNG pool or vapor fire.

Radiation (kW/m?)
8 O

-
a
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Figure 47 — Radiation Effects on Naked Skin'"
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170 California Energy Commission, December 8, 2005 filing at FERC concerning the Long Beach LNG terminal

(CP04-58-000).

" bid.
172 1bid.

'3 ANEI Bear Head LNG Terminal Environmental Assessment, Figure 4.9 (May 2004).
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Table 14 — Common Approximate Thermal Radiation Damage Levels'”*

Incident Heat Flux

(KW /mz) Type of Damage

Damage to process equipment including steel tanks, chemical
35-37.5 process equipment or machinery - third degree burns, lethal 50%
of the time for a person wearing average clothing

Minimum energy to ignite wood at indefinitely long exposure

_____________ 25 without a flame
1820 Exposed plastic cable insulation degrades — second degree burns,
lethal 1% of the time for a person wearing average clothing
12,515 Minimum energy to ignite wood with a flame; melts plastic

Permissible level for emergency operations lasting several
5 minutes with appropriate clothing — no lethal effects, first degree
burns in 20 seconds

1.7 No pain regardless of exposure time

Rapid phase transitions (RPTs) occur when spilled LNG comes into contact with warm water
and explosively boils off. This rapid expansion from the liquid to the vapor state causes large
overpressures. RPTs are localized in the vicinity of the LNG leak and may cause some structural
damage to the LNG carrier or the FSRU. Although RPTs on their own do not involve a fire, they
may increase the rate of LNG pool spreading and the size of a vapor cloud that could
subsequently ignite. LNG composition is a critical parameter. RPTs are more likely to occur in
LNG mixtures containing high fractions of ethane and propane.'”

Boiling Liquid Expanding Vapor Explosions (BLEVEs) can fragment a storage tank because
vapor cannot escape from the safety valve quickly enough in the event of a fire. BLEVEs are
usually associated with incidents involving propane tanks since those are typically under high
pressure. There has been one BLEVE incident involving an LNG truck in Europe. During this
truck accident, the insulation around the storage tank failed and flames from the fire directly
impinged on the tank resulting in superheating of the LNG, extremely rapid vaporization of the
contained liquid and fatigue of the containment vessel. The pressure release valve either failed
or was unable to handle the excessive vapor. A similar scenario might be possible in the event of
a pool fire around an LNG vessel with spherical Moss tanks. However, the cargo tanks in an

174 Based on Sandia Report, Table 6, p. 38, and other fire safety documents.
' G.A. Melhem, S. Saraf, and H. Ozog, “Understand LNG Rapid Phase Transitions™, ioMosaic Corporation (2005).
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LNG vessel are not designed for high pressures and material failure would provide pressure
relief and would limit the pressure rise to a small amount insufficient to cause a BLEVE.'"®

Other explosions due to very fast combustion (detonation and deflagration) are unlikely unless
the LNG cloud mixes with air and becomes trapped in a confined area such as between ship
hulls. Even then, the effects of the explosion would be localized near the spill.

The low temperature of LNG could cause cryogenic burns to FSRU personnel in the event that
the LNG 1is spilled and comes into contact with unprotected skin. Asphyxiation of the FSRU,
LNG vessel, tug or pilot boat crews is possible although not considered a major issue because
radiation effects from a fire are considered the dominant effect.

5.3. LNG Accident History

The DEIS and FEIS of most LNG terminal projects usually contain a section on LNG carrier
safety. LAI reviewed these report sections as well as other safety reports.””’ The U.S. LNG
experience began with the opening of the Distrigas LNG facility in Everett, Massachusetts, in
1971. Since then, more than 700 cargoes have been delivered to Distrigas without major
incidents. As we understand it, there have been no fatalities at or around the Distrigas facility
attributable to LNG operations, including offloading cargo. As shown in Figure 48, LNG vessels
are in the heart of the city when they enter or exit the port of Boston, coming within 1/8 of a mile
or 200 m from shore at the closest point.'”® Logan International Airport is briefly shut down
when LNG carriers enter Boston Harbor.

Figure 48 — LNG tanker in Charlestown on its way out of Boston '

76 R M. Pitblado, J. Baik, G.J. Hughes, C. Ferro and S.J. Shaw, “Consequences of LNG Marine Incidents”, CCPS
Conference, Orlando (June 29-July 1, 2004).

"7 Det Norske Veritas Technical Report (Project No. 70004197), “LNG Marine Release Consequence Assessment”,
(July 2004)

178 Boston Globe, December 21, 2004,
7 Tbid.
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Over the past 45 years, over 40,000 LNG voyages have taken place worldwide. No serious
accidents involving the rupturing of a cargo tank have occurred. LAI categorized LNG carrier
accidents into three categories: LNG vessel spills, LNG vessel groundings, and LNG vessel
collisions / interactions.

The most noteworthy LNG vessel spills include the following:

e 1979 — Pollenger at Everett, MA

o Spill on steel cover of cargo tank caused cracking of steel plate
e 1979 — Mostefa Ben Boulaid at Cove Point, MD

o Valve leakage caused spill and deck fracture
e 1985 —Isabella (unknown location)

o Cargo tank overflow due to valve failure caused severe cracking of steelwork
e 2001 — Khannur at Everett, MA

o 100 gallons of LNG cracked the protective decking over the cargo tank dome
e 2002 — Mostefa Ben Boulaid in Algeria

o Cargo tank overflow caused fracturing of the steelwork
The following three LNG vessel groundings are significant:

e 1979 — El Paso Kayser near the Straits of Gibraltar
o Damage to hull and secondary membrane, deformation of primary membrane
o No LNG released
o LNG pumped to another vessel
e 1980 — LNG Taurus near Taboata Harbor, Japan
o Cause: rapidly worsening weather
o Ship waiting for pilot to board when port was closed
o Hull damaged but no loss of cargo
e 2004 — Tenaga Lima near Mopko, South Korea
o Cause: strong wind
o Water entered the insulation space between primary and secondary membranes

o Ship was re-floated and repaired
Two recent incidents involved LNG vessel collisions/interactions with other vessels:

e 2002 — Norman Lady struck by USS Oklahoma City nuclear submarine near the Strait of
Gibraltar
o Had just unloaded cargo in Spain
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e Minor damage to double hull but not cargo tanks

e 2006 — Golar Freeze broke loose from its moorings and pulled away from pier during
unloading at the Elba Island, GA, import terminal

o Cause: surge created by the chemical tanker Charleston which was passing by at too
high a speed

> Emergency shut-off was activated
o Unloading arms came detached
o No LNG was spilled
o Two tugs pushed tanker back to the dock
Review of the LNG accident history to date reveals that there were relatively more accidents in

the early stages of the industry (late 1970s-early 1980s). A number of minor accidents led to the
development of more stringent safety measures in effect throughout the U.S.

5.4. Sandia Report

The Sandia Report focuses on risk analysis and safety implications of a large LNG spill over
water."™ The existing standards for spills or releases of LNG over land do not apply over water.
The Sandia report addresses the risk assessment of LNG spills over water, accidental and
intentional LNG breaches, spills and corresponding hazard analyses, and risk reduction strategies
and recommendations. Although the Sandia Report does not compare the risks of offshore and
onshore facilities, other studies have concluded that overall the risks for offshore and onshore
facilities are about the same. '’

The Sandia Report emphasizes that risk from a potential LNG spill can be reduced by
minimizing the three elements of the overall risk of the event:

e Probability of the accidental or intentional event,

e Probability that preventive or mitigating measures fail, and

e Consequences of the event measured in fatalities or cost.

Appendix B of the Sandia Report summarizes finite element modeling of ship collisions between
a series of large ships (50,000 metric tons) and an LNG vessel. The Report finds that penetration

%0 M. Hightower, L. Gritzo, A. Luketa-Hanlin, J. Covan, S. Tieszen, G. Wellman, M. Irwin, M. Kaneshige, B.
Melof, C. Morrow and D. Raglan, “Guidance on Risk Analysis and Safety Implications of a Large LNG Spill Over
Water”, SAND2004-6258 (Dec. 2004).

'8! Aspen Environmental Group, “International and National Efforts to Address the Safety and Security Risks of
Importing Liquified Natural Gas: A Compendium”, California Energy Commission, CEC-600-2005-002 (January
2005).

R. Erikson, J.M. Brandstorp and E. Cramer, “Evaluating the Viability of Offshore LNG Production and Storage™,
DNV Consulting, Gastech 2002 Conference, Qatar.
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into the inner hull of a double-hull vessel requires a 3 m outer hull breach and impact velocities
exceeding 5-6 knots.

Spill and dispersion/hazard modeling is also used to estimate how far from a pool fire the heat
flux drops to 5 kW/m® or less. The results of the models vary depending on the assumptions of
the model and the initial conditions at the time of the spill. One limitation of the spill and
dispersion/thermal hazard modeling is the lack of wvalidation against large-scale spill
experimental data.

Modeling was used to estimate the sizes of LNG cargo tank breaches for accidents (defined as
resulting in hole sizes less than 2 m?) and for intentional breaches (resulting in hole sizes
between 2 and 12 m?). Sandia assumed that LNG carrier storage tanks have a 25,000 m’
capacity and that only half of the contents of the tank, 12,500 m’, will spill in the event of a
breach. Any single accident is thought to involve releases from only two to three tanks. This
cascading release of LNG was analyzed and is not expected to significantly increase the overall
fire size or hazard ranges, only the expected fire duration.

Most of the modeling studies assume that a single, coherent pool fire can be maintained for very
large pool diameters but this is not thought to be realistic because there would be insufficient air
in the interior of a fire to sustain complete combustion. Sandia suggests that “flamelets,” or
multiple small pool fires would exist rather than the single large pool fire assumed by the
models.

Sandia recognized that variations in location-specific conditions, such as terrain, weather, waves,
currents and obstacles, can influence dispersion so a range of hazards is more important than a
“specific maximum hazard guideline.” Generally, a fire is likely to occur immediately and burmn
the LNG pool and/or vapor. However, if the vapor cloud is not ignited it could extend to 2500 m
and then be ignited. The thermal radiation from the ignition of a vapor cloud can be very high
within the ignited cloud and particularly hazardous to people. The experiments to date do not
give a good indication of the atmospheric dispersion of a vapor cloud that would be associated
with very large spills.

Sandia performed a sensitivity analysis of thermal radiation intensity level distances for credible
accidental and intentional breach and spill scenarios. Using the same burn rate, Sandia
calculated pool diameter, burn time and thermal radiation from spills with 1 to 3 tanks breached
and hole sizes ranging from 1 to 12 m*. The discharge coefficient and the surface emissive
power were varied a little as can be seen in Table 15. From this modeling, Sandia concluded that
the high hazard distance corresponding to a heat flux of 37.5 kW/m” was 250 m for accidental
spills and 500 m for intentional spills. Similarly, Sandia concluded that the low hazard distance
corresponding to a heat flux of 5 kW/m* was 600-750 m for accidental spills and 1600 m for
intentional spills. These hazard distances form the basis for Sandia’s recommended safety zones.
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Table 15 — Sandia Report Thermal Intensity Level Distances'™

Hole . Burn Sul.'fa.c ¢ Pool Burn Distance to Distance to
Size Tanks Discharge Rate Emissive Diameter Time 37.5 , 5 KW/m?
(mz) Breached Coefficient () Power (m) (min) kW/m (m)
(kW/m?) (m)
Accidental Events
1 0.6 3x10™ 220 148 40 177 554
0.6 3x10™ 220 209 20 250 784
2 3 0.6 3x107* 220 362 20 398 1,358
Intentional Events
2 3 0.6 3x107* 220 209 20 250 784
5 3 0.6 3x107* 220 572 8.1 630 2,118
5 1 0.6 3x107* 220 330 8.1 391 1,305
5 1 09 3x107* 220 405 5.4 478 1,579
5 1 0.6 2x107* 220 395 8.1 454 1,538
5 1 0.6 3x107* 350 330 8.1 529 1,652
12 1 0.6 3x107* 220 512 34 602 1,920

LALI graphically represented four of the cases from Table 15 in Figure 49 below. These curves
are rough estimates of the modeled results based on three data points from Table 15 and
indicative of how slowly the radiation decays from its 220 kW/m? value at the edge of the fire to
its 5 kW/m?* value at the edge of the low public safety impact zone.

'%2 This table is based on data from Table 10. Effect of Parameter Combinations on Pool Diameter in an Accidental
Breach and Table 14. Intentional Breach — Effect of Parameter Combinations on Pool Diameter in the Sandia
Report. Note that the Sandia report itself has inconsistencies between Tables 10 and 14 and Table 41 of Appendix D
which are supposed to include the same results.
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Figure 49 — Sandia Report Radiative Flux
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For onshore LNG terminals, each LNG container and LNG transfer system must have a
dispersion exclusion zone in accordance with NFPA 59 A Sec. 193.2059." These regulations
aim at minimizing the possibility that flammable vapors reach a property line that can be built
upon. Part 193.2059 requires that vapor dispersion distances be calculated for a 2.5% average
gas concentration, i.e. % LFL." Calculating a distance to LFL assumes the travel of a
continuously flammable vapor cloud. Due to wind gusts, pockets of flammable vapor may break
away from the continuous cloud. A conservative estimate of the downward flammable distance
assumes these pockets have dissipated when the cloud concentration is below ¥ LFL.'"® In the
EISs for onshore projects, FERC presents vapor dispersion distances to % LFL. It is not clear
why the Sandia Report does not present distances to Y2 LFL but only distances to LFL.

According to Sandia’s dispersion calculations, for large accidental spills the vapor cloud could
extend to beyond 1,600 m from the spill depending on atmospheric conditions. Therefore, LNG
vapor dispersion analyses should be conducted using site-specific atmospheric conditions to
assess the potential areas and levels of hazards to public safety. For a one tank breach, the

" NFPA 59A Sec. 193.2059, “Flammable Vapor-Gas Dispersion Protection.”

¥ The meteorological conditions for these calculations are (i) conditions that result in the longest downwind
distances at least 90% of the time or (ii) maximum downwind distances for Stability Class F, a wind speed of 4.5
mph, 50% relative humidity and the average regional temperature.

%5 CD. Zinn, “LNG Codes and Process Safety”, Paper #109¢, AIChE National Meeting Atlanta, Georgia (April,
13, 2005).
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distances to the LFL were calculated to be 1,536 m with a pool diameter of 148 m and 1,710 m
for a pool diameter of 209 m (Table 16).'"™ The time for the LFL to be reached was
approximately 20 minutes. For intentional spills, the distances to LFL were calculated to be
2,450 m for a one tank breach with a pool diameter of 330 m and 3,614 m for a 3 tank breach
with a pool diameter of 572 m. The report concludes that high thermal hazards from intentional
events can extend significantly from the spill location.

Table 16 — Sandia Report Vapor Dispersion Distances to LFL'®’

Pool Spill Distance
Diameter Duration to LFL

(m) (min) (m)

Accidental Events

Hole Size Tanks
(mz) Breached

1 148 40 1,536
2 1 200 20 1,710
____________________________ Intentional Events
5 1 330 8.1 2,450
5 3 572 8.1 3,614

LAI graphically represented the four cases from Table 16 in Figure 50 below. These curves are
rough estimates of the modeled results based on two data points from Table 16 and assuming
symmetrical wind conditions. These curves are indicative of how far the vapor cloud extends
from the pool but are not an accurate representation of the shape of a vapor cloud. Clearly, the
three tank spill creates a larger vapor cloud than a single tank spill. Larger holes with higher
LNG spill rates result in a larger vapor cloud than smaller holes with lower spill rates.

1% The Sandia Report does not specify what site-specific conditions were used in these calculations.

'¥7 This table is based on data from Table 11. Dispersion Distances to LFL for Accidental Spills and Table 15.
Dispersion Distances to LFL for Intentional Spills in the Sandia Repott.
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Figure 50 — Sandia Report Vapor Dispersion Distances to LFL
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5.4.1 LNG Spill and Dispersion Experiments

The DOE and the Gas Research Institute sponsored two sets of experiments on LNG spills,
which were conducted jointly by the Lawrence Livermore National Laboratory (LLNL) and the
Naval Weapons Center (NWC). The experiments studied pool spreading, vaporization rates, RPT
occurrence, vapor dispersion, detonation, pool fires and vapor cloud fires. The object of the
“Burro” experimental series in 1980 was to determine vapor dispersion from LNG spills over
water."®®  For the Burro field experiments, wind speed and direction, gas concentration,
temperature, humidity and heat flux from the ground were recorded. The object of the “Coyote”
experimental series in 1981 was to study RPTs and vapor cloud fires."™ For the Coyote
experiments, vapor cloud size and environmental variables such as wind speed and direction
were related to the destructive potential of the fires.

