
DEWEY LE8OEUF LLP

1101 NEW YORK AVENUE NW
SUFTE 1100

DEWEY LEB0BUF WASHINGTON DC 200054213

TEL 202 986 8008

FAX 12029563217

BSNYDERDLCOM

FEBRUARY 12 2008

BY HAND

KIMBERLY BOSE
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FEDERAL ENERGY REGULATORY COMMISSION

888 FIRST STREET NE
WASHINGTON DC 20426

RE BROADWATER ENERGY LLC DOCKET NO CPO654000

BROADWATER PIPELINE LLC DOCKET NOS CPO655000 CPO656000

DEAR MS BOSE

ENCLOSED FOR
FILING

IN THE REFERENCED PROCEEDINGS IS COPY OF THE

FEBRUARY 11 2008 CORRESPONDENCE OF BROADWATER ENERGY LLC AND BROADWATER PIPELINE LLC

COLLECTIVELY BROADWATER WITH THE NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL

CONSERVATION 4NYSDEC THE FEBRUARY 11 2008 CORRESPONDENCE ALSO CONTAINS COPY OF

FEBRUARY 2008 SUBMISSION TO THE NYSDEC

THIS SUBMISSION CONSISTS OF THE FOLLOWING TWO VOLUMES

VOLUME IPUBLIC VOLUME CONTAINS THE PUBLIC PORTION OF THIS SUBMISSION

BROADWATER IS PROVIDING AN ORIGINAL AND SEVEN COPIES OF VOLUME

VOLUME IICRITICAL ENERGY INFRASTRUCTURE INFORMATION CELL THE

INFORMATION IN VOLUME II IS CELL AS DEFINED IN SECTION 3881 L3CL OF THE COMMISSIONS

REGULATIONS 18 CFR 3881L3CL SESH REQUESTS CONFIDENTIAL TREATMENT FOR THIS MATERIAL

WHICH SHOULD NOT BE RELEASED TO THE PUBLIC ACCORDINGLY VOLUME II AND THE INFONNATION THEREIN

HAVE BEEN MARKED AS CONTAINS CRITTCAL ENERGY INFRASTRUCTURE

INFORMATION DO NOT RELEASE QUESTIONS REGARDING THIS REQUEST FOR CELL TREATMENT

SHOULD BE DIRECTED TO LAWRENCE ACKER DEWEY LEBOEUF LLP AT 202 9868000 OR AT THE

LETTERHEAD ADDRESS PROCEDURES FOR OBTAINING ACCESS TO CELL MAY BE FOUND AT 18 CFR

NEW YORK LONDON MULTINATIONAL PARTNERSHIP WASHINGTON DC

ALBANY ALMATY AUSIM BEIJING BOSTON BRUSSELS CHARLOTTE CHICAGO EAST PALO ALTO

FRANKFURT HARTFORD HONG KONG HOUSTON JACKSONVILLE JOHANNESBURG PRY IRN LOS ANGELES

MILAN MOSCOW PARIS MULTNATIONAL PARTNERSFLP RIYADH APPIIJATEO OPPICP ROME SAN FRANCTSC0 WARSAW
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3881 13 REQUESTS FOR ACCESS TO CELL SHOULD BE MADE TO THE COMMISSIONS CELL COORDINATOR

BROADWATER IS PROVIDING AN ORIGINAL AND TWO COPIES OF VOLUME II

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

RESPECTFULLY SUBMITTED

BRETT SNYDER

COUNSEL TO BROADWOTER ENERGY LLC AND

BROADWATER FEELINE LLC

ENCLOSURES

CC MR JAMES MARTIN FFRC
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DEWEY LEBOEUF LLP

99 WASHINGTON AVENUE

SUITE 2020

DEWEY LEB0EUF ALBANY NY 122102820

TEL 5186269000

FAX 5186269010

FEBRUARY 11 2008

VIA HAND DELIVERY

MR JOHN FERGUSON

NEW YORK STATE DEPARTMENT OF

ENVIRONMENTAL CONSERVATION

625 BROADWAY 4TH FLOOR

ALBANY NEW YORK 122331750

RE BROADWATER LNG PROJECT ATTACHMENTS TO FOLLOWUP RESPONSE TO

DECEMBER 21 2007 NOTICE OF INCOMPLETE APPLICATION

DEC NO 14799000700001

DEAR MR FERGUSON

AS PART OF THE BROADWATERS RESPONSE TO THE ABOVEREFERENCED NOTICE OF

INCOMPLETE APPLICATION ENCLOSED PLEASE FIND THE ATTACHMENTS TO BROADWATERS LETTER DATED

FEBRUARY 2008 THE FEBRUARY 2008 LETTER SPECIFICALLY WE ENCLOSE

REVISED ALTERNATIVES ANALYSIS PURSUANT TO NONATTAINMENT AREA NEW
SOURCE REVIEW NYCRR 23124 II DATED FEBRUARY 2008 WITH

EXHIBITS

TWO PLOT PLANS FOR
TYPICAL LNG CARRIERS THAT WOULD DELIVER LNG TO THE

FSRU AS REFERENCED ON PAGE 11 OF THE FEBRUARY 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 NYCRR 6167

FACH 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

NEW YORK LONDON MULTNATONAL PATN WASHINGTON DC

ALBANY ALMAIY AUSTIN BEIJING BOSTON BRUSSELS CNARLONE CHICAGO EAST PALO ALTO

FRANKFURT HARTFORD HONG KONG HOUSTON JACKSONVILLE JOHANNESBURG FLI AT LOS ANGELES

MAAN MOSCOW PARIS MULTNAT ONAL PARTNERSNP YADH APFIUATED GFHCE ROME SAN FRANASC0 WARSAW
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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 BROADWATERTS

FEBRUARY 2008 LETTER PLEASE CONTACT ME SHOULD YOU HAVE ANY QUESTIONS REGARDING THIS
FILING

VERY TRULY YCURSI

JONATHAN PERESS

ENCLOSURE98883

CC BROADWATER

ROBERT ALESSI ESQ

SARA ALLENMOCHRIE ECOLOGY ENVIRONMENT INC WO ENCLOSURE



FLFLF TW TA BROADWATER LNG PROJECT

J3JITTEJJJJS DOCKET NOS CP0654000 AND CP0655000
FEDERAL ENERGY REGULATORY COMMISSION

MR JOHN FERGUSON FEBRUARY 2008

NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION

625 BROADWAY 4TH FLOOR

ALBANY NEW YORK 122331750

RE FOLLOWUP RESPONSE TO NOTICE OF INCOMPLETE APPLICATION DECEMBER 21 2007

DEC NO 14799000700001

DEAR MR FERGUSON

THIS LETTER PROVIDES FURTHER SUBSTANTIVE INFORMATION AND MATERIALS RESPONSIVE TO THE

DEPARTMENTS COMMENTS IN THE ABOVEREFERENCED 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

DEPARTMENTS REGULATIONS GOVERNING APPLICATION CONTENT FOR ASF PERMITS BROADWATERS

APPLICATION INCLUDED THE INFORMATION ENUMERATED BY NYCRR 20152 NECESSARY FOR

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 NONATTAINMENT NEW SOURCE REVIEW

NNSR PERMIT WHICH UNDER NYSDECS PERMITTING PROTOCOL WOULD BE ISSUED AS PORTION OF

THE ASF PERMIT ACCORDINGLY BROADWATERS APPLICATION ALSO CONTAINED THOSE ELEMENTS

ENUMERATED IN NYCRR 23 124 AS NECESSARY FOR COMPLETE NNSR PERMIT APPLICATION

BROADWATERS LETTER DATED JANUARY 23 2008 PROVIDED COPIES OF RESPONSES TO

ENVIRONMENTAL INFORMATION REQUESTS EIRS SUBMITTED TO THE FEDERAL ENERGY REGULATORY

COMMISSION FERCTHAT 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

AS YOU KNOW BROADWATERS LETTER DATED JANUARY 23 2008 ALSO PROVIDED SUBSTANTIVE INFORMATION IN RESPONSE TO

THE NOIA



DETAIL BROADWATER IS PROPOSING 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 GENERAL CONFORMITY

DETERMINATION BY THE FERC BROADWATER EVALUATED THE EXTENT TO WHICH IT IS FEASIBLE TO REDUCE

SO2 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 LOWER SULFUR

FUEL LNG CARRIERS WILL NOT EXCEED 15 12MONTH ROLLING AVERAGE AND NO INDIVIDUAL CARRIER WILL

EXCEED 25 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 BACTLAER EMISSIONS CONTROLS

THE USE OF LOW SULFUR FUEL BY THE LNG CARRIERS WILL DRAMATICALLY REDUCE EMISSIONS FROM MARINE

VESSELS AND MINIMIZE BOTH SO2 AND PM25 AMBIENT IMPACTS WITHIN THE REGION UNDER THE

INTERNATIONAL MARITIME ORGANIZATION MARPOL ANNEX VI THE CURRENTLY APPLICABLE SULFUR IN FUEL

LIMIT IS 45 BY LOWERING THE SULFUR IN FUEL USED BY THE LNG CARRIERS POTENTIAL SO2 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 PM25 IMPACTS FROM THE PROPOSED

FSRU AND THE LNG CARRIERS ALTHOUGH THERE IS NOT READILY AVAILABLE PM EMISSION FACTOR

CORRECTION PROCEDURE FOR EXISTING MARINE VESSELS THAT SWITCH TO LOWER SULFUR FUEL IT IS ACCEPTED

THAT AS FUEL SULFUR CONTENT IS LOWERED CONSIDERABLE REDUCTION IN EMISSIONS OF PM1O AND PM25
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 SHELLS 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

15 12MONTH ROLLING AVERAGE AND NO INDIVIDUAL CARRIER EXCEEDING 25 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

DEPARTMENTS 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 NYCRR 20 1

33C10 TRIVIAL ACTIVITIES ARE EXEMPT FROM THE PERMITTING PROVISIONS OF SUBPART 2015
WHICH AS DISCUSSED ABOVE INCLUDES THE PROVISIONS FOR ASF PERMITS NYCRR 20131A2 THE

LIKEWISE TRIVIAL ACTIVITIES ARE NOT SUBJECT TO TITLE PERMITTING REQUIIMENTS OTHER THAN THAT EMISSIONS

ATTRIBUTABLE TO TRIVIAL ACTIVITIES MUST BE LISTED IN TITLE PERMIT APPLICATION NYCRR 20131B



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 NYCRR 20152B4 IT IS OUR UNDERSTANDING THAT MARINE VESSEL EMISSIONS

WOULD NOT BE SUBJECT TO PERMITTING REQUIREMENTS3 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 45 OF 13 AIR APPLICATION 2A

SECTION 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 31 NOTES THAT ONLY THE BOILER

EMISSIONS ASSOCIATED WITH LNG PUMPING WERE INCLUDED AS REQUIRED FOR EPAS
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 37 AND ANY OTHER EMISSIONS FROM THE CARRIERS OR ANY ANTICIPATED TUGS

WHILE STATIONARY NEXT TO THE FSRU MUST BE MODELED

PAGE 37 ALSO NOTES THAT PER NYSDEC GUIDANCE THE SHORT TERM EMISSIONS HAVE

NOT BEEN SCALED FOR THE HOURS WITH ZERO EMISSIONS IN 24HOUR PERIOD THIS

CHANGE SHOULD ALSO BE REFLECTED IN FOOTNOTE OF TABLE IN ATTACHMENT

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 REVISED SUMMARY OF TOTAL ANNUAL EMISSIONS FROM THE

FSRU AND LNG CARRIER WHILE STATIONARY AND PUMPING BASED ON 12MONTH ROLLING AVERAGE FUEL

SULFUR CONTENT OF 15 IS SHOWN IN TABLE AND TABLE FOR THE TWO LNG CARRIER VESSEL SIZES

RESPECTIVELY PREVIOUSLY MODELED VALUES AT THE SULFUR CONTENT OF 27 ARE ALSO PROVIDED IN

TABLE AND TABLE AND IN COMPARISON INDICATE THE CONSIDERABLE REDUCTION IN EMISSIONS FOR FUEL

SULFUR CONTENT OF 15 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 SO2 AND PM1OPM25 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 CORRESPONDING REDUCTION IN

PM25 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 EPAS NEW SOURCE REVIEW

WORKSHOP MANUAL DRAFT OCTOBER 1990 A1618 NYSDEC POLICY DARLO NYSDEC GUIDELINES ON

DISPERSION MODELING PROCEDURES FOR AIR QUALITY IMPACTANALYSIS 34



CORRECTION METHOD FOR PM1OPM25 HAS NOT BEEN DEVELOPED HOWEVER IT IS GENERALLY ACCEPTED

THAT AS FUEL SULFUR CONTENT IS LOWERED REDUCTION IN EMISSIONS OFPMLO AND PM25 WILL OCCUR

SO 27S 68 72 100

SO2L5 38 42 100

SO2 IS CANDIDATE PM25 PRECURSOR AS DEFINED IN THE EPA PROPOSED PM25 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 BROADWATERS 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 IN EIR DATED NOVEMBER 2007 SEE ATTACHMENT BROADWATER

WAS ASKED TO PROVIDE 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

BROADWATERS RESPONSES TO FERC IDENTIFIED AS FERC EIR 81 THROUGH FERC EIR 83
ADDRESS FUEL SULFUR CONTENT AND ARE ALSO RESPONSIVE TO ITEM 2B IN THE NOIA WHICH SIMILARLY

ADDRESSES FUEL SULFUR CONTENT FUEL SULFUR CONTENT VARIATIONS WILL AFFECT THE SO2 AND THE

PM1OPM25 EMISSION RATES AND ANNUAL EMISSIONS THE ADJUSTMENT OF BASIC SO2 EMISSION RATES

SO2 27
502 J5S 47 51 100

SO2 IS CANDIDATE PM25 PRECURSOR AS DEFINED IN THE EPA PROPOSED PM25 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



FOR VARIOUS SULFUR CONTENTS IS STRAIGHTFORWARD SINCE THERE IS DIRECT CORRELATION BETWEEN FUEL

SULFUR CONTENT AND SO2 EMISSION RATE THE RELATIONSHIP OF PM1OPM25 EMISSION RATES TO FUEL

SULFUR CONTENT IS NOT AS STRAIGHTFORWARD ALTHOUGH IT IS GENERALLY ACCEPTED PRACTICE THAT AS FUEL

SULFUR CONTENT DECREASES PM1OPM25 EMISSIONS AND AMBIENT IMPACTS WILL ALSO DECREASE FOR

THE LNG CARRIERS OF APPROXIMATELY 140000 M3 CARGO CAPACITY WHICH ARE POWERED BY BOILER

AND STEAM TURBINE METHODOLOGY TO DERIVE OR CORRECT PM1OPM25 EMISSION FACTORS BASED ON

FUEL SULFUR CONTENT CONTAINED IN USEPA FIRE EMISSION FACTOR DOCUMENTS FOR LANDBASED BOILERS

MAY BE APPLICABLE BROADWATER IS INVESTIGATING THE APPLICABILITY OF USING THE LANDBASED

BOILER PM EMISSION FACTOR CORRECTION METHOD ON MARINE BOILERS THUS THE SHORTTERM MODELING

RESULTS FOR PM1O AND PM25 SHOWN IN TABLE WHICH ARE BASED ON 27 SULFUR FUEL USE AS

SHOWN IN THE FERC EIR AND FEIS WOULD BE REDUCED SLIGHTLY USING BROADWATERS PROPOSED

SHORTTERM FUEL SULFUR LIMIT OF 25 SULFUR

FOR LNG CARRIERS OF APPROXIMATELY 250000 M3 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 250000 M3 CARRIERS WOULD BE LOWER WHEN USING 15 SULFUR FUEL

ANNUAL AVERAGE AND 25 SULFUR FUEL SHORT TERM THAN WHEN USING 27 OR 45 SULFUR ANNUAL

AVERAGE AND SHORT TERM RESPECTIVELY FOR MOST LIQUID FUELS THE HIGHER THE SULFUR CONTENT IS IN

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 HIGHER RATE OF FORMATION OF SULFATE PARTICLES COMPARED TO LOWER SULFUR FUEL

THEREFORE REDUCING FUEL SULFUR CONTENT WOULD LIKELY SIGNIFICANTLY REDUCE PM EMISSION LEVELS

THE PM1O AND PM25 EMISSIONS AND AMBIENT CONCENTRATION LEVELS SHOWN IN TABLES THROUGH

WILL BE LOWER WITH THE PROPOSED FUEL SULFUR RESTRICTIONS PROPOSED BY BROADWATER BROADWATER WILL

CONTINUE TO INVESTIGATE METHODOLOGY TO ESTIMATE THE AMOUNT OF PM1OPM25 REDUCTION THAT

WOULD BE REALIZED BY LOWERING THE FUEL SULFUR CONTENT ANY CHANGES TO THE PM1OPM25
EMISSION FACTORS AND THE METHODOLOGY USED TO ADJUST THESE FACTORS FOR LOWER FUEL SULFUR CONTENT

WILL BE DOCUMENTED IN REVISION TO THE MODELING REPORT SUBMITTED WITH THE ASF PERMIT

APPLICATION DATED OCTOBER 2007 REVISED MODELING USING ADJUSTED PM1OPM25 EMISSION FACTORS

WILL ALSO BE INCLUDED IN THE REVISED REPORT WHICH WILL BE SUBMITTED NO LATER THAN MARCH 2008

ITEM 2A IN THE NYSDEC NOIA REQUESTS REVISED MODELING WHICH INCLUDES STATIONARY

MARINE VESSELS LOCATED NEXT TO THE FSRU BROADWATERS RESPONSE TO FERC EIR 84 PROVIDED AIR

QUALITY MODELING DATA AND RESULTS FOR VARIOUS SCENARIOS OF MARINE VESSELS OPERATING WITHIN THE

SSZ TWO LNG CARRIER SIZES WERE EVALUATED 140000 M3 AND 250000M3 FOR AN LNG DELIVERY

CYCLE BROADWATER DEFINED FOUR DISTINCT OPERATING SCENARIOS CONSISTING OF COMBINATION OF

VESSELS NEEDED TO CONDUCT EACH SCENARIO THE FOUR MODELED OPERATING SCENARIOS ENTAILED

LNG CARRIER MANEUVERING MOVING INBOUND WITHIN THE SSZ ASSISTED BY TUG BOATS

MOVING WITH THE FSRU OPERATING AT FULL REGASIFICATION CAPACITY

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

LNG CARRIER STATIONARY HOTELING AND PUMPING NEXT TO THE FSRU TUGS BACKED AWAY AND

STATIONARY APPROXIMATELY HALFWAY TO THE SSZ BOUNDARY AND HOLDING STATION AT THAT



LOCATION TO MONITOR THE SSZ FOR UNAUTHORIZED ENTRY AND WITH THE FSRU OPERATING AT FULL

REGASIFICATION CAPACITY AND

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 WOULD RESULT IN THE MAXIMUM SHORTTERM THROUGH 24 HOUR

EMISSION RATES FOR SO2 AND PM1OPM25 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 VERY

MINOR CONTRIBUTOR TO THE OVERALL EMISSION TOTAL BECAUSE SCENARIO RESULTED IN THE HIGHEST SHORT

TERM EMISSION RATES THIS SCENARIO WAS EVALUATED VIA DISPERSION MODELING FOR AN EVALUATION OF

MAXIMUM SHORTTERM IMPACTS

FOR SCENARIO BROADWATER MODELED RANGE OF FUEL SULFUR CONTENTS FOR THE LNG CARRIER

RANGING FROM 15 UP TO 45 THIS SERVED TO DETERMINE THE FUEL SULFUR LEVEL FOR WHICH AN

EXCEEDANCE OF THE SO2 3HOUR AND 24HOUR NAAQS INCLUDING BACKGROUND IS NOT PREDICTED TO

OCCUR FOR THE FERC RESPONSE THE MODELING PREDICTED THAT MAXIMUM SHORTTERM FUEL SULFUR

LIMIT FOR THE LNG CARRIERS OF 32 WOULD RESULT IN ONLY ONE 24HOUR TIME PERIOD IN THE

METEOROLOGICAL DATA SET USED FOR THE MODELING WHICH WOULD EXCEED THE 24HOUR NAAQS ONLY

THE SECOND HIGHEST VALUE FOR THE SAME EVALUATION WAS APPROXIMATELY 50 OF THE HIGHEST VALUE

HOWEVER ACCORDING TO THE NYSDECAPPROVED MODELING PROTOCOL THE HIGHEST VALUE MUST BE USED

FOR NAAQS COMPARISON THEREFORE LOWER MAXIMUM FUEL SULFUR CONTENT WOULD BE REQUIRED TO

ELIMINATE ANY NAAQS EXCEEDANCES FOR SO2 FUEL SULFUR CONTENT OF 25 FOR THE SHORTTERM

PERIOD WAS FOUND TO RESULT IN MAXIMUM IMPACT INCLUDING BACKGROUND THAT WAS BELOW THE 3
HOUR AND 24HOUR SO2 NAAQS TABLES THROUGH SHOW RESULTS OF MODELING USING SHORTTERM

EMISSION RATES BASED ON 25 SULFUR FUEL AND ANNUAL EMISSION RATES BASED ON 15 SULFUR FUEL

EXCEPTING PM1O AND PM25 AS YOU ARE AWARE SIGNIFICANT IMPACT LEVELS SILS ARE AN

ASSESSMENT THRESHOLD INDICATOR THAT SERVE TO INDICATE THE POTENTIAL FOR IMPACT AND FURTHER STUDY

UNLIKE THE NAAQS WHICH ARE WELLDEFINED HEALTHPROTECTIVE BASED STANDARDS



TABLE AERMOD RESULTS FOR SSZ EMISSIONS FOR 140000 M3 LNG CARRIER CASE SHORTTERM

NOTES

BACKGROUND CONCENTRATIONS ARE SHOWN IN TABLE 38 OF THE MODELING PROTOCOL COMBINATION OF MAXIMUM

AND BACKGROUND SHOWN FOR COMPARISON TO NAAQS PM25 24HOUR BACKGROUND VALUE 98TH PERCENTILE IS

323 UGM3
MAXIMUM AERMOD VALUE IS HIGHEST FROM MODEL RUNS USING 20042005 SHORTTERM ONLY METEOROLOGICAL

DATA SET AND 2006 FULL YEAR METEOROLOGICAL DATA SET THIS VALUE IS COMPARED TO THE SIL

RESULTS SHOWN FOR PM1O AND PM25 ARE BASED ON 27 SULFUR FUEL AND WILL BE LOWER WHEN CORRECTED TO

USE OF 15 SULFUR FUEL

NOTES

BACKGROUND CONCENTRATIONS ARE SHOWN IN TABLE 38 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 PM1O AND PM25 ARE BASED ON 27 SULFUR FUEL AND WILL BE LOWER WHEN CORRECTED TO

USE OF 15 SULFUR FUEL

MODELING

PM25 24HOUR 535 42 72 YY
SULFUR DIOXIDE SO2 24HOUR 53 65 243 345 YN

3HOUR 251300 764 954 YN

TABLE AERMOD RESULTS FOR SSZ EMISSIONS FOR 140000 M3 LNG CARRIER CASE USING 15 SULFUR

FUEL FOR ANNUAL PERIOD MODELING

PM25 ANNUAL 115 06 118 NN
SULFUR DIOXIDE SO2 ANNUAL 180 212 21 YN



TABLE AERMOD RESULTS FOR SSZ EMISSIONS FOR 250000 M3 LNG CARRIER CASE SHORTTERM

MODELING

NOTES

BACKGROUND CONCENTRATIONS ARE SHOWN IN TABLE 38 OF THE MODELING PROTOCOL COMBINATION OF MAXIMUM

AND BACKGROUND SHOWN FOR COMPARISON TO NAAQS PM25 24HOUR BACKGROUND VALUE 98TH PERCENTILE IS

323 UGM3
MAXIMUM AERMOD VALUE IS HIGHEST FROM MODEL RUNS USING 20042005 SHORTTERM ONLY METEOROLOGICAL

DATA SET AND 2006 FULL YEAR METEOROLOGICAL DATA SET THIS VALUE IS COMPARED TO THE SIL

RESULTS SHOWN FOR PM1O AND PM25 ARE BASED ON 27 SULFUR FUEL AND WILL BE LOWER WHEN CORRECTED TO

USE OF 15 SULFUR FUEL

NOTES

BACKGROUND CONCENTRATIONS ARE SHOWN IN TABLE 38 OF THE MODELING PROTOCOL COMBINATION OF MAXIMUM

AND BACKGROUND SHOWN FOR COMPARISON TO NAAQS
MAXIMUM AERIVIOD VALUE IS HIGHEST FROM MODEL RUNS USING 2006 FULL YEAR METEOROLOGICAL DATA SET ONLY

THIS VALUE IS COMPARED TO THE SIL

RESULTS SHOWN FOR PM1O AND PM25 ARE BASED ON 27 SULFUR FUEL AND WILL BE LOWER WHEN CORRECTED TO

USE OF 15 SULFUR FUEL

ADDITIONAL MODELING ANALYSES FOR SO2 WERE PERFORMED USING THE OCD MODEL IN ORDER TO EXAMINE

THE DISTANCE TO SIL THRESHOLDS FOR THE 3HOUR 24HOUR 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 RECEPTOR SET DEFINING THE NEW YORK AND

CONNECTICUT COASTLINE IN THE VICINITY OF THE PROJECT THE RESULTS OF THE MODELING ARE SHOWN IN

TABLE THE RESULTS SHOW THAT FOR THE ANNUAL AVERAGE PERIOD THE SO2 STH IS NOT EXCEEDED

ANYWHERE OVERWATER OR AT THE SHORE FOR THE SHORTTERM AVERAGING PERIODS 24HOUR AND 3HOUR
CONCENTRATIONS ABOVE THE SO2 SILS EXTEND TO THE SHORELINE WHEN THE LNG CARRIER IS DOCKED NEXT

PM25 24HOUR 535 45 75 YY
SULFUR DIOXIDE SO2 24HOUR 5365 153 255 YN

3HOUR 251300 470 660 YN

TABLE AERMOD RESULTS FOR SSZ EMISSIONS FOR 250000 M3 LNG CARRIER CASE USING 15 SULFUR

FUEL FOR ANNUAL PERIOD MODELING

PM25 ANNUAL 115 094 12 NN
SULFUR DIOXIDE SO2 ANNUAL 180 200 23 YN



TO THE FSRU PUMPING AND HOTELING EMISSIONS WERE INCLUDED IN THE MODELING MAXIMUM SO2

CONCENTRATION VALUES AT THE SHORELINE ARE SHOWN IN TABLE AND COMPARED TO THE APPLICABLE SIL

AS SHOWN THE MAXIMUM SO2 CONCENTRATIONS AT THE SHORELINE ARE ESSENTIALLY THE SAME AS THE

APPLICABLE SIT WITH SLIGHT VARIATIONS DEPENDING ON WHICH METEOROLOGICAL DATA YEAR IS USED

LOCATIONAVERAGE TIME MET DATA YEAR 2006 MET DATA YEAR 2005 MET DATA YEAR2004

140K LNG CARRIER

SHORELNE
ANNUAL NOT EXCEEDED SEE NOTE SEE NOTE

24 HOUR SEE NOTE 164 255 NOT EXCEEDED

HOUR SEE NOTE NOT EXCEEDED 165 165

OVERWATER GRID

ANNUAL NOT EXCEEDED SEE NOTE SEE NOTE

24 HOUR SEE NOTE 14 17 11

3HOURSEENOTE2 14 17 14

250K LNG CARRIER

SHORELNE
ANNUAL NOT EXCEEDED SEE NOTE SEE NOTE

24 HOUR SEE NOTE 164 255 NOT EXCEEDED

HOUR SEE NOTE NOT EXCEEDED 149 NOT EXCEEDED

OVERWATER GRID

ANNUAL NOT EXCEEDED SEE NOTE SEE NOTE

24 HOUR SEE NOTE 14 17 11

3HOURSEENOTE2 14 14 14

TABLE SUMMARY OF OCD MODEL RESULTS FOR SO2 IMPACTS AT THE SHORELINE

AVERAGE

PERIOD

OCD
MAXIMUM

SIL UGM3 EXCEED SIL RECEPTOR LNG CARRIER

3HR 246 25 SHORE 250K 2004

24HR 38 SHORE 250K 2004

3HR 276 25 SHORE 250K 2005

24HR 57 SHORE 250K 2005

3HR 207 25 SHORE 250K 2006

24HR 53 SHORE 250K 2006

MET DATA YEAR

3HR

24HR

3HR

24HR

3HR

24HR

252

39

283

59

213

55

25

25

25

SHORE

SHORE

SHORE

SHORE

SHORE

SHORE

140K

140K

40K

40K

40K
140K

2004

2004

2005

2005

2006

2006

TABLE SULFUR DIOXIDE SO2 SIGNIFICANT IMPACT DISTANCE

RADIAL DISTANCE TO SIL FROM FSRU KILOMETERS

METEOROLOGICAL DATA FOR 2005 AND 2004 ARE PARTIAL YEAR DATA ANNUAL PERIOD CONCENTRATIONS CANNOT BE

DETERMINED

SINCE METEOROLOGICAL DATA FOR 2005 AND 2004 DOES NOT COVER ENTIRE YEAR SHORT TERM RESULTS SHOWN DO

NOT NECESSARILY INDICATE CONDITIONS FOR ALL 24HOUR OR 3HOUR PERIODS IN THOSE YEARS



THE IMPLEMENTATION OF THE FUEL SULFUR LIMITS DESCRIBED ABOVE MITIGATES SO2 IMPACTS TO THE

MAXIMUM EXTENT FEASIBLE BY BROADWATER FOR THE ANNUAL PERIOD THE 15 FUEL SULFUR LIMIT

RESULTS IN NO EXCEEDANCES OF THE ANNUAL SO2 STH AT OR NEAR THE SHORELINE MITIGATION MEASURES

THAT COULD REDUCE SHORTTERM 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 IN ATTACHMENT

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 REVISED REPORT WILL BE PROVIDED NO LATER THAN MARCH

2008

PAGE OF 13 AIR APPLICATION 2B

SECTION 33 NOTES TWO SIZES FOR CARRIERS THAT WILL SUPPLY LNG TO THE FSRU

140000 AND 250000 M3 VESSELS FOR THE SMALLER CARRIERS THE OIL SULFUR

CONTENT IS 45 MAXIMUM AND 27 AVERAGE FOR THE SHORT TERM AND ANNUAL

IMPACTS RESPECTIVELY BASED ON DATA REPORTED BY AN INTERNATIONAL

CONVENTION FOR THE LARGER 250000 M3 CARRIERS THE MODELING IS BASED ON

15 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 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

VESSEL IS WITHIN LONG ISLAND SOUND AS
PART

OF THE FSRU CLEARANCE PROCESS BROADWATER WILL

REQUIRE EACH ARRIVING VESSEL TO

SUBMIT THEIR LATEST BUNKER ANALYSIS REPORT

CONFIRM AND ACKNOWLEDGE THE SULFUR RESTRICTION

SUBMIT PLAN ON HOW THEY WILL CONFORM TO THIS SULFUR LIMITATION IMPOSED

10



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 25 OR LOWER SULFUR FUEL FOR 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 12MONTH

ROLLING AVERAGE FUEL SULFUR CONTENT VALUE AND ENSURE THAT IT DOES NOT EXCEED 15 FOR ANY

INDIVIDUAL DELIVERY EVENT BROADWATER WILL ENSURE THAT NO FUEL WITH SULFUR CONTENT GREATER THAN

25 WILL BE USED BY AN LNG CARRIER

IN ADDITION ATTACHMENT 3C OF THE APPLICATION NOTES THAT THE PM1O AND

PM25 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 PM1O AND PM25 EMISSIONS FOR THE LNG
CARRIERS ARE TAKEN FROM THE NEW YORK NORTHERN NEW JERSEY LONG ISLAND NONATTAINMENT AREA

COMMERCIAL MARINE VESSEL EMISSION INVENTORY IE 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 MAKEUP EG CONDENSABLE VS FILTERABLE FRACTIONS OF THE LNG
CARRIER PM1O AND PM25 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 USEPA REGION THE USEPAS 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 OF 13 AIR APPLICATION 2C

SECTION 34 DISCUSSES HOW BUILDING DOWNWASH CONSIDERATIONS ARE

ADDRESSED IN THE MODELING AND REFERENCES APPENDIX FOR THE FSRU AND

CARRIER DIMENSIONS THE ONLY DIAGRAMS WE CAN FIND ARE IN APPENDIX BUT

THESE DO NOT PROVIDE PLOT PLANS DETAILED ENOUGH TO CONFIRM WHETHER THE

BPIPPRIME INPUT DIMENSIONS ARE PROPER THUS MORE DETAILED VERTICAL

AND HORIZONTAL PLOT PLANS SHOULD BE PROVIDED

RESPONSE THE REFERENCE TO APPENDIX WAS TYPOGRAPHICAL ERROR THE FSRU PLOT PLAN

SHOWN IN APPENDIX 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

11



PAGE 56 OF 13 AIRAPPLICATION2D

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 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 STANDALONE
STARTUP

AND SHUTDOWN CONDITION ANALYSIS TO

NYSDEC NO LATER THAN MARCH 2008

PAGE OF 13 AIR APPLICATION 2E

PAGES 23 OF SECTION 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

EPAS DECISION ON WHERE AMBIENT RECEPTORS SHOULD BE PLACED THAT

DETERMINATION WAS MADE BY EPA IN AN OCTOBER 2007 LETTER THUS

SECTION AND SECTION 36 DISCUSSIONS ON RECEPTOR PLACEMENT SHOULD REFLECT

EPAS 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

EPAS 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

OCTOBER 2007 LETTER AND DID NOT OBSERVE DETERMINATION THAT THE CARRIERS ARE UNDER THE CONTROL

OF BROADWATER IT APPEARS THAT EPAS RATIONALE FOR EXCLUDING THE CARRIERS FROM THE DEFINITION OF

AMBIENT AIR IS THAT THE CARRIERS ABILITY TO ENTER THE SSZ IS SUBJECT TO THE AUTHORIZATION OF

BROADWATER AS IS TYPICALLY THE CASE FOR CONTRACTORS ENTERING INTO THE FENCELINE OF REGULATED

FACILITY

PAGE OF 13 AIR APPLICATION 2F

SECTION OF THE ATTACHED 3D PRESENTS THE RESULTS OF THE MODELING OF THE

F5RU WITH AND WITHOUT THE CARRIERS AT BERTH AT TWO SIZES NOTED ABOVE

USING THE OCD AND AERIVIOD MODELS APPROVED FOR USE AS PER THE

MODELING PROTOCOL REVIEW FOR SPECIFIC CONDITIONS THE RESULTS ARE

PRESENTED IN TABLES TO 10 FOR THE OCD MODEL AND ARE SEPARATED BY ON

12



WATER AND ONSHORE RECEPTORS WHILE TABLES 1113 PRESENT RESULTS OF

AERIVIOD THAT SIMULATED DOWNWASH EFFECTS USING MORE RECENT

METHODOLOGIES THAN IN OCD ON NEARFIELD RECEPTORS IE OVER WATER ONLY

TO THE EXTENT THAT THESE RESULTS WILL BE AFFECTED BY COMMENTS AND

ASSUMED TO MEAN COMMENTS 2A AND 2B ABOVE REVISED SET OF

TABLES WILL NEED TO BE PROVIDED THESE TABLES SHOULD ALSO BE REVISED TO

INCLUDE PM1O ANNUAL IMPACTS SINCE THE PM1O STANDARDS AND PSD
INCREMENTS ARE STILL APPLICABLE IN NEW YORK FOR SOURCE PERMITTING

PURPOSES

RESPONSE BROADWATER WILL PROVIDE THE DEPARTMENT WITH REVISED MODELING REPORT NO LATER THAN

MARCH 2008 BASED ON OUR REVIEW OF THE AIR REGULATIONS THE PM1O 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 PM1O HAS BEEN REVOKED BY EPA SEE

HTTP WWW DECNY GOVREGULATIONSPROP HTML IT WOULD BE HELPFUL IF NYSDEC WOULD

IDENTIFY THE REGULATORY PROVISIONS RELATING TO PM1O STANDARDS IN NEW YORK

PAGE OF 13 AIR APPLICATION 2F

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 IE 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 SIT IS EXCEEDED CUMULATIVE IMPACT ANALYSIS BE

CONDUCTED TO ASSURE THAT THE PROPOSED FACILITY DOES NOT CONTRIBUTE TO

MODELED STANDARDS VIOLATION THE MODELING PROTOCOL APPENDIX 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 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

SIAS OVERLAP PERMANENT RECEPTORS IE NOT OVER WATER SIGNIFICANTLY

THIS ARGUMENT IS ONLY PRESENTED FOR THE AERIVIOD 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 1113

NOT ONLY ARE THE SUPPORTING ARGUMENTS PROVIDED IN THE APPLICATION

UNJUSTIFIED BUT ALSO IT SHOULD BE NOTED THAT THE OCD RESULTS IN TABLES TO

10 INDICATE THAT THE SHORT TERM SILS FOR SO2 ARE EXCEEDED AT THE SHORELINE
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RECEPTORS IN ADDITION TO NUMEROUS EXCEEDANCES AT OVER WATER RECEPTORS

THUS 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 DAR10 AND AIR GUIDE 36 AS WELL AS IN EPAS

NEW SOURCE REVIEW WORKSHOP MANUAL SINCE THE PROTOCOL DID NOT DETAIL

HOW SUCH AN ANALYSIS MIGHT BE PERFORMED BROADWATER SHOULD SUBMIT

PROPOSAL FOR DEC REVIEW AND APPROVAL BEFORE UNDERTAKING THE ANALYSIS

THE STARTING POINT WOULD BE TO DEFINE THE SIAS FOR EACH POLLUTANT AND

REQUEST SOURCE INVENTORY FROM NEW YORK ANDOR CONNECTICUT ONCE IT

IDENTIFIES ON WHICH SHORELINE THE SILS ARE EXCEEDED OUT TO 50KM FROM THE

LARGEST SIA FURTHERMORE THE CUMULATIVE ANALYSIS SHOULD REMEDY THE

LIMITED RECEPTORS PLACEMENT IN THE APPLICATION TO ONLY ALONG THE SHORELINES

PAGE 319 WHILE THE PROTOCOL NOTED THAT 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 15 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 25 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 2A ABOVE PROVIDE THE DISTANCE FROM THE FSRU LOCATION TO THE

MODELED STH EXCEEDANCES

PAGE 78 OF 13 AIR APPLICATION 2G

THE AERMOD RESULTS IN TABLE 12 INDICATE THAT THE PROJECT IS PREDICTED TO

EXCEED THE AND 24 HOUR SO2 PSD INCREMENTS WITH THE 140000 M3 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 83107

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 51166B13IIB THESE EXCEEDANCES

MEAN THAT THE PROJECT AS PROPOSED CANNOT BE PERMITTED WITHOUT MITIGATION

OF THE INCREMENT VIOLATIONS THE RESOLUTION CAN INCLUDE EITHER PROJECT

MODIFICATION OR IMPACT OFFSETS PER GUIDANCE IN EPAS NEW SOURCE REVIEW

MANUAL SECTION C1VE

RESPONSE IT IS OUR UNDERSTANDING THAT THE PROPOSED PROJECT IS MINOR SOURCE AND NOT SUBJECT TO

PSD ANDOR PSD INCREMENT CONSUMPTION ANALYSIS INCREMENT CONSUMPTION ANALYSIS

REQUIREMENTS UNDER EPAS 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 EPAS 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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THE APPLICATION DISCUSSES THE IMPACTS OF THE PROJECT ON PM25 LEVELS IN THE

CONTEXT OF COMMISSIONERS POLICY 33 CP33 ASSESSING AND MITIGATING

IMPACTS OF FINE PARTICULATE MATTER EMISSIONS 12292003 ON PAGES 48
TO 410 IT CONCLUDES THAT EVEN THOUGH THESE IMPACTS ARE ABOVE THE

THRESHOLDS IN CP33 THAT WOULD REQUIRE AN ENVIRONMENTAL IMPACT

STATEMENT SUCH DRAFT EIS HAS BEEN SUBMITTED TO FERC WE PREVIOUSLY

COMMENTED ON THIS ANALYSIS AND DO NOT KNOW YET FERCS CONCLUSIONS IN

THE FINAL EIS HOWEVER IT IS SEEN FROM TABLES 11 TO 13 THAT THE IMPACTS

FROM AERIVIOD PREDICTIONS ARE ABOVE THE 24 HOUR PM25 STANDARD OF 35

UGM3 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 TO 10 THE SAME STANDARDS VIOLATIONS WOULD RESULT AS NOTED

PREVIOUSLY THESE RESULTS DO NOT ACCOUNT FOR COMMENTS AND ABOVE

ASSUMED TO MEAN COMMENTS 2A AND 2B 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 EPAS MODELING GUIDELINES IN ADDITION THE APPLICATION AND

FEIS SHOULD DISCUSS ALL MEASURES WHICH BROADWATER CAN TAKE TO MINIMIZE

THE IMPACTS OF PM25 NOT ONLY TO MEET CP33 REQUIREMENTS BUT ALSO

BECAUSE THE LOCATION OF THE PROJECT CAN BE DEEMED TO BE IN THE PM25
NONATTAINMENT AREA

RESPONSE BROADWATER UNDERSTANDS THAT CP33 IS IMPLEMENTED UNDER THE STATE

ENVIRONMENTAL QUALITY REVIEW ACT SEQRA WHICH IS NOT APPLICABLE TO THE BROADWATER

PROJECT NONETHELESS BROADWATER MEETS THE OPERATIVE STANDARDS IN CP33 BY HAVING

MITIGATED AMBIENT IMPACTS OF PM25 TO THE MAXIMUM EXTENT PRACTICABLE ACTIONS TO MEET

THE NNSR PERMIT REQUIREMENTS FOR NOX LAER AND OFFSETS WILL RESULT IN 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 REDUCTION IN THE PM1OPM25 IMPACTS BROADWATER IS

CONTINUING TO EVALUATE THESE IMPACTS WITH ADDITIONAL MODELING AND WILL PROVIDE FURTHER

RESPONSE NO LATER THAN MARCH 2008

PAGE OF 13 AIR APPLICATION 2I

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
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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 31 THE DISCUSSIONS

FAIL TO ADDRESS THE PROJECTED PM25 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 23 124A2II
ARE INDEPENDENT OF WHAT INFORMATION FERC MIGHT ACCEPT OR REQUIRE TO

REACH ITS DETERMINATIONS THUS THE APPLICATIONS 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 BRIEF DISCUSSION OF THE PIPELINE

SITES SUGGESTED BY NYSDOS FOR CONSIDERATION AS PRESENTED IN SECTION

OF THE APPLICATION

THESE DISCUSSIONS OF ALTERNATIVE SITES FALL SHORT OF THE REQUIREMENTS OF

SUBPART 2312 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 PROJ ECT 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 PM25 IMPACTS OF THE PROPOSED FACILITY AND ALTERNATIVES IN LIGHT OF THE

PM25 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 SALIENT BENEFIT OF THE PROPOSED PROJECT IS

ENVIRONMENTAL IMPROVEMENT PROVIDED BY THE ADDITIONAL SUPPLIES OF CLEANBURNING 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 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 ATLANTICSIDE 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

PART 231 ALTERNATIVES ANALYSIS REQUIRES BROADER VIEW OF ENVIRONMENTAL COSTS AND

BENEFITS BEYOND THOSE RELATING ONLY TO AIR QUALITY IMPACTS SEE EG IN THE MATTER OF KEYSPAN

ENERGY DEVELOPMENT CORPORATION 2003 NY ENV LEXIS 13 CROTTY FEB 25 2003 IN THIS

REGARD THE OBJECTIVE ANALYSIS CONDUCTED BY FERC AND OTHERS EG LIPA ASSESSING THE

ENVIRONMENTAL AND SOCIAL COSTS AND BENEFITS OF THE PROPOSED SOURCE CLEARLY AFFIRMS THE

SUFFICIENCY OF BROADWATERS 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 SUBJ ECTED TO

THOROUGH AND DETAILED ANALYSIS FAR IN EXCESS OF TYPICAL APPLICATION FILED PURSUANT TO NYCRR
231

IN ACCORDANCE WITH NYSDECS PRECEDENT IN PRIOR AIR PERMIT APPLICATION REVIEWS

APPLICANTS BEAR VERY LOW BURDEN TO DEMONSTRATE COMPLIANCE WITH THE ALTERNATIVES ANALYSIS

REQUIREMENTS UNDER NYCRR 23 124A2II KEYSPAN ENERGY DEVELOPMENT CORPORATION

2003 NY ENV LEXIS 13 AT 1314 41 BOTH EPA AND NYSDEC PRECEDENT PROVIDE THAT THE

SUBSTANTIVE IMPORTANCE OF AN ALTERNATIVES ANALYSIS IN RENDERING AN NSR PERMIT DECISION IS

LIMITED AFFECTING PERMITTING DECISION ONLY WHEN EVIDENCE FAVORING DIFFERENT OUTCOME CLEARLY

OUTWEIGHS THE CHOICE MADE BY THE APPLICANT ID IN RE CAMPO LANDFILL CAMPO BAND INDIAN

RESERVATION EAD 505 EAB 1996 AS PROVIDED IN THE COMMISSIONERS DECISION IN KEYSPAN

ENERGY DEVELOPMENT CORPORATION THAT HEAVY BURDEN IS PARTICULARLY APPROPRIATE WHERE AS HERE

THE NATURE OF THE DECISION TO BE MADE THE ALTERNATIVES ANALYSIS IS INHERENTLY

SUBJECTIVE KEYSPAN ENERGY DEVELOPMENT CORPORATION 2003 NY ENV LEXIS 13 AT 13 40
41 WHILE SUBJECTIVE BROADWATERS 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

EAD AT 522523 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 ID AT 524 ATTACHED IS THE REVISED ALTERNATIVE ANALYSIS WHICH INCORPORATES BY

REFERENCE THE FERC ELS 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 BROADWATERS

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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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 LAIS OBSERVATIONS AND

TECHNICAL FINDINGS PERTAINING TO BROADWATERS 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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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 BROADWATERS 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 LAIS VIEW ON BROADWATER IMPACT IN NEW YORK STATE AND THEREFORE SHOULD

NOT BE MISCONSTRUED AS REPRESENTATIVE OF ANY OTHER ENTITYS POSITION ON THE ARRAY OF RESEARCH

ACTIVITIES PRESENTED HEREIN

FROM NEW YORKERS PERSPECTIVE WE HAVE EVALUATED THE MARKET ECONOMIC ENVIRONMENTAL

AND SAFETY RELATED IMPACTS ASSOCIATED WITH BROADWATER DEVELOPMENT OF AN 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 PROJECTS ECONOMIC LIFE RELATIVE TO WHAT NEW YORKERS

WOULD OTHERWISE BE EXPECTED TO PAY FOR NATURAL GAS AND ELECTRICITY WHEN THE REGIONS GAS

SUPPLY ORIGINATES FROM OTHER SUPPLY SOURCES WE HAVE ALSO CONSIDERED NUMBER OF

PERFORMANCE AND OPERATIONAL ATTRIBUTES PERTAINING TO BROADWATER DESIGN SCALEUP 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 CHAPTER WHEREIN LAI PROVIDES REGULATORY UPDATE

OF BROADWATERS STATUS BASED ON INFORMATION SINCE JUNE 2006 MADE AVAILABLE BY THE FEDERAL

ENERGY REGULATORY COMMISSION FERC THE US 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 BROADWATERS CERTIFICATE APPLICATION AT

FERC LAT CONSULTED WITH STATE AND FEDERAL AGENCY REPRESENTATIVES IROQUOIS GAS
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TRANSMISSION CONSOLIDATED EDISON COMPANY AND KEYSPAN ENERGY AS WELL AS BROADWATERS

STAFF INCLUDING THIRD PARTY ADVISORS OF CRITICAL IMPORTANCE WE NOTE THAT THE BROADWATER

DOCKET AT FERC RELEVANT US 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 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

WOULD LIKE TO RECOGNIZE THE ONGOING SUPPORT AND RESPONSIVENESS OF LIPAS 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 LAIS 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
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INTRODUCTION

BROADWATER ENERGY LLC BROADWATER OR THE PROJECT IS 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 GLOBAL OIL AND GAS COMPANY ONE OF THE LARGEST

SUPPLIERS OF LIQUEFIED NATURAL GAS LNG AROUND THE WORLD BROADWATER HAS PROPOSED TO BUILD

FLOATING STORAGE AND REGASIFICATION UNIT FSRU TO BE PERMANENTLY MOORED IN THE MIDDLE OF

LONG ISLAND SOUND LIKE OTHER LANDBASED LNG IMPORT TERMINALS ELSEWHERE ON THE ATLANTIC

SEABOARD THE FSRU WOULD RECEIVE LNG CARGOES FROM OVERSEAS LIQUEFACTION PLANTS AND WOULD

HAVE 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 1200 FEET IN

LENGTH 200 FEET IN WIDTH AND 80 FEET ABOVE THE WATER LINE THE FSRU IS DESIGNED TO HOLD EIGHT

SEPARATE TANKS TOTAL CAPACITY OF 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 SUBSTANTIAL SCALEUP 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 217MILE LONG

SUBSEA PIPELINE THAT WOULD CONNECT TO 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 SEPARATE HIGHPRESSURE

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 PRODUCTION RATE OF 10 BCFD BROADWATER PROPOSED INSERVICE DATE FOR THE

PROJECT IS LATE 2010

IN MAY 2005 THE LONG ISLAND POWER AUTHORITY LIPA ASKED LEVITAN ASSOCIATES INC LAI
TO CONDUCT DUE DILIGENCE ON BROADWATER POTENTIAL MARKET AND ECONOMIC IMPACTS AS WELL AS TO

ADDRESS HIGHLIGHTS OF THE PROPOSED TECHNOLOGY LAI ALSO CONDUCTED AN ASSESSMENT OF

BROADWATER ENVIRONMENTAL IMPACTS AND SAFETY CONSIDERATIONS THE ASSESSMENT CONDUCTED

HEREIN CONSTITUTES AN INDEPENDENT AND OBJ ECTIVE ASSESSMENT OF THE PROJ ECT FROM NEW YORKERS

PERSPECTIVE

FROM 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 PROPOSED REGASIFICATION OF BCFD OVER THE TENYEAR PLANNING HORIZON 2010

2020 WE HAVE HELD BROADWATER OPERATING REGIME CONSTANT IN ORDER TO DERIVE THE ECONOMIC

IMPACT ATTRIBUTABLE TO THE PROJECT WHEN ITS DAILY OUTPUT IS TREATED AS 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 SENSITIVITY

ANALYSIS IN ORDER TO GAUGE THE POTENTIAL VALUE TO NEW YORK ASSOCIATED WITH ALTERNATIVES INCLUDING

PIPELINE EXPANSIONS ANDOR RIVAL LNG IMPORT TERMINALS THAT HAVE BEEN PROPOSED IN NEW ENGLAND

OR NEW JERSEY



FROM TECHNOLOGY STANDPOINT WE HAVE COMPARED BROADWATERS 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 LONGTERM 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 POSTCONSTRUCTION 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 217MILE 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 SAFTTY STANDPOINT WE HAVE ASSESSED THE MAGNITUDE OF VARIOUS HAZARDS ASSOCIATED WITH

LNG INCLUDING THE LIKELY RESULTS UNDER 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 BROADWATERS 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 US 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 TECHNICAL REPORT ISSUED BY SANDIA

NATIONAL LABORATORIES SANDIA UNDER CONTRACT TO THE US DEPARTMENT OF ENERGY DOE ON THE

RISK ANALYSIS AND SAFETY IMPLICATIONS OF 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 LAIS ASSESSMENT WAS

CONDUCTED AFTER BROADWATER FILED ITS RESOURCE REPORTS AT FERC ON JANUARY 30 2006 BUT PRIOR TO

FERCS ISSUANCE OF THE DRAFT ELS DEIS ON NOVEMBER 17 2006 THE USCGS ISSUANCE OF THE

WATERWAYS SUITABILITY REPORT WSR ON SEPTEMBER 21 2006 AND THE GOVERNMENT

ACCOUNTABILITY OFFICES GAOS MARITIME SECURITY REPORT ON MARCH 14 2007 LAIS REVIEW OF

11



THESE DOCUMENTS IS INCORPORATED IN THE FINAL SECTION OF THIS REPORT AS AN UPDATE OF THE REGULATORY

STATUS OF THE PROJECT
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EXECUTIVE SUMMARY

THE HIGHLIGHTS OF LAIS DUE DILIGENCE ON MARKET ECONOMICS TECHNOLOGY ENVIRONMENTAL AND

SAFETY ARE PRESENTED BY TOPICAL AREA

MARKET ECONOMICS

THE OBJECTIVES OF LAIS MARKET AND ECONOMIC ANALYSIS WERE THREEFOLD FIRST TO QUANTIFY THE

ECONOMIC BENEFITS REASONABLY ASCRIBABLE TO BROADWATER OVER THE TENYEAR 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 ANDOR 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 US THE BRIGHTEST SPOT PRODUCTIONWISE 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 US 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 PROJ ECTS PROPOSED FOR THE ATLANTIC

SEABOARD IN LAIS 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 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 BCFD 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 LARGESCALE IMPORT TERMINAL AT LONG ISLANDS DOORSTEP RELATIVE TO LAIS



BUSINESSASUSUAL CASE THAT IS 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 MARKETAREA INDICES OVER THE TENYEAR FORECAST PERIOD WOULD DECREASE BY

135MIVIBTU TRANSCO ZONE NEW YORK OR TZ6NY SHOWN IN FIGURE ES1 AND

161IVIIMBTU IROQUOIS ZONE OR IGTSZ2 REDUCTION UP TO 17 THIS AVERAGE

DECREASE IN PRICE IS EXPLAINED BY THE EXPECTED REDUCTION IN VOLATILITY RESULTING FROM

BROADWATER LOCATION IN THE HEART OF THE MARKET CENTER AS WELL AS THE HEIGHTENED

COMPETITION AMONG RIVAL PRODUCTION BASINS TO SERVE NEW YORKS 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 TZ6NY
20

18

16

14
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TZ6NY BUSINESSASUSUAL

TZ6NY BUSINESSASUSUAL WI BROADWATER AVERAGE DIFFERENCE 135

N AD CD IT N CO CD

PRESENTLY NEW YORK STATES NATURAL GAS SUPPLY IS PREDOMINANTLY SOURCED 1500 TO 2700

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 LESSER EXTENT IN SOUTHERN ONTARIO AT DAWN BROADWATERS VAST STORAGE

INVENTORY UP TO 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 BROADWATERS 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



NAMELY THAT NEW YORKS GAS UTILITIES DO NOT SUBSEQUENTLY RELINQUISH THEIR RESPECTIVE

PRIMARY LONGHAUL ENTITLEMENTS FROM BOTH STORAGE CENTERS AND PRODUCTION AREAS TO THE

NYF

LONG ISLANDS TOTAL CURRENT AND FORESEEABLE ENERGY REQUIREMENTS BOTH GAS AND ELECTRIC

ARE MUCH LESS THAN NEW YORK CITYS IF BROADWATER IS DEVELOPED IT IS LIKELY THAT THE

MAJORITY OF THE BENEFITS WILL FLOW PHYSICALLY AND FINANCIALLY TO NEW YORK CITY FROM

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 SUBSTANTIAL

PORTION OF BROADWATER 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 KEY SPAN LOCAL DISTRIBUTION SYSTEM THE REMAINDER OF BROADWATER DAILY