Appendix C of the Sandia Report presents an overview of the LLNL and NWC spill testing
data.'” Sandia used the experimental data to validate a variety of models. However, the

¥ RP. Koopman, R.T. Cederwall, D.L. Ermak, H.C. Goldwire, W.J. Hogan, J].W. McClure, T.G. McRae, D.L.
Morgan, H.C. Rodean and J.H. Shinn, “Analysis of Burro Series 40-m3 LNG Spill Experiments”, Journal of
Hazardous Materials, 6, pp. 43-83 (1982)

¥ H.C. Rodean, W.J. Hogan, P.A. Urtiew, H.C. Goldwire, T.G. McRae and D.L. Morgan, “Vapor Burn Analysis
for the Coyote Series LNG Spill Experiments”, UCRL-53530 (1984).

' Sandia Report Table 33, p. 105.
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experimental data has limitations. The spill sizes ranged from 0.8 m’ to 66.4 m’ for vapor
dispersion experiments and from 3 m’ to 238 m’ for pool and vapor cloud fires. The sizes of
these experimental spills are two orders of magnitude smaller than spills from a typical LNG
carrier with a capacity of 125,000 m’. Furthermore, most of the LNG spill experiments over
water were performed at the NWC, in China Lake, CA. The water test basin at China Lake has
an average diameter of only 58 m with an average water depth of 1 m and an average water level
about 1.5 m below the surrounding ground level."””' LNG pool size at China Lake is limited by
the size of the water test basin and was not measured in most cases.

In these experiments, the downwind distance to the LFL is 380 m for the 20.6-66.4 m® spills."*?

No ice formation was observed for unconfined spills. Experiments indicate that boil-off rates
increase by a factor of 1.5-2 when either ethane or propane is added to the methane to alter the
composition to a 97% methane mixture. LNG has a higher boiling rate than pure methane on a
bound-free surface. During later stages of the spill, there appears to be a decrease in the rate of
vaporization due to the changing composition of the pool.

Experiments found that there is a correlation between water temperature and RPT occurrence:
RPTs occurred when the water temperature was above 17°C (62.6°F). Time of year would
therefore be an important factor in determining whether RPTs would occur if there is an LNG
spill in Long Island Sound. There is also a correlation between spill rate and RPT occurrence: 15
m*/min is the critical spill rate above which the strength of the explosive yield increased by five
orders of magnitude at the spill rate of 18 m>/min. LAI believes that these are very probable spill
rates for hole sizes between 2-12 m* or for unloading rates of 10,000 m*/hr (163 m*/min).

5.4.2 Recent LNG Spill Modeling Review

Appendix A of the Sandia Report presents an overview of LNG spill modeling studies. Most
models for the spread of LNG on water assume that spreading is driven only by gravity and
ignore the effect of waves, currents, preferential boiling and pool break-up. Each of the four
studies discussed — Lehr, Fay, Quest and Vallejo — examines a different scenario with different
assumptions. There are significant differences in thermal hazard estimates and reality must
encompass this range of results. Specifically, if we compare the distance required for an object
to receive a radiant flux of approximately 5 kW/m?, the Quest study calculates a distance of 490
m, Vallejo calculates 1,290 m and Fay calculates 1,900 m. For these three studies, which all had
very similar spill volumes of 12,500-14,300 m?, the fire duration ranged from 3.3 min to 28.6
min, almost a factor of 10. The area of the fuel spill ranged from 9,503 m? to 200,000 m%, a
factor of 10. It appears that when waves are modeled, they decrease the pool radius by a factor
of four and increase the vaporization flux by 27% due to the increase in surface area.

IR P. Koopman, R.T. Cederwall, D.L. Ermak, H.C. Goldwire, W.J. Hogan, J.W. McClure, T.G. McRae, D.L.
Morgan, H.C. Rodean and J.H. Shinn, “Analysis of Burro Series 40-m3 LNG Spill Experiments”, Journal of
Hazardous Materials, 6, pp. 43-83 (1982)

'°2 The pool radius for this spill is not available.
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Other studies support the conclusion that the varying results are due to the differences in
modeling assumptions and the modeling tools used to calculate the hazard distances.'” There
are significant deviations between studies and these reduce to some extent when the same
modeling assumptions are used. Nevertheless, for the same hole size, for example, pool fire
results and dispersion results can vary up to a factor of two.

5.4.3  Sandia Report Recommended Safety Zones

Sandia’s guidance on risk management for accidental and intentional spills defines three types of
safety zones (Table 17), which are graphically depicted in Figure 51. The 500 m safety / security
zones that have been established for most offshore LNG projects are based on Zone 1 for
intentional spills.

Table 17 — Sandia Report Safety Zones'*

Accidental Spills Intentional Spills

Zone 1

Severe negative impact (;?35 0 g;) (;230 g;)
from thermal radiation y y
Less severf?lzgaztive impact 250-750m 500-1,600 m
from thermal radiation (547-820 yds) (547-1,750 yds)
Zone 3
Minimal risk from thermal ~750m >1,600 m
radiation (820 yds) (1,750 yds)

1 7. Baik, V. Raghunathan, M. Witlox, “Consequence Modeling of LNG Marine Incidents”, American Society of
Safety Engineers, Middle East Chapter, 7" Professional Development Conference & Exhibition, Kingdom of
Bahrain, March 18-22, 2006.

' Sandia Report Section 1.3.1, p. 22.
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Figure 51 — Sandia Report Safety Zones

Accidental Spill Intentional Spill

5.5. Safety and Security Implementation

Safety and security for an offshore LNG project can be implemented at several levels with one or
more of the following: Safety Zone, Precautionary Area, Area to be Avoided (ATBA), and No
Anchoring Area (NAA).

Pre-2006, the Safety Zone for offshore projects was usually 500 m or 547 yards. No traffic
unrelated to Port operations is authorized in this area. The USCG has primary responsibility for
monitoring, patrolling, and enforcing the law in the Safety Zone.'”

A Precautionary Area is printed on new NOAA nautical charts and serves as a notice to mariners
of potential LNG carriers and other port operations in the area. The Precautionary Area has
recommendations for vessel speed and direction but otherwise does not restrict vessels.

An ATBA is similar to a Precautionary Area with respect to nautical charts, vessel speed and
direction. Typically, the maximum speed for an ATBA is 10 knots (19 km/hr). It can be
recommendatory or mandatory. Restrictions to vessel movement are enforceable if the ATBA is
mandatory.

A NAA can be recommendatory or mandatory. Fishing vessels are excluded if it is mandatory.

Table 18 summarizes the proposed or actual safety implementation for other offshore LNG
terminals. Sandia’s recommendation for Zone 1 has been applied in these cases. The following

195

Final Environmental Assessment of the El Paso Energy Bridge Gulf of Mexico, LLC, Deepwater Port
Application (November 2003) USCG-2003-14294.
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subsections present a brief overview of the hazard analysis for each offshore project except
Cabrillo Port which is analyzed in detail in Section 5.6.

Table 18 — Safety Implementation for other Offshore Projects

Area to be Avoided Precautionary
(ATBA) Zone

Main Pass Energy Hub 500 m (547 yds) 3.2 km (2 miles)

Offshore Project Safety Zone

Cabrillo Port, CA 500 m'® (547 yds) 3.7 km (2.3 miles)

Excelerate Energy, 1.0 km
Gulf of Mexico 300 m (347 yds) (0.62 miles)
32k
Gulf Landing, LA 500 m (547 yds) o mﬂ:;)

5.5.1 Gulf Landing Hazard Analysis

The Gulf Landing Deepwater Port project proposes two gravity-based structures located 61 km
south of Cameron, Louisiana, at a water depth of 16.8 m. The project’s FEIS discusses LNG
accident modeling, which consisted of evaluating three scenarios from the literature."”’
¢ DOE Worst-Case Reassessment (Quest Study):
o Distance to LFL ranges from 0.5 to 2.5 miles for a 25,000 m’ spill
o Distance to 5 kW/m* of 0.54 km (0.34 miles) for a 25,000 m’ spill
e Ronald P. Koopman'”: distance to LFL ranges from 0.4 to 2.8 miles for a 25,000 m” spill

e James A. Fay'”: distance to 5 kW/m” of 1.1 km (0.68 miles) for a 14,300 m’ spill

5.5.2  Gulf Gateway Hazard Analysis

The Gulf Gateway Deepwater Port is located at a distance of approximately 116 miles from the
Louisiana coast in 280 feet of water. The project was constructed in 2004-2005 and includes an
STL buoy, a gas metering platform and an Energy Bridge Regasification Vessel. For this

'%The safety zone is 500 m from the stern of the FSRU which means about 800 m from the mooring tower.

7 FEIS for the Gulf Landing LLC Deepwater Port License Application (November 2004) USCG-2004-16860-58.
' Dr. Koopman is Special Projects Manager for the Chem / Bio National Security Program at Lawrence Livermore
National Laboratory. Dr. Koopman has 32 years of experience in applied physics at LLNL, including positions as
Manager of the Safety Engineering and Analysis Section of the AVLIS Plant Project with responsibility for Nuclear
Criticality Safety and Integrated Safety Programs; Associate Energy Program Leader for Program Development; and
Leader of the Liquefied Gaseous Fuels Program which created the Spill Test Facility at the Nevada Test Site and
conducted major field test programs with industry using hazardous chemicals.

' Dr. Fay is Professor Emeritus in the Department of Mechanical Engineering at the Massachusetts Institute of
Technology.
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project, the LNG accident modeling in the Final Environmental Assessment relied on the DOE
Worst-Case Reassessment (Quest Study):**
e Distance to LFL ranges from 0.5 to 2.5 miles for a 25,000 m’ spill
e Exposure at 300 m from a pool fire would cause pain within 60 s
e Modeled two types of spills
° 5 m hole took 37 min to burn the spilled LNG
° 1 m hole took 64 min to burn the spilled LNG

3.5.3 Main Pass Energy Hub Hazard Analysis

The Main Pass Energy Hub Deepwater Port is proposed to be located 16 miles southeast of the
Louisiana coast in water depth of 210 ft. The project includes modifying existing offshore
facilities and constructing two LNG storage platforms with a total capacity of 145,000 m>. The
LNG hazard analysis presented in the USCG’s Environmental Assessment focuses on worst case
modeling scenarios with a maximum hazard radius of 5 miles.*”'

5.6. Analysis of Revised Cabrillo Port DELS (March 2006)

The Revised DEIR for the Cabrillo Port LNG project was analyzed in terms of the safety and
security issues that were noted by the Maritime Administration (MARAD), the USCG and
Sandia.*”> The USCG and the California State Lands Commission (CSLC) retained Ecology and
Environment Inc. to write the EIS / EIR. Specifically, the thermal and dispersion exclusion zone
issues were studied for both accidental and intentional breach scenarios. It is important to note
that this 1s the most relevant EIS / EIR available since it would consist of an FSRU with a
capacity of 273,000 m’, similar to Broadwater. Cabrillo Port is different from Broadwater in that
it would be moored 14 miles off the California coast where the ocean depth is about 2,900 ft
(884 m). Furthermore, Cabrillo Port is proposed as a spherical Moss LNG carrier type, whereas
the Broadwater FSRU would have a membrane storage tank construction.

The Cabrillo Port FSRU would be permanently moored via a turret system that would allow it to
rotate around a fixed point. It would be shaped like an LNG vessel with a double-sided and
double-bottomed construction and displace 193,050 metric tons of water. LNG ships would
unload their cargo in a side-by-side arrangement onto this structure which would be 971 ft (296
m) long and 213 ft (65 m) wide and contain three Moss spherical tanks. Each tank would
therefore be capable of storing 91,000 m’ of LNG and in the event of an accident could

% Final Environmental Assessment of the El Paso Energy Bridge Gulf of Mexico, LLC, Deepwater Port
Application (November 2003) USCG-2003-14294.

! Final Environmental Assessment of the Main Pass Energy Hub Deepwater Port Application (September 2006)
USCG-2004-17696.

22 Revised Draft Environmental Impact Report for CabrilloPort Liquified Natural Gas Deepwater Port, CSLC EIR
No. 727 (March 2006).

119

BWO032706



potentially spill this much LNG. This project would require a 200 ft (60.9 m) permanent right-
of-way in the offshore area where the pipelines would be laid.

5.6.1 Public Safety: Overview

The public safety issues that were raised during public meetings have been addressed in this
DEIS. Potential hazards and incident scenarios were evaluated by experts at a Hazard
Identification (HAZID) workshop and at a multi-day Security and Vulnerability Assessment
(SVA) workshop conducted by the CSLC, the USCG and MARAD.

In order to address the public’s concerns about the safety of the project, an Independent Risk
Assessment (IRA) was conducted which evaluated the worst-case consequences associated with
this project. The IRA was conducted by Risknology, Inc. with additional analytical support from
Analytical and Computational Energetics, Inc. (ACE) and other consultants. The original IRA
included an event-tree analysis which uses inductive logic and a graphical depiction to represent
the various events that may follow from an initiating event. However, since the IRA contained
sensitive security information, it was not publicly available and only the results were
summarized in the DEIR. In the revised DEIR, the IRA is included as Appendix C1. The
revised IRA was independently reviewed by the authors of the December 2004 Sandia Report
and incorporates Sandia’s recommendations.

In the revised DEIR, the USCG extended the Safety Zone around the FSRU from a 500 m radius
around the mooring point to a 500 m radius from the stern of the FSRU. Since the FSRU is 296
m long, this in effect makes it an 800 m (%2 mile) Safety Zone around the mooring point.

The IRA defines and evaluates representative worst credible cases which would affect one, two,
or all three tanks of the FSRU. However, Sandia’s review found that a three-tank simultaneous
release was not credible. Accidents at the FSRU would be rare and would not reach shore, even
in the case of a worst credible release such as a terrorist attack. However, recreational boaters,
fishermen and commercial ships in the area and outside the Safety Zone could be affected. The
potential release of LNG due to an operational incident or natural cause would not be expected to
affect more than a single tank.

The impact distances from accidental releases and intentional events are much less than the
distance to shore and range from 1.56 to 7.27 miles, as shown in Figure 52, with details in
Exhibit 9. The coastwise shipping lane is about 2.4 miles away. The hazard to the shipping lane
would occur about 30 minutes after the initiating event and the exposure time within the shipping
lane would last for about another 30 minutes. An average of three commercial vessels would be
exposed to this hazard based on marine traffic estimates. It is important to note that LNG
carriers would not present risks or hazards to the general public while in transit to the FSRU
because they would use routes that are farther from shore than the FSRU.

120

BWO032707



Figure 52 — Cabrillo Deepwater Port: Consequence Distances””
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The USCG would respond to emergencies at the FSRU or an LNG carrier. Two tug vessels

would be on continuous standby in the vicinity of the 500 m Safety Zone surrounding the FSRU.

5.6.2 Independent Risk Assessment

The hazardous events that were identified during the HAZID were:

e LNG spill overboard,
e Loading arm failure,
e Presence of an ignition source in the SCVs,

e Ship collision with the FSRU,

293 Source: Cabrillo Port FEIS.
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e Ballast system malfunction, and

e Fire on LNG carrier or FSRU.

Based on the initial Sandia review, additional threat and hazard analyses, consequence modeling,
and process safety considerations were suggested by Sandia.

Based on the HAZID and the SVA, six scenarios were considered.

e Scenario 1: accidental explosion in hull void

e Scenario 2: accidental explosion in moss tank

e Scenario 3: accidental/intentional marine collision

e Scenario 4: accidental explosion between the FSRU and the docked tanker
e Scenario 5: intentional two Moss tank breach

e Scenario 6: accidental/intentional cascading multiple (two or three) Moss tank release

The modeling of the LNG release, spread, and eventual burning was conducted using the Fire
Dynamics Simulator (FDS) which is a public domain computer program. The FDS was
calibrated to the Burro 8 test data. The IRA concluded that wind speed and orientation (gradient
normal to the ground) are the parameters that most strongly control the distance to the LFL. The
pool fires were represented using the right circular cylinder model since it is applicable to all
heat fluxes.