PRODUCTION WILL FLOW VIA 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 REGIONS 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 NUMBER

OF NEW PIPELINES ARE ALREADY ON THE DRAWING BOARDS BUT AWAIT FINAL AUTHORIZATION FOR

EXAMPLE ISLANDER EAST IF CONSTRUCTED AND THAT IS 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 REGIONS CRITICAL NEED FOR PIPELINE

DELIVERY CAPABILITY TO ENSURE THAT PEOPLE STAY WARM THROUGHOUT THE HEATING SEASON AND THE

POWER GRID REMAINS SECURE YEARROUND HOWEVER THE ALLIN 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 FAVORABLE LIGHT

THE ECONOMIC BENEFITS OF THE BROADWATER PROJECT HAVE BEEN DIFFERENTIATED BY CORE GAS

UTILITY AND NONCORE ELECTRIC DEMANDS FOR LONG ISLAND NEW YORK CITY AND REST OF

STATE FIGURE E52 SUMMARIZES THE PRESENT VALUE OF TOTAL CORE BENEFITS FOR EACH SUBREGION

FROM 2010 TO 2020 TOTAL BENEFITS FOR CORE AMOUNT TO 46 BILLION AS FOLLOWS 19 BILLION

FOR NEW YORK CITY 41 08 BILLION ON LONG ISLAND 17 AND 19 BILLION FOR REST OF

STATE 42
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FIGURE ES3 SHOWS THE PRESENT VALUE OF NONCORE BENEFITS FOR EACH SUBREGION FROM 2010

TO 2020 TOTAL BENEFITS FOR NONCORE AMOUNT TO 102 BILLION AS FOLLOWS 44 BILLION FOR

NEW YORK CITY 43 19 BILLION ON LONG ISLAND 19 AND 39 BILLION FOR REST OF

STATE 8
THE TOTAL SAVINGS ATTRIBUTABLE TO BROADWATER ARE SUMMARIZED IN TABLE ESI 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

FIGURE ES2 GAS UTILITY CORE BENEFITS ATTRIBUTABLE TO BROADWATER BY SUBAREA

20102020
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FIGURE IES3 ELECTRIC NONCORE BENEFITS ATTRIBUTABLE TO BROADWATER BY SUBAREA

20102020
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TABLE ES SAVINGS ATTRIBUTABLE TO BROADWATER

LONG ISLAND

NEW YORK CITY

REST OF STATE

TOTAL

SAVINGS WITHOUT

MULTIPLIER EFFECT

27 BILLION

63 BILLION

58 BILLION

148 BILLION

SAVINGS WITH

MULTIPLIER EFFECT

38 BILLION

88 BILLION

81 BILLION

207 BILLION

LONG ISLAND REST OF STATE
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FIGURE ES4 ECONOMIC SAVINGS ATTRIBUTABLE TO BROADWATER
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IN APRIL 2005 BROADWATER TOLD LIPAS 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

BROADWATERS MODEL WAS DESIGNED TO ANALYZE REGIONAL INPUTS ON HIGHLEVEL BASIS AND

DID NOT CONSIDER AVOIDED GAS PRICE VOLATILITY CORE VERSUS NONCORE 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 BROADWATERS REPRESENTATION IN APRIL 2005 TO LIPAS
BOARD OF TRUSTEES WAS STATED IN VERY CONSERVATIVE TERMS ON AN APPLESTOAPPLES BASIS

LAI HAS ESTIMATED THAT EXPECTED SAVINGS IN NEW YORK STATE WILL EQUAL 216 BILLION WELL

ABOVE THREE TIMES BROADWATERS PORTRAYAL IN PRESENT VALUE TERMS THIS EQUATES TO 148
BILLION EXPRESSED IN 2010 DOLLARS

THE TOTAL EXPECTED VALUE TO NEW YORK STATE 207 BILLION INCLUDING THE ADJUSTMENT TO

ACCOUNT FOR BENEFITS TO THE ECONOMY REQUIRES NUMBER OF MATERIAL ADJUSTMENTS TO

ACCOUNT FOR OTHER BENEFITS AND COSTS QUANTIFICATION OF WHICH WAS OUTSIDE THE SCOPE OF THIS

STUDY NOT INCLUDED IN LAIS ESTIMATED TOTAL SAVINGS ARE 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

GAS UTILITY ELECTRIC GENERATION

NEW YORK CITY LONG ISLAND REST OF STATE TOTAL
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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 REPOWERINGS ON LONG ISLAND IN NEW
YORK CITY OR REST OF STATE THAT MIGHT NOT OTHERWISE OCCUR AND IV 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 BROADWATERS 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 GAS SUPPLY IS INTERCHANGEABLE WITH PIPELINE RENDERED SUPPLY

MUST ALSO BE COUNTED OTHER COSTS MAY BE BORNE BY THE REGIONS GAS UTILITIES TO ENSURE

THAT PROCESSES AT THE EXISTING PEAKSHAVING LNG FACILITIES IN SUFFOLK COUNTY QUEENS AND

BROOKLYN ARE NOT IMPAIRED AS RESULT OF COMMINGLING BROADWATER REGASIFIED SUPPLY

WITH PIPELINERENDERED SUPPLIES FROM CANADA AND THE GULF COAST

ANOTHER ECONOMIC BENEFIT IS ASSOCIATED WITH BOTH KEYSPANS AND CON EDISONS 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 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 PRICE

TAKER NOT PRICE SETTER IN LAIS OPINION BROADWATER WILL SELL ITS INVENTORY OF NATURAL

GAS UNDER AVOIDED COST PRINCIPLES THAT IS BROADWATERS 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 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 062MIVIBTU ONLY ABOUT ONETHIRD THE REDUCTION ON

LONG ISLAND ATTRIBUTABLE TO BROADWATER THE IMPACT OF BPS 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



WILDCARD IMPORTANTLY OUR FINDINGS REGARDING THE ECONOMIC IMPACT OF OTHER CONTENDERS IN

LIEU OF BROADWATER DO NOT INCORPORATE 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 NUMBER OF OTHER EUROPEAN UNION COUNTRIES CERTAINLY THE BEST WAY TO ASSURE

BROADWATER OPERATING REGIME AROUND BCFD IS TO REQUIRE PERFORMANCE THROUGH CONTRACTUAL

SAFEGUARDS ORIENTED AROUND TAKEIFTENDERED COMMERCIAL STRUCTURE

TECHNOLOGY

LAIS 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 INDUSTRYS 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

BROADWATERS 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 US THESE INCLUDE GRAVITYBASED STRUCTURES MODIFIED LNG
TANKER UNLOADING TO 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

PROPOSED TECHNOLOGY NAMELY CONTAINMENT REGASIFICATION CARGO TRANSFER EMERGENCY SHUTDOWN

BOILOFF CUSTODY TRANSFER AND MOORING

HIGHLIGHTS OF OUR ASSESSMENT INCLUDE THE FOLLOWING

THERE IS NO EVIDENCE OF FATAL FLAWS IN THE FSRU DESIGN BROADWATERS FUNCTIONALITY AND

DESIGN COMBINES EXISTING AND PROVEN TECHNOLOGY FROM ONSHORE LNG TERMINALS AND LNG
VESSELS IN LAIS 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 24HOUR WEATHER

WINDOW WITHIN OPERATING LIMITS CORRESPONDING TO WIND SPEEDS LESS THAN 33 KNOTS AND

WAVES LESS 66 FEET DURING CARGO TRANSFER THE FSRU LOADING ARMS ARE CONNECTED TO THE

RECEIVING FLANGES OF THE LNG CARRIER IF WEATHER WERE TO TAKE 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 LAIS OPINION THE RISK INVOLVED IN OFFSHORE

CARGO TRANSFER CAN BE COMPETENTLY MANAGED THROUGH THE ADHERENCE TO PRUDENT OPERATIONAL

PROCEDURES

THE SCALE OF BROADWATER STORAGE SYSTEM SIGNIFICANTLY EXCEEDS THE STORAGE CAPACITY OF

LNG CARRIERS CURRENTLY IN SERVICE OR LIKELY TO BEGIN SERVICE THIS YEAR OR NEXT HOWEVER

BROADWATER EIGHT INDIVIDUAL STORAGE TANKS OF 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

BROADWATERS YOKE MOORING SYSTEM IS DESIGNED TO PERMANENTLY TETHER THE FSRU TO THE

MOORING TOWER THE YOKE MOORING SYSTEM IS 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 CATEGORY HURRICANE COMPARABLE TO THE FORCE OF HURRICANE

KATRINA THAT DEVASTATED THE GULF OF MEXICO IN AUGUST 2005 THE HIGH WAVES AND WIND OF

CATEGORY HURRICANE WOULD BE MORE SEVERE THAN 100YEAR STORM ON LONG ISLAND

THE WORST STORM EVER RECORDED ON LONG ISLAND OCCURRED IN 1938 CATEGORY HURRICANE

ASIDE FROM WEATHERRELATED RISK EITHER 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 CONSTANT HEADING ITS MOTION

WOULD GENERALLY BE CONTROLLED BY TUG BOATS TUGS CANNOT OPERATE RELIABLY WHEN WAVES ARE

GREATER THAN METERS 66 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

LAIS ENVIRONMENTAL REVIEW OBJECTIVES WERE FOURFOLD 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 PROJ ECT SECOND TO IDENTIFY THE POTENTIAL IMPACT ON RECREATIONAL

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 LAIS 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 ANDOR CONVERSION OF CORE HEATING LOAD FROM

OIL TO GAS THUS ENABLING NET REDUCTION IN EMISSIONS ON NOR SO2 AND CO2 LAI HAS NOT

QUANTIFIED THIS POTENTIAL BENEFIT FURTHERMORE LAI TAKES NO POSITION CONCERNING THE SOCALLED

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 WELLDOCUMENTED FROM OTHER MARINE

INFRASTRUCTURE PROJECTS IN LONG ISLAND SOUND THE METHOD PROPOSED BY BROADWATER FOR

EXCAVATION OF THE PIPELINE TRENCH USING 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 SHORTTERM 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 026 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 PERIOD OF WEEKS TO MONTHS WITH TOTAL RECOVERY TO THE ORIGINAL CONDITION TAKING

SEVERAL YEARS

XIII



SOME OF THE POTENTIAL OPERATIONAL IMPACTS CAN BE CATEGORIZED AS LOW RISKHIGH 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 13000 SQUARE FEET ABOUT 03 ACRES OF

SEA BOTTOM WITHIN THE FOUR LEGS OF THE STRUCTURE WITH AN ADDITIONAL 57 ACRES OF SHADING

BENEATH THE FSRU THE FSRUS DRAFT OF 40 FEET LEAVES APPROXIMATELY 53 FEET OF WATER

COLUMN UNDERNEATH THE HULL TO THE MUDLINE LIKE WEATHERVANE THE FSRU IS FREE TO

PIVOT AROUND THE MOORING TOWER HENCE THE SHADED AREA WILL NOT BE FIXED THUS

MINIMIZING THE POTENTIAL FOR ZONE OF OXYGEN REDUCTION UNDERNEATH THE FSRU THE

FSRU AND ASSOCIATED SAFETY ZONE WOULD CREATE 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 BROADWATERS LIFE PRESUMABLY DECADES BECAUSE COMMERCIAL AND RECREATIONAL

FISHING WILL BE EXCLUDED FROM THE VICINITY OF THE FSRU IT IS POSSIBLE THAT DE FACTO

MARINE PROTECTED AREA WILL BE CREATED AROUND THE PROJECT

THE DESIGN AND OPERATION OF THE FSRUS 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 SMALL LOCALIZED MIXING ZONE
022 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 TWOYEAR PERIOD THE FSRU
AND THE ASSOCIATED SAFETY ZONE WILL COVER AN AREA OF ROUGHLY 15 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 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 TRUSTEE FISHERMENS 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
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EASTWEST 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 TO 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 IE GREATER THAN 19 FEET ON 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 EASTWEST SHIPPING LANE WHERE VISIBILITY FROM THE SHORELINE

WILL BE MINIMIZED LNG CARGO VESSELS AND THEIR ASSOCIATED SAFETY ZONE WILL INTERRUPT

MARINE TRAFFIC FOR PERIOD OF UP TO APPROXIMATELY 15 MINUTES AS THEY TRAVERSE THE RACE

THE COAST GUARD WILL BE RESPONSIBLE FOR DEVELOPING AND IMPLEMENTING TRAFFIC

MANAGEMENT PLAN

SAFEIY

THE OBJ ECTIVES OF LAIS 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 PROJ ECTS

AND FOURTH TO REVIEW BROADWATER RESOURCE REPORT ON SAFETY AND RELIABILITY IN ITS APPLICATION

TO FERC IMPORTANTLY WE NOTE THAT LAIS SAFETY REVIEW DOES NOT ENCOMPASS ANY INFORMATION

THAT BROADWATER HAS PROVIDED GOVERNMENT ENTITIES ON 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 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 POOL FIRE OR THE

IGNITION OF 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 KWM2 IN THIS CASE THESE

UNITS HAVE NOTHING TO DO WITH ELECTRICITY BUT INSTEAD EXPRESS THE AMOUNT OF THERMAL RADIATION OVER

GIVEN AREA FOR REFERENCE THE AVERAGE RADIATION FROM THE SUN REACHING THE EARTHS ATMOSPHERE

IS 14 KWM2 AT THE EDGE OF POOL FIRE THE THERMAL RADIATION EXCEEDS 220 KWM2 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 KWM2 IS RECOMMENDED AS THE DESIGN LEVEL THAT SHOULD BE EXCEEDED IN AREAS WHERE MORE

THAN 50 PEOPLE MIGHT ASSEMBLE KWM2 IS ALSO THE PERMISSIBLE LEVEL FOR EMERGENCY OPERATIONS

LASTING SEVERAL MINUTES WITH APPROPRIATE CLOTHING NO PAIN HAS BEEN SHOWN FOR THERMAL FLUXES

LESS THAN 17 KWM2 REGARDLESS OF EXPOSURE TIME LAI CONSIDERS KW M2 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 10MINUTE EXPOSURE TIME

TABLE IES2 THERMAL RADIATION DAMAGE LEVELS

INCIDENT HEAT

FLUX KWM2 TYPE OF DAMAGE

DAMAGE TO PROCESS EQUIPMENT INCLUDING STEEL TANKS CHEMICAL PROCESS

5375 EQUIPMENT OR MACHINERY THIRD DEGREE BURNS LETHAL 50 OF THE TIME

FOR PERSON WEARING AVERAGE CLOTHING

25
MINIMUM ENERGY TO IGNITE WOOD AT INDEFINITELY LONG EXPOSURE

WITHOUT FLAME

1820
EXPOSED PLASTIC CABLE INSULATION DEGRADES SECOND DEGREE BURNS

LETHAL 1 OF THE TIME FOR PERSON WEARING AVERAGE CLOTHING

12515 MINIMUM ENERGY TO IGNITE WOOD WITH FLAME MELTS PLASTIC TUBING

PERMISSIBLE LEVEL FOR EMERGENCY OPERATIONS LASTING SEVERAL MINUTES

WITH APPROPRIATE CLOTHING

17 NO PAIN REGARDLESS OF EXPOSURE TIME

COMPUTER MODELS CALIBRATED BY LIMITED EXPERIMENTS HAVE BEEN USED TO ESTIMATE HOW FAR FROM

POOL FIRE THE RESULTANT HEAT FLUX DROPS TO KWM2 OR LESS MODEL RESULTS VARY DEPENDING ON THE

ASSUMPTIONS AND THE INITIAL CONDITIONS AT THE TIME OF POSTULATED SPILL IN PERFORMING THIS REVIEW

LAI RELIED ON THE SANDIA REPORT SANDIAS 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

FUNCTION OF DISTANCE FOR POSSIBLE SPILL SCENARIO OFF THE COAST OF SOUTHERN CALIFORNIA FIGURE

E55 FROM SANDIAS REVIEW OF CABRILLO PORT IS AN EXAMPLE OF HOW FAR FROM THE EDGE OF THE FIRE

THE RADIATION LEVELS FALL BELOW KWM2 IN THIS CASE MINIMUM DISTANCE OF 24 KM 15 MILES

IS REQUIRED FOR THE HEAT FLUX TO DROP TO KWM2 AN ADDITIONAL 13 KM 08 MILES IS REQUIRED TO

REACH SAFER LEVEL OF KWM2 THEREFORE PEOPLE AND PROPERTY OUTSIDE 37 KM 23 MILES

SHOULD BE WITHIN THE SAFER RADIATION LEVELS

BASED ON SANDIA REPORT AND OTHER FIRE SAFETY DOCUMENTS
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HIGHLIGHTS OF LAIS SAFETY ASSESSMENT INCLUDE THE FOLLOWING

BROADWATER LOCATION ABOUT NINE MILES FROM THE CLOSEST SHORE MINIMIZES THE HAZARDS TO

THE PUBLIC ASSOCIATED WITH EITHER AN ACCIDENT OR CATASTROPHE AT THE FSRU BROADWATERS

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 DIFFICULT TERRORIST TARGET WITH

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 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 US 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 FAVORABLE 24HOUR UNLOADING

WEATHER WINDOW WITHIN THE OPERATING LIMITS CORRESPONDING TO WIND SPEEDS LESS THAN 33

KNOTS AND WAVES LESS THAN 66 FEET
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SAFETY ZONES FOR OFFSHORE LNG PROJECTS ARE BASED ON MODELING OF LNG SPILLS OVER WATER

THERE HAS NEVER BEEN LARGE OFFSHORE LNG SPILL OVER WATER EITHER ACCIDENTAL OR

EXPERIMENTAL LNG SPILL EXPERIMENTS CONDUCTED BY SCIENTISTS HAVE BEEN LIMITED TO

VOLUMES THAT CONSTITUTE SMALL PERCENTAGE OF WHAT MIGHT CONCEIVABLY BE RELEASED UNDER

ANY SCENARIO IN LAIS 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 DOES
CURRENT STUDY INVOLVING LARGESCALE 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 HAZARDOUS EVENT WERE TO OCCUR POOL FIRE OR MINOR VAPOR

CLOUD COULD ENSUE BROADWATER EMERGENCY SHUTDOWN SYSTEM WILL LIMIT THE SIZE OF

SPILL AND THEREFORE MINIMIZE THE PROBABILITY OF ESCALATION

THE MOST SERIOUS HAZARDOUS EVENT WOULD INVOLVE COLLISION BETWEEN VESSEL TRANSITING

LONG ISLAND SOUND AND THE LNG CARRIER OR THE FSRU THE USCG HAS PROPOSED SAFETY

ZONE AROUND THE FSRU WITH 11 KM RADIUS 068 MILES THEY HAVE ALSO PROPOSED

MOVING SAFETY ZONE AROUND THE LNG CARRIER WHILE IT TRANSITS THE SOUND THAT EXTENDS 37

KM 23 MILES IN FRONT OF THE CARRIER 185 KM 115 MILES BEHIND AND 069 KM 043
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 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 POOL FIRE

COULD CAUSE ESCALATION TO MULTIPLE TANK RELEASE BUT IT WOULD TAKE HOURS FOR ALL THE LNG
TO BE RELEASED WORSTCASE 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 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 MILES WITHOUT

ENCOUNTERING AN IGNITION SOURCE SUCH AS 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 DIFFUSING VAPOR CLOUD ONCE THE VAPOR CLOUD IS

IGNITED THE FLASH FIRE WILL BURN BACK TO THE SPILL SOURCE IE PRESUMABLY THE HULL OF THE

FSRU
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SECONDARY HAZARD THAT COULD DAMAGE THE FSRU IS 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 FIRE THEY MAY INCREASE THE RATE OF LNG
POOL SPREADING AND THE SIZE OF VAPOR CLOUD THAT COULD SUBSEQUENTLY IGNITE

LIPA ASKED LAI TO ESTIMATE THE IMPACT ZONE TO KWM2 SINCE RADIATION FLUX OF

KWM2 IS ONLY PERMISSIBLE LEVEL FOR EMERGENCY OPERATIONS LASTING SEVERAL MINUTES WITH

APPROPRIATE CLOTHING DISCUSSIONS WITH FIRE SAFETY ENGINEERS AND REVIEW OF THE

ENGINEERING LITERATURE LED TO THE CHOICE OF KWM2 AS SAFE LEVEL OF RADIATIVE FLUX

LAI FOUND THE IMPACT ZONE TO KWM2 WOULD EXTEND KM 37 MILES AROUND THE FSRU
FOR CREDIBLE WORSTCASE SCENARIO THEREFORE BOTH SHORELINES WOULD EFFECTIVELY BE

BUFFERED BY APPROXIMATELY MILES
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PROJECT DESCRIPTION

THE PROPOSED BROADWATER LNG TERMINAL WOULD BE LOCATED IN LONG ISLAND SOUND APPROXIMATELY

MILES 145 KM FROM LONG ISLAND AND 10 MILES 16 KM FROM CONNECTICUT FIGURE THE

FSRU IS DESIGNED AS MODIFIED LNG CARRIER TO RECEIVE STORE AND REGASIFY LNG IT WILL BE

MOORED IN 90 FEET 27 OF WATER TO TOWER VIA YOKE MOORING SYSTEM YLVIS 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 TOTAL AREA OF 13180

SQUARE FEET

THE FSRU IS DESIGNED TO HAVE DOUBLE HULL SIMILAR TO MEMBRANE TANK LNG CARRIER IT WILL BE

1215 FEET 370 LONG 200 FEET 61 WIDE AND 80 FEET 24 ABOVE THE WATERLINE WITH 40

FEET 12 OF DRAFT FIGURE BROADWATER PLANS FOR LNG CARRIERS WITH CARGO CAPACITIES RANGING

FROM 125000 M3 TO 250000 M3 TO DELIVER LNG TO THE FSRU TWO TO THREE TIMES PER WEEK

REGASIFICATION CAPACITY WILL ALLOW FOR AN AVERAGE SENDOUT OF BCFD AND PEAK SENDOUT OF 125

BCFD NET STORAGE CAPACITY IS 350000 M3 EQUIVALENT TO BCF AFTER REVAPORIZATION THE GAS

WILL BE TRANSPORTED VIA 22MILE 35 KM 30INCH SUBSEA LATERAL TO THE IROQUOIS MAINLINE FOR

DELIVERY TO LONG ISLAND NEW YORK CITY AND CONNECTICUT

FIGURE FSRU LOCATION AND AREA INFRASTRUCTURE

LEGEND

EXISTING PIPELINES

PROPOSED PIPELINE INTERCONNECTION

EQUATES TO APPROXIMATELY 29 BCF TO 57 BCF



FIGURE BROADWATER FSRU OFFSHORE TERMINAL

BROADWATERS 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 YMS THE YMS ALSO SERVES AS THE CONNECTION FROM

THE FSRU TO IROQUOIS

DETAILED REVIEW OF THE PROPOSED PROJ ECT TECHNOLOGY CAN BE FOUND IN SECTION 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

YIIS

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 STORAGE CAPACITY OF 45000 M3 ABOUT BCF THE LNG IS STORED AT 260F AND NORMAL

OPERATING PRESSURE OF TO POUNDS PER SQUARE INCH PSI POWER GENERATION FOR THE FSRU
INCLUDES THREE 22MW GAS TURBINES WHICH WOULD USE VAPORIZED LNG FOR FUEL THE REGASIFICATION

PLANT INCLUDES RECONDENSER FOR BOILOFF GAS SHELL AND TUBE VAPORIZERS STV5 SUPERHEATERS AND

METERING AND ODORIZATION EQUIPMENT AND IS DESIGNED TO VAPORIZE LNG AT PEAK CAPACITY OF

2500 M3HR 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



CREW MEMBERS THE YIVIS 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 WATER BALLAST SYSTEM IN ORDER TO MAINTAIN ITS DRAFT TRIM AND STABILITY DURING

LOADING AND REGASIFICATION THE FSRUS FLARE WILL BE USED FOR EMERGENCY BURNING OF EXCESS LNG

VAPORS WHEN THERE IS OVERPRESSURE IN THE STORAGE TANKS OR EXCESSIVE BOILOFF VOLUMES THAT CANNOT

BE HANDLED BY THE RECONDENSERS



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

BROADWATERS PROVISION OF BASELOAD NATURAL GAS SUPPLY ASSUMING AN FSRU OPERATING REGIME

OVER THE STUDY HORIZON EQUAL TO BCFD LAI HAS QUANTIFIED THE IMPACT ON MARKET CLEARING PRICES

FOR NATURAL GAS AND ELECTRICITY ECONOMIC BENEFITS ARE STATED ON GROSS BASIS THAT IS BEFORE

ACCOUNTING FOR SUNDRY COSTS POTENTIALLY BORNE BY KEYSPAN CON EDISON AND GENERATORS

THROUGHOUT THE REGION TO ENSURE LOCAL GASSIDE RELIABILITY ECONOMIC BENEFITS HAVE BEEN

DIFFERENTIATED FOR CORE GAS UTILITY AND NONCORE ELECTRIC DEMANDS ON LONG ISLAND NEW YORK

CITY AND REST OF STATE2 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 ANDOR LNG EXPANSION SCENARIOS IN THE GREATER NORTHEAST3

TO QUANTIFY BROADWATER 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 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 PROPRIETARY MODEL LICENSED BY RBAC INC CALIFORNIA SOFTWARE

FIRM GPCM RELIES ON PROPRIETARY DATABASE LICENSED BY PLATTS LEADING INTERNATIONAL ENERGY

DATA FIRM4 ELECTRIC ENERGY PRICE EFFECTS WERE QUANTIFIED USING MARKETSYM CHRONOLOGICAL

MODELING SYSTEM LICENSED BY GLOBAL ENERGY DECISIONS INC CALIFORNIA ENERGY SOFTWARE FIRM

HYDRAULIC ANALYSES OF THE PIPELINES SERVING THE MARKET AREA REQUIRED STEADYSTATE AND LIMITED

TRANSIENT FLOW ANALYSES LAIS QUANTIFICATION OF PIPELINE DELIVERY CAPABILITY WAS CONDUCTED USING

HYDRAULIC MODELING TOOLS LICENSED BY GREGG ENGINEERING TEXAS SOFTWARE FIRM

IN ORDER TO DETERMINE BROADWATERS EXPECTED PRICE IMPACT LAI CONSTRUCTED BUT FOR TEST WE
ASKED THE QUESTION WHAT ARE EXPECTED NATURAL GAS PRICES ON LONG ISLAND NEW YORK CITY AND

REST OF STATE UNDER BUSINESSASUSUAL CONDITIONS NO BROADWATER OVER THE PERIOD 2010 THROUGH

2020 WE THEN POSTULATED THE ADDITION OF BROADWATER THROUGHOUT THE FORECAST PERIOD UNDER

STEADY STATE OPERATING REGIME EQUAL TO BCFD 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 NONCORE CUSTOMERS

INCORPORATES ALL ELECTRIC GENERATION THAT IS GASFIRED AND LARGE INDUSTRIAL CUSTOMERS THAT ARE EITHER DIRECTLY CONNECTED

TO AN INTERSTATE PIPELINE OR PURCHASE TRANSPORTONLY SERVICE FROM THE LDC

FOR PURPOSES OF THIS STUDY THE GREATER NORTHEAST IS DEFINED AS NEW JERSEY NEW YORK AND NEW ENGLAND

PLATTS DIVISION OF THE MCGRAWHILL COMPANIES SPECIALIZES IN ENERGY INDUSTRY INFORMATION AND RELATED SERVICES



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

21 NATURAL GAS MARKET ANALYSIS

211 INTRODUCTION

THE NATURAL GAS MARKET ACROSS NORTH AMERICA IS CONTINENTAL MARKET CHARACTERIZED BY HIGH

CONNECTIVITY AND DELIVERABILITY INTERSTATE INTRASTATE AND INTERPROVINCIAL PIPELINES LINK SUPPLY

BASINS AND BOTH PRODUCTION AREA AND MARKET AREA STORAGE FIELDS ACROSS THE US AND CANADA TO GAS

UTILITY AND POWER LOADS ACROSS THE CONTINENT WHEREAS THE US IS HEAVILY DEPENDENT ON CRUDE OIL

IMPORTS DOMESTIC PRODUCTION OF NATURAL GAS PROVIDES MORE THAN 80 OF THE NATURAL GAS CONSUMED

IN THE US NATURAL GAS IMPORTED BY PIPELINE FROM CANADA ACCOUNTS FOR MOST OF THE REMAINDER

TODAY LNG IMPORTS COMPRISE ONLY ABOUT 3 OF TOTAL US DEMAND LNG IMPORTS ARE MUCH

GREATER PERCENTAGE OF NEW ENGLANDS ENERGY BALANCE HOWEVER REPRESENTING ABOUT 23 OF THE

REGIONS TOTAL GAS SUPPLY AS DOMESTIC GAS PRODUCTION WANES IN THE NEXT DECADE OR TWO THE US
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 RATES5 DEREGULATION COMMENCED IN 1978 UNDER THE NATURAL GAS POLICY

ACT NGPA WHICH MANDATED THE LIFTING OF WELLHEAD PRICE CONTROLS BY 1985 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 RESULT OF THE NGPA AND 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 BURNERTIP TRADITIONAL COST OF

SERVICE REGULATION REMAINS IN PLACE

THE LIFTING OF WELLHEAD PRICE CONTROLS COUPLED WITH FEDERAL TAX INCENTIVES FOR GAS PRODUCTION

RESULTED IN PROTRACTED SUPPLY BUBBLE FROM THE MID1980S UNTIL THE LATE 1990S WHILE NATURAL

GAS PRICES INTOTHEPIPE 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 WELIHEAD IS THE POINT AT WHICH NATURAL GAS LEAVES THE WELL AND FLOWS INTO THE PIPELINE GATHERING AND

TMNSPORTATION SYSTEM



AND COMPARATIVELY STABLE BY THE LATE 1990S THE FAVORABLE PRICE OUTLOOK MADE NATURAL GAS THE

FUEL OF CHOICE FOR NEW ELECTRICITY GENERATION SINCE THE MID1990S OVER 154000 1VIW OF GAS
FIRED GENERATION HAS BEEN ADDED TO THE GENERATION SUPPLY MIX THROUGHOUT THE US6 WHILE

PORTION OF THIS CAPACITY HAS TAKEN THE PLACE OF OLDER GAS OR GAS OIL STEAM TURBINE GENERATOR

CAPACITY NEARLY ALL OF THE NEW GASFIRED CAPACITY REPRESENTS INCREMENTAL DEMAND FOR NATURAL GAS

PRODUCING BASINS ACROSS NORTH AMERICA HAVE INCREASINGLY SHOWN SIGNS OF DEPLETIONINDUCED

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 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 REGIONS 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 FIRSTORDER BENEFITS WOULD BE DERIVED FROM PRICE REDUCTIONS AT KEY

PRICING POINTS ACROSS THE NETWORK OF PIPELINES SERVING NEW YORK7 OF PARTICULAR RELEVANCE ARE

TZ6NY8 AND IGTSZ29 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 GPCM MANY
DETAILS OF LAIS BUSINESSASUSUAL 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

62005 US ENERGY INFORMATION AGENCY ETA ANNUAL ENERGY REVIEW

NUMBER OF SECOND ORDER BENEFITS ASSOCIATED WITH POTENTIAL PAYMENTS IN LIEU 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

TZ6NY IS THE PRIMARY NEW YORK CITY MARKET PRICING POINT FOR ZONE OF THE TRANSCO PIPELINE

IGTSZ2 IS THE IROQUOIS ZONE PRICING POINT WHICH IS ALSO RELEVANT FOR LONG ISLAND



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 LAIS ECONOMIC ANALYSIS ARE DIRECTED TO SECTION 23

212 MARKET MODELING APPROACH

FIGURE SHOWS THE GENERALIZED MODELING FRAMEWORK LAT EMPLOYED IN ORDER TO COMPUTE THE FIRST

ORDER ECONOMIC IMPACTS OF ADDING BROADWATER TO THE NATURAL GAS INFRASTRUCTURE

FIGURE OVERVIEW OF BROADWATER MARKET ANALYSIS MODELING PROCESS
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THE CENTER OF LAIS MODELING FRAMEWORK INCLUDES TWO MODELS GPCM AND MARKETSYM LAIS
MARKET ANALYSIS WAS CONDUCTED LARGELY THROUGH THE GPCM OPTIMIZATION MODELING SYSTEM THE

OPTIMIZATION MODEL INCLUDES PROPRIETARY DATABASE GPCMDAT DEVELOPED BY PLATTS USING

GPCM LAI HAS SIMULATED THE MARKET DYNAMICS ACROSS THE US AND CANADA FROM 2010 THROUGH

2020 TO ENSURE MODEL INTEGRITY EXTENSIVE BACKCASTING OF SUPPLY DEMAND FUNDAMENTALS

THROUGHOUT THE GREATER NORTHEAST WAS CONDUCTED OVER FIVEYEAR 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 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 UPPERRIGHT 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 IE
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



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 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 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 BURNERTIP 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 REESTABLISHMENT OF 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

213 KEY FACTOR INPUTS FOR THE BUSINESSASUSUAL CASE

IN ORDER TO DETERMINE THE ECONOMIC IMPACTS ASSOCIATED WITH BROADWATER WE DEFINED REFERENCE

CASE THE REFERENCE CASE IS SYNONYMOUS WITH THE BUSINESSASUSUAL BAU CASE REPRESENTING

THE PIPELINE AND STORAGE INFRASTRUCTURE TO SERVE NEW YORK WITHOUT BROADWATER AFTER COMPLETION

OF THE BUSINESSASUSUAL 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 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



APPROPRIATE LAI CUSTOMIZED GPCMDAT TO REFLECT REGIONAL DELIVERABILITY CONSTRAINTS0

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 THROUGH FOLLOWING IS DISCUSSION OF THE BACKGROUND AND

JUSTIFICATION FOR THE VARIOUS ASSUMPTIONS THAT PROVIDE THE FRAMEWORK FOR THE BUSINESSASUSUAL

CASE

214 NATURAL GAS SUPPLY IN NORTH AMERICA

FROM NEW YORKERS 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 WCSB2 THESE SUPPLY AREAS

ACCOUNT FOR ALMOST TWOTHIRDS OF THE TOTAL GAS PRODUCTION IN NORTH AMERICA THE GULF COAST

PROVIDES MORE THAN HALF OF TOTAL US GAS PRODUCTION THE WCSB ACCOUNTS FOR ALMOST 98 OF

TOTAL CANADIAN GAS PRODUCTION MOST GAS IMPORTED TO THE US 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

TOTAL US GAS PRODUCTION HAS AVERAGED 192 TRILLION CUBIC FEET TCF EACH YEAR SINCE 1996 AFTER

REACHING PEAK OF 198 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

10
ALL ADJUSTMENTS TO PIPELINE AND STORAGE INFRASTRUCTURE INCORPORATED IN THIS ANALYSIS ARE CONSISTENT WITH LATS PRIOR

NONDISCLOSUI AGREEMENTS WITH NYISO THE PJIM INTERCONNECTION PJIM THE INDEPENDENT SYSTEM OPERATOR NEW

ENGLAND ISONE THE INDEPENDENT SYSTEM OPERATOR ISO OF ONTARIO AND THE NORTH AMERICAN ELECTRIC RELIABILITY

COUNCIL

DATABASE ADJUSTMENTS WERE MANY AS FOLLOWS ATLANTIC CANADA PRODUCTION WAS MATERIALLY IDUCED 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 US ETA AND SIMMONS CO IV SUPPLY CURVES FOR MANY OF THE

LNG PROJECTS WERE ADJUSTED TO REFLECT WIDER RANGE OF LANDED PRICES THE TIMING AND NUMBER OF LNG TERMINALS

WERE VARIED TO AVOID LONGHAUL 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 PENMAN BASIN WEST TEXAS WERE ADJUSTED VII THE CAPACITIES OF

TEXAS EASTERN TRANSCO TENNESSEE COLUMBIA AND DOMINION WERE ADJUSTED BASED ON LAIS 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 ASSOCIATIONS NGA
2004 NEW YORK GAS REPORT 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 IGARD TO

THE GROWTH IN GAS DEMAND FOR ELECTRICITY

12
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

13
GAS PRODUCTION AND RESERVES STATISTICS ARE SOURCED PRIMARILY FROM THE ETA BUT HAVE BEEN AUGMENTED WITH DATA

FROM BP THE NATIONAL PETROLEUM COUNCIL AND NATURAL RESOURCES CANADA



SAME PERIOD DEMAND IN CANADA INCREASED BY MORE THAN 13 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 REDUCTION IN

CANADIAN EXPORTS TO THE US 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 US 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 16

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

GASFIRED COMBINED CYCLE PLANTS THROUGHOUT MANY PARTS OF THE US HAVE DRIVEN GAS PRICES MUCH

HIGHER US DEMAND IS PROJECTED TO INCREASE WHILE NORTH AMERICAN PRODUCTION IS EXPECTED TO

WOBBLE AROUND CURRENT LEVELS AND THEN DECLINE THUS GROWING GAP OR POTENTIAL SUPPLY SHORTFALL

IS DEVELOPING MOST INDUSTRY ANALYSTS ARE LOOKING TO INCREASED IMPORTS OF LNG TO COVER THE

EXPECTED SHORTFALL FIGURE SHOWS HISTORICAL PRODUCTION AND CONSUMPTION THROUGH 2005 ALONG

WITH ETAS MOST RECENT FORECAST OF US NATURAL GAS PRODUCTION DEMAND AND IMPORTS THROUGH

2025

10



FIGURE US NATURAL GAS PRODUCTION CONSUMPTION AND IMPORTS4
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WHILE THE ETA FORECAST SHOWS US GAS PRODUCTION GROWING AT AN AVERAGE ANNUAL RATE OF 06
DURING THIS PERIOD THE FORECAST OF TOTAL CONSUMPTION FOR THE PERIOD SHOWS AN ANNUAL GROWTH RATE

OF 15 ULTIMATELY RESULTING IN GAP OF ALMOST 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 LAT EXPECTS THAT THE US 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 3015

AS SHOWN IN FIGURE THE DRILLING TREADMILL EFFECT REQUIRES PRODUCERS TO DRILL MORE AND MORE

WELLS TO MAINTAIN PRODUCTION LEVELS AS EXISTING WELLS REACH DEPLETION

14
SOURCE ETA ANNUAL ENERGY OUTLOOK AEO 2005

15 EOG RESOURCES FEBRUARY 2005 PRESENTATION NORTH AMERICA NATURAL GAS

CONSU MPTIO

NATURAL GAS IMPORTS 2003 2025

2003 2025

11
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INCREASED DRILLING COUPLED WITH TECHNOLOGY IMPROVEMENTS SUCH AS HORIZONTAL DRILLING TECHNIQUES

AND FULLWAVE 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 98 YEARS OF PRODUCTION7 US PROVED GAS RESERVES

HAVE GROWN 14 SINCE 1996 REACHING 189 TCF IN 200418 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 1847 TCF AND AS MUCH AS 2193 TCF OR SUFFICIENT GAS FOR UP TO

85 YEARS OF PRODUCTION AT CURRENT RATES9 WORLDWIDE PROVED NATURAL GAS RESERVES AMOUNT TO

6337 TCF OR ABOUT 67 YEARS OF PRODUCTION THE ESTIMATED GLOBAL GAS RESOURCE BASE IS AT LEAST

TIMES PROVED RESERVES OR MORE THAN 400 YEARS OF PRODUCTION202

16
SOURCE IHS ENERGY AND ANADARKO

17
RVSERVES 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 SEWES PLUS THE POTENTIAL

UNDISCOVERED GAS THAT CAN BE ESTIMATED BASED ON CURRENT GEOLOGIC KNOWLEDGE

18

EIA US CRUDE OIL NATURAL GAS AND NATURAL GAS LIQUIDS RESERVES ANNUAL REPORTS

19
RESOURCE BASE ESTIMATES BASED ON INFONNATION OBTAINED FROM THE NATIONAL PETROLEUM COUNCIL THE US EIA

ANADARKO PETROLEUM NATURAL RESOURCES CANADA AND THE POTENTIAL GAS CONINIITTEE

20 BP STATISTICAL REVIEW OF WORLD ENERGY JUNE 2005

FIGURE NORMALIZED GAS PRODUCTION PER WELL FROM GAS WELLS

BY YEAR OF PRODUCTION STARI TOTAL US 16

2000 1J43

2001 970

002 882

1996
2000
2001
2002
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IN LAIS 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 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 TRANSITION

FROM CONVENTIONAL GAS RESERVOIRS TO INCREASING PRODUCTION FROM UNCONVENTIONAL GAS FORMATIONS22

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 ONEHALF OF TOTAL US GAS PRODUCTION TIGHT SANDS ACCOUNT FOR ABOUT 19 OF TOTAL US
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 US PRODUCTION AND 10 OF US PROVED RESERVES23 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

EP THE MATURING RESOURCE BASE ALSO MEANS THAT THE LONGTERM FLOOR FOR GAS PRICES SET BY THE

COST OF PRODUCTION WILL CONTINUE TO RISE EXTERNAL TO THE US 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 DECADES AHEAD 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

21
THIS ESTIMATE OF THE GLOBAL NATURAL GAS RESOURCE BASE DOES NOT INCLUDE METHANE HYDRATES 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 100FOLD

22
UNCONVENTIONAL GAS PRODUCTION IS FROM NONTRADITIONAL RESERVOIRS WHICH INCLUDE COALBEDS LOW PERMEABILITY

TIGHT SANDSTONE FORMATIONS AND SHALE FORMATIONS

23
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

13



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 RP RATIOS SUPPLY COSTS AND SUPPLY ELASTICITIES WERE DEVELOPED BY PLATTS24 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

RESERVES DRILLING STATISTICS PRODUCTION TRENDS AND RESOURCE EVALUATIONS AVAILABLE IN THE PUBLIC

DOMAIN25

THE FOLLOWING BASIN PRODUCTION CURVES SHOW THE PROJECTED PRODUCTION LEVELS FOR KEY SUPPLY

REGIONS IN GPCM INCLUDING LAIS ADJUSTMENTS COMPARISON OF THE SHALLOW AND DEEPWATER

GULF PRODUCTION BASINS IS SHOWN IN EXHIBIT

35000

30000

25000

20 000

15000

10000

5000

WCSB

DTX GULF ONSHORE

DSAN JUAN BASIN

ROCKIES

PERMIAN BASIN

OTHER

DMACKENZIE DELTA

DLNG

SHALLOW GULF OFFSHORE

DEEP GULF OFFSHORE

DARKIAEAST TEXAS

LAPPALACHIAN

ALASKA

24RP IS RATIO OF THE RESERVES IN GAS FIELD TO THE ANNUAL PRODUCTION AND CAN BE USED AS GUIDELINE TO ESTIMATE

PRODUCTIVE LIFE

25
NATIONAL PETROLEUM COUNCIL ETA US MINERALS MANAGEMENT SERVICE US 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

FIGURE BASIN PRODUCTION CURVES

2006 2008 2010 2012 2014 2016 2018 2020
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TABLE PROVIDES 2004 PRODUCTION AND JANUARY 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 NORTH AMERICAN SUPPLY REGION AND BASIN PRODUCTION AND PROVED RESERVES

2004 BCF26

SUPPLY REGION OR BASIN PRODUCTION PROVED RESERVES

PERMIAN BASIN 1516 14166

ARKLA EAST TEXAS 1796 18829

GULF OF MEXICO SHALLOW27 2802 12481

DEEP GULF OF MEXICO 1072 10041

TEXAS GULF ONSHORE 2293 14944

SOUTH LOUISIANA ONSHORE 770 3745

EAST GULF ONSHORE 299 3396

ROCKY MOUNTAIN 2431 35282

SANJUANBASIN 1531 20192

MIDCONTINENT 2726 27593

NORTH CENTRAL 258 3876

APPALACHIAN BASIN 727 12555

CALIFORNIA 294 2961

ALASKA 478 8285

WCSB 5761 55000

EASTERN CANADA 147 2000

MORE DETAILED DISCUSSION OF THE BASINSPECIFIC RESERVE OUTLOOKS AND DEPLETION TRENDS OVER THE

FORECAST PERIOD IS PRESENTED IN APPENDIX SAMPLE PRODUCTION ISOGRAMS FOR SELECTED PRODUCERS

CAN BE FOUND IN EXHIBIT

215 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

26
SOURCE ETA

27
BASED ON PRODUCTION AND RESERVES DATA FROM THE ETA THE DEMARCATION BETWEEN GULF OF MEXICO SHALLOW AND DEEP

WATER IS 200 METERS 656 FEET
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FIGURE PROVED NATURAL GAS RESERVES 2004 TCF28

THE LNG SUPPLY CHAIN IS EXTREMELY CAPITAL INTENSIVE AND CONSISTS OF FIVE MAIN BUSINESS

SEGMENTS EP LIQUEFACTION SHIPPING REGASIFICATION AND DISTRIBUTION THE TOTAL COST OF 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 EP 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 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 LONGTERM 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 LONGTERM 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 SERVICE29 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

28
SOURCE BP STATISTICAL REVIEW OF WORLD ENERGY JUNE 2005

29
MOST OF THE NEW LNG VESSELS HAVE TOTAL CAPACITIES OF ABOUT BCF OR 140000 M3

MIDDLE EAST
TN EUROPE AND FSU

2086

509

ASIAPACIFIC

502
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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 184 BCFD EQUIVALENT TO ABOUT 7 OF THE TOTAL WORLDWIDE NATURAL GAS MARKET BY

2022 THE VOLUME OF LNG TRADED GLOBALLY WILL LIKELY INCREASE 212 TIMES REACHING 46 BCFD ABOUT

10 OF THE TOTAL WORLD NATURAL GAS MARKET CURRENTLY ASIA IMPORTS ALMOST TWOTHIRDS 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 US REPRESENTS ABOUT 9 SUPPLY

SOURCES IN THE ATLANTIC BASIN ACCOUNTED FOR 21 TCF ABOUT 31 OF THE TOTAL GLOBAL LNG MARKET OF

67 TCF THE PRIMARY MARKETS FOR THESE ATLANTIC BASIN SUPPLIERS ARE EUROPE AND THE US IN THE

ATLANTIC BASIN THE US COMPETES WITH SPAIN ITALY FRANCE BELGIUM AND THE UK IN 2005

EUROPE AND THE UK RECEIVED 12 TCF FROM ATLANTIC BASIN SOURCES THE US IMPORTED ABOUT 06
TCF3

DURING THE WINTER OF 200405 THE ATLANTIC BASIN LNG MARKETS QUICKLY TURNED HIGHLY

COMPETITIVE WHEN SEVERAL SPOT LNG CARGOES ORIGINALLY DESTINED FOR LAKE CHARLES WERE DIVERTED

TO SPAIN WHERE MIDWINTER 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 US MORE

THAN 50 NEW LNG TERMINALS HAVE BEEN ANNOUNCED FOR THE US CANADA AND MEXICO ALMOST ALL

OF THE LNG IMPORT TERMINALS TARGET THE US ENERGY MARKET3 IN LATS 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 66

BCFD BY 2010 ABOUT 10 OF THE US MARKET IN ITS 2005 ANNUAL ENERGY OUTLOOK AEO ETA

PROJECTS LNG IMPORTS TO INCREASE TO 64 TCF BY 2020 MORE THAN 20 OF THE US DEMAND LAIS
BUSINESSASUSUAL CASE HAS NORTH AMERICAN LNG IMPORT CAPACITY REACHING 40 TCF BY 2011

INCREASING TO 75 TCF BY 2020 THE CORRESPONDING FORECASTS FOR LNG IMPORT VOLUMES ARE 28 TCF

IN 2011 AND 58 TCF IN 2020

216 NEW LNG IMPORT TERMINALS

THE BUSINESSASUSUAL CASE ASSUMES THAT ALL PLANNED EXPANSIONS TO EXISTING LNG TERMINALS WILL

BE COMPLETED AS SCHEDULED OF NOTE FOR THE NORTHEAST MARKET IS DOMINIONS NEAR DOUBLING OF ITS

COVE POINT CAPACITY AND DAILY VAPORIZATION CAPABILITY IN COVE POINT MD IN 2009 DOWNSTREAM

OF COVE POINT WE ALSO ASSUMED DOMINIONS EXPANSION OF ITS LEIDY LINE TO THE STORAGE FIELDS IN

NORTH CENTRAL PENNSYLVANIA WOULD BE COMPLETED LAI ASSUMED THE FOLLOWING NEW IMPORT

30
SOURCE ETA THE EXISTING LNG TERMINALS IN THE US INCLUDE ONSHORE TERMINALS IN EVERETT MA COVE POINT MD

ELBA ISLAND GA AND LAKE CHARLES LA ALONG WITH THE GULF GATEWAY TENRNNAL LOCATED 116 MILES OFFSHORE OF

LOUISIANA IN THE GULF OF MEXICO
31

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 15 BCFD HACKBERRY LOUISIANA

5BCFD AND CANAPORT NEW BRUNSWICK 10 BCFD

FROM 2010 TO 2020 LNG ENTRY ASSUMPTIONS INCLUDED IN THE BUSINESSASUSUAL 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 BUSINESSASUSUAL CASE INCLUDE THE

FOLLOWING

TABLE LNG IMPORT TERMINALS IN THE BUSINESSASUSUAL CASE

IMPORT TERMINAL SPONSOR LOCATION SIZE INSERVICE DATE

FREEPORT CHENIER FREEPORT LNG TEXAS 15 2008

HACKBERRY SEMPRA ENERGY LOUISIANA 15 2008

CANAPORT REPSOL IRVING OIL NEW BRUNSWICK 10 2008

COSTA AZUL SEMPRA ENERGY MEXICO 15 2014

GRAND BAHAMAS AES TRACTEBEL BAHAMAS 08 2015

GENERIC NA LOUISIANA 15 2015

GENERIC NA TEXAS 15 2016

GENERIC NA LOUISIANA 15 2017

GENERIC NA LOUISIANA 18 2018

GENERIC NA LOUISIANA 20 2019

BY 2020 AN ADDITIONAL SEVEN TERMINALS WOULD BE OPERATIONAL AN INCREASE IN TOTAL IMPORT CAPACITY

OF 106 BCFD32 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

21 INTERSTATE PIPELINE NETWORK

THERE ARE NINE INTERSTATE AND INTRASTATE PIPELINES DIRECTLY SERVING NEW YORK AS SHOWN IN FIGURE

WHICH DRAW ON AROUND 5000 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

32 LAI HAS ASSUMED AN ADEQUATE BOUNDARY FLOW OF LNG TO MEET THE DISPATCH REQUIIMENTS OF EACH IMPORT TERMINAL

OVER THE FORECAST PERIOD
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FIGURE GAS PIPELINES SERVING NEW YORK STATE AND THE GREATER NORTHEAST

PIPELINE

ALGONQUIN

COLUMBIA

DOMINION

EMPIRE

IROQUOIS

NATIONAL FUEL GAS

TENNESSEE

TEXAS EASTERN

TRANSCO

FIGURE SHOWS IROQUOISS 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

TABLE DELIVERY AREAS OF GAS PIPELINES SERVING NEW YORK STATE

LONG ISLAND NEW YORK CITY REST OF STATE
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FIGURE AVERAGE MONTHLY IROQUOIS DELIVERIES TO LONG ISLAND AND NEW YORK CITY
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SOUTH COMMACK NORTH PORT HUNTS POINT

IN ADDITION TO THESE EXISTING PIPELINES THE BUSINESSASUSUAL CASE INCLUDES MAJOR PIPELINE

ADDITIONS TO SERVE THE GREATER NORTHEAST FIRST THE EXPANSION OF MARITIMES NORTHEAST MN 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 MN IS ABOUT 420 IVIDTHD THE CAPACITY OF

MILLENNIUM IS ABOUT 525 MDTHD HENCE TOTAL ADDITIONAL CAPACITY IN THE GREATER NORTHEAST IS

950 MDTHD BOTH MN 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 MNS 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 LARGE BLOCK OF NEW CAPACITY TO

DOWNSTATE NEW YORK BUT NOT ONTO LONG ISLAND OR NEW YORK CITY33 MILLENNIUM DOES NOT SERVE

LONG ISLAND OR NEW YORK CITY DOWNSTREAM IMPROVEMENTS ON ALGONQUIN ANDOR IROQUOIS ARE

MILLEMILUM PHASE TENRNNATES IN RAMAPO NEW YORK THE EXTENSION OF MILLENNIUM PHASE INTO NEW YORK CITY

IS NOT PART OF THE BUSINESSASUSUAL CASE OTHER PIPELINE EXPANSIONS SUCH AS ISLANDER EAST COULD ALSO TRANSPORT THE

MILLENNIUM PHASE SUPPLIES TO LONG ISLAND BUT WERE NOT INCLUDED IN THE BUSINESSASUSUAL CASE

F
909999900000000000
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NECESSARY IN ORDER FOR KEYSPAN ANDOR 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 BUSINESSASUSUAL CASE

21 71 MNPHASE IV

EXPANSION OF MN 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 15 BCFD INTEREST IN MNS OPEN SEASON WOULD INCREASE PIPELINE

CAPACITY NEARLY FOURFOLD FROM 440 MMCFD TO 19 BCFD IN THE BUSINESSASUSUAL CASE WE
ASSUMED ONLY ONE NEW LNG IMPORT TERMINAL IN THE MARITIMES NOT TWO INCLUDED IS THE REPSOL

CANAPORT PROJECT35 MNS PHASE IV EXPANSION WAS DESIGNED TO INCREASE THE PIPELINES CAPACITY

TO 800 MMCFD PRIMARILY THROUGH ADDITIONAL COMPRESSION

2172 MILLENNIUM PHASE

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 GASS INTRASTATE PIPELINE SYSTEM IN UPSTATE NEW YORK

EMPIRES 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 EMPIRES EXISTING CAPACITY IS OVER

500 IVLIMCFD TO MEET MILLENNIUMS REQUIREMENTS EMPIRE PLANS TO CONSTRUCT NORTHTOSOUTH

LATERAL AN 85MILE SEGMENT THAT WOULD EXTEND FROM TAP NEAR ROCHESTER TO CORNING NY THIS

PROJECT IS GENERALLY REFERRED TO AS THE EMPIRE CONNECTOR THE EXTENSION WOULD ADD ABOUT 250

MDTHD OF CAPACITY FROM THE EXISTING EMPIRE MAINLINE TO MILLENNIUM

FERC ISSUED MILLENNIUM CERTIFICATE IN 2002 PHASE PRIMARILY FOLLOWS RIGHTOFWAY ALONG

COLUMBIAS 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 CONSISTS OF 186MILE SECTION FROM CORNING TO RAMAPO AND HAS CAPACITY OF 525

MDTHD ANCHOR SHIPPERS INCLUDE KEYSPAN CON EDISON AND CENTRAL HUDSON GAS AND ELECTRIC

KEYSPANS ENTITLEMENT ON MILLENNIUM EQUALS 150 IVIDTHD36 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 FROM BROOKFIELD TO SOUTH COMMACK OR HUNTS POINT WAS NOT