The following assumptions were made in the IRA modeling.

o LNG releases were modeled as pure methane
e LFL is 0.0276 on a mass fraction basis or 0.05 on a volume basis

e No material was lost during the pool formation process and all such material was
available for either the pool fire or vapor dispersion calculations

e The pool was assumed to be fixed in size and the recession process was conservatively
ignored

e The ocean temperature was set at S0°F and the air temperature at 70°F

e Tidal or wave action was not considered and their exclusion will produce more
conservative results

e Temperature inversion effects were not modeled
e The LNG evaporation rate was set to be 0.028 1b/ft*/s (0.135 kg/m?/s)
e The edge of the fire has an average emissive power of 220 kW/m?

e The atmosphere has an average transmissivity of 0.8
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e Flame height was found using the industry standard Moorhouse correlation which was
developed using large LNG pool fires***

e Thermal radiation thresholds were 5.0, 12.5 and 37.5 kW/m?
e Two LNG loading operations take place per week, each one lasting 20-24 hours
e Relative vessel movement during loading operations is limited to 2.8 m

e Submersible pumps in Moss tank can be maintained without taking the tank out of
service

e A 500 m safety zone is set around the FSRU

The following sections contain a more detailed discussion of Scenarios 3-6. Scenarios 1 and 2
will not be discussed here in detail since they are specific to the Moss LNG carrier type.
However, Scenario 1 and 2 could apply to the LNG carriers that service the Broadwater FSRU
since they could have either spherical Moss or membranes storage tanks.

5.6.2.1 Scenario 3: Accidental / Intentional Marine Collision

This scenario is defined as a large marine vessel colliding with the FSRU with sufficient energy
to breach a storage tank. A tanker or a container ship traveling at 13.5 or 16.5 knots respectively
could result in a 10 m?® hole in the FSRU.** The hole size will double to 20 m?® with a 0.5 knot
increase in speed. It is important to note that there are no speed limits for ships at sea but rather
the speed of a ship should be determined by weather/sea and traffic/safety considerations.
Container ships typically have a cruising speed of 25 knots (29 mph) while tankers have a
cruising speed of 16 knots (18 mph). The estimated frequency of collision with a tanker 1s 1.7 x
10" (about 1 in 60 million) and with a container 5.9 x 107 (roughly 1 in 2 million).

Both a pool fire and vapor dispersion with subsequent vapor cloud fire are investigated. It is
assumed that an instantaneous spilling of one half the contents (45,500 m®) of a storage tank will
occur and lead to a pool fire with a radiative flux of 5 kW/m? at a distance of 2,970 m. If
immediate ignition does not occur and the vapor cloud disperses down wind, the distance to LFL
will vary with the wind speed. For a wind velocity of 2 m/s, the maximum distance to LFL is 5.3
km. If the vapor cloud were to ignite, the radiation distance must be added to the vapor cloud
distance. For a radiative flux of 5.0 kW/m® a distance of 1.3 km must be added to the LFL limit.

5.6.2.2 Scenario 4: Accidental FExplosion Between the FSRU and the Docked Tanker

This scenario investigates an explosion due to a spill occurring during off-loading and resulting
in a flammable cloud that fills the entire space between the FSRU and the LNG carrier. If this
vapor cloud were to ignite, it would burn rapidly in a deflagration mode. The report estimates

% Moorhouse concluded that the cylindrical flame representation is best for thermal radiation calculations.

J. Moorhouse , “Scaling Criteria for Pool Fires Derived from Large Scale Experiments”, .Chem. E. Symposium
Series No. 71 (April 14-16, 1982)

% Cabrillo Port DEIR, Figure E .4 in Appendix D of Appendix C1.
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the confined volume between the carrier and the FSRU to be only 6,800 m’ although it appears
to be 6 x 60 x 130 = 46,800 m’. The 6,800 m’ volume of methane-air mixture can result from
only 1.0 m® of LNG which is a less than the capacity of the loading arms. The carrier and FSRU
are assumed to not move or deform over the explosion time event and the ignition source is set at
the physical center of the cloud. The CFD model calculates a maximum overpressure at Tank 2
(the middle tank) of 3.5 psi (24 kPa) and a maximum blast pressure between the ship and the
carrier of 13.5 psi (93 kPa). The effect of the blast load profiles on the FSRU was found to be
negligible, causing only a small inclination of the FSRU and increasing the separation between
the two vessels by about 4 feet. There is the possibility of fire or blast-induced damage to the
mooring lines connecting the vessels, but no structural analysis was conducted using the
predicted explosion loads. The initiating event frequency for this event tree is the joint
probability of exceeding a wave height of 2.8 m at the FSRU and continuing the loading
operations. Ignition sources can come from the loading arm decoupling, sparks, static electricity
and machinery onboard either vessel. The estimated frequency for this type of event is 4.81 x
107, or roughly 1 in 20,000.

5.6.2.3 Scenario 5: Intentional Two Moss Tank Breach

This scenario investigates the consequences of an intentional attack which produces a 7 m? hole
in two adjacent storage tanks. The entire contents of both tanks (91,000 m® x 2 = 182,000 m’)
were assumed to spill. A frequency estimation cannot be conducted for intentional scenarios.
The maximum pool diameter was 650 m. In the event of a pool fire, the distance to 5 kW/m?
would be 2.6 km. In the event of a vapor cloud, the distance to LFL would be 11.2 km for a
wind speed of 2 m/s and 9.4 km for a wind speed of 4 m/s. After reaching the maximum
downwind distance, a flash fire analysis was performed. For the 2 m/s wind speed case, the
distance to 5 kW/m* was 11.7 km and the distance to 2 kW/m” was 12 km. For the 4 m/s wind
speed case, the distance to 5 kW/m? was 10.9 km.

5.6.2.4 Scenario 6: Accidental/Intentional Cascading Multiple (two or three) Moss Tank
Release

This scenario investigates the consequences of cascading tank failures through primary fire
events resulting in damage to the storage tanks. An initial storage tank is breached by either an
accidental or intentional event and spills its entire contents via a 7 m” hole. Immediate ignition
causes a pool fire which results in the failure of one or two of the other tanks 25 seconds later
with the release of 100,000 m®> of LNG (Table 19). No vapor cloud formation was considered
due to the immediate ignition. After the LNG pool reaches its maximum size, radiative flux
distances were calculated assuming that the LNG pool burned the entire time it formed.
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Table 19 — Summary of Consequence Distances*"

Number of Tanks (Hole Sizes)  Distance to 5 kW/m’

Case 1 2 tanks (7 m®, 7 m%) 1.32 km
Case 2 2 tanks (7 m%, 1,300 m?) 2.51 km
Case3 3 tanks (7 m? 1,300 m% 1,300 m?) 3.23 km

3.6.3 Sandia Review of Independent Risk Assessment

Sandia reviewed the Cabrillo Port IRA.*”” LAI presents highlights from this review that are the
most relevant and applicable to Broadwater.

Although the 40 year history and safety record of marine LNG import vessels is important and
has some bearing on LNG safety, it should not be used as a default for this new facility concept.
The FSRU covers a much broader spectrum than simply LNG off-loading by including LNG
storage, regasification and pumping gas to shore. There are safety questions about the existence,
position and capabilities of barriers between processing areas and the LNG storage tanks. If such
barriers do not exist and efforts to fight a process-based fire fail, then propagation and failure of
storage tanks may ensue.

Sandia points out that more credible threats exist than are imagined in the IRA, and may be more
likely than the catastrophic total release scenario originally considered in the Cabrillo Port IRA.
The threats can range from insider threats to intentional external attacks with a range of weapons
or delivery modes such as airplanes, ships or boats. The potential threats from off-normal events
in the processing area would probably impact initially only one FSRU storage tank. Detailed
information on the credible threats was not publicly available.

Sandia found a number of problems with the initial LNG dispersion calculations. Some of these
problems are presented here to give a glimpse of how complex the modeling is and how incorrect
assumptions for input parameters or boundary conditions can critically change the modeling
results.

e Anincorrect value to identify the LFL was used in the input file.

e The methane is released into a flow field which is in a transitional state and has excess
mixing. Sandia recommended a different boundary condition at the side boundaries
parallel to the wind and at the top domain which provide a power-law wind profile
uniformly across before the methane is released.

e The reduced temperature of the LNG pool was not correctly reflected. USACE used a
“reaction” flag in the input file which assumes a combustion process and increases the
methane temperature above atmospheric temperature.

2% Cabrillo Port Revised EIR, Appendix C1, Independent Risk Assessment, Table 3.8 or Table ES-3.
2 Cabrillo Port Revised EIR, Appendix C2, Sandia Review of Independent Risk Assessment.
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e The mesh size can change the maximum distance to LFL by almost a factor of 2: USACE
found 11 km with 20 m width cells while Sandia calculated 7 km with 10 m width cells.
Lower resolution simulations result in longer distances to LFL because the extent of
turbulent mixing is under resolved.

Sandia’s pool fire results were in close agreement with the ACE results. Sandia’s modeling
results were presented in graphical form (Figure 53) and show how slowly the heat flux decays
as a function of distance from the pool. In this case, a minimum distance of 2.4 km (1.5 miles) is
required for the heat flux to drop to 5 kW/m®. Of special importance from LIPA’s Vanta%e point,
an additional 1.3 km (0.8 miles) is required to reach a more protective level of 2 kW/m®.

Figure 53 — Sandia Calculation of Pool Fire Hazards>"”
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Sandia’s review of the IRA concludes that a credible scenario is that of a two tank breach.
Credible threat analyses suggest breach sizes in the 7-12 m” range should be considered for this
type of facility and location. However, no credible consequences (to a radiative flux of 5
kW/m?) extend more than 11.7 km or 7.3 miles from the FSRU.

**® The extrapolation to 2 kW/m® was done on the original Sandia figure, not on Figure 53.

** Figure based on Figure 4 (from the Cabrillo Port Revised EIR, Appendix C2. Sandia Review of Independent Risk
Assessment). The dashed line is an extrapolation to 220 kW/m” at the edge of the pool fire and is not exact since the
location of the pool axis relative to the pool edge is not reported.
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5.7. Resource Report 11 — Safety and Reliability

Broadwater’s Resource Report 11 describes the potential effects of project component failures on
the public and on the supply of natural gas to customers.”'’ These failures could be due to
natural catastrophes, accidental failures or intentional harmful events. Broadwater’s location,
about nine miles from the closest shore, minimizes the hazards to the public associated with
either an accident or a catastrophe at the FSRU. On a clear day, the FSRU would barely be
visible from either the New York or Connecticut shoreline (Figure 54). Table 20 compares the

proximity of populations at existing onshore LNG terminals to the Broadwater location.

Figure 54 — View of FSRU from Roanoke Landing (Riverhead, NY)*"

FSRU

219 Resource Report 11 includes the following appendices:

A.
B.
C.
D.

Historical Climatological Information

Minutes of Meeting New York State Fire Administrator
LNG Carrier Route Analysis

HSSE Management System Framework Document

! Source: Broadwater Energy.
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Table 20 — Populations in Proximity to LNG Terminals

Estimated
LNG Facility Population
within 10 miles
Broadwater (NY) 3,443
Everett (MA) 1,745,898
Cove Point (MD) 49,014
Elba Island (GA) 154,193
Lake Charles (LA) 136,825

5.7.1 LNG Safety

Federal Port and Waterways Safety regulations (33 Code of Federal Regulations, “CFR,” Part
160) mandate that LNG carriers give a Notice of Arrival 96 hours prior to arrival, giving their
position, last port of call, next port of call, crew roster, cargo manifest, time of arrival and
reporting any equipment casualties that could affect safety. The rules further establish safety and
security zones in harbors, around vessels carrying hazardous cargoes, including LNG, in
specified areas.”'® Safety zones provide buffers around enclosed sites or vessels for safety or
environmental protection while security zones are for the protection of the enclosed sites or
vessels against terrorist acts or accidents. Both zones can be either stationary or move along
with a vessel.

5.7.1.1 FSRU

Broadwater contends that the results described in the Sandia Report are applicable to the
proposed FSRU since it is similar to an LNG carrier in construction, and its hull should behave
like the hull of an LNG carrier in the event of an accidental or intentional breach. Even though
the FSRU storage tanks are larger (45,000 m®) than those of the LNG carrier (25,000 m’)
considered in the Sandia Report, it can be reasonably assumed that LNG release rates and
durations similar to those postulated in the Sandia Report are applicable to the FSRU.*"> The
USCG questioned this premise and Broadwater commissioned Det Norske Veritas (DNV)*** to
prepare a response to the USCG questions.”"> A review of this report can be found in Appendix
6 of our report and supersedes information presented in Resource Report 11. The main points

from this report are summarized below.

#1233 CFR Part 165.

13 The 200,000 to 250,000 m® LNG vessels in the production queue today have storage tanks that are approximately
the size of the Broadwater storage tanks (45,000 m”).

2 DNV is a worldwide classification society headquartered in Norway which currently classifies more than 5,100
ships (16% of the world’s fleet).

1% Broadwater’s response was dated December 21, 2005.
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e Larger LNG carriers or the FSRU will experience smaller breach sizes given the same
impact energies because of the larger distance between the outer and inner hull.
Therefore, the Sandia Report breach sizes are conservatively applicable to the proposed
Broadwater FSRU and larger LNG carriers.

e The FSRU release volume will be 35,560 m® and the LNG carrier release volume will be
27,300 m® compared to the Sandia Report release volume of 12,500 m’.

e For the largest hole size of 2.52 m, the distance to LFL for a one tank FSRU spill
increases to 3.32 km compared to its value of 2.45 km for the Sandia report.

Broadwater completed two HAZIDs in order to identify potential hazards associated with the
project. Based on these studies, Broadwater incorporated various measures to protect the public
and the environment from potential accidents including:

e Hull and containment system,;
e Collision avoidance: radar beacon, radar system and navigational aids;
e LNG spillage containment from unloading and process areas;

e LNG offloading system — linked to an Emergency Shutdown which will automatically
stop the cargo transfer when abnormal conditions (such as high tank levels or pressures,
fire detection, loss of electrical power or instrument air pressure, detection of high
pressure or low temperature within the unloading arms) are detected on the carrier or
FSRU or in the event of an LNG carrier mooring failure;

e Thermal and flammable vapor dispersion exclusion zones — zone dimensions are
determined by USCG;

e Hazard detection — including a Distributed Control System and an Instrumented
Protective System,;

o Fire suppression: a fire water system, a dry powder chemical system, a high expansion
foam system, a low expansion foam system, a carbon dioxide fire protection system, a
water spray system and a water mist system,;

e Emergency shutdown — in the event of a total power failure, the emergency generator will
start automatically; and

e Emergency response — a Preliminary Emergency Response Plan will identify the
resources required and coordination requirements between Broadwater, the USCG and
onshore emergency responders.

In order to protect the FSRU against natural catastrophes such as hurricanes, severe winds,
tornadoes and lightning strikes, the yoke mooring system was designed to accommodate the most
severe weather that can credibly occur in the area. i.e., a 100 year storm event. Specifically, the
yoke mooring system was designed to withstand wave heights of 5.7 to 7.0 m and winds of 50.2
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to 56.8 m/s (112.3 to 127 mph).?'® In the event of a severe storm, Broadwater may reduce the
manning level of essential personnel, cease natural gas deliveries, while accelerating the
scheduled depletion of inventory aboard the FSRU.

Broadwater has developed a menu of terrorism threat scenarios that describe the vectors that
could possibly be used to attack the FSRU and the LNG carriers. In order to minimize the risk
from these scenarios, Broadwater intends to design appropriate operational procedures and
mitigation measures. Broadwater has prepared a Preliminary Security and Vulnerability
Assessment (PSVA) as required by the USCG. The PSVA documents the potential security
threats to Broadwater operations and an analysis of the consequences that could result if such
threats were successful. Finally, Broadwater prepared a Preliminary Facility Security Plan
(PFSP) for the FSRU. Both the PSVA and the PFSP are “living” documents not available to the
public that will be modified over the course of the FSRU design and construction. After
commissioning, Broadwater would conduct a number of security operations on a regular basis.

5.7.1.2 LNG Carriers

Instead of addressing the safety issues associated with potential cargo releases from an LNG
carrier during transit or unloading, Broadwater refers the reader to the following three reports:

¢ Consequence Assessment Methods for Incidents Involving Releases from LNG Carriers —

ABS Consulting"”
e LNG Marine Release Consequence Assessment — DNV

e Guidance on Risk Analysis and Safety Implications of a Large LNG Spill over Water —
Sandia National Laboratory®'’

According to Resource Report 11, there are four types of accidental events that could result in
the release of LNG from a carrier:

o Vessel collision with an inbound LNG carrier

e Inbound LNG carrier collision with the FSRU or mooring tower

e Vessel collision with a moored LNG carrier

e Grounding of an LNG carrier

21 Resource Report 11, Table 11-9.

7 American Bureau of Shipping, “Consequence Assessment Methods for Incidents Involving Releases from
Liquified Natural Gas Carriers, GEMS 1288209, May 13, 2004).

LAI also examined the notice from FERC Docket No. AD04-6-000, “Notice of Availability of Staff’s Responses to
Comments on the Consequence Assessment Methods for Incidents Involving Releases from Liquified Natural Gas
Carriers”, June 18, 2004.

¥ DNV Technical Report (Project No. 70004197), “LNG Marine Release Consequence Assessment”, (July 2004).

29ML Hightower, L. Gritzo, A. Luketa-Hanlin, J. Covan, S. Tieszen, G. Wellman, M. Irwin, M. Kaneshige, B.
Melof, C. Morrow and D. Raglan, “Guidance on Risk Analysis and Safety Implications of a Large Liquified Natural
Gas (LNG) Spill Over Water”, SAND2004-6258 (Dec. 2004).
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Only one LNG carrier will approach, berth, unberth and depart Long Island Sound at any given
time. When the vessels enter the Long Island Sound through The Race, they will be about 1 mile
from Fishers Island. The population on Fishers Island is 275-300 people in the off-season and
approximately 6,000 during peak summer weekends. During the remainder of the voyage into
the Sound, the vessel will be about 2 miles from the closest shore at one point in time. The
USCG will determine the final route of the LNG carriers into Long Island Sound and the nature
of the safety and security zone around it. Since the LNG carrier will be traveling at 12 knots, the
approximate duration of a traveling safety and security zone at any single point would only be
approximately 15 minutes. At approximately 12 knots, LAI observes that there should not be
significant marine traffic bottlenecks.

In addition to double-hull construction, there are a number of safety features to minimize LNG
spills, including:

e Vessel traffic management,

e NG carrier procedures,

e Shipboard safety systems,

e Enhanced navigation equipment,

e Crew training, and

e Inspection by USCG and classification societies.

A letter of recommendation from the USCG is required for the project to commence operations
and will probably have conditions that must be incorporated within a Vessel Management and
Emergency Plan. Broadwater will provide an adequate number of tugboats (one to four) with a
bollard pull capacity of 60 metric tons and fire-fighting equipment for each LNG carrier
operation. The maximum sea states and other relevant weather conditions that are permissible
during LNG carrier transit, berthing and unloading are shown in Table 21.

Table 21 — Weather and Sea Condition Limits for LNG Carrier Transit

Wind 33 knots (17.0 m/s)
Tidal currents 0.9 knots (0.45 m/s)
Waves 6.6 feet (2 m)

5.7.1.3 Post application Safety Filing

On February 16, 2006, the USCG requested thermal radiation results for accidental and
intentional breaches of the FSRU and LNG cargo tanks. On March 14, 2006, Broadwater sent
the USCG a report by DNV in which thermal hazard zones from pool fires due to immediate
ignition are presented. An overview of this report can be found in Appendix 7. The FSRU pool
fire distances to 5 kW/m? calculated by DNV range from 606 m to 1,211 m compared to 554 to
1305 m in the Sandia report for the same hole sizes. DNV does not find the effect of wind
speeds and stability class to be significant. However, hole size is a significant variable: doubling
the hole size will double the calculated distance to 5 kW/m?. The duration of a pool fire depends
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on hole size, release rate, burning rate and volume released. Sandia used a lower burning rate so
DNV repeated their calculations with Sandia’s lower burning rate and found an increase in
hazard distances.

5.8. Other Technical Experts on LNG Safety

Dr. Jerry Havens is the developer of the DEGADIS computer model that is recommended by the
Department of Transportation regulations (49 CFR Part 193, LNG Facilities: Federal Safety
Standards). He states that: “in my judgment, a large LNG pool fire — on water, and therefore
uncontained — is of the highest concern.””** He also states that: “the scientific consensus on the
scope of an LNG-on-water fire involving an entire tank of LNG (6 million gallons or 23,000 m’)
is that it would be at least a half-mile in diameter... from the edge of the fire to about another
half-mile out, people would receive second-degree burns on unprotected skin within about 30
seconds. Obviously, larger fires would result from larger spills.”**' However, Dr. Havens
recognizes that models can not yet predict accurately how the fire size will scale with the
quantity of spilled LNG.

Dr. James Fay, Professor Emeritus in the Department of Mechanical Engineering at the
Massachusetts Institute of Technology, has expressed concern that there exists no relevant
industrial experience with fires of the scale that would be involved in a worst-case scenario. Dr.
Fay developed a mathematical model for the spills and fires from LNG vessels. He states that:
“... the floating LNG pool will burn vigorously. The time to burn spills of the size mentioned
(25,000 m®) can be less than five minutes. Fires that burn thousands of tons of fuel in a few
minutes are extraordinarily large.”*** Dr. Fay calculates a distance to an average heat flux of 5
kW/m?* of 1,100 m or 3,600 ft.**

5.9. Safety Review Issues

5.9.1 Safety Parameter Modeling Issues

Exclusion zones for protection of people are calculated by a number of different models. These
models have been validated by limited data from pool fire, vapor cloud dispersion and vapor
cloud fire experiments involving small LNG spills on the order of 1-100 m®. These experimental
spills are orders of magnitude smaller than the spills contemplated in the event of an LNG
accident or terrorist event, where each of the multiple storage tanks is between 25,000 m® and
50,000 m°.

** Havens, J., “Terrorism: Ready to blow?”, Bulletin of the Atomic Scientists, Vol. 59, No. 4, pp. 16-18,
July/August 2003.

! Havens, J., “LNG: safety in science: careful study of the consequences of spill fires can settle terminal siting
questions”, Bulletin of the Atomic Scientists, Vol. 60, No. 1, pp. 30-31, Jan/Feb 2004.

22 Fay, J., “Model of spills and fires from LNG and oil tankers”, Journal of Hazardous Materials, Vol. B96, pp. 171-
188, (2003).

3 Fay, J., “Spills and fires from LNG tankers in Fall River (MA)”, August 2003.
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The distances required for an object to receive a radiant flux of approximately 5 kW/m?
calculated by the various published models can vary by up to a factor of 4 for a given spill size.
This is not surprising because the calculation depends on the assumptions and approximations
used in the model. Although waves are expected to reduce the spread of the LNG pool, the
effect of waves is very difficult to quantify and is not included in most models.”** There is very
little friction between the LNG pool and the water so the LNG pool will be more responsive to
winds than to ocean currents. However, the effect of wind is also difficult to model accurately.

It is well known that confinement of an LNG vapor cloud in the flammability range could result
in an explosion (detonation or deflagration). However, buildings and/or obstacles leading to
confinement are not treated in any of the models.

Since LNG vapor must be in the flammability range in order to burn, the vapor cloud needs to
mix with air. In the case of a very large spill, it is unlikely that one giant fire would occur but
rather a breakup into multiple flamelets. This effect is not currently modeled and would lead to a
decrease in the radiative flux. Therefore, the distance to a safe radiative flux level would
decrease if flamelets are considered. Although LNG’s initial composition is mostly methane, as
the pool spreads and evaporates, it becomes enriched in the heavier components. This change in
the LNG pool’s composition over time would change its vaporization and burning behavior; this
phenomenon is not currently modeled.

5.9.2 Cascading Event Analysis

Both the Sandia Report and the Cabrillo Port revised DEIS discuss the possibility of a cascading
event scenario. The scenario would be similar for the LNG carrier or the FSRU following an
LNG cargo tank breach. An initial loss of LNG containment could cause cascading failures of
additional LNG storage tanks through two mechanisms:

e A primary fire event resulting in damage to support structures or the insulation of
neighboring tanks, or

e The embrittlement and brittle failure of structural components from direct contact with
LNG.

The inventory of additional tanks would not be released simultaneously with the contents of the
initial tank. The Cabrillo Port IRA assumed an accidental or intentional breach in an initial
storage tank causing a 7 m” hole and spilling 100% of the LNG in the tank. Furthermore, the
IRA assumed ignition of the pool of spilled LNG and subsequent failure of one or two additional
tanks. The release of the contents of the second and/or third tank is assumed to occur 25 seconds
after the first tank breach with only half the contents of the additional failed tanks released. No
vapor cloud was formed but the additional tank failures increased the expected fire duration and
the hazard range.

*'H. Kytomaa and F. Gavelli, “Studies of LNG Spills Over Water Point up Need for Improvement”, Oil and Gas
Journal, p. 61-65 (May 9, 2005).
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5.9.3 LAl Extrapolations to Worst-Case Scenario

LIPA asked LAI to define a worst-case scenario for the Project because no worst-case scenario
was presented in Broadwater’s Resource Report 11 Safety and Reliability. In addition, LIPA
asked LAI to estimate the distance to a radiative heat flux of 2 kW/m? in the event of a worst-
case scenario involving the FSRU. Selection of 2 kW/m? as a safe radiative flux is based on
discussions with fire safety engineers and review of engineering literature.”*’

LAI based the worst-case scenarios on review of the literature on both accidental and intentional
threats. There is considerable debate concerning the worst-case scenario versus the maximum
credible event approach for defining hazard zones.”® To date, sea-borne terrorist attacks have
not involved LNG carriers. Moreover, there is minimal public information on terrorist attacks on
U.S. ships. The October 2000 attack on the USS Cole in Yemen is one incident that provides an
estimate on the size of a hole created by an intentional attack. The hole in the outer hull created
by the attack on the USS Cole was estimated to be 60 feet wide by 40 feet high or approximately
200 m***7 The Sandia results have been extended to larger holes to account for a terrorist event
such as the USS Cole attack and result in a vapor cloud and fire that would extend 3 miles from
the vessel.””® DNV has reviewed the range of LNG marine incidents from collision, grounding,
operational error and terrorism.”® Their maximum credible accidental release from a 0.75-m
wide hole has a pool fire hazard range of 440 m. With an associated dispersion and flash fire
hazard range to 5 kW/m?® of 920 m. DNV’s calculated maximum credible intentional release
from a 1.5 m wide hole has a pool fire hazard range to 5 kW/m® of 750 m. DNV assumed that no
vapor cloud would propagate since immediate ignition is almost certain in an intentional event.
DNV qualifies its dispersion results with the statement “actual distances could be larger or
smaller at most by a factor of two.”

LAI considered two types of worst case scenarios. The first scenario is a cascading event with
sequential rather than simultaneous breaches of all the storage tanks. No vapor cloud hazard is
considered for cascading events since the escalation of the hazard is attributed to a pool fire. The
second scenario is a vapor cloud which is assumed to encounter an ignition source within a 3.2
km (2 miles) radius around FSRU.

The distance to 5 kW/m?* for a pool or vapor cloud flash fire depends on the hole size, the
number of tanks involved, the event sequence, the weather conditions and the wave height. LAI
estimated the following range of distances to 5 kW/m®.

*% C L. Beyler, “Fire Hazard Calculations for Large, Open Hydrocarbon Fires”, Chapter 3-11, SFPE Handbook of
Fire Protection Engineering (2002).

% R. Pitblado, J. Baik and V. Raghunathan, “LNG Decision Making Approaches Compared”, DNV Consulting
(2005).

27 http://archives.cnn.com/2000/US/11/02/uss.cole.02/index. html

*® L.A. Husick and S. Gale, “Planning a Sea-Borne Terrorist Attack”, Foreign Policy Research Institute (March 21,
2005) http://www fpri.org/enotes/20050321.americawar. husickgale.seabornedterroristattack.html

22 R M. Pitblado, J. Baik, G.J. Hughes, C. Ferro, and S.J. Shaw, “Consequences of LNG Marine Incidents”, CCPS
Conference, Orlando (June29 — July 1, 2004).
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e Forapool fire: 2.5 - 3.2 km (1.6 - 2 miles)
e For a vapor cloud flash fire: 3 - 5 km (1.9 - 3.1 miles)

LAI extrapolated the 5 kW/m® results to 2 kW/m? based on pool fire calculations from the
Cabrillo Port revised DEIS (see Figure 53).

e Forapool fire: 3.8 —4.5 km (2.4 - 2.8 miles)
e For a vapor cloud flash fire: 4 — 6 km (2.5 — 3.7 miles)

5.10. Safety Review Findings
Highlights of LAI’s safety assessment include the following:

» Broadwater’s location, about nine miles from the closest shore, minimizes the hazards to
the public associated with either an accident or a catastrophe at the FSRU. Broadwater’s
homeland security experts assert that the FSRU is likely an unattractive terrorist target
because any incident would cause few casualties and would not be very accessible for
extensive media coverage. Arguably, the FSRU is a difficult terrorist target with a
comparatively low probability of success. Nonetheless, we note that the maximum
number of crew on board the FSRU at any one time would be approximately 30
individuals. In the event of a catastrophe, we believe that the FSRU is too far from either
shoreline to affect the Long Island or Connecticut population.

» Based on the history of LNG vessel accidents and review of safety reports, the most
likely serious event is a grounding of the LNG carrier due to rapidly worsening weather.
However, Broadwater’s operating procedures will not permit an LNG vessel to enter the
Sound unless there is a 24-hour weather window corresponding to wind speeds less than
33 knots and waves less than 6.6 feet. Therefore, unless there is a very sudden and
negative change in weather, the probability of an LNG vessel grounding in the Sound is
extremely low.

» The risk of an accident while the LNG carrier is transiting The Race appears very low
although the consequences would be high. Elsewhere in the U.S., LNG carriers have
regularly transited both high and low density population centers without event for
decades. In Boston, for example, LNG carriers come within a quarter mile or less of the
city’s waterfront when they enter the harbor, and the 10 mile radius around the Everett
terminal includes a population of 1.7 million. Although the Broadwater LNG carrier
route comes within approximately one mile of land at The Race, an experienced pilot
familiar with the route will have boarded the FSRU before it enters the Sound. The
USCG will then escort the carrier to the FSRU. Both the USCG and Broadwater are
eager to schedule passage during periods which avoid conflict with commercial and
recreational vessel traffic, in particular, late night. Furthermore, the LNG carriers will
not enter the Race unless there is a favorable 24-hour unloading weather window within
the operating limits corresponding to wind speeds less than 33 knots and waves less than
6.6 feet.
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» Safety zones for offshore LNG projects are based on modeling of LNG spills over water.
To date, there have been neither any significant accidental spills nor any intentional LNG
spills over water. LNG spill experiments conducted by scientists in the U.S. have been
limited to volumes ranging from 1 m’ to 238 m®. Minor events such as an operational
spill lasting 10 minutes would release about 1,670 m’> of LNG (FSRU loading rate is
10,000 m’/hr). The breach of one cargo tank on the FSRU or LNG carrier could release
anywhere from 12,500 m’ to 35,560 m®. Exclusion zones for injury to people calculated
by the various models vary by up to a factor of 4 for a given spill size because of
differences in input parameters and model assumptions. When reviewing hazard
analyses, the approximations in the modeling results and the uncertainties in the weather
conditions at the time of a spill should be taken into consideration.

» Minor hazardous events such as LNG leaks on the FSRU or the LNG carrier are likely to
occur from time to time. The FSRU and tugs would be equipped with firefighting
equipment, and we expect that the FSRU and LNG carrier crew would be highly trained
to handle such emergencies. Nevertheless, cryogenic damage to crew or equipment could
take place. Escalation of minor hazards is conceivable under extremely sudden and
difficult weather conditions, but improbable with Broadwater’s emergency shutdown
system and the type of emergency response training that is required.

» More serious hazardous events, such as release during LNG transfer events, are unlikely.
If such a hazardous event were to occur, a pool fire or a minor vapor cloud could ensue.
However, LNG transfers would not be scheduled unless weather conditions were within
operating limits. Furthermore, Broadwater’s emergency shutdown system would be
activated if the motion between the FSRU and the LNG carrier exceeded threshold
tolerances. Other critical process upsets such as loss of electrical power, high LNG tank
pressure, fire detection or high pressure in an unloading arm will also trigger the
emergency shutdown system and will limit the size of a spill and minimize the
probability of escalation.

» In the event of a spill on deck, LNG’s cold temperature could cause cryogenic damage to
the FSRU or LNG carrier. Additionally, it could cause cryogenic burns to personnel on
either vessel if it comes into contact with unprotected skin. Asphyxiation of the FSRU
crew and the tug / pilot boat crews is also possible during a large spill.