INCLUDED IN THE BUSINESSASUSUAL CASE SUBSEQUENT ANALYSIS WAS PERFORMED IN ORDER TO TEST THE PRICE IMPACT IN NEW

YORK CITY ASSOCIATED WITH ADDING 100 JVLLVLCFD

THE PROPOSED BEAR HEAD PROJECT IN NOVA SCOTIA HAS NOT BEEN INCLUDED AS CONSTRUCTION HAS BEEN STOPPED

36LAI ASSUMES THAT KEYSPAN WILL ARRANGE UPSTIAM ENTITLEMENTS ON TRANSCANADA UNION GAS ANDOR EMPII TO

BRING ADDITIONAL NATURAL GAS TO MILLENNIUM
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2173 MARKET AREA STORAGE

IN THE BUSINESSASUSUAL CASE LAT 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 STAGECOACHS WORKING GAS

STORAGE CAPACITY TO 20 BCF THE MAXIMUM WITHDRAWAL CAPACITY WILL BE INCREASED TO BCFD IN

2007 WE ALSO INCORPORATED THE PLANNED IMPROVEMENTS ALONG DOMINIONS LEIDY LINE TO THE

STORAGE CENTER IN NORTH CENTRAL PENNSYLVANIA

218 REGIONAL NATURAL GAS DEMAND

IN 2005 TOTAL GAS CONSUMPTION IN NEW YORK STATE WAS ABOUT 1150 BCF ACCORDING TO ETA DATA

NEW YORK STATE IS THE FOURTH LARGEST STATE IN TERMS OF GAS DEMAND BEHIND TEXAS CALIFORNIA AND

LOUISIANA THERE ARE APPROXIMATELY 46 MILLION NATURAL GAS CUSTOMERS SERVED BY 11 GAS

UTILITIES37

THROUGHOUT THE GREATER NORTHEAST THERE HAS BEEN SIGNIFICANT INDUSTRY CONSOLIDATION OVER THE LAST

TEN YEARS38 ABOUT 92 OF THE TOTAL CUSTOMER BASE IS RESIDENTIAL ABOUT ONEHALF 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 CHGE CON EDISON CORNING NATURAL GAS CO KEYSPAN ENERGY DELIVERY OF

NEW YORK KEDNY KEY SPAN 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 OR ROCHESTER GAS ELECTRIC RGE AND ST LAWRENCE GAS

38

MANY MERGERS AND ACQUISITIONS HAVE OCCUND SINCE THE MID1990S THUS DECREASING THE NUMBER OF INDIVIDUALLY

OWNED AND OPERATED GAS UTILITIES ENERGY EAST NYSEGS 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 GRIDS ACQUISITION OF NIAGARA MOHAWK HAS BEEN COMPLETED
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FIGURE 10 NEW YORK STATE GAS USE BY SECTOR 2005

IN TABLE WE SUMMARIZE THE NUMBER OF CUSTOMERS

NUMBER OF FIRM AND NONFIRM CUSTOMERS

BY UTILITY IN NEW YORK STATE INCLUDING THE

TABLE GAS CUSTOMERS BY UTILITY IN NEW YORK STATE4

NUMBER OF CUSTOMERS

COMMERCIAL ALL NONFIRM

INDUSTRIAL INTERRUPTIBLE TOTAL
IRM

FIRM TRANSPORTATION

CHGE 57486 9031 1006 67523

CON EDISON 919966 103273 31597 1054836

CORNING 10018 807 3772 14597

KEDLI 433768 48512 28068 510348

KEDNY 1044978 34351 80499 1159828

NFGDC 442444 23840 49835 516119

NIVIPC 443376 34603 79496 557475

NYSEG 220573 24479 5025 250077

OR 74717 7137 39651 121505

RGE 227932 15729 47873 291534

ST LAWRENCE 13638 1600 70 15308

TOTAL 3888896 303362 366892 4559150

SOURCE ETA
40

SEE FOOTNOTE 37 FOR THE COMPLETE NAME OF EACH UTILITY SHORTFORMED IN TABLE 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 SHOWS GAS SALES BY UTILITY IN NEW YORK STATE

TABLE GAS SALES BY UTILITY IN NEW YORK STATE4

2181 STATE POLICY TO ENHANCE COMPETITION

IN 1998 THE NEW YORK PUBLIC SERVICE COMMISSION NYPSC ISSUED POLICY STATEMENT THAT SET

FORTH FRAMEWORK FOR THE EVOLUTION OF COMPETITIVE GAS MARKET IN NEW YORK42 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 BUSINESSASUSUAL CASE LAI ASSUMED THAT PIPELINE INFRASTRUCTURE WILL BE

ADDED IN ORDER FOR THE REGIONS GAS UTILITIES TO KEEP PACE WITH CORE AND NONCORE DEMAND GROWTH

WE HAVE NOT MADE ANY ASSUMPTIONS REGARDING KEYSPAN OR CON EDISONS 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

41
2004 NEW YORK GAS REPORT NORTHEAST GAS ASSOCIATION FOR THE 12 MONTHS ENDING OCTOBER 2003

42
CASE 93G0932 PROCEEDING ON MOTION OF THE COMMISSION TO ADDRESS ISSUES ASSOCIATED WITH THE RESTRUCTURING

OF THE EMERGING COMPETITIVE NATURAL GAS MARKET CASE 97G 1380 POLICY STATEMENT CONCERNING THE FUTURE OF THE

NATURAL GAS INDUSTRY IN NEW YORK STATE AND ORDER TENRNNATING CAPACITY ASSIGNMENT NOVEMBER 1998

SALES MDTH
COMMERCIAL ALL NONFIRMOMPANY RESIDENTIAL

INDUSTRIAL INTERRUPTIBLE TOTAL
IRM

FIRM TRANSPORTATION

CHGE 5490 5394 8223 19107

CON EDISON 52156 43654 145337 241147

CORNING 1189 367 6748 8304

KEDLI 45799 26943 112670 185412

KEDNY 78679 69486 114074 262239

NFGDC 54544 27003 48537 130084

NIVIIPC 51406 17578 112259 181243

NYSEG 26425 8683 36594 71702

OR 11249 5413 18908 35570

RGE 25292 5711 32063 63066

ST LAWRENCE

TOTAL

1893

354122

1273

211505

9262

644675

12428

1210302
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2182 STATUS OF THE NEW YORK STATE RETAIL MARKET

LARGE GAS CUSTOMERS IN NEW YORK HAVE BEEN ABLE TO CHOOSE FROM NONUTILITY SUPPLIERS SINCE THE

MID1980S43 IN 1996 THE NYPSC EXTENDED THE OPPORTUNITY TO PURCHASE GAS FROM NONUTILITY

SUPPLIERS TO ALL CUSTOMERS AS OF QI 2007 ABOUT 12 OF NEW YORK CUSTOMERS REPRESENTING

40 OF TOTAL SALES HAD MIGRATED TO COMPETITIVE THIRDPARTY SUPPLIERS44 LARGEVOLUME

CUSTOMERS ARE BY FAR THE LIONS SHARE OF THE NEW YORK CUSTOMERS WHO HAVE MIGRATED ROUGHLY

ONEHALF MOST LARGE VOLUME CUSTOMERS SWITCHED TO NONUTILITY GAS SUPPLIER YEARS AGO 19 OF

SMALL COMMERCIAL AND INDUSTRIAL CUSTOMERS AND 9 OF RESIDENTIAL CUSTOMERS HAVE MIGRATED TO

THIRDPARTY SUPPLIERS45

OVER THE FORECAST PERIOD LAT 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

2183 GPCMDEMANDASSUMPTION AND INPUTS

HISTORICAL GAS DEMAND DATA IN GPCM IS BASED ON ETAS MONTHLY NATURAL GAS USE DEMAND DATA

BY STATE ARE SUMMED FOR THREE GROUPS RESIDENTIALCOMMERCI INDUSTRIAL AND POWER GENERATION

TRANSPORTATION SECTOR NATURAL GAS USE IS INCLUDED WITH INDUSTRIAL DEMAND THE DATA ARE PARSED

INTO GAS UTILITY DEMANDS THROUGH NUMBER OF STATE REGULATORY AND INDUSTRY REPORTS GPCM
FORECASTS OF RESIDENTIAL COMMERCIAL AND INDUSTRIAL GAS DEMANDS ARE BASED ON STATISTICAL ANALYSES

OF LONGTERM GROWTH RATES FOR AN LDCS SERVICE TERRITORY ADJUSTED USING PUBLICLY AVAILABLE

INFORMATION RELATING TO EXPECTED CHANGES IN NEAR TERM GROWTH RATES

SUBSTANTIAL MODIFICATIONS TO ETA DEMAND DATA FOR NEW YORK HAVE BEEN INCORPORATED BASED

LARGELY ON THE NGAS 2004 NEW YORK GAS REPORT LAT ALSO ANALYZED THE UNDERLYING SECTOR

DEMAND GROWTH RATES FOR MAJOR CENSUS REGIONS THESE GROWTH RATES WERE COMPARED TO OTHER

FORECASTS OF DEMAND GROWTH INCLUDING ETAS THE 2005 ETA AEO PROJECTS 15 GROWTH RATE IN

NATURAL GAS DEMAND IN THE US THE 2005 FORECASTS INCLUDE NATURAL GAS DEMAND GROWTH AT 13
PER ANNUM IN THE MIDATLANTIC REGION46 WHILE NEW ENGLANDS GROWTH RATE FOR NATURAL GAS IS

EXPECTED TO BE 14 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 26 PER ANNUM THIS

COMPARES WITH THE AEO FORECASTED GROWTH RATE OF MORE THAN 41 AS RESULT LAT SIGNIFICANTLY

INCREASED THE FORECAST OF NATURAL GAS USE FOR ELECTRICITY GENERATION FOR THE US AT LARGE47 FOR THE

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

IBID

46

JERSEY PENNSYLVANIA AND MARYLAND

GASFIRED COMBINED CYCLE PLANTS HAVE BEEN THE TECIMOLOGY OF CHOICE FOR CAPACITY ADDITIONS SINCE THE EARLY 1990S

ACCORDING TO EIA GAS USED FOR ELECTRICITY GENERATION INCREASED FROM 38 TCF IN 1991 TO 60 TCF IN 2004 THE SHARE

OF TOTAL US NET GENERATION USING NATURAL GAS INCREASED FROM 124 IN 1991 TO 177 IN 2004 IN BUSINESSASUSUAL
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GREATER NORTHEAST THE GROWTH IN GAS DEMAND FOR ELECTRICITY GENERATION IS OBTAINED FROM LAIS

PRODUCTION SIMULATION OF GAS USE FOR POWER GENERATION IN NYISO PJM AND ISONE WE

COMPARED OUR RESULTS WITH PLATTS FOR THE GPCM DATABASE WHILE THERE ARE NUMBER OF

SIGNIFICANT DIFFERENCES IN SPECIFIC SUBREGIONS THE DATA ARE REASONABLY COMPARABLE OVER THE

FORECAST PERIOD

219 ALTERNATE INFRASTRUCTURE CASES TESTED IN GPCM

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 BUSINESSASUSUAL CASE WITH BROADWATER ADDED TO THE

RESOURCE MIX SECOND LAI SUPPRESSED BROADWATER AND THEN RERAN THE BUSINESSASUSUAL CASE

WITH THE ADDITION OF MILLENNIUM PHASE AND ISLANDER EAST48 THIRD LAI RAN THE BUSINESSAS

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 BUSINESSASUSUAL 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 115 BCFD OF NEW CAPACITY COMES ONLINE BY 2010 THE THREE

NEW TERMINALS ADD 26 BCFD OF LNG IMPORT CAPACITY SO THAT BY 2020 172 BCFD OF LNG IMPORT

CAPACITY IS ONLINE COMPARED WITH 146 BCFD IN BUSINESSASUSUAL

2110 BACKCAST ANALYSIS TO ENSURE MODEL VALIDTV

IN ORDER TO CALIBRATE GPCM TO REDUCE MEASUREMENT ERROR AND TO ASSURE PREDICTIVE ACCURACY OVER

THE STUDY HORIZON LAI CONDUCTED BACKCAST ANALYSIS OF MARKET PRICES IN NEW YORK CITY FROM

1999 THROUGH JULY 2005 THE OBJECTIVE OF THE BACKCAST ANALYSIS WAS TO FINETUNE BROAD ARRAY OF

FACTOR INPUTS TO ENSURE THAT THE MODEL ACCURATELY PREDICTED ACTUAL MARKET AREA PRICES THE

MARKET AREA PRICE OF PARTICULAR SIGNIFICANCE WAS TZ6NY49 RESULTS OF THE BACKCAST ANALYSIS

RELATIVE TO ACTUAL TZ6NY 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

48

INCLUDING REQUIRED FACILITIES ON ALGONQUIN

ALTHOUGH IGTSZ2 REPISENTS THE VALUE OF NATURAL GAS DELIVERED ON LONG ISLAND TZ6NY IS 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 TZ6NY PRICES

JAN00 JAN01 JAN02 JAN03 JAN04 JAN05

THE OVERALL GOODNESS OF FIT WAS REASONABLY STRONG THE CORRELATION COEFFICIENT OVER THE BACKCAST

PERIOD EQUALED O82 LAI ELECTED NOT TO INCORPORATE ADDITIONAL MODEL REFINEMENTS THAT MIGHT

HAVE ALLOWED FOR CLOSER APPROXIMATION OF HISTORIC VOLATILITY EVENTS ON LONG ISLAND AND IN NEW
YORK CITY

22 ELECTRIC MARKET SIMULATION ANALYSIS

221 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 RECURSIVE MODE

IN ORDER TO OBTAIN CONVERGENCE FOR THE LEVEL OF GAS BURNS AND PRICES OVER THE FORECAST PERIOD

LAI DEVELOPED LONGTERM FORECASTS OF DELIVERED FUEL PRICES IN ORDER TO SCHEDULE GENERATION PLANTS

IN NYISO PJM AND ISONE REGIONAL DELIVERED FUEL PRICES ARE KEY INPUTS TO MARKETSYM FOR

PURPOSES OF FORECASTING ENERGY PRICES ACROSS NEW YORK PJM AND ISONE THE MODELING

SYSTEM ACCOUNTS FOR POWER PLANT OPERATIONS AND TRANSMISSION INTERCHANGE IN THE DAY AHEAD

50PRICE 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

HISTORICAL TZ6NY BACKCAST TZ6NY
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MARKET DAIVI 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

222 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 ZONAL OR ON NODAL BASIS AN OVERVIEW OF OUR APPROACH IS DEPICTED IN FIGURE 1251

FIGURE 12 POWER SYSTEM MODEL INTERFACES

LOAD FUEL PRICE FORECAST

ECONOMIC GROWTH DSM
EXTREME WEATHER

MARKET UNCERTAINTIES

FUEL PRICE VOLATILITY

POWERWORLD
PLANT REDISPATCH

TRANSMISSIOD NODAL

PLANT CONFIGURATIONS

OPERATING DATA

ANCILLARY SERVICES UPLIFT CAPACITY VALUATION MODEL

PLANTSPECIFIC ALLOCATION BASED RESIDUAL REVENUE REQUIREMENTS

ON ANCILLARY SERVICES POTENTIALS CAPACITY ATTRITIONS RELIABILITY RESERVE REQUIREMENTS

OPERATING RESERVES AGC UPLIFT MID LONGTERM PRO FORMA

SRE PROTOCOLS ENTRY EXIT

LAI MODELED THE NYISO ISONE AND THE MID ATLANTIC ALLEGHENY POWER APS AMERICAN

ELECTRIC POWER AEP AND VIRGINIA POWER VP PORTIONS OF THE PJIM MARKET AREAS AS WELL AS THE

51

LAIS PROPRIETARY FINANCIAL AND MATHEMATICAL MODELS ARE USED TO DERIVE ENTRY AND ATTRITION

MARKETSYM
PLANT COMMITMENT

DISPATCH

TRANSMISSIONS ZONAL

PLANT LOADING INCREMENTAL COST

ENERGY PRICES

GENERATOR ANCILLARY REVENUES
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IMPORTS EXPORTS FROM FIRST ENERGY QUEBEC AND ONTARIO EACH OF THESE MARKET AREAS IS DIVIDED

INTO SUBAREAS FOR DISPATCH AND PRICING PURPOSES AS SHOWN IN FIGURE 13 BELOW52

FIGURE 13 GEOGRAPHIC OVERVIEW OF MARKET TOPOLOGY

BOTH THE CROSS SOUND CABLE AND NEPTUNE ARE MODELED AS FREEFLOWING 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 BIDIRECTIONAL AND NEPTUNE WAS MODELED AS UNIDIRECTIONAL TO

52 LAI MODELED NYISO WITH FIVE SUBAREAS NYWEST INCLUDES ZONES AND NYGHI INCLUDES ZONES

AND AND ZONES AND ARE STAND ALONE SUBAREAS TO CAPTURE THE PRICE DIFFERENTIALS IN ALBANY NEW YORK CITY

AND LONG ISLAND RESPECTIVELY DETAILED DESCRIPTION OF THE NYISO ZONES CAN BE FOUND IN THE REPORT ENTITLED

LOCATIONAL INSTALLED CAPACITY REQUIREMENTS STUDY COVERING THE NEW YORK CON FROLAREA FEBMARY 12 2003

LAI MODELED ISONE WITH SIX SUBAREAS IN ORDER TO OPTIMIZE CABLE FLOWS ON Y49Y50 CROSS SOUND CABLE AND

LINE 1385 NENOR INCLUDES ZONES BHE SME AND ME NECENTRAL INCLUDES ZONES VT NEMA WMA CMA AND

NH SEMARI INCLUDES ZONES SEMA AND RI AND ZONES SWCT CT AND BOSTON ARE STANDALONE SUBAREAS TO

CAPTURE LOCATIONAL PRICING DIFFERENTIALS OF RELEVANCE TO LONG ISLAND DETAILED DESCRIPTION OF THE ISONE ZONES CAN

BE FOUND IN THE REPORT ENTITLED RTEPO2 NOVEMBER 2002

LAI MODELED THE MIDATLANTIC AREA COUNCIL MAAC PLUS APS PORTION OF PJM WITH THREE SUBAREAS JCPL IS

STANDALONE SUBAREA TO CAPTURE THE PRICE DIFFERENTIALS AT SAYREVILLE PJIME INCLUDES THE REST OF MAACS EASTERN

ZONE AND PJMW OR RTO INCLUDES THE WESTERN ZONE OF MAAC PLUS APS IN ADDITION THE AEP AND VP ZONES

WERE MODELED AS STANDALONE SUBAREAS TO CAPTURE LOCATIONAL PRICING DIFFERENTIALS

FIRSTENERGY QUEBEC AND ONTARIO WERE MODELED AS SINGLE SUBAREAS TO CAPTURE THE EFFECTS OF IMPORTS INTO AND EXPORTS

OUT OF NEW YORK NEW ENGLAND AND PJM

223 TRANSMISSION LINKAGES
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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 LIPA53 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 CAPACITIES54

THE ESTIMATED TRANSFER LIMITS HAVE BEEN UPDATED TO REFLECT INFORMATION FROM VARIOUS ISOS55

224 GENERATION ANDLOADDATA

LAI USED THE LOAD AND CAPACITY DATABASE LICENSED BY GLOBAL ENERGY DECISIONS INC UPDATED

WHERE APPROPRIATE WITH DATA FROM NYISO ISONE AND PJM TABLE

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 ISONE DRAFT RTEP04 REPORT AUGUST 30 2004 NYISO 2004 LOAD AND CAPACITY DATA REPORT NYISO

LOCATIONAL CAPACITY REQUIREMENTS STUDY REPORT FEBRUARY 20 2004 AND PJIM HISTORICAL OPERATIONAL LIMITS AS

POSTED ON WWWPJMCOM
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TABLE SOURCES OF LOAD DATA INFORMATION

MARKET DATA SOURCE

NYISO 2004 LOAD AND CAPACITY DATA REPORT

TSNE RTEPO4 AND 2004 REPORT OF CAPACITY ENERGY LOADS AND

TRANSMISSION

PJM 2004 ETA 411 FILING

225 REGIONAL TRANSMISSION EXPANSION PLANS

TSONE AND PJM HAVE EMBARKED ON FORMALIZED REGIONAL TRANSMISSION EXPANSION PLANNING

PROCESSES THAT FORM THE BASIS FOR TRANSMISSION EXPANSION NYTSO IS DEVELOPING COMPREHENSIVE

10YEAR PLAN TSONES REGIONAL SYSTEM PLAN RSP PRESENTS REGIONAL SYSTEM EXPANSION PLAN

THAT ADDRESSES RESOURCE PLANNING CRITERIA THE PJIM REGIONAL TRANSMISSION EXPANSION PLANNING

PROTOCOL PROVIDES THE BASIS FOR PLANNING TRANSMISSION EXPANSIONS TRANSMISSION UPGRADES IN PJIM

AND NEW ENGLAND ARE BASED ON EACH TSOS RTEP

226 CAPACITY VALUES AND ENTRY EXIT

LATS INSTALLED CAPACITY TCAP MODELS ESTABLISH THE MIX OF GENERATION RESOURCES OVER THE LONG

TERM LATS ATTRITION MODEL ANALYZES THE OPERATING ECONOMICS OF EXISTING PLANTS TO TEST WHETHER

THEY ARE VIABLE ON CASH GOINGFORWARD BASIS LATS 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 TCAP IN NEW YORK AND NEIGHBORING CONTROL AREAS HAVE BEEN FORECAST

OVER THE STUDY PERIOD BY SIMULATING THE RESPECTIVE DEMAND CURVE MECHANISMS IN EACH MARKET

AREA56

2261 PLANT ATTRITION

LATS ATTRITION MODEL EVALUATES THE ECONOMIC PERFORMANCE OF EACH EXISTING PLANT IN THE MARKET

BASED UPON FORECASTED ENERGY ANCILLARY SERVICES TCAP REVENUES AND CASH OPERATING EXPENSES

THE RETIREMENT ANALYSIS ASSUMES THAT PLANT WOULD BE AT RISK OF RETIREMENT IF IT EXPERIENCES AN

OUTOFPOCKET CASH OPERATING LOSS OF DESIGNATED AMOUNT FOR 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

56PJ USES THE RELIABILITY PRICING MODEL ISONE 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 RFOFIRED PLANTS MAY AFFECT THE ECONOMIC VIABILITY OF PLANTS

IN THE GREATER NORTHEAST

2262 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 SIMPLECYCLE OR COMBINEDCYCLE MODE IN OTHER AREAS OF THE STUDY REGION ALL

GENERIC NEW ENTRY IS ASSUMED TO BE COMBUSTION TURBINE BASED58 LAIS ENTRY MODEL DETERMINES

THE MIX OF COMBINEDCYCLE AND SIMPLECYCLE 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 AERODERIVATIVES THAT ARE SOMEWHAT LESS EXPENSIVE THAN COMBINED CYCLE PLANTS AND

WELL SUITED FOR FAST STARTS AND SHUTDOWNS59 LAIS ENTRY MODEL INCORPORATES FORECAST OF ALL THE

CAPITAL COSTS OF NEW PLANT INCLUDING THE ITEMS IN EXHIBIT

THE COSTS IN EXHIBIT REPRESENT THE BASE COSTS FOR 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

STARTUP SPARES AND FINANCIAL COSTS FINANCING PARAMETERS ARE GENERALLY CONSISTENT WITH PRIOR

ADVISORY WORK PERFORMED BY LAI FOR NYISO REGARDING THE DEMAND CURVE

EXHIBIT CONTAINS LISTING OF THE RESOURCE ADDITIONS INCLUDED IN THE NYISO PJM AND ISONE
CONTROL AREAS ADDITIONS IN ONTARIO ARE ALSO IDENTIFIED THE EXPECTED STARTUP DATE FOR EACH

PROJECT IS ALSO LISTED ALONG WITH THE WINTER MW RATING

227 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 CITYS PEAK LOAD MUST BE MET BY INCITY GENERATORS

AND 99 OF LONG ISLANDS PEAK LOAD MUST BE MET BY ONISLAND GENERATORS6 THESE LOCATIONAL

THE ATTRITION MODEL INCORPORATES INVESTMENTS FOR ADDITIONAL ADDON EMISSION CONTROLS TO MEET FEDERAL

REQUIREMENTS FOR PARTICULATES SO2 AND NOR AS WELL AS LIMITS ON MERCURY EMISSIONS UPON THE RETIREMENT OF ONE OR

MORE PLANTS THE SUPPLY CURVE IN SUBSEQUENT YEARS IS ADJUSTED

58
AS NOTED IN EXHIBIT PJIM HAS RECENTLY ADDED ONE WASTE COALFIRED PLANT THE SEWARD UNIT

SIMPLE CYCLE COMBUSTION TURBINES IN PJIM NEW ENGLAND AND REST OF STATE ARE ASSUMED TO BE GE7FA UNITS THAT

ARE LARGER AND LESS EXPENSIVE ON UNITOFCAPACITY BASIS COMBINED CYCLE UNITS ARE ASSUMED TO BE INDUSTRIAL FRAME

UNITS EMPLOYING OR TECIMOLOGY THAT ARE BEST SUITED FOR THERMODYNAMIC EFFICIENCY WITH HEAT RECOVEIY STEAM

GENERATORS AND STEAM TURBINE CYCLES

60
CURRENT NYISO RULES ALLOW FOR CONTROLLABLE DIRECT CURRENT CABLES TO QUALIFY AS ONISLAND 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

228 PLMRELIABILITY PRICING MODEL

AT THE TIME THE ELECTRIC SIMULATION MODELING WAS CONDUCTED THE CAPACITY MARKET IN PJM INCLUDED

DAILY MONTHLY AND MULTIMONTHLY UNFORCED CAPACITY UCAP AUCTIONS THAT DETERMINED SINGLE

CLEARING PRICE FOR THE ENTIRE PJIM FOOTPRINT LOADSERVING 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 NONCOMMITTED UCAP THESE BIDS WERE VOLUNTARY AND ARE RESIDUAL IE

THEY DID NOT INCLUDE UCAP COMMITMENTS IN PLACE EITHER THROUGH BILATERAL CONTRACTS OR THROUGH

SELFSUPPLY 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 DEMAND CURVE THAT IS SET TO

PROVIDE PEAKING GENERATOR WITH SUFFICIENT REVENUES TO ACHIEVE THRESHOLD RETURN

PJIM 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

HORIZON6 BY THE FOURTH PLANNING YEAR NUMBER OF CRITICAL TRANSMISSION UPGRADES ARE EXPECTED

TO BE COMPLETED WITHIN PJIM CAUSING LOCATIONAL ICAP PRICES TO CONVERGE

229 ISONE CAPACITY MARKET

DURING OUR EVALUATION ISONE HAD PROMOTED CAPACITY MARKET MECHANISM REFERRED TO AS

LICAP LIKE NYISOS DEMAND CURVE LICAP WOULD USE SLOPED DEMAND CURVE AND SUPPLY

CURVE TO SET MARKETCLEARING 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 PRODUCT OF

SETTLEMENT FERC APPROVED THE FCM SETTLEMENT ALLOWING FOR MULTIYEAR TRANSITION PERIOD

THROUGH 2010 FCM WILL USE 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 LAIS ENTRY ASSUMPTIONS

INCORPORATED OUR THEN CURRENT UNDERSTANDING OF LICAP IN LAIS VIEW THE USE OF LICAP FOR

PURPOSES OF ADDING NEW GENERATION CAPACITY DOES NOT CONSTITUTE SIGNIFICANT BIAS REGARDING

ENERGY PRICES ON LONG ISLAND UNDER THE BUSINESSASUSUAL CASE

61
RESULTS OF THE FIRST PJM AUCTION HELD IN APRIL 2007 FOR DELIVERY YEAR 2007200 INDICATE THAT BOTH EASTERN AND

SOUTHWESTERN MAAC HAVE SUBSTANTIALLY HIGHER UCAP PRICES THAN THE REST OF PJTVI SECOND AUCTION WAS HELD IN

JULY 2007 FOR DELIVERY YEAR 20082009 AND INTRODUCED MATERIAL CHANGES ASSOCIATED WITH TRANSMISSION LIMITS AND THE

AMOUNT OF GENERATION IN EASTERN MAAC THIRD AUCTION FOR DELIVERY YEAR 20092010 WILL BE HELD IN OCTOBER 2007
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2210 NEW YORKRENEWABLE PORTFOLIO STANDARD