» The most serious hazardous event would involve a collision between a vessel transiting
Long Island Sound and the LNG carrier or the FSRU. The USCG has proposed a Safety
Zone around the FSRU with a 1.1 km radius (0.68 miles). The USCG has also proposed
a moving Safety zone around the LNG carrier while it transits the Sound which extends
3.7 km (2.3 miles) in front of the carrier, 1.85 km (1.15 miles) behind, and 0.69 km (0.43
miles) on either side. These Safety Zones will increase the navigational safety and
reduce the likelihood of an accident or intentional attack. Furthermore, most of the
vessels transiting Long Island Sound are neither large enough nor traveling with the
speed required to penetrate the double hull of the FSRU or the LNG carrier.

» In the event of a pool fire, the thermal radiation could result in loss of life on the FSRU
and might harm vessels and occupants in the area surrounding the FSRU. A pool fire
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could cause escalation to a multiple tank release, but it would take hours for all the LNG
to be released. A worst-case scenario involving the total loss of the FSRU is conceivable,
but all the LNG on board would not be instantaneously released. In the event of a worst-
case scenario, the existing body of scientific knowledge indicates that the inhabitants of
Long Island and Connecticut are far enough away to avoid burns through exposure to
high levels of thermal radiation.

Explosive combustion, such as a detonation or deflagration, is unlikely to occur unless
the LNG vapor cloud is within the flammability range (5 to 14% by volume) and
becomes trapped in a confined area such as between ship hulls. As such, these events are
limited to the vicinity of the LNG carrier or FSRU.

Unignited vapor clouds are extremely unlikely to travel more than 2 miles without
encountering an ignition source, such as a recreational, commercial or fishing boat. Near
the FSRU, an unignited vapor cloud could lead to asphyxiation of crew members or other
emergency personnel. Any intentional initiating event will almost certainly provide an
ignition source and therefore not lead to a diffusing vapor cloud. Once the vapor cloud is
ignited, the flash fire will burn back to the spill source, i.e., presumably the hull of the
FSRU.

A secondary hazard that could damage the FSRU is an RPT. This type of explosion is
caused by LNG pouring into warm seawater and vaporizing very quickly due to heat
transfer.  This rapid expansion from the liquid to the vapor state causes large
overpressures. RPTs are localized in the vicinity of the LNG leak and may cause some
structural damage to the LNG carrier or FSRU. Although rapid phase transitions on their
own do not involve a fire, they may increase the rate of LNG pool spreading and the size
of a vapor cloud that could subsequently ignite.

BLEVE:s are unlikely to occur at the FSRU or LNG carrier in the event of a fire. The
LNG storage tanks are not designed for high pressures and failure of the tank material
would limit the pressure rise to a small amount insufficient to cause a BLEVE event.

LIPA asked LAI to estimate the impact zone to 2 kW/m? since a radiation flux of 5
kW/m? is only a permissible level for emergency operations lasting several minutes with
appropriate clothing. Discussions with fire safety engineers and a review of the
engineering literature led to the choice of 2 kW/m? as a “safe” level of radiative flux.
LAI found that the impact zone to 2 kW/m” would extend 6 km (3.7 miles) around the
FSRU for a credible worst-case scenario. Therefore both shorelines would effectively be
buffered by approximately 5 miles.
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6. REGULATORY STATUS UPDATE

Unless otherwise noted, the observations and findings presented earlier in this report were the
product of due diligence conducted from May 2005 through May 2006. LAI’s assessment was
conducted after Broadwater filed its Resource Reports at FERC, but prior to FERC’s issuance of
the DEIS on November 17, 2006, and the USCG’s issuance of the WSR on September 21, 2006.
LAI subsequently reviewed these documents as well as the GAO report on the public safety
consequences of a terrorist attack on LNG vessels which was released in early March 2007. In
this section we summarize the highlights of these documents. A synopsis of interventions and
conferences / meetings for the Project is also included in addition to the latest developments at
FERC and the USCG.

6.1. Interventions

Subsequent to the filing of Broadwater’s application, the initial deadline for receipt of comments
was March 10, 2006. Following FERC’s issuance of the DEIS, the comment period was open
until January 23, 2007. Despite these deadlines, interventions and comments have been filed
almost daily. As of the middle of July 2007, there have been 1,535 filings at FERC, including 32
interventions and 1,180 comments / protests. The list of interveners is shown in Appendix 8.
FERC received a large number of form-letter type submissions in the Broadwater proceedings.
FERC does not individually index each of these filings, but may group them together and note in
the description “Comments of (Individual) and 33 others...” Therefore each comment/protest
could represent a large number of individuals. In the following sub-section, we summarize the
main points in the intervention filed by Suffolk County.

6.1.1 County of Suffolk Intervention

In late August 2006, Suffolk County (the County) passed a law prohibiting the construction of
floating LNG facilities in Long Island waters. Subsequently, the County intervened in the
Broadwater docket with a filing submitted on November 17, 2006. The intervention focuses on
Broadwater’s application to the New York State Office of General Services (NYSOGS) for a
submerged land easement to construct and operate a floating LNG terminal in Long Island
Sound. The County finds that Broadwater’s easement application is premature because it
preceded FERC’s issuance of the DEIS. Furthermore, the County believes that the State
Environmental Quality Review Act (SEQRA) analysis should first be completed. The County
asserts that the NYSOGS lacks the authority under the Public Lands Law to grant such
easements, and Broadwater must instead petition the New York State Legislature. The County
states that Broadwater fails to comply with the Requirements of NY Pub L§ 75 of the NYSOGS
regulations, principally because Broadwater is not an adjacent upland property owner. The
County also finds that an easement for Broadwater would violate the federal Long Island Sound
Stewardship Act of 2006. The County asserts that the Broadwater Project is not in the public
interest of the residents of Suffolk County since most of the LNG derived from the Project would
not be used on Long Island. Furthermore, the County believes that the Project does not meet the
NYSOGS regulatory standard since it is not “consistent with the public interest in navigation,
commerce, public access, fishing, bathing, recreation and environmental and aesthetic
protection.”
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Based on a report entitled “Maritime Terrorist Threat” issued in February 2006 by the New York
State Office of Homeland Security, the intervention outlines the safety and security concerns
arising from the Project. The intervention finds the Project to be unsafe and environmentally
destructive. Lastly, the County believes the NYSOGS should deny the application or schedule a
public hearing to allow the public to understand, evaluate and comment on the Project.

6.2. Conferences and Meetings

A number of conferences and meetings concerning the Broadwater project were held in 2006 and
2007. LAI only attended the FERC Technical Conference on June 6, 2006, in Port Jefferson,
New York, and the FERC Technical Meeting on August 22, 2006, in Washington, D.C. These
meetings were not open to the public because of the critical energy infrastructure information
and security issues discussed. Therefore, the technical issues discussed at the meetings are not
reviewed herein.

In addition, FERC and the USACE New York District conducted four public comment meetings
as follows: in New London, CT, on January 9, 2007, at Smithtown, NY, on January 10, 2007; at
Shoreham, NY, on January 11, 2007; and, at Branford, CT, on January 16, 2007. Finally, the
Office of Energy Projects conducted an interagency meeting with Connecticut state agencies and
officials on January 16, 2007, in East Haven, CcT.*

6.3. U.S. Coast Guard Waterways Suitability Report

The USCG Captain of the Port, Long Island Sound, released the WSR for the proposed
Broadwater LNG facility on September 21, 2006. The USCG concluded that the waterway was
suitable only with additional safety measures to responsibly manage risks to navigation safety or
maritime security associated with LNG marine traffic and the operation of the FSRU. These
safety measures include strategies to both reduce risk by reducing the potential that an accident
or terrorist attack may be attempted, as well as to reduce consequences if there were a large
release of LNG from either the proposed FSRU or an LNG tanker. The WSR recommended a
safety zone around the FSRU with a radius of 1,106 m (1,210 yards), which is materially larger
than what the USCG proposed for Cabrillo Port off the coast of southern California. The
classified threat assessment found that the FSRU’s remote location lessens its attractiveness as a
target based on current terrorist target selection criteria.

6.3.1 LAI Review of USCG Findings

Based on the guidelines in the Sandia Report, the USCG defined three hazard zone boundaries:

e Zone 1 — high potential for major injuries or significant damage to structures (> 37.5
kW/m?),

e Zone 2 — potential for injuries and some property damage (> 5 kW/m?), and

e Zone 3 — outer limit where LNG vapor can be ignited (methane > 5%).

#% L AI did not attend these public meetings.
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The sizes of the hazard zones in the Sandia Report are based on large releases of LNG from
carriers with individual tank capacities of approximately 25,000 m®>. The USCG scaled up the
hazard zone distances to account for the much larger storage tanks of the FSRU and the new,
larger LNG carriers. It is important to note that Zone 3 in the Sandia Report and also in the
WSR is based on a simultaneous release from three tanks with a nominal breach of 5 m* and no
immediate ignition source.”'

Based on modeling conducted by FERC, all three zones from the Sandia Report were scaled up
to account for the larger size of the Broadwater storage tanks relative to the storage tanks
postulated in the Sandia Report:

e Zone 1 by 32-35%,
e Zone 2 by 16-18%, and
e Zone 3 by 95-114%.

The hazard zones defined by the USCG for Broadwater are summarized in Table 22 with a
comparison to the Sandia Report.

Table 22 — Broadwater Hazard Zones>>

Zone 1 Zone 2 Zone 3
(> 37.5 kW/m?) (=5 kW/m%) (LFL)
Sandia 500 m (546 yds) 1,600 m (1750 yds) 3,500 m (2.2 miles
y y
Br‘l’j‘s‘i{{j‘ter 750 yds 2,100 yds 4.7 miles
3
f;%ogg;?er 750 yds 2,050 yds 4.3 miles

None of these hazard zones around the FSRU would impact any population centers due to their
distance from land, shown in Figure 55.

1 L AI notes that the USCG has used different size holes in its evaluation of the various deepwater port projects. In
the Northeast Gateway DEIS, release scenarios assume breach sizes of 22.3-24 m” for a single storage compartment
and 12 m” for an intentional event which damages two storage compartments. In the Cabrillo Port DEIS, release
scenarios assume breach sizes of 1300 m” for a single storage compartment (of the Moss spherical type) and 7 m*
for an intentional event which damages two storage compartments. For comparison sake, the hole blown into the
side of the USS Cole was reported to be 40 ft high and 60 ft wide, or 223 m”.

2 Waterways Suitability Report, Table 1-3.
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Figure 55 — Anticipated LNG carrier transit route with Zone 1 (red), Zone 2 (yellow) and
Zone 3 (blue)™’
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= Central Long Island Sownd

Neither hazard Zone 1 nor 2 would impact land along the proposed LNG tanker transit route.
However, hazard Zone 3 surrounding the proposed LNG carrier transit route encompasses
Fishers Island, Plum Island, and the eastern portion of Southold, NY, as well as small portions of
coastal Connecticut and Block Island, RI.

Based on an assessment of the hazard zones, the USCG proposed security and safety zones. The
purpose of a security zone is to protect the LNG carrier or FSRU from external threats, not to
protect the public from a potential fire. The purpose of a safety zone is to protect the public and
marine transportation system from the hazards associated with a breach of the LNG carrier’s or
FSRU’s tanks. To ensure both the security of the LNG carrier or the FSRU and safety of the
public, the necessary security zone should have dimensions of the greater of the two, in this case
the safety zone, and would be considered a combined safety and security zone. The proposed
safety / security zone around the FSRU is a circle centered on the mooring tower with a radius of
1,210 yards or 1,106 m (equal to Zone 1+ FSRU/mooring tower length, i.e. 750 yds + 460 yds).
The area covered by the proposed safety/security zone (1.48 square miles) is approximately
0.12% of the total area (1,320 square miles) of Long Island Sound. The proposed safety /
security zone around the LNG tanker while in Long Island Sound would extend 3.7 km (2.3

> Waterways Suitability Report, Figure 3.2-7.
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miles) ahead, 1.85 km (1.15 miles) astern, and 0.69 km (0.43 miles) to either side of the LNG
tanker, similar to the safety / security zone in place around LNG carriers entering Boston Harbor
(3.7 km ahead, 1.85 km astern, and 457 m on each side).

The typical LNG carrier speed in the Sound would be 12 knots and result in the safety / security
zone taking approximately 15 minutes to pass a given fixed point. Since LNG carriers in service
always have some cargo on board to keep the storage tanks cold, the moving safety zone would
apply to the LNG carriers both entering and leaving Long Island Sound.

Cabrillo Port’s storage tanks are twice the size of the Broadwater storage tanks. However, in the
Cabrillo Port DEIS, the Sandia safety zones were not scaled up to account for the larger storage
tanks. The safety / security zone around the proposed Cabrillo Port FSRU is 500 m (the unscaled
Sandia result) from the stern of the FSRU or 817 m (893 yds) from the mooring tower. We
therefore conclude that Broadwater’s safety / security zone is in effect 35% larger than the
Cabrillo Port safety / security zone.

Although The Race, a 2,195 m wide channel, is considered a critical waterway for national
defense, commerce and recreation, the impacts of the moving safety and security zone around the
transiting LNG carriers on other waterway users is manageable according to the USCG.
Assuming an LNG carrier travels in the middle of The Race, there would be approximately 389
m on each side of the safety zone where small craft could operate while LNG carriers are
transiting The Race (Figure 56).
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Figure 56 — LNG Carrier Anticipated Transit Route and Hazard Zones — The Race***
3

Anticipated LNG Carrier Route
The Race

As seen in Figure 57 , the 1,106 m safety / security zone (Zone 1) around the FSRU crosses New
York and Connecticut waters. Additionally, parts of Zones 2 and/or 3 around both the FSRU and
LNG carriers cross New York, Connecticut and Rhode Island waters. Zone 3 crosses Fishers
Island, Plum Island, and the eastern portion of the Town of Southold, NY, a sliver of coastal
New London and Waterford, CT, and a very small portion of Block Island and Westerly, RIL.
Earlier this year, both the Commissioner of the CTDEP and the Connecticut Attorney General
submitted letters to FERC requesting that Broadwater be required to file for a Coastal Zone
Consistency determination with the CTDEP.**® No Rhode Island agency has filed for permit
authority at FERC.

2 Waterways Suitability Report, Figure 3.2-5.

* Inits April 17, 2007, response, FERC stated that the USCG is responsible for compliance with the Coastal Zone
Management Act with respect to the safety / security zone.

143

BW032730



Figure 57 — LNG Carrier Anticipated Transit Route and Hazard Zones™*
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Unlike the proposed Cabrillo Port area off the California coast, Long Island Sound does not have
defined commercial shipping lanes. Therefore, the WSR analyzed the amount, type, and patterns
of both commercial and recreational vessel traffic in order to assess safety / security zone
impacts to waterway usage and traffic flow. Figure 42 (Section 4.3) represents vessel tracks for
a single day (5" day) during each month of 2005. The proposed location of the FSRU is in the
vicinity of a commercial vessel thoroughfare with a predominance of east-west transits to the
south of the proposed FSRU location. A small portion of the proposed safety/security zone
overlaps with the traces of these east-west transits. There is also a concentration of north-south
traffic to the east of the proposed facility, but these transits are generally more than 2 miles away
from the boundary of the safety / security zone.

The USCG completed an initial risk assessment of the navigation safety accident scenarios that
could result in a breach of the LNG containment on either the proposed FSRU or an LNG carrier.
Several navigation accident scenarios were considered, including:

e collisions involving LNG carriers,

e allisions with the FSRU involving either LNG carriers or other vessels, >’

¢ Waterways Suitability Report, Figure 1-1.
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e allisions with structures other than the FSRU involving LNG carriers,
e groundings involving LNG carriers,
o failure of the YMS and the FSRU being set adrift, and

e collisions involving large commercial vessels transiting in the vicinity of the FSRU.

For the storage tank to be breached in a collision, the other vessel must have enough kinetic
energy to breach both the outer and inner hull of the LNG carrier or the FSRU. There is a risk
that the LNG containment could be breached if an LNG carrier were involved in a collision
under all the following conditions:

e displacement tonnage of the other vessel is greater than 5,000 tons,
o speed of the other vessel greater than 3.5 knots,
e LNG carrier is struck in the cargo block, and

e angle of impact is 30-90 degrees.

The USCG concluded that there is the potential that a collision involving an LNG carrier
resulting in minor or moderate consequences could occur once every 10-50 years and a collision
resulting in major consequences could occur once every 50-100 years. Similarly, an allision with
the FSRU involving an LNG carrier resulting in minor consequences could occur once every one
to ten years, with moderate consequences every 50-100 years and with major consequences once
in 100 years or more.

The greatest potential for the YMS to fail would be during heavy weather which is also the
condition when assist tugs would not be able to take the FSRU in tow and control its movement.
The USCG validated Broadwater’s assertion that the stated design wind speed is equivalent to a
Category 5 hurricane (one minute average wind speed of 198 mph). The worst hurricane in
Long Island Sound history was a Category 3 event in 1938. If the mooring did fail, the FSRU
would likely drift within 1.8 to 3.7 km of either the Long Island or Connecticut shoreline before
running aground. It is unlikely that it would collide with transiting vessels since they would be
advised of the FSRU’s position while efforts were being made to take it in tow.

The Race is the portion of the route where it was determined that the highest risk for a vessel
grounding existed due to the proximity of the route to shoal water. However, a New York or
Connecticut licensed marine pilot will have embarked at one of the two possible pilot stations
before The Race: Point Judith or Point Montauk.

The risk index number is a product of the threat score, the vulnerability score and the
consequence score. The top ten (according to risk index number) ranked results of the
assessment of navigation-related accidents are listed in Table 23.

#7 An allision is defined as vessel contact with a fixed object.
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Table 23 — Ranked Navigation Safety Events**®

Risk Index % Cumulative

Event Portion of Route Number Risk
Collision The Race 11274.61 31.18%
Collision Block Island Sound 6586.25 18.21%

Collision (small craft) The Race 4816.07 13.32%
Allision of FSRU by non- 0 o« 2 diacent to FSRU ~ 3629.14 10.04%
LNG carriers
Collision Eastern LIS 3168.04 8.76%
Mooring tower failure C o
(FSRU adrift) Vicinity of FSRU 2279.80 6.30%
Collision with pilot boat Vicinity of pilot station 1799.70 4.98%
Grounding The Race 1022.30 2.83%
Collision Vicinity of pilot station 924.43 2.56%
Collision Vicinity of FSRU 591.72 1.64%

LAI did not have access to the classified threat assessment so we could not address the details
concerning terrorist threats to Broadwater.

Potential risk management strategies, both prevention and consequence management, were found
to be necessary to effectively manage potential risks to navigation safety. First and foremost,
LNG carrier movements should not delay or impede the movement of naval vessels. Secondly,
mitigation measures should minimize conflicts with other waterway users, both commercial and
recreational. Third, a minimum of two assist tugs should be within the limits of the safety zone
at all times while an LNG carrier 1s moored at the FSRU. Although there are no known, credible
threats against the proposed Broadwater facility at present, periodic threat assessments must be
conducted to ensure that the appropriate security measures are in place. Flight restrictions
similar to the ones currently in place around LNG carriers as they enter Boston Harbor have been
recommended around the FSRU and LNG carriers while in Long Island Sound.

The USCG is the lead federal agency responsible for maritime security concerning the Project.
Enforcement of security zones is a law enforcement function and is the responsibility of the
USCG with possible involvement of state law enforcement parties. Since local authorities do not
currently operate at the proposed FSRU location in New York state waters, it is unclear how
involved the county and local agencies will be as far as maritime security and emergency
response. The outer limits of the safety / security zone around the FSRU would be marked with
lighted buoys for the cardinal points and unlighted buoys for the inter-cardinal points.
According to the Energy Policy Act (Section 311), the emergency response plan is required to
include a cost-sharing plan that would require Broadwater to reimburse any state and local

¥ Waterways Suitability Report, part of Table 4-5.
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agencies for direct costs from security and safety responsibilities either at the terminal itself or
around the vessels that serve the facility.

6.4. Draft Environmental Impact Statement (November 17, 2006)

The DEIS finds the Project to result in fewer environmental impacts than any alternatives
considered, and includes recommendations that would further minimize and avoid impacts.
FERC asserts that the safety / security zone around the FSRU would not have a significant
impact on recreational use and only minor impacts on commercial use. Although there is a
potential for an increased risk to public health and safety, FERC and the USCG considered the
potential risk to be “very low.” These findings are in accord with LAI’s review.

Since the FSRU incorporates design and engineering components of an LNG import terminal, an
offshore marine facility and an LNG carrier, FERC and the USCG have recommended the use of
a Certifying Entity for the design, plan review, fabrication, installation, inspection, maintenance,
and oversight of the FSRU and the YMS. This recommendation would ensure that high levels of
reliability, operability, and safety would be met throughout the life of the facility.

With respect to safety and security, the DEIS relies on the USCG WSR. The WSR assessed
potential risks in terms of threats, vulnerabilities and consequences and found that the location of
the Project has significant safety and security benefits associated with its remoteness. However,
the WSR did find that the remote location would create some law enforcement challenges and
that additional measures are necessary to responsibly manage the safety and security risks of the
Project. Specifically, the USCG recommends a series of risk management strategies that would
reduce the potential that an accident or terrorist attack would be attempted as well as reduce the
potential consequences if there were a large release of LNG from either the proposed FSRU or
an LNG tanker. Additional federal, state and local law enforcement resources would be needed
to mitigate the safety and security risks of the Project.

There are two proposed safety and security zones:

e around the FSRU corresponding to 0.1% of the total area of Long Island Sound, and

e around the LNG carrier while in transit in Long Island Sound which would take
approximately 15 min to pass a given point

Commercial and recreational activity would not be allowed at any time within the fixed safety
and security zone around the Project. Since the FSRU location is outside typical shipping routes,
only a few commercial shipping transits would have to adjust their routes slightly to the south.
We presume that the commercial fishermen (estimated to be 5 lobster and 12 trawl fishermen)
who would be excluded from using the area for the life of the Project would be compensated
fully for the loss of livelihood by Broadwater.

The visual resource analysis found the Project to result in a moderate and long-term impact in
parts of Long Island Sound which is not expected to change the public value of the viewshed or
the value of shorefront property.
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6.4.1 FSRU Reliability and Safety Issues

Since the FSRU has components of an LNG import terminal, an offshore marine facility and an
LNG carrier, FERC staff and the USCG jointly conducted the cryogenic design review of the
proposed facility.

Both U.S. regulations and international codes need to be applied to the design, construction and
operation of the FSRU. FERC and the USCG require Broadwater to set up a process to
determine the applicability and relative stringency for each standard when multiple standards are
identified. This can be done by employing a Certifying Entity and Broadwater formally
nominated ABS. Recently, Broadwater executed a formal agreement with ABS (Section 6.8).
The DEIS recommends a long list of measures that should apply to the LNG terminal design and
to construction details, most of which are considered Critical Energy Infrastructure Information
and are not publicly available. It recommends additional measures that should apply during the
operation of the facility, such as reporting to FERC within 24 hours any non-scheduled events or
security related incidents.

The DEIS re-emphasized the USCG’s concern about the reliability of the YMS which is critical
to the reliability and safety of the FSRU. Excessive forces on the YMS due to weather or
collisions could cause a number of failure scenarios such as the accidental detachment of the
FSRU mooring structure from the yoke, the mechanical failure of the flexible jumpers and other
mooring head equipment, the failure of control system cables from the FSRU to the YMS, or the
failure of the mooring tower itself. The DEIS requires that the final design of the YMS be able
to withstand a Category 5 hurricane and have no single point of failure.

The FSRU onboard spill control system includes the following important features:

e gravity drainage to the port side of the FSRU opposite the unloading arms;

e position sensors on each of the mechanical loading arms that monitor excessive
movement between the FSRU and LNG carrier and initiate an automatic disconnect; and

e an emergency shutdown system which would stop transfers for high LNG tank levels,
high LNG tank pressures, fire detection, loss of electrical power, loss of instrument air
pressure, efc.

The DEIS presents thermal and vapor dispersion modeling results from a number of sources with
a range of outcomes for a variety of scenarios. Unlike the Cabrillo Port DEIS, the Broadwater
DEIS uses Btu/ft*-hr instead of kW/m? to describe thermal radiation intensities and “ft” instead
of “m” to delineate distance. For consistency, radiative fluxes in Btu/ft* have been converted to
kW/m? in this report.” In some cases, the vapor dispersion distances are given to ¥ LFL and in

%5 kW/m’ is equivalent to 1,600 Btu/ft>-hr, 10 kW/m® is equivalent to 3,000 Btu/ft>-hr, and 37.5 kW/m’ is
equivalent to 10,000 Btu/ft*-hr.
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other cases to LFL**" Using the distance to % LFL as a standard for safety instead of the

distance to LFL will clearly increase the vapor dispersion distances considerably. For spills due
to FSRU process equipment malfunctions, the worst case scenario is a 32-inch loading arm
manifold break and results in a distance to 5 kW/m” of 360 m and a distance to % LFL of 2.5
miles. For hazard zones from an FSRU cargo tank breach with a 35,560 m’ spill, FERC
calculates the distances to 5 kW/m” of 980 m to 1,728 m for holes ranging from 0.8 m” to 12 m?,
respectively.*! The fire durations for these spills range from 8 minutes for the 12 m? hole to 115
minutes for the 0.8 m” hole. The DEIS stresses that any event that would create a hole in the
outer hull, inner hull and cargo containment area would most likely result in a number of ignition
sources (sparks) which would lead to an LNG pool fire. Nevertheless, FERC staff calculates
vapor dispersion distances for an FSRU cargo tank breach with a 1 m* diameter hole of 3.5 km to
LFL and 4.9 km to %2 LFL. They also calculate a vapor dispersion distance of 7.6 km to LFL for
a 5 m” breach for three of the FSRU storage tanks.

6.4.2 LNG Carrier Reliability and Safety Issues

The LNG carriers would travel 70 miles at 12 to 15 knots from the Point Judith / Montauk Point
Pilot Stations to the Broadwater FSRU. This trip would take about 5-6 hours in total, but the
moving safety and security zone around the LNG tanker would pass any given point in 15
minutes. Therefore, there would be temporary impacts on recreational and commercial vessels
in the Sound. The USCG could provide a Notice to Mariners announcing the arrival and
departure of LNG carriers as they do in other waterways during LNG carrier transits.

LNG vessels are designed to withstand low-energy type incidents that might occur during
docking or other harbor incidents. The inner and outer hull of the LNG carrier is separated by 2-
3 m. Hold spaces and insulation areas on the LNG carrier have low temperature alarms and gas
detection in order to detect leaks. For fighting fires, the LNG carriers are equipped with a
firewater system, dry chemical extinguishing systems and CO; smothering systems.
Overpressure or underpressure within a cargo tank is monitored with an alarm system. The
DEIS found the following events most likely to cause a significant release of LNG if they occur
with sufficient impact to puncture an LNG cargo tank:

e agrounding,

o avessel colliding with an LNG carrier in transit,

e avessel striking an LNG carrier moored to the FSRU,** or

2% The distance to ¥ LFL is recommended by NFPA 59A for onshore LNG facilitics. NFPA 59A recommends that
the average concentration of methane in air of 1/2LFL does not extend beyond the property line that can be built
upon.

> ABS Consulting, “Consequence Assessment Methods for Incidents Involving Releases from Liquefied Natural
Gas Carriers”, (2004).

%2 Although the DEIS postulates a collision of a vessel with the LNG carrier while it is moored to the FSRU, there
is no mention of simultaneous breaching of the LNG carrier and the FSRU in any of the hazard calculations. Since
the Privileged and Confidential Broadwater documents are not available for review, the possible consequences of
such a collision with associated simultancous breaches in the FSRU and LNG carrier are not available. However,
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e a deliberate attack on an LNG carrier.

Damage during a collision depends on the mass (displacement) and velocity of the striking
vessel, its angle of impact and the point of impact. The DEIS presents a range of critical beam-
on striking speeds (from 3 knots to 18 knots) for both membrane and spherical Moss LNG
tankers for various angles of impact.

The DEIS presents an array of spill scenarios for the LNG carrier and their respective distances
to 5 kW/m” and distances to LFL based on a number of studies including the Sandia Report.
Broadwater proposes to use LNG carriers that are twice as large as the 125,000 m* LNG carrier
used in the Sandia Report. For hazard zones from an LNG carrier cargo tank breach with a
23,000 m’ spill, FERC calculates the distances to 5 kW/m? of 640 m to 1,550 m for holes
ranging from 0.8 m? to 12 m> The fire durations for these spills range from 6.5 minutes for the
12 m* hole to 94.1 minutes for the 0.8 m* hole. For the same spill, FERC staff also calculates
vapor dispersion distances of 2,980 m to LFL and 4,380 m to 2 LFL. For a 250,000 m® LNG
carrier with a 5 m” breach in three tanks, FERC calculates a distance of 6.9 km (4.3 miles) to
LFL.

The DEIS restates the WSR conclusions that the radiation hazard zones from a 5 m? breach in a
250,000 m® LNG carrier would not touch upon land along the LNG carrier route but that the
vapor dispersion hazard zones could impact land along some portion of the transit route. They
also refer to the WSR for recommendations and mitigations necessary to make the waterway
suitable for the Project.

6.4.3  LEnvironmental

The FERC DEIS provides a comprehensive analysis of existing environmental conditions in the
area of the Project, as well as its benefits and potential adverse impacts. In this document, FERC
recommended mitigation methods that Broadwater should implement during the construction and
operation of the Project. Some of these approaches were not incorporated in Broadwater’s filed
Resource Reports or other preliminary design documents. Broadwater has subsequently
commented on these recommendations, and acknowledged that it is in “general agreement with
the environmental analyses and recommended mitigation measures.”** 1In its response to FERC,
Broadwater provided clarifications to several of the issues and recommendations addressed in the
DEIS.

In comments filed at FERC, state and federal agencies who are charged with issuing permits
and/or reviewing the DEIS requested additional information and detail on a range of
environmental and safety issues. Other stakeholders and interveners have also filed comments

the amount of LNG that would be released during such an event would never exceed the total storage capacity of the
FSRU because prior to the arrival of the LNG carrier, the FSRU would have regasified enough LNG to
accommodate the new delivery.

28 1 etter from LeBoeuf, Lamb, Greene & MacRae, LLP, attorneys for Broadwater Energy LLC, to FERC, January
23,2007, Docket Nos. CP06-54-000 and CP06-55-000.
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and identified the need for additional information. The Environmental Information Requests
from FERC have been substantial, and include but are not limited to:

e More details regarding FSRU and LNG carrier water intake and discharge design, and
implications for impacts on ichthyoplankton impingement and entrainment and on EFH
for locally important species;

e More details regarding the trench construction, and backfill methodology, the design for
crossing existing marine cables, the physical and ecological impacts of pipeline
construction (particularly on the lobster population), the methodology and results of
modeling turbidity and sedimentation, and a contingency plan in the event that subsea
plowing is not effective;

e Modeling of thermal impacts associated with FSRU water discharges and pipeline
operations, including the impacts from the riser pipe connecting the mooring tower to the
pipeline;

e More design details regarding the mooring tower and riser pipe construction, including
target depth for the mooring tower piles and appropriate design criteria based on tidal and
current data;

e A plan for monitoring construction impacts;

e Economic and social impact of safety zones around the FSRU and LNG carrier vessels on
lobstering and on recreational and commercial fishing, and how displaced lobster and
trawl fishermen would be compensated,

e Additional information regarding human and natural resources along the LNG carrier
transit route, including within designated hazard zones to a radius of about 2050 yards
from the center of the proposed route;

e Potential noise impacts associated with construction and impacts on marine resources,

e Additional mitigation measures to protect threatened and endangered sea turtles and
whales who may be affected by pile-driving activities during construction of the mooring
tower, or who may collide with construction vessels, the FSRU or LNG carrier vessels;

e Impact of FSRU lighting on EFH, and on migratory bird species, especially threatened
and endangered bird species;

o Extensive detail regarding air emissions from construction vessels / equipment, the
FSRU, LNG carriers, support vessels, the gas pipeline / compressor station, results of air
dispersion modeling, and conformance with applicable air quality regulations;

e An analysis of the discharges associated with the periodic cleaning of the inert gas
scrubber on the FSRU; and

e Information on the use and impacts of copper-based anti-fouling paint proposed to be
used on the FSRU and mooring tower.
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Broadwater has submitted an extensive series of responses to FERC, including some new data
and modeling results.** We understand that a few of Broadwater’s responses to FERC’s
Environmental Information Requests are still pending.** In accordance with federal and state
regulations and their statutory authorities, FERC and the permitting agencies will continue to
consider the information provided by Broadwater to address gaps in the environmental analysis,
update recommendations with respect to mitigation, make permit determinations, and develop
the FEIS. LAI’s environmental review focuses on technical issues. Of critical importance, we
have not commented on important public policy matters, such as whether the Project is an
appropriate use of public trust land. With respect to environmental impacts, the significant
technical issues that remain to be resolved are as follows:

» In concert with FERC and the other resource agencies, Broadwater is finalizing the
detailed construction plan for installing the pipeline and the mooring tower. Several
issues remain to be resolved, but they do not appear to be intractable. These include the
feasibility of and alternatives to using a subsea plow across the Stratford Shoal area, the
effectiveness of mid-line buoys to minimize anchor cable sweep, the benefits of active
trench backfilling versus natural resedimentation, design of crossings over the Cross
Sound Cable and AT&T cable, additional measures to protect threatened and endangered
species, a lighting plan, and noise mitigation measures during construction and operation.
It has been the experience of other marine infrastructure projects that unanticipated field
conditions will inevitably arise during construction, and the design will need to be
modified.  Contingency plans incorporated into the final design will need to
accommodate such flexibility while ensuring adequate protection of environmental
resources.