IN SEPTEMBER 2004 THE NYPSC ISSUED AN ORDER IMPLEMENTING AN RPS THAT REQUIRES AT LEAST 24
OF THE STATES ELECTRIC ENERGY TO COME FROM RENEWABLE RESOURCES BY 2013 CURRENTLY ABOUT 19
OF THE STATES ENERGY REQUIREMENTS ARE SUPPLIED BY RENEWABLE SOURCES PRIMARILY HYDRO THE

SEPTEMBER 2004 ORDER IMPLEMENTS 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 STATES RENEWABLE PORTFOLIO AND FURNISH 24 OF TOTAL STATE

REQUIREMENTS62

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 14 MILLION I4WH PER YEAR STARTING IN 2006 THE INCREMENTAL BLOCK OF RENEWABLE

GENERATION REPRESENTS ROUGHLY 08 OF TOTAL STATE ENERGY CONSUMPTION AND 1 OF THE TOTAL ENERGY

CONSUMPTION SERVED BY LSES

THE NYPSC ESTIMATES THAT TOTAL OF 3539 1VIW 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 EMPLOYED63 THE NYPSC ALSO ESTIMATED THAT IN ADDITION TO THE

CAPACITY REQUIRED TO FULFILL THE RPS REQUIREMENTS ANOTHER 1006 MW OF INCREMENTAL RENEWABLE

CAPACITY IE FOR TOTAL OF 4546 IVIW WILL BE DEVELOPED IN NY STATE IN THE SAME TIME PERIOD64

OF THE TOTAL 4546 MW OF INCREMENTAL RENEWABLE CAPACITY THE NYPSC PROJECTED THAT

SIGNIFICANT MAJORITY 3029 MW WOULD COME FROM NEW WIND RESOURCES THE REMAINING

RENEWABLE CAPACITY IS PROJECTED TO COME FROM HYDRO IMPORTS 1100 IVIW BIOMASS 294 IVIW
AND LANDFILL GAS 123 MW
GIVEN VARIOUS SITING DIFFICULTIES LIMITATIONS IN WIND TURBINE MANUFACTURING AND OUR SKEPTICISM

OF NONRPS RENEWABLE CAPACITY DEVELOPMENT LAI MADE THE CONSERVATIVE ASSUMPTION THAT ONLY

APPROXIMATELY 20 OF THE NYPSCS ESTIMATE OF NEW WIND CAPACITY OR 650 1VIW WILL BE

OPERATIONAL BY 2013 WE ASSUMED THAT OTHER FORMS OF RENEWABLE CAPACITY TOTALING

APPROXIMATELY 1500 MW WILL BE DEVELOPED AS PROJECTED BY THE NYPSC THE NYPSC

PROJECTIONS AND LAIADJUSTED VALUES ARE DETAILED IN EXHIBIT

2211 EMISSIONS ASSUMPTIONS AND ALLOWANCE PRICES

THE CLEAN AIR ACT CAA AND AMENDMENTS AUTHORIZED THE ENVIRONMENTAL PROTECTION AGENCY

EPA TO ESTABLISH MARKETBASED PROGRAMS TO REDUCE NO AND SO2 EMISSIONS FROM VARIETY OF

STATIONARY SOURCES INCLUDING FOSSIL FUEL FIRED ELECTRIC GENERATING UNITS TITLE IV OF THE CAA SET

GOAL OF REDUCING ANNUAL SO2 EMISSIONS BY 10 MILLION TONS BELOW 1980 LEVELS TO ACHIEVE THESE

REDUCTIONS THE LAW REQUIRED TWOPHASE TIGHTENING OF THE RESTRICTIONS PLACED ON FOSSIL FUELFIRED

62
THE NYPSC EXPECTS AN ADDITIONAL 1 OF THE STATES ENERGY REQUIREMENTS TO BE MET THROUGH VOLUNTARY PURCHASES OF

INCREMENTAL RENEWABLE ENERGY
63

SEE 03E0188 APPENDIXD TABLE

64
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 SO2 ALLOWANCE

ALLOCATION CALCULATIONS WERE MADE FOR VARIOUS TYPES OF UNITS EPA ALLOCATED ALLOWANCES TO EACH

UNIT AT AN EMISSION RATE OF 12 POUNDS OF S02MMBTU OF HEAT INPUT MULTIPLIED BY THE UNITS

BASELINE EXISTING PLANTS CAN MEET THEIR BUDGET ALLOCATION THROUGH THE USE OF COMPLIANCE COAL OR

LOW SULFUR RFO 07 SULFUR OR LESS BY OPERATION OF FLUE GAS DESULFURIZATION FGD SYSTEMS OR

BY ACQUIRING EMISSIONS ALLOWANCES FROM THE MARKET

ALL NO TRADING PROGRAMS HAVE THE SAME GOAL REDUCE THE TRANSPORT OF GROUNDLEVEL 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 NO BUDGET CAP AND TRADE PROGRAM SINCE 1999
65

THE OTC

PROGRAM LIMITS THE TOTAL EMISSIONS FROM AFFECTED UNITS IN EACH STATE DURING THE OZONE SEASON MAY
TO SEPTEMBER 30 OF EACH YEAR THE MOST RECENT NO BUDGET REDUCTIONS UNDER THE OTC

PROGRAM WERE IMPLEMENTED IN MAY 2003 TWO OTHER REGIONAL TRADING PROGRAMS THE SECTION 126

FINAL ACTION 2005 AND THE NO STATE IMPLEMENTATION PLAN SIP CALL WILL AFFECT 22 STATES

INCLUDING SEVERAL STATES IN PJM NOT PREVIOUSLY SUBJECT TO THE OTC NO BUDGET PROGRAM66 THE

MOST RECENT NO SIP CALL DEADLINE FOR PHASE REDUCTIONS WAS MAY 2004 THE EMISSION LIMIT

USED BY EPA TO CALCULATE THE PHASE NO SIP CALL BUDGETS 015 LB NOIV1IIV1BTU REPRESENTS

APPROXIMATELY AN 85 REDUCTION FROM UNCONTROLLED NO EMISSIONS FOR MOST LARGE COALFIRED

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 SO2 AND NO FROM ELECTRIC GENERATING PLANTS CAIR FOCUSES ON

THE 29 EASTERN STATES WHERE POWER PLANT EMISSIONS SIGNIFICANTLY CONTRIBUTE TO THE NONATTAINMENT

OF DOWNWIND STATES WITH RESPECT TO OZONE AND FINE PARTICULATES THE RULE ESTABLISHES CAPAND
TRADE PROGRAM WHICH WOULD REDUCE POWER PLANT SO2 EMISSIONS BY 36 MILLION TONS IN 2010 AND

18 MILLION TONS IN 2015 THE RULE ALSO ESTABLISHES YEARROUND NO 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 OILFIRED PLANTS WHICH CURRENTLY LACK SELECTIVE

CATALYTIC REDUCTION SCR ANDOR FGD WILL RETROFIT SUCH SYSTEMS BY 2010 OUR CAPACITY MODEL

REFLECTS THESE INVESTMENTS THE EXPANDED EMISSION ALLOWANCE PROGRAM INCLUDING NONOZONE

SEASON MARKET FOR NO ALLOWANCES ALSO AFFECTS OUR FORECAST FOR NO AND SO2 ALLOWANCE PRICES67

65 NEW ENGLAND NEW YORK NEW JERSEY DELAWARE MARYLAND PENNSYLVANIA AND THE DISTRICT OF COLUMBIA

66
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 II ONLY STATES AND DISTRICTS COVERED BY THE SECTION

126 FINAL RULE ARE DC DE IN KY MD MI NC NJ NY OH PA VA WV
67

MANY OF THE COALFIRED PLANTS IN NEW YORK PJM AND ONTARIO HAVE IMPLEMENTED STRATEGIES TO REDUCE SO2 AND NO
EMISSIONS NUMBER OF THE LARGER AND MORE EFFICIENT PLANTS HAVE RETROFIT FGD SYSTEMS FOR SO2 CONTROL AND

SOMEWHAT LARGER NUMBER OF PLANTS HAVE RETROFIT SCR OR SELECTIVE NONCATALYTIC 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
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22111 NEW YORK REGULATIONS

IN 1999 GOVERNOR PATAKI ANNOUNCED THAT FOSSIL FUELFIRED GENERATORS IN NEW YORK WOULD BE

REQUIRED TO FURTHER REDUCE SO2 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 200368 IN ACCORDANCE WITH PART 237

AFFECTED SOURCES MUST COLLECTIVELY REDUCE NO EMISSIONS DURING THE NONOZONE SEASON BEGINNING

OCTOBER 2004 TO LEVEL THAT CORRESPONDS WITH THE OZONESEASON NO REDUCTIONS THAT WERE

ACHIEVED IN MAY 2003 UNDER THE CURRENT NO BUDGET TRADING PROGRAM69 PART 238 REDUCES THE

SO2 EMISSIONS TO 50 BELOW THE LEVELS ALLOWED UNDER THE CURRENT PHASE OF THE FEDERAL ACID RAIN

PROGRAM THE SO2 REDUCTIONS ARE IMPLEMENTED IN TWO PHASES BEGINNING JANUARY 2005 AND

JANUARY 2008

CONSISTENT WITH LAIS TREATMENT IN PRIOR ENERGY PRICE FORECASTING STUDIES PERFORMED FOR LIPA
NO AND SO2 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 DAJVI OR REALTIME MARKET AS DISCUSSED IN

APPENDIX LAIS FORECAST INCORPORATES OUR OUTLOOK FOR THE SO2 AND NO ALLOWANCE MARKETS

THE SO2 ALLOWANCE PRICE FORECAST SHOWS PRICES NEAR 700TON THROUGH 2007 FOLLOWED BY

GRADUAL DECLINE TO 200TON BY 2014 AFTER WHICH ALLOWANCE PRICES WILL ESCALATE IN KEEPING WITH

INFLATION THE NO ALLOWANCE PRICE FORECAST SHOWS SIMILAR PATTERN WITH PRICES AROUND

3340TON IN 2006 THEN DECREASING TO 1500 IN 2012 AFTER 2012 PRICES WILL INCREASE WITH

INFLATION

23 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 TZ6NY AND IGTSZ2 REST OF STATE VALUES ARE INDEXED TO DOMINION

SOUTH POINT DTISP 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 NONCORE ON LONG ISLAND NEW YORK CITY AND REST OF

STATE THE CORE AND NONCORE 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 REGIONS GAS UTILITIES PURCHASE ALL

OF THEIR NATURAL GAS EITHER AT PRODUCTION AREAS OR MAJOR STORAGE HUBS IE LEIDY ELLISBURG AND

68 NEW YORK STATE CODES RULES AND REGULATIONS JYCRR PARTS 237 AND 238

69 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 TZ6NY ANDOR IGTSZ2 PRICES

FIGURE 15 PROVIDES COMPARISON OF THE HENRY HUB PRICES FOR THE BUSINESSASUSUAL 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 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 BUSINESSASUSUAL

FORECAST OF GAS PRICES AT THE HENRY HUB THE COMMODITY PRICE DIFFERENCE RANGES FROM LOW OF

O03MMIBTU HIGHER WITH MILLENNIUM PHASE AND ISLANDER EAST TO HIGH OF O50IVIMBTU

LOWER FOR CROWN LANDING THE ADDITION OF BROADWATER RESULTS IN COMMODITY PRICES AT THE HENRY

HUB THAT WOULD AVERAGE O46MIVIIBTU LOWER OVER THE FORECAST PERIOD

FIGURE 15 COMMODITY PRICE CHANGES AT THE HENRY HUB BUSINESSASUSUAL ALTERNATIVE

CASES BROADWATER MILLENNIUM PHASE II ISLANDER EAST CROWN LANDING

10

E5

HENRY HUB BAU CASE

HENRY HUB BAU CASE WI BROADWATER AVERAGE DIFFERENCE 046

HENRY HUB BAU CASE WI MILLENNIUM PHASE ISLANDER EAST AVERAGE DIFFERENCE 003

HENRY HUB BAU CASE WI CROWN LANDING AVERAGE DIFFERENCE FT50

FIGURE 16 FIGURE 17 AND FIGURE 18 COMPARE THE FORECAST OF PRICES UNDER THE SAME BUSINESSAS

USUAL CASES AT VARIOUS CONTINENTAL AND REGIONAL PRICING POINTS OF SPECIFIC RELEVANCE TO LONG

ISLAND AND NEW YORK DAWN TZ6NY AND IGTSZ2 AS SHOWN IN FIGURE 17 THE AVERAGE PRICE

REDUCTION IN TZ6NY PRICES WITH BROADWATER IS 135MIIV1BTU OVER THE FORECAST PERIOD IF

CROWN LANDING IS BUILT IN LIEU OF BROADWATER THE RESULTANT AVERAGE PRICE DECREASE IN TZ6NY

PRICES IS O59IVIIMBTU COINCIDENTALLY THE PRICE EFFECT ATTRIBUTABLE TO MILLENNIUM PHASE AND

ISLANDER EAST IS THE SAME AS CROWN LANDING

37



06

DAWN BAU CASE

DAWN BAU CASE WI BROADWATER AVERAGE DIFFERENCE 049

DAWN BAU CASE WI MILLENNIUM PHASE ISLANDER EAST AVERAGE DIFFERENCE 003

DAWN BASE CASE WI CROWN LANDING AVERAGE DIFFERENCE 052

N LU N

TZ6NY BAU CASE

TZ6NY BAU CASE WI BROADWATER AVERAGE DIFFERENCE 135

TZ6NY BAU CASE WI MILLENNIUM PHASE ISLANDER EAST AVERAGE DIFFERENCE 059

TZ6NY BAU CASE WI CROWN LANDING AVERAGE DIFFERENCE 059

N LU N

FIGURE 16 COMMODITY PRICE CHANGES AT THE DAWN STORAGE HUB BUSINESSASUSUAL

ALTERNATIVE CASES BROADWATER MILLENNIUM PHASE II ISLANDER EAST CROWN LANDING

12

FIGURE 17 TZ6NY PRICE CHANGE BUSINESSASUSUAL ALTERNATIVE CASES BROADWATER
MILLENNIUM PHASE II ISLANDER EAST CROWN LANDING
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FIGURE 18 IGTSZ2 PRICE CHANGE BUSINESSASUSUAL 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 TZ6NY
AND IGTSZ2 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 CONSEQUENT PRICE EFFECT ON LONG ISLAND NEW YORK CITY AND REST OF STATE WOULD

STILL REMAIN HIGH

IGTSZ2 BAU CASE

IGTSZ2 BAU CASE WI BROADWATER AVERAGE DIFFERENCE 1 61

IGTSZ2 BAU CASE MILLENNIUM PHASE ISLANDER EAST AVERAGE DIFFERENCE 062

IGTSZ2 BAU CASE WI CROWN LANDING AVERAGE DIFFERENCE 055

C1

39



10

C4
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FIGURE 19 HENRY HUB PRICE COMPARISON LNG OVERBUILD CASE
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E5

03

HENRY HUB LNG OVERBUILD

HENRY HUB LNG OVERBUILD WI BROADWATER AVERAGE DIFFERENCE 028

N CO CD J N CO CD

CD CD CD CD J

FIGURE 20 DAWN PRICE COMPARISON LNG OVERBUILD CASE

DAWN LNG OVERBUILD

DAWN LNG OVERBUILD W BROADWATER AVERAGE DIFFERENCE 033

N CD N CD
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FIGURE 21 TZ6NY PRICE COMPARISON LNG OVERBUILD CASE

FIGURE 22 IGTS Z2 PRICE COMPARISON LNG OVERBUILD CASE

IGTSZ2 LNG OVERBUILD

IGTSZ2 LNG OVERBUILD WI BROADWATER AVERAGE DIFFERENCE 1 58

I CO CD I CO CD

N CO CD N CO CD
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TABLE SUMMARIZES THE AVERAGE GAS PRICE IMPACT OVER THE FORECAST PERIOD FOR BROADWATER

MILLENNIUM PHASE PLUS ISLANDER EAST CROWN LANDING AND FINALLY THE LNG OVERBUILD CASE

PRICE EFFECTS IN SELECT YEARS AT REGIONAL PRICING POINTS ARE SHOWN IN EXHIBIT

TABLE AVERAGE 10YEAR PRICE RESULTS BY CASE

HENRY IROQUOIS TRANSCO
DAWN

HUB ZONE Z6 NY

BUSINESSASUSUAL 745 782 954 954

BUSINESSASUSUAL BROADWATER 699 733 793 819

BROADWATER IMPACT 046 049 161 135

BUSINESSASUSUAL MILLENNIUM 748 785 892 895
ISLANDER EAST

MILLENNIUM ISLANDEREAST IMPACT 003 003 062 059

BUSINESSASUSUAL CROWN LANDING 695 730 899 895

CROWN LANDING IMPACT 050 052 055 059

LNG OVERBUILD CASE WO BROADWATER 624 669 855 854

LNG OVERBUILD CASEW BROADWATER 595 635 697 717

BROADWATER IMPACT7 029 034 158 137

24 BENEFITS ATTRIBUTABLE TO BROADWATER

241 GAS UTITV AND ELECTRIC UTITV BENEFITS ON LONG ISLAND NEW YORK CTV ANDREST OF STATE

NATURAL GAS TO SERVE CORE UTILITY LOAD IS 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 PRICE EQUAL TO TZ6NY

QUANTIFICATION OF ECONOMIC BENEFITS FOR CORE CUSTOMERS REFLECTS THE FOLLOWING PRICING POINTS

THROUGHOUT NEW YORK STATE

ARE GAUGED AROUND PRICES IN THE LNG OVERBUILD CASE NO BROADWATER RATHER THAN THE BUSINESSASUSUAL

CASE
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TABLE MARKET CENTER PRICING POINTS

SUBAREA PRICING POINT

NEW YORK CITY TZ6NY

LONG ISLAND IGTSZ2 TZ6NY

NY CENTRAL NORTH IGTSZ

NY WEST NIAGARA

NY SOUTH DTISP

GASFIRED GENERATION BIDS INTO NYISOS DAM REFLECT THE VALUE OF NATURAL GAS IN THE MARKET AREA

IE TZ6NY IGTSZ27 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 MARKETSYM72 THE HOURLY PRODUCT OF ENERGY PRICE AND LOAD WAS INTEGRATED

OVER EACH YEAR TO ESTABLISH WHOLESALE ENERGY SUPPLY COST FOR EACH REGION

THE FINANCIAL LOGIC LAI USED TO QUANTIFY THE ECONOMIC BENEFITS TO CORE AND NONCORE CUSTOMERS

ON LONG ISLAND NEW YORK CITY AND REST OF STATE IS PRESENTED IN EXHIBIT 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 LOCATION73 THE FIRSTORDER

CHANGE IN NATURAL GAS COSTS FOR CORE AND NONCORE CUSTOMERS HAS THEN BEEN ADJUSTED TO ACCOUNT FOR

THE SECONDORDER INCOME MULTIPLIER EFFECTS THE USE OF THE INCOME MULTIPLIER IS DISCUSSED IN

SECTION 242

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 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 SUBREGION TOTAL BENEFITS FOR CORE

AMOUNT TO 46 BILLION AS FOLLOWS 19 BILLION FOR NEW YORK CITY 41 08 BILLION ON LONG

ISLAND 17 AND 19 BILLION FOR REST OF STATE 42

71
GASFIRED GENERATION IN UPSTATE NEW YORK IS GENERALLY IFLECTIVE OF LOWER PRICED INDICES IE DTISP IGTSZ

AND NIAGARA

72MARKETSYM PROVIDED TOTAL GAS BUMS BY AREA WHICH WERE USED TO REFINE THE GPCM RUNS

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 24 CORE BENEFITS ATTRIBUTABLE TO BROADWATER BY SUBAREA 20102020
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IN FIGURE 25 WE REPORT ANNUAL SAVINGS FOR NONCORE ELECTRICITY CUSTOMERS ATTRIBUTABLE TO

BROADWATER FOR LONG ISLAND NEW YORK CITY AND REST OF STATE TOTAL SAVINGS FOR NONCORE

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 NONCORE BENEFITS BY SUBAREA TOTAL

BENEFITS FOR NONCORE AMOUNT TO 102 BILLION AS FOLLOWS 44 BILLION FOR NEW YORK CITY 43
19 BILLION ON LONG ISLAND 19 AND 39 BILLION FOR REST OF STATE 38

FIGURE 25 NONCORE BENEFITS ATTRIBUTABLE TO BROADWATER BY YEAR
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FIGURE 26 NONCORE BENEFITS ATTRIBUTABLE TO BROADWATER BY SUBAREA 20 102020
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242 ECONOMIC MULTIPLIER ANALYSIS

IN GAUGING THE LOCAL ECONOMIC IMPACTS OF THE BROADWATER FACILITY IT IS NECESSARY TO ESTIMATE THE

FIRSTORDER EFFECTS AS WELL AS THE SECONDORDER EFFECTS ASSOCIATED WITH INCREASED ECONOMIC ACTIVITY

DUE TO LOWER ENERGY PRICES ECONOMIC MULTIPLIERS ARE QUANTITATIVE FACTORS DESIGNED TO PROVIDE

MEASURE OF THE SECONDARY ECONOMIC IMPACTS FROM CHANGES IN EMPLOYMENT INCOME AND OTHER

VARIABLES 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 STUDY PREPARED AT

CORNELL UNIVERSITY ON NEW YORK STATES ECONOMY REGARDING MULTIPLIERS FOR THE TRANSPORT AND

UTILITIES INDUSTRIES THE RANGE REPORTED IN THE CORNELL STUDY FOR NEW YORK STATE WAS 131 TO

THERE ARE MANY OTHER STUDIES WITH MULTIPLIERS WELL ABOVE OR SOMEWHAT BELOW THE

AFOREMENTIONED RANGE75 FOR PURPOSES OF THIS ANALYSIS LAT APPLIED AN ECONOMIC MULTIPLIER EQUAL

TO 14

ECONOMIC MULTIPLIERS AND THE NEW YORK STATE ECONOMY BY JACK NEW YORK STATE DEPARTMENT OF LABOR AND

BILLS 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 15 TO 20
THE NUCLEAR ENERGY INSTITUTE NET 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

WITHOUT BROADWATER WITH BROADWATER DIFFERENTIAL

NEW YORK CITY LONG ISLAND REST OF STATE
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OTHER BENEFITS ASSOCIATED WITH PILOT JOB CREATION AND COMMERCIAL INDUCEMENTS POTENTIALLY

AVAILABLE FROM BROADWATER ARE NOT INCLUDED

243 DISCUSSION OF NET BENEFITS

AS SHOWN IN TABLE AND REPORTED IN SECTION 241 THE TOTAL FIRSTORDER EXPECTED ECONOMIC

BENEFITS ON LONG ISLAND NEW YORK CITY AND REST OF STATE AMOUNT TO 148 BILLION WHEN THESE

BENEFITS ARE INCREASED TO ACCOUNT FOR THE ECONOMIC MULTIPLIER EFFECT TOTAL BENEFITS INCREASE TO

207 BILLION OVER THE FORECAST PERIOD WITH OR WITHOUT THE MULTIPLIER EFFECT THE BENEFITS ARE

STATED IN PRESENT VALUE TERMS FOR 201076

TABLE SUMMARY OF LAIS ECONOMIC FINDINGS

BENEFITS BENEFITS
TOTAL

WLO MULTIPLIER WI MULTIPLIER

LONG ISLAND 27 BILLION 38 BILLION 183

NEW YORK CITY 63 BILLION 88 BILLION 426

REST OF STATE 58 BILLION 81 BILLION 391

TOTAL 148 BILLION 207 BILLION

244 BENEFITS RECONCILIATION

IN APRIL 2005 BROADWATER REPRESENTED TO LIPAS 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 BROADWATERS MODEL WAS

DESIGNED TO BROADLY ANALYZE REGIONAL INPUTS ON HIGHLEVEL BASIS AND THAT THE PURPORTED 6
BILLION SAVINGS WAS SIMPLE NOMINAL SUM OVER TEN YEARS OF CORE AND NONCORE 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 NONCORE 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 FINANCIAL APPROACH FOR CONSISTENCY SAKE LAIS DETERMINATION OF

ECONOMIC BENEFITS WOULD INCREASE FROM 148 BILLION TO 216 BILLION77 DIFFERENCE OF 156
BILLION FROM BROADWATERS ESTIMATE

COUNTY STATE AND COUNTRY NET CALCULATED LOCAL MULTIPLIER OF 117 AND STATEWIDE MULTIPLIER OF 125 ON PLANT

OUTPUT LOCAL MULTIPLIER OF 135 AND STATEWIDE MULTIPLIER OF 145 ON LABOR INCOME DOE HAS ASSERTED THAT UTILITY

SERVICES GENERALLY PRODUCE AN ECONOMIC MULTIPLIER OF 166
76

DISCOUNT RATE EQUALS 6
REFLECTS THE NOMINAL PATTERN OF ANNUAL SAVINGS AT ZERO PERCENTAGE DISCOUNT RATE CONSISTENT WITH THE 148 BILLION

TOTAL SAVINGS AT 6
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245 OMITTED VARIABLES

NUMBER OF BENEFIT AND COST COMPONENTS HAVE NOT BEEN QUANTIFIED IN THIS ASSESSMENT BUT ARE

POTENTIALLY SIGNIFICANT

BROADWATERS 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

BROADWATER POTENTIAL PILOT TO HOST COMMUNITIES HAVE NOT BEEN CONSIDERED

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

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 C02 502 NOR 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 REPOWERINGS THAT MIGHT NOT OTHERWISE OCCUR78 THE

ENVIRONMENTAL BENEFITS ASSOCIATED WITH REPOWERING HAVE NOT BEEN QUANTIFIED

BROADWATERS 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 NYFS79 OTHER COSTS BORNE BY KEYSPAN

CON EDISON AND POWER PLANTS TO ENSURE THAT BROADWATER GAS SUPPLY IS INTERCHANGEABLE

WITH HISTORICAL PIPELINE RENDERED SUPPLY MUST ALSO BE COUNTED OTHER COSTS MAY BE BORNE

BY THE REGIONS GAS UTILITIES TO ENSURE THAT THE LEVEL OF NITROGEN INJ ECTION TO FACILITATE

INTERCHANGEABILITY DOES NOT CAUSE OPERATING PROBLEMS AT EXISTING PEAKSHAVING 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

ECONOMIC BENEFITS ASSOCIATED WITH BOTH KEYSPANS AND CON EDISONS ABILITY TO REDUCE

THEIR COSTS BY LAYING OFF THROUGH FERC APPROVED CAPACITY RELEASE PORTION OF THEIR

78
TO THE EXTENT THE REPOWERINGS WOULD HAPPEN ANYWAY THERE SHOULD BE NO INCLUSION OF ENVIRONMENTAL BENEFITS

ATTRIBUTABLE TO BROADWATER

LAI CONDUCTED AN INDEPENDENT HIGHLEVEL ANALYSIS OF POTENTIAL TRANSMISSION SYSTEM REINFORCEMENTS ON THE NYFS

IN ORDER TO DERIVE 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 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 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 KEY SPAN WOULD PLAN TO ADD ANOTHER GATE STATION HAS NOT BEEN

DETERMINED
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VALUABLE PIPELINE ANDOR 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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TECHNOLOGY REVIEW

THE ANTICIPATED LONGTERM GROWTH IN US 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 BROADWATERS 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 GUIDE FOR BUILDING AND

CLASSING OFFSHORE LNG TERMINALS THAT PUTS FORTH COMPREHENSIVE SET OF CRITERIA80 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 FACILITY8