» Compensation to displaced lobstermen and trawl fishermen remains to be negotiated
through a settlement between Broadwater and the affected parties. FERC recommended
that the final compensation plan be filed with the agency, whereas Broadwater prefers
that the plan remain confidential.

» NYSDEC, the New York State Department of State, NYSOGS, USACE, and other
agencies with permit jurisdiction and review authority will continue to assess the
information provided by Broadwater regarding air emissions, water intake and discharge,
construction methods and other aspects of the Project. In this review, LAI has not
attempted to anticipate how the permitting agencies will analyze the body of data or what
permit conditions may be imposed on the Project.

» Construction vessels and LNG carrier vessels transiting Block Island Sound, the Race
and Long Island Sound have the potential to conflict with ferry, recreational boating,
commercial, and military vessel traffic. The DEIS and the USCG WSR addressed the

2% See, for example, Correspondence from LeBoeuf, Lamb, Green & MacRae, LLC, to FERC, March 26, April 30,
May 7, May 15, May 31, June 5, June 20, and July 10, 2007, Docket Nos. CP06-54-000, CP06-55-000, and CP06-
56-000.

2 Correspondence from LeBoeuf, Lamb, Greene & MacRae, LLP, attorneys for Broadwater Energy LLC, to
FERC, July 10, 2007, Docket Nos. CP06-54-000, CP06-55-000, and CP06-56-000.
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extent to which transit routes and schedules would need to be adjusted. The USCG will
be responsible for developing and implementing a traffic management plan.

6.5. GAO Report (released on March 14, 2007)

As a final safety update to this report, LAI was asked to review the public version of the GAO
Report on maritime security entitled “Public Safety Consequences of a Terrorist Attack on a
Tanker Carrying Liquified Natural Gas Need Clarification.”**® The GAO report also has a more
comprehensive but classified version which is not available to the public. The study had two
goals. The first goal was to describe the results of recent unclassified studies on the
consequences of an LNG spill. The GAO team reviewed six unclassified studies including the
Sandia Report, the Quest study,”*” the ABSC report’* and three scientific papers referred to by
their first authors as Pitblado,”* Fay,”” and Lehr,”! respectively. These studies were designed
and conducted for different purposes and therefore made different assumptions about key LNG
spill parameters. The second goal was to identify the areas of agreement and disagreement
among experts concerning the consequences of a terrorist attack on an LNG tanker. For this
task, 19 experts from government, academia, consulting, research organizations and industry
were chosen including one author from each of the six studies listed above.

One key finding of the GAO Report is that DOE should examine the potential for cascading
failure of LNG tanks in their ongoing LNG research. DOE recently funded a Sandia research
study on small and large scale LNG fire experiments to improve models that calculate the heat
flux from large LNG fires.”* This conclusion was based on the views of the panel of 19 experts
who generally agreed on most issues concerning the public safety impact of an LNG spill but
wanted clarification on the uncertainties associated with heat impact distances and cascading
failure. Both the cryogenic damage from spilled LNG and the hot temperatures of an LNG fire
could significantly damage the tanker and cause multiple tanks to fail in sequence. Experts did
not agree on the number of storage tanks involved in this cascading failure as presented in the
Sandia Report.”

Comparing the six studies revealed that the differences in the calculated distance to 5 kW/m® are
partly due to differing assumptions about hole size, wind and waves, volume of LNG spilled, the

246 GAO-07-316 (February 2007).

7 Quest Consultants, Inc., “Modeling LNG Spills in Boston Harbor”, Norman, OK 73609 (2003); Letters from
Quest Consultants to DOE (October 2, 2001 and October 3, 2001).

**®% ABS Consulting, “Consequence Assessment Methods for Incidents Involving Releases from Liquefied Natural
Gas Carriers”, (2004).

2% R M. Pitblado, J. Baik, G.J. Hughes, C. Ferro and S.J. Shaw, “Consequences of LNG Marine Incidents”, CCPS
Conference, Orlando (June 29-July 1, 2004).

2 J_Fay, “Model of spills and fires from LNG and oil tankers”, Journal of Hazardous Materials, Vol. B96, pp. 171-
188, (2003).

#'W. Lehr, D. Simecek-Beatty, “Comparison of Hypothetical LNG and Fuel Oil Fires on Water”, Journal of
Hazardous Materials, Vol. 107, pp. 3-9, (2004).

2 This work will be completed in 2008.
3 The Sandia Report concludes that only three out of five storage tanks would be involved in a cascading failure.
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surface emissive power of the fire and whether or not there is cascading failure of neighboring
tanks. Although it is believed that the surface emissive power will be lower for large fires
because of insufficient oxygen for complete combustion, experiments on large LNG fires (such
as those funded by DOE) are needed to confirm this hypothesis. Hole size ranged from 0.79 to
20 m”* for the various studies including the three (Sandia, Quest and Pitblado) that specifically
addressed LNG spills caused by terrorist attacks. There appears to be no consistency between
the studies concerning hole size in an LNG storage tank due to a terrorist attack.

The GAO report’s analysis of expert opinion concerning the public safety impacts of an LNG
spill was valuable in identifying areas of disagreement and point to areas where further research
is necessary. The definition of thermal hazard zones is particularly relevant to LAI’s review.
42.11% of the experts believe that 5 kW/m? is the appropriate end point for a thermal hazard
zone, while 10.53% found 1.6 kW/m? to be the appropriate level. 15.79% of the experts did not
have the expertise to respond to the question and 31.58% believe in some “other” definition.

The experts uniformly agreed that an LNG vapor within the flammability range is likely to ignite
if it encounters a cigarette lighter or a strong static charge. They also agree that asphyxiation and
freezer burns are threats to personnel on the LNG tanker or in vessels near the tanker but not
threats to the public. The experts agree that RPTs would probably not have a direct effect on the
public. Wind speed and direction will affect the tilt of the flames increasing the amount of heat
felt downwind and decreasing the heat felt upwind. The experts mostly agreed that an LNG
vapor cloud fire could cause secondary fires that would continue to present a hazard to the public
even after the initial vapor cloud fire ended. Experts did not agree on the speed of the LNG
vapor cloud flame front in a confined space (range 0 to 2,000 m/s) or an unconfined space (range
5 to 50 m/s.

Although DOE’s new study on large scale LNG fire experiments addresses some of the research
areas suggested by the expert panel, it is not clear how much of the current uncertainty in
predicting heat hazard distances will be reduced by additional experiments. A comprehensive
model of an LNG fire needs to not only model each individual process accurately but also the
complex interactions between the processes which change over time. As the LNG fire burns, the
pool composition changes as do the surface emissive power of the fire and the effects of the wind
and waves, possibly causing material failure and another source of spilled LNG. There is a
considerable amount of research necessary before all these phenomena are properly accounted
for so that a model can accurately predict a safe distance from a spill.

6.6. MARAD’s Decision on the Cabrillo Port Project

Under section 1508 of the Deepwater Port Act, adjacent coastal state Governors must indicate
their approval, approval with conditions, or disapproval of a Deepwater Port license application
within 45 days of the last public hearing.** On March 15, 2007, the final EIS for the Cabrillo
Port Project was issued and the final public hearing was held on April 4, 2007. The Governor of
California, Arnold Schwarzenegger, indicated his disapproval of the project in a letter dated May

> The Deepwater Port Act of 1974, as amended in 1984, 1996, and 2002, establishes a licensing system for
ownership, construction, and operation of deepwater ports located seaward of State territorial waters.
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18, 2007, citing concerns that the project as proposed would result in significant and unmitigated
environmental impacts to air quality and marine life. Based on the Governor of California’s
disapproval of the project, on June 5, 2007, MARAD denied Cabrillo Port’s Deepwater Port
license application as submitted.

6.7. New York State Department of State’s Request for Additional Alternatives Analysis

On June 20, 2007, Broadwater filed a response to an information request by the New York State
Department of State (NYSDOS) concerning potentially feasible south shore and Atlantic sites for
the Project. Six additional pipeline routes based on four additional Atlantic locations south of
Long Island were evaluated by Broadwater in this information request.”> All of these sites are
possibly in deeper water and Broadwater remains inconclusive on the technical feasibility of the
mooring tower.”>® All of these pipeline alternatives involve shore crossings in the coastal zone
and therefore would have more environmental issues than the Long Island Sound FSRU location.
Moreover, all of these pipeline alternatives have longer pipeline sections than the preferred
Broadwater location in Long Island Sound.

Of these six sites, of particular interest to LIPA is site S3-1 (Figure 58) which is an eastern
facility location with an offshore pipeline route coming into Fire Island and an onshore pipeline
route through Smith Point with a tie-in to Iroquois’ proposed Brookhaven Lateral project at the
Caithness Long Island Energy Center. This site seems to have fewer negative impacts than the
other five pipeline routes. The pipeline would be 33 miles long, would only affect 10 residences
adjacent to the construction ROW and involve three major shore crossings.

Broadwater also addressed the issue of whether SRVs could replace the FSRU or be used in
conjunction with the FSRU. They referred to Resource Report 10 where alternatives to the
FSRU are considered. In order to achieve the Project objectives, including the delivery 1 Bef of
gas per day, three offloading buoys would need to be constructed. The major disadvantage of the
SRV technology is lack of storage which means that any disruption of the shipping supply could
result in an inability to deliver a reliable supply of natural gas.

The NYSDOS responded to Broadwater’s June 20, 2007 filing on July 3, 2007 citing a number
of concerns. First, NYSDOS questions Broadwater’s assertion that the Iroquois pipeline is the
preferred alternative in the region and proposes a subsea interconnection with the Transco Long
Beach pipeline for some of the Atlantic sites. Second, they request additional information on the
technical feasibility of an Atlantic mooring tower able to withstand wave events greater than 10
m in height. Finally, NYSDOS finds the footprint of the FSRU versus an SRV to be
significantly underestimated because the safety and security zones recommended by the USCG
are not included.

*° These Atlantic locations are in addition to the locations already discussed in Resource Report 10 — Alternatives.

*® Neither Broadwater nor the NYSDOS discuss water depth at the Atlantic alternative sites. The YMS is designed
for water depths ranging from 20-50 m but other water depths may be possible. Water depth at the Atlantic
alternative sites appears to be in the 25-60 m range.
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Figure 58 — Alternative Terminal Sites and Pipeline Routes Considered by Broadwater
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6.8. Certifying Entity

On June 28, 2007, Broadwater informed FERC that they had executed an agreement with ABS
under which ABS will act as a third party Certifying Entity for the Project. As discussed in the
DEIS, the USCG recommended the use of a Certifying Entity for the design, plan review,
fabrication, installation, inspection, maintenance, and oversight of the FSRU and the YMS. The
Certifying Entity would ensure that high levels of reliability, operability, and safety would be
met throughout the life of the facility. In an August 17, 2006 letter from FERC to Broadwater,
FERC requests the submission by ABS of a statement of Organizational Conflicts of Interest
(OCI) Disclosure or Representations in order to approve ABS’s nomination as the Certifying
Entity. ABS filed their OCI with FERC on September 8, 2006. Finally, on February 16, 2007,
FERC informed Broadwater that they had accepted the recommendation of ABS as the third
party Certifying Entity.
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Capital Cost for a New Plant in New York City or Long Island
Resource Additions Included in Electric Simulation Model
RPS Capacity Additions and Annual Targets
Price Effects at Regional Pricing Points
Calculation Framework for Economic Benefits

Cabrillo Port Summary of FSRU Accident Consequences

BWO032745



Exhibit 1
Page 1 of 1

EXHIBIT 1

NORTH-SOUTH SUPPLY BREAKDOWN FOR NEW YORK STATE
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EXHIBIT 2

RELATIVE TRENDS IN SHALLOW AND DEEPWATER GULF PRODUCTION

5,000

M Deepwater M Shallow

4,000

w
o
o
o

2,000

Production (Bcf)

1,000

2006 2008 2010 2012 2014 2016 2018 2020

BWO032747



Exhibit 3

Page 1 of 8

EXHIBIT 3

PRODUCTION ISOGRAMS FOR SELECTED PRODUCING REGIONS
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Nova Scotia Offshore
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Deepwater Garden Banks
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Permian (New Mexico)

1,300

(P/FOININ) uononpold

2008 2010 2012 2014 2016 2018 2020

2006

BW032751



BW032752

2010 2012 2014 2016 2018 2020

2008

cn o0
G
5 9
= v
K © o o o o
S3=Y o o o o
A Ty) © N~ o)
& & & 2=
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
\\\\\\\\\\\ B S I e e D
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
\\\\\\\\\\\ N e e S |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
\\\\\\\\\\\ - - - - r--"-~"~"~"~"r-~ -~ —"T"T/73; " ~"~"~"T""/\—~~"~“"~“"~""r*-""~"~"~"r°"~"~"”"7"74°"- """ "7/7
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
ﬁNu | ” ” ” ” i _ |
S BN B L A Lo Lo L S IR S G -
Y | | | | | | | |
n | | | | | | | |
T | | | | | | | |
O | |
P ” ” ” ” ” ; | |
| | | | | | | |
DVV | | | | | | | |
0 | | | | | | | |
R ” ” ” ” ” A _ ”
\\\\\\\\\\\\\\\\\\ R R N
| | | | | | |
| | | | | | |
| | | ) | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | |
| | | | | | |
| | | | | |
11111111111 B | A ————" el e L e |
| | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
¥ | | | | | |
L | i | | | |
| ) | | ! | |
| | g | | | |
| | | i | | |
\\\\\\ 5 S = & 1
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | ¢ | |
| | | | | I [ | I
o o o =) o o o o = o o
o =) =) o o o o o = o
o e} © < N = o © < N
2 - -« - <«

P/#OINIIAI) uononpo.d

——

2006



Exhibit 3
Page 6 of 8

British Columbia Plains
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Texas Railroad Commission District 8
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Southern Wyoming
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EXHIBIT 4

CAPITAL COST FOR A NEW PLANT IN NEW YORK CITY OR LONG ISLAND

Simple Cycle Combined Cycle

Size 96 MW 519 MW
Ne‘gi:;"rk Total Capital Cost $114 million $649 million
Unit cost 81, 188/kW $1,250/kW
Size 96 MW 519 MW
28 Total Capital Cost $108 million $571 million
Unit cost 81,125/kW $1,100/kW
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EXHIBIT S
RESOURCE ADDITIONS INCLUDED IN ELECTRIC SIMULATION MODEL

In this exhibit, we provide a listing of resource additions by NYISO, PJM and ISO-NE market
areas. The expected start-up date for each project is also listed along with the winter MW rating.

NYISO
Recent Plant Additions
Generating Plant In-Service Date MW
Jamaica Bay (FPL) July 2003 51
) Greenport July 2003 46
Simple Cycle P ) e
Stonybrook (Calpine) 2003 42
_____________ Freeport 2004 48
Athens Generating May 2004 1,080
Ravenswood (KeySpan) May 2004 250
East River (ConEd) April 2005 360
Combined Bethpage (Calpine) May 2005 79.9
Cycle Bethlehem Energy (PSE&G) June 2005 750
Babylon (Pinelawn Power) June 2005 79.9
Poletti Power (NYPA) December 2005 500
Astoria (SCS Energy) 2006 500
Total 3,787
Plants in Development
Generating Plant In-Service Date MW
Combined Caithness Bellport 2009 326
Cycle
Total 326
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PIM
Recent Plant Additions
Generating Plant In-Service Date MW
Simple Cycle Rock Springs (Old Pom & ConEd) Q4 2005 310
e Lakewood Industrial (ConEd) ! Q42005 .. 167
Red Oak (AES) Sept 2002 832
Rock Springs (Old Dom&ConEd) June 2003 620
Lakewood Industrial (ConEd) June 2003 333
_ Hunterstown Gen (Reliant) July 2003 830
Coént;l;ed Bethlehem (Conectiv) Dec 2003 1,100
Y Lower Mt Bethel (PPL Global) May 2004 550
Fairless Works (Dominion) July 2004 1,080
Marcus Hook (FPL Energy) Q4 2004 725
Linden Repowering (PSEG Power) Q2 2006 1,186
© Coal Seward (Reliant Energy) ~ Oct2004 520
Total 8,253

PSEG Power LLC is constructing a $590 million, 1,186 MW combined-cycle generating plant at
its Linden Generating Station in Linden, New Jersey, at which Units #1-3 (436 MW) will be
retired upon project completion.

ISO-NE
Recent Plant Additions

Generating Plant In-Service Date MW
Mystic (Banks et al) Jun 2003 1,550

Combined Lake Road (PG&E Energy) Jun 2003 800

Cycle Fore River (Banks et al) Jul 2003 832

Milford Power Q1/2 2004 544
Total 3,726

Generation Attrition / New Entry in Ontario

Energy prices in New York State are impacted by market dynamics in Ontario. A number of 230
kV and 345 kV AC circuits connect New York and Ontario. The total transfer capability into
New York is about 2,500 MW. The total transfer capability into Ontario is about 1,800 MW.
Based on the March 2004 IMO “10-Year Outlook,” the table below summarizes the installed
generation capacity in Ontario. Over 600 MW of new gas-fired capacity has been added at
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Brighton Beach and Kirkland Lake. The nuclear group listed does not include the expected
return of the Pickering A Unit 1 in 2005, about 515 MW.

Table 1 — Ontario Installed Generation Capacity (10/1/04)

Type Total Capacity (MW)

Nuclear 10,850
Coal 7,564

Oil/Gas 4,976
Hydro 7,676
Misc. 66
Total 31,132

Nearly three years ago, the Government of Ontario announced its intention to shut down all coal-
fired generation by the end of 2007. While the reactivation of certain Pickering and Bruce units
has materially increased provincial generation supply, resource adequacy over the intermediate
to long-term is predicated on massive investment in new gas-fired generation and wind turbines
as well as the reactivation/re-tubing of the remaining Pickering and Bruce nuclear power plants.
A number of smaller scale hydro projects plus high voltage transmission infrastructure
improvements are also part of the potential resource additions in Ontario to maintain resource
adequacy throughout the province.

In forecasting energy balances in Ontario and transmission exchange between neighboring
control areas, LAI has assumed the following:

e Lakeview is shutdown as scheduled by April 30, 2005;

e C(Coal-fired generation at Nanticoke is retired in 2007, but all coal fired capacity at
Lambton, Atikokan and Thunder Bay remains in-service;

e Pickering A Unit 1 returns to service by Q4 2005;

o OPG will refurbish Pickering B Units 5, 6, 7 by 2013, Bruce Power will refurbish Bruce
A by 2009, and these units will continue in operation; and

e All generation retirements are compensated by a watt-for-watt mix of gas-fired
generation and wind projects in 2006 and 2007.
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EXHIBIT 6
RPS CAPACITY ADDITIONS AND ANNUAL TARGETS
New York RPS Annual Targets
1;::4?1:;: Increment Total Statewide Incremental Incremental
Year Rene%vables Target Renewables  Renewables Statewide Percentage
(MWh), (MWh) (MWh) Percentage Percentage for LSEs
2005 31,737,254 - 31,737,254 19.2 0.0 0.00
2006 32,015,057 1,360,424 33,375,481 19.9% 0.8% 0.96%
2007 32,281,116 2,821,830 35,102,946 20.7% 1.7% 1.95%
2008 32,547,196 4,306,437 36,853,633 21.4% 2.5% 2.94%
2009 32,813,297 5,787,968 38,601,265 22.1% 3.3% 3.90%
2010 33,079,418 7,301,693 40,381,111 22.8% 4.1% 4.86%
2011 33,295,565 8,867,181 42,162,746 23.6% 5.0% 5.83%
2012 33,511,713 10,403,939 43,915,652 24.3% 5.8% 6.76%
2013 33,727,862 11,988,888 45,716,750 25.0% 6.6% 7.71%
Expected RPS Capacity Additions (2006 — 2013)
NYPSC Expectations / . Hydro . .
LAI-Adjusted Values Wind Imports Biomass Landfill Total
MW 3,029 /650 1,100 294 123 4,546 /2,167
8,318,146/ 15,090,580 /
MWh 1.785.010 4,182,600 1,573,734 1,016,100 8.557.444
0 -
Capacity Factor 1?150//(} 43% 61% 95% 38%
V]

! Because the wind resources are not expected to produce at full capacity during system peak, the UCAP adjustment
is as low as 10-15%. We used 12.5%. The expected capacity factor for calculating total annual energy production is
31%, consistent with the PSC Order 03-E-0188.
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Business-as-Usual Case

Business-as-Usual Case w/ Broadwater

(Nominal $/MMBtu) (Nominal $/MMBtu)
Henry Hub  Long Island Dawn Henry Hub  Long Island Dawn
Jan-10 6.48 7.87 6.84 6.21 7.36 6.49
Feb-10 6.55 8.06 6.88 6.24 7.44 6.53
Mar-10 6.33 7.86 6.92 6.26 7.38 6.56
Apr-10 6.29 7.46 6.66 599 6.96 6.31
May-10 6.32 7.30 6.71 597 6.74 6.36
Jun-10 6.36 7.31 6.74 6.00 6.77 6.39
Jul-10 6.34 7.36 6.56 6.03 6.83 6.25
Aug-10 6.37 7.40 6.59 6.05 6.84 6.28
Sep-10 5.85 6.77 6.36 5.58 6.33 6.11
Oct-10 5.85 6.82 6.25 5.60 6.38 6.01
Nov-10 5.99 7.18 6.38 5.74 6.69 6.06
Dec-10 6.26 7.56 6.62 6.03 7.13 6.37
Jan-11 6.53 14.68 6.86 6.33 7.60 6.60
Feb-11 6.57 12.93 6.90 6.33 7.86 6.64
Mar-11 6.61 8.26 6.94 6.37 7.53 6.67
Apr-11 6.35 7.48 6.67 6.10 7.02 6.42
May-11 6.38 7.32 6.72 6.11 6.85 6.46
Jun-11 6.42 7.36 6.79 6.14 6.82 6.55
Jul-11 6.49 7.41 6.72 6.19 6.91 6.46
Aug-11 6.51 7.46 6.75 6.21 6.95 6.50
Sep-11 6.10 7.03 6.70 5,75 6.46 6.29
Oct-11 6.12 7.09 6.54 5.75 6.54 6.17
Nov-11 6.16 7.26 6.57 5.78 6.73 6.19
Dec-11 6.55 7.81 6.92 6.19 7.22 6.53
Jan-12 6.83 15.12 7.17 6.42 7.82 6.77
Feb-12 6.89 13.17 7.22 6.50 7.88 6.81
Mar-12 6.94 8.26 7.26 6.54 7.64 6.84
Apr-12 6.71 7.89 7.05 6.28 7.26 6.61
May-12 6.70 7.71 7.08 6.33 7.10 6.65
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Business-as-Usual Case Business-as-Usual Case w/ Broadwater
(Nominal $/MMBtu) (Nominal $/MMBtu)

Henry Hub  Long Island Dawn Henry Hub  Long Island Dawn
Jun-12 6.74 7.75 715 6.36 7.07 6.73
Jul-12 6.87 7.81 7.16 6.45 7.13 6.69
Aug-12 6.86 7.85 7.20 6.45 7.17 6.72
Sep-12 6.51 7.53 7.20 6.09 6.86 6.68
Oct-12 6.54 7.59 7.07 6.11 6.94 6.60
Nov-12 6.64 7.82 7.11 6.17 7.17 6.63
Dec-12 7.13 8.46 7.48 6.65 7.82 7.01
Jan-13 7.41 15.57 7.75 6.97 8.27 7.26
Feb-13 7.40 11.37 7.80 6.96 8.29 73]
Mar-13 7.48 8.89 7.84 6.99 8.17 7.35
Apr-13 7.21 8.47 7.61 6.82 7.79 7.13
May-13 7.30 837 7.66 6.85 7.67 7.18
Jun-13 7.36 8.42 7.73 6.89 7.69 7.26
Jul-13 7.42 8.50 T3 6.98 7.84 7.26
Aug-13 7.43 8.55 7.79 6.98 7.88 7.30
Sep-13 6.79 7.83 7.47 6.34 7.16 6.94
Oct-13 6.78 7.88 7.26 6.36 7.25 6.81
Nov-13 6.83 8.04 7.31 6.41 7.42 6.85
Dec-13 7.30 8.62 7.68 6.85 7.99 721
Jan-14 7.56 9.12 7.9% 7.17 837 7.47
Feb-14 7.61 9.46 8.00 71.22 8.47 7.52
Mar-14 7.66 9.03 8.04 7.24 8.36 7.56
Apr-14 7.41 8.64 7.74 6.99 7.92 7.27
May-14 7.46 8.55 7.80 7.05 7.78 7132
Jun-14 7.47 8.60 7.87 7.09 7.79 7.43
Jul-14 7.56 8.66 7.79 7.16 7.92 735
Aug-14 7.60 8.72 7.83 7.16 8.01 7.39
Sep-14 6.77 7.82 7.36 6.37 7.13 6.89
Oct-14 6.80 7.87 7.23 6.37 7.19 6.76
Nov-14 6.94 822 7.34 6.47 7.52 6.86
Dec-14 7.33 8.88 7.63 6.87 8.14 7.16
Jan-15 7.61 16.52 7.92 7.17 8.68 7.41
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Business-as-Usual Case Business-as-Usual Case w/ Broadwater
(Nominal $/MMBtu) (Nominal $/MMBtu)

Henry Hub  Long Island Dawn Henry Hub  Long Island Dawn
Feb-15 1.67 14.39 797 7.24 8.90 7.46
Mar-15 7.71 9.30 8.01 7.26 8.54 7.50
Apr-15 7.44 8.69 7.66 6.97 7.91 721
May-15 7.49 8.55 7.71 7.02 7.70 7.24
Jun-15 7.52 8.60 773 7.06 7.75 1.29
Jul-15 7.62 8.68 7.73 7.10 7.90 7.25
Aug-15 7.59 8.74 7.7% 7.12 1.9% 7.29
Sep-15 6.71 7.71 7.04 6.31 6.97 6.65
Oct-15 6.73 7.77 7.06 6.34 7.04 6.65
Nov-15 6.79 7.94 7.10 6.41 7.29 6.70
Dec-15 7.23 8.62 7.53 6.85 7.96 7.10
Jan-16 7.53 17.01 7.80 7.11 8.68 7.36
Feb-16 157 14.83 7.84 7.16 8.74 7.40
Mar-16 7.61 9.14 7.89 7.21 8.45 7.44
Apr-16 7.34 8.67 7.59 6.95 7.97 7.18
May-16 7.42 8.54 7.64 6.95 7.71 7.20
Jun-16 7.45 8.59 7.68 7.03 7.75 7.25
Jul-16 7.58 8.67 7.70 7.10 7.92 7.26
Aug-16 7.62 8.72 7.74 7.12 7.97 7.30
Sep-16 7.05 8.05 7.49 6.62 7.35 7.03
Oct-16 7.08 8.20 7.53 6.65 7.43 7.05
Nov-16 7.17 8.42 7.56 6.70 7.70 7.08
Dec-16 7.69 9.29 8.02 7.21 8.50 7.51
Jan-17 8.01 17.52 831 7.55 9.01 7.78
Feb-17 8.06 13.47 8.36 7.56 9.02 7.83
Mar-17 8.11 9.66 8.41 7.61 8.89 7.87
Apr-17 1.77 9.15 8.09 7.30 8.33 7.57
May-17 7.84 9.08 8.14 7.33 8.12 7.62
Jun-17 7.88 9.14 8.19 7.36 8.23 7.66
Jul-17 8.03 9.24 8.16 7.52 8.44 7.64
Aug-17 8.08 9.30 8.20 7.55 8.50 7.68
Sep-17 157 8.74 8.08 6.98 7.81 7.48

BWO032763



Exhibit 7

Page 4 of 13
Business-as-Usual Case Business-as-Usual Case w/ Broadwater
(Nominal $/MMBtu) (Nominal $/MMBtu)

Henry Hub  Long Island Dawn Henry Hub  Long Island Dawn
Oct-17 7.60 8.80 8.10 7.01 7.89 7.49
Nov-17 7.66 8.98 8.14 7.11 8.14 7.53
Dec-17 8.26 9.81 8.62 7.63 8.94 7.94
Jan-18 8.56 10.39 8.93 7.93 9.41 8.23
Feb-18 8.58 11.91 8.99 7.99 9.50 8.28
Mar-18 8.66 10.27 9.03 8.02 9.36 832
Apr-18 8.34 9.83 8.69 7.71 8.85 8.00
May-18 8.39 9.73 8.76 7.76 8.64 8.06
Jun-18 8.46 9.79 8.81 7.74 8.67 8.10
Jul-18 8.60 9.87 8.73 7.89 8.85 8.02
Aug-18 8.64 9.93 8.77 7.96 8.90 8.07
Sep-18 7.71 8.89 832 7.16 8.05 7.74
Oct-18 7.71 8.96 8.24 7.20 8.15 7.68
Nov-18 7.84 9.34 8.30 733 8.57 7.74
Dec-18 8.33 12.72 8.72 7.80 9.28 8.14
Jan-19 8.63 18.59 9.04 8.08 921 8.43
Feb-19 8.68 16.20 9.09 8.13 10.09 8.48
Mar-19 8.73 11.02 9.14 8.17 9,73 8.53
Apr-19 8.33 9.98 8.79 7.77 9.04 8.20
May-19 837 9.70 8.85 7.81 8.73 8.26
Jun-19 8.43 9.76 8.91 7.86 8.75 830
Jul-19 8.54 9.84 8.68 7.93 8.90 8.06
Aug-19 8.58 9.96 8.71 7.94 8.94 8.08
Sep-19 7.65 8.88 833 7.13 8.05 7.73
Oct-19 7.68 8.95 8.30 7.16 8.13 7.75
Nov-19 7.80 9.25 8.34 7.29 8.40 7.78
Dec-19 8.42 10.09 8.84 7.85 927 8.22
Jan-20 8.73 19.15 9.16 8.15 10.04 8.51
Feb-20 8.79 16.69 922 8.21 10.09 8.56
Mar-20 8.82 10.73 9.7 8.25 9.79 8.61
Apr-20 8.47 10.14 8.92 7.89 9.24 8.28
May-20 8.52 9.96 8.98 7.91 8.87 834
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Business-as-Usual Case Business-as-Usual Case w/ Broadwater
(Nominal $/MMBtu) (Nominal $/MMBtu)
Henry Hub  Long Island Dawn Henry Hub  Long Island Dawn
Jun-20 8.57 10.02 9.03 7.96 8.95 838
Jul-20 8.75 10.10 8.90 8.06 9.08 822
* Aug-20 8.78 10.16 8.94 8.08 9.12 8.27
Sep-20 8.25 9.56 8.96 7.65 8.62 829
Oct-20 8.27 9.63 897 7.67 8.69 831
Nov-20 8.40 10.05 9.01 7.81 9.03 835
Dec-20 9.15 10.97 9.58 8.55 10.10 892
Business-as-Usual Case Business-as-Usual Case
w/ Crown Landing w/ Millennium / Islander East
(Nominal $/MMBtu) (Nominal $/MMBtu)
Henry Hub  Long Island Dawn Henry Hub  Long Island Dawn

Jan-10 623 7.49 6.52 6.48 7.87 6.84
Feb-10 6.26 7.62 6.56 6.53 8.07 6.88
Mar-10 6.29 7.38 6.59 6.55 7.87 6.92
Apr-10 6.04 6.97 6.34 6.31 743 6.66
May-10 5.96 6.82 6.38 6.27 7.30 6.71
Jun-10 6.00 6.82 6.42 6.31 727 6.75
Jul-10 6.03 6.89 6.26 6.35 7.36 6.56
Aug-10 6.04 6.93 629 6.42 7.40 6.59
Sep-10 5.55 6.36 6.08 5.85 6.79 6.40
Oct-10 3.57 6.40 5.97 5.87 6.85 6.30
Nov-10 5.68 6.74 6.06 6.01 7.19 6.40
Dec-10 6.00 7.14 6.32 6.2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>