LAIS 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 LAIS

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

LAIS APPROACH TO EVALUATING BROADWATER TECHNOLOGY INVOLVED HIGH LEVEL REVIEW OF EACH TYPE

OF OFFSHORE LNG FACILITY PROPOSED OR OPERATING IN THE US INCLUDING GRAVITYBASED STRUCTURES

GBSS MODIFIED LNG TANKERS UNLOADING TO 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 BOILOFF CUSTODY TRANSFER AND MOORING

31 OFFIHORE 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

SUBSEA PIPELINE WHILE OFFSHORE APPLICATIONS HAVE BEEN USED SUCCESSFULLY FOR NUMBER OF

DIFFERENT PETROLEUM PRODUCTS ONLY RECENTLY HAS INTEREST BEEN FOCUSED ON LNG SUCH INTEREST HAS

80
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



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 INDUSTRYS EXPERIENCE OVER THE PAST SEVERAL DECADES FROM LANDBASED 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

NATURAL ISLAND FACILITY TERMINAL SITED ON AN ISLAND SUCH AS THE FACILITY THAT IS

PROPOSED IN THE BAHAMAS WITH THE REGASIFIED LNG DELIVERED TO MAINLAND LOCATION IN

FLORIDA VIA AN UNDERSEA PIPELINE

ARTIFICIAL ISLAND FACILITY TERMINAL SITED ON FOUNDATION CREATED BY BUILDING UP THE

SEAFLOOR ABOVE THE WATERLINE SUCH AS THE SAFE HARBOR PROJECT PROPOSED OFF LONG ISLAND

FLOATING FACILITY FREEFLOATING STRUCTURE CONNECTED TO THE SEA FLOOR BY MOORING

SYSTEM FSRUS SUCH AS CABRILLO PORT AND THE BROADWATER PROJECT AND FLOATING

REGASIFICATION UNITS FRU5 SUCH AS EXCELERATE GULF GATEWAY ARE INCLUDED IN THIS

CATEGORY

FIXED AND MOBILE STRUCTURE FACILITY WHICH DEPENDS ON THE SEA FLOOR FOR SUPPORT SUCH

FACILITY IS CURRENTLY PROPOSED FOR OFFSHORE CALIFORNIA CRYSTAL CLEARWATER PORT AND

WOULD MAKE USE OF AN EXISTING OFFSHORE PLATFORM RECONFIGURED TO RECEIVE LNG

SUBSEA STRUCTURE PREDOMINATELY OR TOTALLY BELOW THE WATER SURFACE WHICH RESTS ON THE

SEA FLOOR SUCH FACILITY IS ALSO KNOWN AS GBS THE PROPOSED GULF LANDING FACILITY TO

BE LOCATED 38 MILES SOUTH OF CAMERON LOUISIANA IS SUCH PROJECT

FIGURE 27 ILLUSTRATION OF OFFSHORE LNG FACILITY TYPES82

82
SOURCE MOSSMARITIME

51



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 GBS BECAUSE

THE WATER DEPTH IN LONG ISLAND AT THE PROPOSED SITE ABOUT 90 FEET IS TOO DEEP TO MAKE GBS

FACILITY ECONOMICAL MORE DETAILED DISCUSSION OF THE ALTERNATIVES EXAMINED BY BROADWATER CAN

BE FOUND IN APPENDIX ALTHOUGH THE DEVELOPMENT OF THE FSRU IS SUPPORTED BY PROVEN

TECHNOLOGY THE SCALE OF THIS PROJ ECT EXCEEDS THE SCALE OF THE PROJ ECTS THAT HAVE BEEN IMPLEMENTED

TO DATE FOR EXAMPLE THE STORAGE CAPACITY OF THE LARGEST LNG VESSEL CURRENTLY IN OPERATION IS

153000 M3 THE BROADWATER FSRU WHICH WILL BE CONSTRUCTED WITH DOUBLE HULL SIMILAR TO

CURRENTLY OPERATING LNG VESSELS WILL HAVE STORAGE CAPACITY OF 350000 M3 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 20000 M3 TO CURRENT SIZES ALMOST FACTOR OF

10 AS SHOWN IN FIGURE 28 THE INDUSTRYS OPERATING RECORD OF SAFETY AND RELIABILITY HAS REMAINED

UNBLEMISHED OVER THIS EXTENDED INTERVAL

FIGURE 28 GROWTH PATTERN FOR LNG VESSEL SIZE83
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AN FSRU IS VERY LARGE LNG VESSEL PERMANENTLY MOORED AT 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

83
SOURCE MARITIME BUSINESS STRATEGIES LLC WORLDWIDE CONSTRUCTION OF LARGE GAS CARRIERS
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CONDITIONS SPECIFIED BY THE MARKET IT CONNECTS TO THE DELIVERING PIPELINE IT METERS SENDOUT AND

ACCOUNTS FOR PROCESS BOILOFF 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 ROUNDTHECLOCK IN ADDITION TO BROADWATER LAI HAS EXAMINED

THREE OTHER PROJECTS WITH DIFFERENT TECHNOLOGIES FOR PURPOSES OF COMPARISON FIRST THE CABRILLO

PORT PROJ ECT LOCATED OFFSHORE OF SOUTHERN CALIFORNIA SECOND EXCELERATE GULF GATEWAY TERMINAL

IN THE GULF OF MEXICO AND THIRD SHELLS 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

CABRILLO GULF
BROADWATER EXCELERATE

PORT LANDING

CLASS FSRU FSRU FRU GBS

CAPACITY M3 350000 273000 135000 180000

STRUCTURELENGTHFT 1215 971 909 1115

STRUCTURE WIDTH FT 200 213 142 230

STRUCTURE HEIGHT

ABOVE WATER FT 80 161 75100 3540

TOP OF TANK

TANK DESIGN MEMBRANE SPHERICAL MEMBRANE MEMBRANE

NUMBER OF TANKS 45

MOORING YMS TURRET STL NA

UNLOADING SIDE BY SIDE SIDE BY SIDE NA SIDE BY SIDE

WATER DEPTH FT 90 2900 290 55

AVGVAPRATEBCFD 10 080 05 10

MAX VAP RATE BCFD 125 150 07 125

VAPOR PROCESS STV SCV STVOC ORVOC
125 000 125 000 125 000

RECEIVING VESSELS
250000 250000

NA
200000

311 CABRILLO PORT

THE CABRILLO PORT LNG FACILITY PROPOSED FOR OFFSHORE CALIFORNIA IS AN FSRU SUBSTANTIALLY SIMILAR

TO BROADWATER CABRILLO PORT HAS ANNOUNCED AN INSERVICE 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 BROADWATERS 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 BROADWATERS

PROPOSED CAPACITY 273000 M3 350000 M3 THE WATER DEPTH AT CABRILLO PORT IS 2900 FEET

COMPARED TO 90 FEET AT BROADWATER PROPOSED LOCATION TO ACCOMMODATE THE MUCH DEEPER WATER

AT CABRILLO PORT THE MOORING SYSTEM WOULD BE 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 PORTS CARGO TRANSFER OPERATION WOULD BE

SIDEBYSIDE UNLOADING FROM THE LNG VESSEL THE REGASIFICATION PROCESS WOULD INVOLVE EIGHT

SUBMERGED COMBUSTION VAPORIZERS FUELED BY THE BOILOFF GAS STREAM

FIGURE 29 CABRILLO DEEPWATER PORT FSRU84

THE EXCELERATE GULF GATEWAY PROJECT WAS THE FIRST LNG OFFSHORE TERMINAL TO BEGIN COMMERCIAL

OPERATIONS IN THE US THE FACILITY IS LOCATED IN THE GULF OF MEXICO APPROXIMATELY 116 MILES

SOUTH OF THE LOUISIANA COASTLINE IN WATER WITH DEPTH OF APPROXIMATELY 290 FEET SINCE

COMMERCIALIZATION IN QI 2005 GULF GATEWAY HAS RECEIVED ONLY FEW LNG CARGOES INCLUDING

THE INITIAL SHIPMENT IN MARCH 2005 SUBSEQUENT FULL SHIPMENT IN AUGUST 2005 AND 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 ONSITE 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 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 FLEXIBLE RISER AND IS

312 EXCELERATE GULF GATEWAY

84
SOURCE BHP BILLITON
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SUBMERGED TO DEPTH OF 80 FEET WHEN NO UNLOADING VESSEL IS IN POSITION WHEN 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

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

85
SOURCE EXCELERATE ENERGY LLC



FIGURE 31 LNG TANKER SERVING GULF GATEWAY TERMINAL86

IN ADDITION TO THE STL SYSTEM THE GULF GATEWAY TERMINAL REQUIRED THE CONSTRUCTION OF 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 FLOW CONTROL MANIFOLD CUSTODY TRANSFER METERING SYSTEMS DELIVERING PIPELINE

CONNECTIONS POWER GENERATION HELIPORT AND CONTROL BUILDING THE PLATFORM WAS CONSTRUCTED

ONSHORE AND TRANSPORTED TO THE INSTALLATION SITE IT IS STAFFED DURING REGASIFICATION AND FROM TIME

TO TIME DURING NONOPERATING 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 BAJ MEXICO AND CALIFORNIA

313 GULF LANDING

THE OTHER FACILITY EVALUATED AS PART OF OUR TECHNOLOGY REVIEW IS SHELLS 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 WATER DEPTH OF 55 FEET THE PROPOSED

IMPORT TERMINAL IS 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 90000 M3 THE

CONCRETE CAISSON WILL PROVIDE THE SECONDARY CONTAINMENT IN THE EVENT OF LEAK IN THE PRIMARY

TANK THIS APPLICATION REQUIRES THAT THE FACILITY BE LOCATED IN RELATIVELY SHALLOW WATER AND HAS NO

REQUIREMENT FOR MOORING AS THE ENTIRE STRUCTURE RESTS ON AND IS SUPPORTED BY THE SEA FLOOR THE

POSITIONING OF THE GBS STRUCTURE REQUIRES RELATIVELY LEVEL SEABED IN STABLE GEOLOGICAL

ENVIRONMENT WITH ADEQUATE GEOTECHNICAL QUALITIES TO SUPPORT THE MASS OF THE STRUCTURE THE

FOOTPRINT OF THE STRUCTURE ON THE SEAFLOOR WILL BE 1115 FEET LONG AND 230 FEET WIDE THE DECK OF

THE STRUCTURE WILL SIT 35 TO 40 FEET ABOVE THE WATER LINE FIGURE 32

86
IBID
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THE REGASIFICATION PROCESS SPECIFIED FOR GULF LANDING IS AN OPENLOOP SYSTEM USING WARM

SEAWATER TO VAPORIZE THE LNG SUCH 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 125000 M3 TO

250000 M3 SIMILAR TO ONSHORE TERMINALS BROADWATER AND CABRILLO PORT THE CARGO TRANSFER

OPERATION WILL BE SIDEBYSIDE PROCESS

FIGURE 32 ILLUSTRATION OF GULF LANDING TERMINAL87

GENERAL DESCRIPTION OF BROADWATER CAN BE FOUND IN SECTION FIGURE 33 SHOWS THE MAIN

COMPONENTS OF THE PROPOSED FSRU WHICH ARE DESCRIBED IN MORE DETAIL BELOW

32 TECHNOLOGY COMPONENTS

87
SOURCE SHELL GLOBAL SOLUTIONS
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FIGURE 33 DETAIL OF BROADWATER FSRU OFFSHORE TERMINAL88

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 VAPOR RETURN LINE AND THE

LAST IS SPARE LINE FOR LIQUID OR VAPOR EACH ARM HAS 5000 M3HR CAPACITY AND IS

CONTROLLED BY THE EMERGENCY SHUTDOWN SYSTEM

LNG STORAGE TANKS ARE BELOW DECK EACH OF THE EIGHT MEMBRANE STORAGE TANKS HAS

STORAGE CAPACITY OF 45000 M3 ABOUT BCF THE LNG IS STORED AT 259F AND NORMAL

OPERATING PRESSURE OF TO PSI THE MEMBRANE STORAGE TANKS HAVE 12MM STAINLESS

STEEL PRIMARY BARRIER RIGID POLYURETHANE FOAM INSULATION AND SECONDARY BARRIER THE

INSULATION IS REINFORCED WITH GLASS FIBERS AND SUPPORTED BETWEEN TWO PLYWOOD SHEETS THE

SECONDARY BARRIER IS LAMINATED COMPOSITE MATERIAL OF TWO GLASS CLOTHS WITH ALUMINUM

FOIL IN BETWEEN

POWER GENERATION FOR THE FSRU INCLUDES THREE 22MW GAS TURBINES WITH SCR FOR THE

CONTROL OF NO EMISSIONS AND WASTE HEAT RECOVERY UNITS WHRU5 THE GAS TURBINES

WOULD USE VAPORIZED LNG FOR FUEL ONLY TWO TURBINES ARE NEEDED AT ANY ONE TIME THE

THIRD TURBINE WOULD SERVE AS SPARE

REGASIFICATION PLANT INCLUDES RECONDENSER FOR BOILOFF 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 SENDOUT TEMPERATURE THE HEATING MEDIUM FOR THE STVS AND

SUPERHEATERS IS CLOSED LOOP 5050 GLYCOL WATER MIXTURE WHICH IS HEATED BY GASFIRED

88
SOURCE BROADWATER ENERGY
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PROCESS HEATERS AND BY EXHAUST FROM THE GAS TURBINE WHRUS 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 PEAK CAPACITY OF

2500 M3HR

NITROGEN PLANT USES AIR COMPRESSORS AND MEMBRANE NITROGEN GENERATING UNITS TO GENERATE

NITROGEN GAS THIS GAS IS INJECTED INTO THE REGASIFIED LNG UP TO MAXIMUM OF 4 BY

VOLUME TO ADJUST ITS COMPOSITION AND HEATING VALUE SO THAT IT MEETS THE GAS QUALITY

STANDARDS OF THE RECEIVING PIPELINE89

ACCOMMODATION AREA WILL SERVE AS THE LIVING DINING RECREATIONAL AND WORKING AREAS FOR

UP TO 30 CREW MEMBERS

YIVIS IS ATTACHED TO THE STATIONARY MOORING TOWER AND CONSISTS OF THE JACKET THE MOORING

HEAD AND THE YOKE THE JACKET IS 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 BALLAST SYSTEM THAT ACTS AS

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 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 2500 M3HR THE FLARE IS USED FOR EMERGENCY BURNING OF EXCESS LNG VAPORS WHEN THERE IS

OVERPRESSURE IN THE STORAGE TANKS OR EXCESSIVE BOILOFF 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 BOILOFF 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

321 CONTAINMENT SYSTEM

BROADWATER PROPOSES CONTAINMENT SYSTEM WITH TOTAL NET STORAGE OF APPROXIMATELY 350000 M3
WHICH WILL BE CONTAINED IN TANKS OF EQUAL SIZE EACH ABOUT 45000 M3 THE SCALE OF THE LNG
VESSELS TOTAL NET STORAGE CAPACITY FAR EXCEEDS WHAT IS CURRENTLY IN SERVICE 153000 M3 OR

CONTEMPLATED TO BE IN SERVICE IN THE NEAR TERM 210000 M3 OR THE LONG TERM 260000 M3
HOWEVER THE INDIVIDUAL STORAGE TANKS ARE SIMILAR IN SIZE TO THOSE PLANNED FOR USE IN NEW LARGE

LNG CARRIERS UNDER CONSTRUCTION 52500 M39

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

89
ACTUAL NITROGEN INJECTION MAY BE MUCH LESS BASED ON LOCAL AREA RELIABILITY CONSIDERATIONS

90
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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 SELFSUPPORTING INDEPENDENT TANKS WHERE

THE TANK IS DESIGNED TO WITHSTAND ON ITS OWN THE LOADING OF THE LIQUID CARGO IN MEMBRANE TANKS

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 SELFSUPPORTING 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 BOILOFF

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

MALFUNCTION OR NECESSARY MAINTENANCE
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TABLE 11 CONTAINMENT SYSTEM PARAMETERS9

MEMBRANE TANK
SPHERICAL TANK

GAZ TRANSPORT TECHNIGAZ

ANSUIATION

TANK

KI RT

ARTIAL

SECONDARY

BARRIER

LNNER HULL

INSULATION

SECONDARY BARRIER

EM BRA NE

INSULATION

TANK ALUMINUM ALLOY

INSULATION ALUMINUM ALLOY

THERMAL BRAKE
STRUCTURE STAINLESS STEEL

TEEL FOR

LOW TEMPERATURE

TANK ALUMINUM ALLOY OF 9

MEMBRANEPIYWOOD

SECONDARY
BARRIER

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 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 VERY THIN

METALLIC CRYOGENIC LINER MADE OF EITHER NICKELSTEEL ALLOY OR STAINLESS STEEL ALL LNG VESSELS

USING MEMBRANE TECHNOLOGY HAVE TWO MEMBRANE LINERS THE FIRST OR PRIMARY CONTAINS THE LNG

CROSS

SECTION

NNER HULL

MEMBRANE
INSULATION

PRIMARY PRIMARYMEMBRANE
INSULATION BOX

1IISECO ARY

MEMBRANESSECONDARY
INSULATION BOX POLYURETHANE MASTIC

FO2M

36 NICKEL STEEL INVAR STAINLESS STEEL
MATERIAL NICKEL STEEL

MEASURES BY THERMAL EXPANSION AND

FOR THERMAL CONTRACTION OF TANK AND MEASURES ARE NOT
BY EXPANSION AND

REQUIRED DUE TO VERY LOW
EXPANSION 5IJII CONTRACTION OF MEMBRANE

AND
COEFFICIENT OF THERMAL

EXPANSION OF MEMBRANE
CONTRACTION

INSULATION INSULATION BOXES FILLED
PLASTIC FOAM PLASTIC FOAM

MATERIAL WITH PERLITE

INSULATION
220 MM 530 MM 250 MM

THICKNESS

SECONDARY DRIP PAN PARTIAL
SAME AS PNMARY BARRIER TNPLEX

BARRIER SECONDARY BARNER

91
SOURCE MITSUBISHI HI
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CARGO AND THE SECONDARY PROTECTS THE INNER HULL STRUCTURE FROM DAMAGE DUE TO THE LEAKAGE OF ANY

LNG92 THE INNER HULL WHICH PROVIDES STRUCTURAL SUPPORT IS CONSTRUCTED OF NONCRYOGENIC

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 LOADBEARING COMPONENT OF THE TANK SYSTEM WITH THE INSULATION PROVIDING

SECOND LAYER OF PROTECTION FOR THE LNG IT WOULD TAKE MORE THAN BAR OF OVERPRESSURE TO RUPTURE

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 MAJOR CONCERN FOR STORAGE TANKS WITH THE

MEMBRANE DESIGN93 AS CARRIERS AND THEIR RESPECTIVE STORAGE TANKS BECOME LARGER THE IMPACT

MAGNITUDES FROM SLOSHING ALSO BECOME MORE SIGNIFICANT94 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 CONCERN IN OFFSHORE APPLICATIONS THAN IN ONSHORE

TERMINALS THIS IS PRECISELY WHY BROADWATER CHOSE TO BE CONSERVATIVE REGARDING TANK SIZE BY

USING 45000 M3 STORAGE TANKS THAT ARE IN EXISTING LNG TANKERS RATHER THAN THE LARGER 52500 M3

SIZE UNDER CONSTRUCTION

BROADWATER 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 IS CURRENTLY UNDERTAKING AN ADVANCED COMPUTATIONAL FLUID DYNAMICS CFD STUDY TO

IMPROVE PREDICTIONS OF SLOSHING PRESSURES AND LOADS AND IS THEREFORE IN POSITION TO ENSURE THE

BEST POSSIBLE DESIGN FOR BROADWATERS 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 BOILOFF 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 VESSELS LOWER PROFILE MINIMIZES THE VISUAL IMPACT OF

THE OFFSHORE FACILITY AS WELL AS REDUCING THE WEATHERVANING OF THE VESSEL RESULTING FROM SIDE

WINDS FROM 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

92
THE SECONDARY CONTAINMENT IS SUPPOSED TO BE CAPABLE OF HOLDING ANY LEAKAGE FOR PERIOD OF 15 DAYS

LAWFORD IAMU LNG ROUND TABLE AN UNDERWRITERS VIEWPOINT UK PI CLUB FEBRUARY 28 2005

MARITIME RESEARCH INSTITUTE NETHERLANDS HTTPWWWMARINNLW
PRESS RELEASE ABS ADVANCES CFD TO IMPROVE PIDICTIONS OF SLOSHING PRESSURES AND LOADS DECEMBER 2006
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CONTAINMENT SYSTEM IN THE EVENT OF COLLISION ALTHOUGH SUCH 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 FSRUS MEMBRANE TANK DESIGN ALLOWS FOR THE DECK TO SERVE AS SAFETY BARRIER

BETWEEN PROCESSING AREAS AND LNG STORAGE TANKS

EACH BROADWATER STORAGE TANK WILL HAVE ROLLOVER PROTECTION EVEN THOUGH ROLLOVER IS NOT USUALLY

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

322 MOORING SYSTEM TECHNOLOGY

THE BROADWATER FSRU WILL BE ANCHORED IN LONG ISLAND SOUND WITH YMS THE YMS WILL BE

MOUNTED TO 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 DIAGRAM OF THE PROPOSED TECHNOLOGY

THE KEY DIFFERENCE BETWEEN BROADWATERS YLVIS AND CABRILLO PORTS TURRET MOORING SYSTEM IS THAT

THE TURRET IS ATTACHED DIRECTLY TO THE BOW OF THE FSRU AS SHOWN IN FIGURE 35 WHILE WITH THE

YIVIS PENDULUM SYSTEM SEPARATES THE VESSEL AND THE TOWER IN ADDITION THE TURRET IS USED FOR

FIGURE 34 PROPOSED YOKE MOORING SYSTEM95

SOURCE BROADWATER ENERGY
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MOORING IN DEEPER WATER WHILE THE MORE COSTLY YIVIS IS NECESSARY AT THE SHALLOWER BROADWATER

SITE

FIGURE 35 TURRET MOORING SYSTEM96

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 1IN1O000YEAR WEATHER EVENT WHICH WOULD

BE MORE EXTREME THAN THE HURRICANE THAT HIT LONG ISLAND IN 1938 STORM OF THAT MAGNITUDE

WOULD GENERATE 9METER WAVES WEATHER CONDITIONS THAT WOULD PROHIBIT CARGO TRANSFER WOULD

HAVE COMBINATION OF 27KNOT WINDS 15METER WAVES AND 1KNOT CURRENT BROADWATER

REPORTS THAT SUCH CONDITIONS ARE EXPERIENCED IN LONG ISLAND SOUND APPROXIMATELY 1 OF THE

TIME97

96LNG JOURNAL MARAPR 2004

MOFFATT AND NICHOL INTERNATIONAL BROADWATER LNG PROJECT FSRU MARINE OPERABILITY STUDY DOWNTIME

SIMULATIONS JUNE 15 2005
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FIGURE 36 PROPOSED MOORING TOWER STRUCTURE98

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 SIDEBYSIDE 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

323 CARGO TRANSFER

THE OFFSHORE SHIPTOSHIP TRANSFER OF PETROLEUM CARGOES HAS BEEN IN OPERATION FOR OVER 30 YEARS

IN US 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 SIDEBYSIDE PROCESS ILLUSTRATED IN

FIGURE 37 MOST IF NOT ALL OF THE CURRENT LNG FLEET IS DESIGNED FOR SIDEBYSIDE TRANSFER

HOWEVER SIDEBYSIDE TRANSFER IS WEATHER SENSITIVE AND THEREFORE NOT SUITABLE FOR OPERATION

DURING ADVERSE WEATHER CONDITIONS

98
SOURCE BROADWATER ENERGY
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FIGURE 37 FSRU WITH MOORED LNG CARRIER99

IN MORE SEVERE WEATHER CONDITIONS THE PREFERRED METHOD IS TANDEM BOW TO STERN SHIPTOSHIP

CARGO TRANSFER FOR PETROLEUM OPERATIONS SIMPLE RUBBER HOSE PROVIDES THE FLEXIBLE CONNECTION

TO WITHSTAND THE HEAVY SEA CONDITIONS SUCH TRANSFER MECHANISM HAS YET TO BE DEVELOPED FOR

CRYOGENIC PRODUCTS LIKE LNG 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

BERTHING OF THE LNG VESSEL TO THE OFFSHORE FACILITY

CONNECTING OF THE UNLOADING ARMS TO THE LNG VESSEL

TRANSFERRING THE CARGO AND

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 TUGASSISTED APPROACH OF THE LNG VESSEL TO THE FSRU DURING

THE APPROACH THE FSRU WOULD BE MAINTAINED IN STABLE POSITION THROUGH THE USE OF ITS STERN

THRUSTERS ONCE POSITIONED THE LNG VESSEL WOULD BE TIED WITH MOORING LINES TO THE FSRU IN

SIMILAR MANNER AS IF THE FACILITY WERE LANDBASED

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 VESSELS 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 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 IS MONITORED DURING UNLOADING AND ANY

ACCELERATION TOWARDS THE ENVELOPE LIMITS WILL ACTIVATE THE EMERGENCY SHUTDOWN SYSTEM DURING

THE TRANSFER OPERATION 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 VESSELS 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 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 40HOUR WEATHER WINDOW DURING

WHICH NONE OF THE OPERATIONAL LIMITS ARE EXCEEDED IN THE BASE CASE THE APPROACH AND DEPARTURE

LIMITS WERE 2M SIGNIFICANT WAVE HEIGHT 33KNOT WIND AND 09KNOT CURRENT WHILE THE SIDEBY

SIDE MOORING LIMITS WERE 3M SIGNIFICANT WAVE HEIGHT 39KNOT WIND AND 09KNOT 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 COMPARISON BETWEEN DIFFERENT LOCATIONS AS THIS WAS

INCLUDED EARLIER DURING THE SITE SELECTION PHASE OF THE PROJECT WEATHER DOWNTIME WAS

COMPONENT OF WHY THE ATLANTIC LOCATIONS DID NOT MOVE FORWARD TAKING OTHER FACTORS INTO

ACCOUNT NONWEATHER BROADWATER CONCLUDED THAT 98 WAS REASONABLE EXPECTATION OF

AVAILABILITY AT THE PROPOSED LOCATION02

100
THE WORK WAS COMPLETED BY MOFFATT AND NICHOL AN INTERNATIONALLY RECOGNIZED FIRM IN THE PLANIIING AND DESIGN OF

PORTS HARBORS AND MARINE TERMINALS HTTPWWWMOFFATTNIC
101

METOCEAN BUOY DATA THAT WAS REVIEWED FOR THE ATLANTIC LOCATIONS IS PUBLICLY AVAILABLE FROM THE NATIONAL OCEANIC

AND ATMOSPHERIC ADMINISTRATIONS 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 CONSIDEID

102
BROADWATER RESOURCE REPORT 11
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FIGURE 38 CHICKSAN UNLOADING ARMS103

THE EQUIPMENT FOR REGASIFYING THE LNG ALONG WITH GAS TURBINES FOR ELECTRICITY GENERATION WILL

BE LOCATED ON THE FSRUS DECK THE REGASIFICATION EQUIPMENT WILL HAVE BUILTIN N1
REDUNDANCY BASED ON PEAK DAY WITH ALL OTHER EQUIPMENT PLANNED BASED ON STANDARD N1
REDUNDANCY AVERAGE SENDOUT IS PURPORTED TO BE BCFD WITH MAXIMUM SENDOUT OF 125

BCFD

THERE ARE NUMBER OF DIFFERENT TYPES OF LNG VAPORIZERS IN USE TODAY THE FIVE MOST COMMON

APPLICATIONS INCLUDE

SHELL AND TUBE TYPE VAPORIZERS STVS

OPEN RACK VAPORIZERS ORVS

SUBMERGED COMBUSTION VAPORIZERS SCVS

COMBINED HEAT AND POWER UNITS WITH SCVS AND

OTHER TYPES IE AMBIENT AIRHEATED VAPORIZERS

103
SOURCE HTTP WWWMARINEMARCHAN NET

324 REGASIFICATION PROCESS
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THE MOST SIGNIFICANT FACTORS FOR CONSIDERATION FOR AN FSRU LIKE BROADWATER IN THE

IMPLEMENTATION OF REGASIFICATION TECHNOLOGY ARE

AVAILABILITY AND QUALITY OF SEAWATER

SIZE OF EQUIPMENT RELATIVE TO DECK SPACE AVAILABLE

CAPITAL COST AND FUEL COST AND

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

ORV IS GREATER THAN THAT OF THE SCV BUT IT HAS LOWER OPERATING COST THE INCREASED CAPITAL COST

OF THE ORV IS 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 12 OF THE LNG SENDOUT

RATE

BROADWATER HAS CHOSEN CLOSEDLOOP 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 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 STV SYSTEM WILL HAVE

GLYCOL WATER SOLUTION HEATED BY BOILER AS THE RECIRCULATING MEDIUM

FIGURE 39 CLOSEDLOOP SHELL AND TUBE VAPORIZER CONFIGURATION

RECIRCULATING MEDIUM HEATED

LNG 260F

RECIRCULATING MEDIUM COOLED

THE STV CAN BE FUELED WITH BOILOFF GAS OR FROM THE VAPORIZED LNG STREAM THE BURNER

CONFIGURATION CAN EITHER BE ONE LARGE SINGLE BURNER OR SERIES OF SMALLER BURNERS TO ACCOMMODATE

THE MODULATION NECESSARY TO MEET VARYING LOAD REQUIREMENTS THE STV PROCESS GENERATES SEVERAL

EMISSION STREAMS INCLUDING NO AND CO2 SCR TECHNOLOGY WILL BE UTILIZED TO REDUCE THE NO
LEVELS BUT WITH AN INCREASED COST IMPACT
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325 BOILOFF

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 23 FEET OF INSULATION WHILE LAND BASED FACILITIES HAVE 45 FEET OF

LOOSE PERLITE IN SPITE OF THE INSULATION THERE IS CERTAIN AMOUNT OF HEAT THAT IS TRANSFERRED TO THE

STORED LNG WHICH CAUSES IT TO VAPORIZE WITHIN THE STORAGE TANK PROCESS KNOWN AS BOILOFF IN

ADDITION TO INSULATION HEAT LEAKAGE BOILOFF QUANTITIES ARE 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 01 TO 015 OF THE

VOLUME OF LNG STORED WILL BOILOFF EACH DAY FOR AN INSTALLATION SUCH AS BROADWATER THE BOILOFF

VOLUME WOULD EQUATE TO TO 12 IVLIMCFD AT FULL CAPACITY FAILURE TO RECOVER OR UTILIZE THE BOILOFF

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 BOILOFF WILL BE RETURNED TO THE LNG VESSEL THROUGH THE VAPOR RETURN LINE

WHEN THERE IS NO CARGO TRANSFER THE BOILOFF WILL EITHER BE RELIQUEFIED COMPRESSED AND

COMBINED WITH THE SENDOUT VAPOR OR USED FOR FUEL FIGURE 40 IS SIMPLIFIED DIAGRAM OF THE BOIL

OFF HANDLING SYSTEM FOR AN ONSHORE LNG TERMINAL ALTHOUGH THIS EXAMPLE IS LANDBASED THE

DESIGN CONCEPT IS APPLICABLE TO OFFSHORE PROJECTS

FIGURE 40 GENERALIZED BOILOFF PROCESS104

TO FUEL GAS

SYSTEM

TO LNG VAPORIZERS

AND SENDOUT PIPELINE

SURVEY OF CURRENT LNG PROJECTS DEMONSTRATES THAT FOR ECONOMIC AND ENVIRONMENTAL BENEFITS

THE FACILITY DESIGN CONTEMPLATES THE MAXIMUM USE OF BOILOFF FOR EITHER FUEL GAS OR AS PART OF THE

SENDOUT STREAM IN ALL CASES THE DESIGN SPECIFIED CLOSED SYSTEM FOR HANDLING BOILOFF IN

104
SOURCE ANEI BEAR HEAD LNG TERMINAL ENVIRONMENTAL ASSESSMENT MAY 2004

BOILOFF GAS

BOG
QUENCH

LNG

SHIP

BOG

MPRESSOR

LNG

VAPOR
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MANNER THAT DID NOT ALLOW ESCAPE OR VENTING TO THE ATMOSPHERE DURING NONEMERGENCY OPERATING

PERIODS

UNDER NORMAL OPERATING CONDITIONS ALL OF THE BOILOFF GAS WOULD BE COMPRESSED AND FLOWED TO

RECONDENSER THE BOILOFF GAS WOULD BE RECONDENSED BY 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 BOILOFF GENERATED INCLUDING 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 BOILOFF GAS WOULD BECOME PART OF THE FUEL GAS STREAM REQUIRED

FOR FSRU OPERATIONS

UNDER EMERGENCY CONDITIONS WHEN THE STORAGE TANK IS THREATENED WITH OVERPRESSURIZATION THE

VOLUME OF BOILOFF 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 BOILOFF 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 BROADWATERS DESIGN INCLUDES FLARE FOR SUCH EMERGENCIES

326 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 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 ISOLATION OR SHUTDOWN OF SPECIFIC ELEMENT OF THE

PROCESS II ISOLATION OR SHUTDOWN OF THE ENTIRE PROCESS III ISOLATION OR SHUTDOWN OF SEVERAL

PROCESSES OR IV 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

327 CUSTODY TRANSFER

CUSTODY TRANSFER OPERATIONS TAKE PLACE AT THE POINT WHERE THE REGASIFIED LNG IS TRANSFERRED TO

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 IROQUOISS TARIFF05 THE EQUIPMENT NECESSARY FOR SUCH OPERATIONS CAN BE LOCATED ON

THE LNG VESSEL FSRU 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 DESIGN INCLUDES THE INJECTION OF NITROGEN AS 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 FACILITYS EMERGENCY SHUTDOWN SYSTEM

33 SUMMARY OF FINDINGS

HIGHLIGHTS OF OUR ASSESSMENT INCLUDE THE FOLLOWING

THE WATER DEPTH AT THE PROPOSED BROADWATER SITE IS APPROXIMATELY 90 FEET FROM

MARITIME PERSPECTIVE THE SEA CONDITIONS CAN BE CLASSIFIED AS BENIGN THIS WATER DEPTH IS

TOO DEEP FOR GBS AND TOO SHALLOW FOR AN STL BUOY 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 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 BROADWATERS FUNCTIONALITY AND

DESIGN COMBINE EXISTING AND PROVEN TECHNOLOGY FROM ONSHORE LNG TERMINALS AND LNG
VESSELS IN LAIS 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 FSRUS 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

105

KEYSPAN AND CON EDISON WILL SET FORTH LOCAL TOLERANCE REQUIIMENTS ON THE NYFS IN ORDER TO ENSURE GAS

INTERCHANGEABILITY WITH PIPELINE RENDERED SUPPLY FROM WESTERN CANADA AND THE GULF OF MEXICO

72



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 FSRUS MEMBRANE TANK DESIGN ALLOWS FOR THE DECK TO SERVE AS

SAFETY BARRIER BETWEEN PROCESSING AREAS AND LNG STORAGE TANKS MINOR DISADVANTAGE OF

THE MEMBRANE SYSTEM IS THAT THE STORAGE TANKS ARE SUSCEPTIBLE TO SLOSHING WHEN PARTIALLY

FILLED HOWEVER BROADWATER CONSERVATIVE TANK SIZE OF 45000 M3 AND OPERATING

PROCEDURES THAT MINIMIZE THE OCCURRENCE OF PARTIALLY FILLED TANKS SHOULD REDUCE THE

PROBABILITY OF SLOSHING TO 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 SIDEBYSIDE

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 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 24HOUR WEATHER WINDOW WITHIN OPERATING LIMITS CORRESPONDING TO WIND

SPEEDS LESS THAN 33 KNOTS AND WAVES LESS THAN 66 FEET DURING CARGO TRANSFER THE FSRU

LOADING ARMS ARE CONNECTED TO THE RECEIVING FLANGES OF THE LNG CARRIER IF WEATHER WERE

TO TAKE 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 PREDETERMINED 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 IN LAIS OPINION THE RISK OF OFFSHORE CARGO TRANSFERS CAN BE COMPETENTLY

MANAGED THROUGH THE IMPLEMENTATION OF PRUDENT OPERATIONAL PROCEDURES

THE SCALE OF BROADWATER STORAGE SYSTEM SIGNIFICANTLY EXCEEDS THE STORAGE CAPACITY OF

LNG CARRIERS CURRENTLY IN SERVICE OR LIKELY TO BEGIN SERVICE THIS YEAR OR NEXT HOWEVER

BROADWATER EIGHT INDIVIDUAL STORAGE TANKS OF 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 CLOSEDLOOP STV FOR REGASIFICATION TECHNOLOGY IS BASED ON ITS COMPACTNESS

AND THE LIMITED AMOUNT OF DECK SPACE AVAILABLE IN ADDITION CLOSEDLOOP TECHNOLOGY

AVOIDS THE ENVIRONMENTAL TRAUMA GENERATED BY THE OPENLOOP 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 YIVIS IS THE PREFERRED TECHNOLOGY CHOICE FOR MOORING VESSELS SIMILAR TO THE FSRU IN

SHALLOW WATERS IE 90 FEET BROADWATERS YIVIS IS DESIGNED TO PERMANENTLY TETHER THE

FSRU TO THE MOORING TOWER THE YIVIS IS 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 YIVIS IS DESIGNED TO WITHSTAND CATEGORY HURRICANE

THE HIGH WAVES AND WIND OF STORM MORE SEVERE THAN THE 100YEAR STORM THE WORST

STORM EVER RECORDED ON LONG ISLAND OCCURRED IN 1938 CATEGORY HURRICANE ASIDE

FROM WEATHERRELATED RISK EITHER 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 CONSTANT HEADING ITS MOTION IS GENERALLY CONTROLLED BY TUG BOATS

TUGS CANNOT OPERATE RELIABLY WHEN WAVES ARE GREATER THAN METERS 66 FEET THEREFORE

THE YIVIS MUST BE DESIGNED FOR MAXIMUM SAFETY OF CRITICAL IMPORTANCE THE AREA AROUND

THE YIVIS MUST BE PROTECTED FROM INCOMING VESSELS BY AN ADEQUATE SAFETY ZONE
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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 BRIEF SUMMARY OF EACH OF THE PUBLICLY AVAILABLE RESOURCE REPORTS SUBMITTED

WITH BROADWATERS APPLICATION AND REVIEWED BY LAI MAY BE FOUND IN APPENDIX LAI ALSO

RESEARCHED POSTCONSTRUCTION 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

217MILE PIPELINE FROM THE FSRU TO IROQUOIS THE CONSTRUCTION OF THE YLVIS TOWER AND RISER PIPE

AND THE OPERATION OF THE PIPELINE FSRU AND LNG CARGO VESSELS THIS REVIEW WAS NOT INTENDED

TO SERVE AS AN INDEPENDENT ELS FOR THE PROJECT HENCE LAI DID NOT PERFORM AN ALTERNATIVES

ANALYSIS OR AN EVALUATION OF CUMULATIVE IMPACTS FURTHERMORE LAI DID NOT PERFORM 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 SOCIOECONOMIC 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 LAIS STUDY

OBJECTIVES THEREFORE ENCOMPASS THE FOLLOWING

PROVIDE GENERAL OVERVIEW OF THE POTENTIALLY AFFECTED RESOURCES IN LONG ISLAND SOUND

IDENTIFY THE MOST SIGNIFICANT POTENTIAL IMPACTS ON MARINE PLANT AND ANIMAL RESOURCES IN

LONG ISLAND SOUND ASSOCIATED WITH CONSTRUCTION AND OPERATION OF THE PROJECT

IDENTIFY THE POTENTIAL IMPACT ON RECREATIONAL AND COMMERCIAL FISHING AND BOATING

ASSOCIATED WITH THE CONSTRUCTION AND OPERATION OF THE PROJ ECT INCLUDING THE DELINEATION OF

SAFETY ZONES AROUND THE FSRU AND THE LNG CARRIERS

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

EVALUATE THE INCREMENTAL IMPACT OF THE PROJECT RELATIVE TO EXISTING INFRASTRUCTURE

COMMERCE AND OTHER USES OF LONG ISLAND SOUND

LAIS ENVIRONMENTAL REVIEW WAS ESSENTIALLY COMPLETED PRIOR TO THE ISSUANCE OF FERCS DEIS

VARIOUS STATE AND FEDERAL RESOURCE AGENCIES SUBSEQUENTLY COMMENTED ON THE DEIS IN SECTION

64 LAI SUMMARIZES THE SIGNIFICANT ISSUES AND DATA GAPS IDENTIFIED BY THESE RESOURCE AGENCIES

41 POTENTIAL IMPACTS TO MARINE PLANTS ANDANIMALS

411 OVERVIEW OF MARINE PLANT AND ANIMAL RESOURCES IN LONG ISLAND SOUND

LONG ISLAND SOUND IS AN ESTUARY 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



COMPARABLYSIZED AREAS OF FOREST GRASSLAND OR AGRICULTURAL LAND6 LONG ISLAND SOUND PROVIDES

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

4111 WATER QUALITY

THE WATER QUALITY OF LONG ISLAND SOUND IS FUNCTION OF THE EXCHANGE OF SALINE WATER FROM THE

OFFSHORE WATERS OF THE NEW YORK BIGHT7 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 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 03D AS IMPAIRED WATERS WATERS THAT DO NOT SUPPORT DESIGNATED

USES

THE LONG ISLAND SOUND COMPREHENSIVE CONSERVATION AND MANAGEMENT PLAN CCMIP WAS

DEVELOPED IN 1994 AS PART OF THE LONG ISLAND SOUND STUDY LISS 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 CONCENTRATION OF MILLIGRAMS PER LITER MGL HYPOXIC CONDITIONS DURING THE

SUMMER ARE MAINLY CONFINED TO THE NARROWS AND WESTERN BASIN OF LONG ISLAND SOUND WEST OF

LINE FROM STRATFORD CONNECTICUT TO PORT JEFFERSON LONG ISLAND
108

WHICH ENCOMPASSES THE

WESTERNMOST TO 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 TOTAL MAXIMUM DAILY LOAD FOR BIOLOGICAL OXYGEN DEMAND

106
NATIONAL ESTUAIY PROJECT HTTPWWWEPAGOVOW HTM

107
AREA OF LONG ISLAND SOUND LOCATED BETWEEN LONG ISLAND AND THE NEW JERSEY COAST INCLUDING THE HUDSON RIVER

OUTER HATHOR

108 CTDEP WATER QUALITY MONITORING PAGE HTTPDEPSTATECTU
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4112 VEGETATION

BROADWATERS 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 MARINE

VEGETATION REQUIRES LIGHT TO SURVIVE AND AS 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 FOOD SOURCE FOR INVERTEBRATES

4113 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 SOFT SEDIMENT COMMUNITY THAT IS TYPICAL FOR THE

DEPTH AND SEDIMENT TYPE DOMINATED BY MARINE WORMS SMALL CRUSTACEANS TUNICATES SEA SQUIRTS

AND SEA

4114 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 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 NMIFS
HABITAT DESIGNATIONS OF ESSENTIAL FISH HABITAT EFH CTDEPS 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 COLDWATER DEMERSAL ASSEMBLAGE AND WARM WATER MIGRANTS THE COLDWATER

ASSEMBLAGE IS DOMINATED BY WINDOWPANE WINTER FLOUNDER AND LITTLE SKATE SEASONAL WARMING

CAUSES THESE COLDWATER SPECIES TO MOVE TO DEEPER WATERS WITH REPLACEMENT BY WARM WATER

MIGRANTS SUCH AS BLUEFISH BUTTERFISH WEAKFISH AND SCUP

109
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

110
BROADWATER RESOURCE REPORT

GOTTSCHALL KF MW JOHNSON AND DG SIMPSON 2000 THE DISTRIBUTION AND SIZE COMPOSITION OF FINFISH

AMERICAN LOBSTER AND LONGFINNED SQUID IN LONG ISLAND SOUND BASED ON THE CONNECTICUT FISHERIES DIVISION

BOTTOM TRAWL SURVEY 19841994 NOAA TECH REP NMFS 148 195 PP
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APPENDICES TO BROADWATERS RESOURCE REPORT PROVIDE INFORMATION ON THE MAJOR FISH SPECIES

COLLECTED DURING THE LONG ISLAND SOUND TRAWL SURVEYS WITH SOUNDWIDE MAPS OF THEIR

DISTRIBUTION HOWEVER THE INFORMATION HAS NOT BEEN ANALYZED TO IDENTIFY THE POTENTIALLY AFFECTED

FISH COMMUNITIES ALONG THE PROJECT CORRIDOR OTHER THAN MEAN FINFISH COUNT THE NMIFS

IDENTIFIES EFH ACROSS LONG ISLAND SOUND EFH IS DEFINED AS THOSE WATERS AND SUBSTRATE

NECESSARY TO FISH FOR SPAWNING BREEDING FEEDING OR GROWTH TO MATURITY2 LONG ISLAND

SOUND IS DIVIDED INTO 10 MINUTE BY 10 MINUTE SQUARES OF LATITUDE AND LONGITUDE EACH QUADRAT IS

ASSOCIATED WITH 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 REBUTTABLE PRESUMPTION THAT ALL AREAS WITHIN AN

EFH QUADRAT ARE IMPORTANT FOR THE LISTED SPECIES PROJECT PROPONENT MAY ARGUE THAT SPECIFIC

HABITATS THAT OCCUR IN PROJECT AREA PRECLUDE THE LIKELY PRESENCE OF SPECIES OR ALTERNATIVELY

DEMONSTRATE THAT THE CONSTRUCTION WINDOW OR NATURE OF PROJECT OPERATIONS WILL AVOID ADVERSE

EFFECTS TO SPECIES ACCORDING TO BROADWATER THE PROJECTS PIPELINE CORRIDOR CONTAINS THREE EFH

QUADRATS WHICH PROVIDE HABITAT FOR 20 OF THE NMFSMANAGED SPECIES

4115 COMMERCIALLY IMPORTANT SHELIFISH

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 CIRCULATION3 THE HARD CLAM INDUSTRY HAS BEEN STEADILY INCREASING FROM THE MID1990S TO

OVER 420000 BAGS WITH VALUE OF OVER 16 MILLION IN 2005 IN CONTRAST THE OYSTER HARVEST HAS

BEEN STEADILY DECLINING SINCE TWO NATURAL DISEASES RESULTED IN MAJOR DIEOFF OF OYSTER STOCKS IN

1997 AND 1998 IN 2005 THE OYSTER HARVEST WAS ONLY VALUED AT 953050 GREATLY DIMINISHED

FROM 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 CORRIDOR5 FISHERMEN INTERVIEWED BY BROADWATER INDICATED THAT CONCHS OR

WHELKS ALSO KNOWN AS SCUNGILLI ARE COLLECTED IN THE PROJECT AREA6 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 LOBSTERS LIFE CYCLE WHICH LASTS ABOUT TWO YEARS THE ORGANISM MOVES FROM ITS PLANKTONIC
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MAGNUSONSTEVENS ACT 16 USC 1801 ET SEQ
113

STANLEY JG AND DEWITT 1983 SPECIES PROFILES LIFE HISTORIES AND ENVIRONMENTAL REQUIREMENTS OF COASTAL

FISHES AND INVERTEBRATES NORTH ATLANTIC US FISH WILDLIFE SERVICE FWSOBS8211
114

CONNECTICUT DEPARTMENT OF AGRICULTURE STATISTICS HTTPWWWCTGOVDOA 369Q27 1358
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STAGE TO THE BOTTOM THE EBP ORGANISMS REQUIRE 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 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 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 CONTRIBUTING FACTOR BUT THIRD

RESMETHRIN MAY HAVE REACHED DANGEROUS LEVELS IN FEW THE SMALLER DIEOFF IN

2002 WAS THE RESULT OF 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 HIGHLY SENSITIVE

ISSUE

THE PROJECT SITE INCLUDING THE ANTICIPATED SAFETY ZONE IS CURRENTLY UTILIZED FOR COMMERCIAL

LOBSTERING LOBSTER POT DENSITIES PROVIDE 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

CRAB TRAWL SURVEYS OF RECREATIONALLY IMPORTANT SPECIES INDICATE THAT ABUNDANT CRABS IN LONG

ISLAND SOUND INCLUDE SPIDER LADY ROCK BLUE AND FLAT CLAW
19

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 5URVEY52 THE RESOURCE REPORT

ADDS RED CRAB DEEP WATER CRAB TO THIS LIST HOWEVER ONLY ONE SPIDER CRAB WAS OBSERVED DURING

THE SITE SPECIFIC SURVEY OF THE BROADWATER CORRIDOR

4116 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 US 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

ATLANTIC MARINE FISHERIES COMMISSION APRIL 2005 HABITAT HOTLINE ATLANTIC VOL XII NO LONG ISLAND SOUND

LOBSTER HEALTH SYMPOSIUM IDENTIFYING THE DRIVING FORCES BEHIND THE 1999 LOBSTER MORTALITY EVENT FITTING TOGETHER

THE PIECES OF THE PUZZLE
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4117 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

4118 MARINE MAMMALS

MARINE MAMMALS ARE PROTECTED BY THE MARINE MAMMALS PROTECTION ACT OF 1972 IVIIMPA 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 1999 CENSUS INDICATED

POPULATION OF MORE THAN 6000 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

4119 THREATENEDENDANGERE 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 FEDERALLY

LISTED ENDANGERED OR THREATENED SPECIES OR RESULT IN THE DESTRUCTION OR ADVERSE MODIFICATION OF THE

DESIGNATED CRITICAL HABITAT2

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 JUNENOVEMBER 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 PROJ ECT AREA

STATELISTED 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 STATELISTED TURTLE DESCRIBED

ABOVE COULD OCCUR IN LONG ISLAND SOUND EIGHT STATELISTED BIRD SPECIES TWO OF WHICH ARE ALSO

THE FEDERALLY LISTED SPECIES OCCUR IN COASTAL LONG ISLAND SOUND
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412 POTENTIAL CONSTRUCTION RELATED IMPACTS

LAI REVIEWED BROADWATERS 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 CROSSSOUND CABLE DUKES HUBLINE PIPELINE IN BOSTON HARBOR AND

IROQUOISS EASTCHESTER PIPELINE HAVE PROVIDED MARINE CONSTRUCTION CONTRACTORS PROJECT

DEVELOPERS AND REGULATORS WITH EXTENSIVE FIELD EXPERIENCE THESE PROJECTS REPRESENT THE EVOLVING

STATEOFTHEART WITH RESPECT TO MARINE ENERGY INFRASTRUCTURE CONSTRUCTION TECHNIQUES THEY

REFLECT VARIETY OF METHODS FOR AVOIDING MINIMIZING ANDOR MITIGATING ADVERSE IMPACTS TO THE

MARINE ENVIRONMENT WHERE CONSTRUCTION OR POSTCONSTRUCTION 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 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 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 REDEPOSITED22 IF EXCAVATED

SEDIMENTS ARE NOT REMOVED THEY MAY BE SUBJ ECT 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 PRECONSTRUCTION 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 RESEDIMENTATION 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 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 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 CIATED BY ANY CONSTRUCTION METHOD
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WHICH HIGHPRESSURE WATER OR AIR JET EXCAVATES TRENCH APPROXIMATELY 40 FEET WIDE JETTING

DISPERSES EXCAVATED SEDIMENTS PARTICULARLY FINEGRAINED 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 MIDLINE 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 BACKUP METHOD THIS WOULD RESULT IN 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 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 RIPRAP OR CONCRETE

MATS WHICH LOCALLY ALTERS THE SUBSTRATE AND HABITAT HDD IS TYPICALLY ONLY EMPLOYED IN NEAR

SHORE ENVIRONMENTS HDD USES 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 TO FEET

BROADWATER PROPOSES AN 8POINT MOORING VESSEL WITH MIDLINE BUOYS ON HALF OF THE ANCHOR

CABLES WITH THIS CONFIGURATION PROJECT CONSTRUCTION WOULD DISTURB TOTAL OF 22352 ACRES THE

LARGEST CONTRIBUTION WOULD BE ASSOCIATED WITH ANCHOR CABLE SWEEP 2020 ACRES PLOWING OF THE

PIPELINE TRENCH AND SIDECASTING OF SPOILS 1973 ACRES AND THE FOOTPRINT OF THE ANCHORS 165
ACRES IMPACTS FROM THE PIPELINE INSTALLATION CAN BE GROUPED INTO FIVE BASIC CATEGORIES

DIRECT HABITAT DISTURBANCE RELATED TO EXCAVATION PLOWING OF THE TRENCH

DIRECT IMPACT TO MARINE SPECIES ASSOCIATED WITH THE TRENCH PLOWING

SEDIMENT RESUSPENSION WATER QUALITY IMPACTS AND DEPOSITION BENTHIC IMPACTS RESULTING

FROM TRENCH PLOWING

SUBSTRATE DISRUPTION RELATED TO ANCHOR CABLE SWEEP AND

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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SEDIMENT DISTURBANCE DURING INSTALLATION OF THE MOORING SYSTEM

NOISE AND OTHER DISTURBANCE TO MOBILE MARINE ORGANISMS AND

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 PRECONSTRUCTION AND

CONSTRUCTION ACTIVITIES TO THE COLDER WEATHER MONTHS AS REPORTED IN THE DEIS BROADWATER

PROPOSES TO INITIATE PRELAY SURVEYS FOR THE PIPELINE IN SEPTEMBER 2009 INWATER 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

4121 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 PLUME FOR LONGER PERIODS

OF TIME WATER QUALITY IMPACTS ASSOCIATED WITH CONSTRUCTION ARE GENERALLY SHORT IN DURATION

GENERALLY 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 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

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 MATERIAL23 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 MODEL HYDRODYNAMIC MODEL THAT HAS BEEN

WIDELY USED BY THE US ARMY CORPS OF ENGINEERS USACE FOR PROJECTS IN NEW YORK AND NEW
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JERSEY INCLUDING LONG ISLAND SOUND BROADWATER MODELING RESULTS INDICATED THAT ESTIMATED

CONTAMINANT LEVELS WOULD FALL WITHIN ACCEPTABLE WATER QUALITY STANDARDS FOR CLASS SA WATER

4122 IMPACTS ON BENTIC 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 YLVIS 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

MIDLINE BUOYS TO SUPPORT THE ANCHOR CABLES WOULD MINIMIZE THE DISTURBANCE IN THE DEIS
FERC RECOMMENDED THAT MIDLINE 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

TOPIC OF DISCUSSION BETWEEN BROADWATER AND

RECOVERY TIME IS DEPENDENT ON THE TYPE OF BENTHIC COMMUNITY THE BENTHIC COMMUNITY ALONG

THE BROADWATER CORRIDOR IS RELATIVELY MATURE COMMUNITY TYPICAL OF STABLE CONDITIONS THIS TYPE

OF COMMUNITY REPOPULATES MORE SLOWLY THAN SHALLOWER COMMUNITIES THAT ARE EXPOSED TO MORE

ENERGETIC NEARSHORE 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 PERIOD OF MONTHS TO ONE OR TWO YEARS252627 HOWEVER

OPPORTUNISTIC OR PIONEERING SPECIES OF BENTHIC INVERTEBRATES WOULD BEGIN RECOLONIZING WITHIN

PERIOD OF DAYS TO WEEKS DEPENDING ON THE TIMING OF THE

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

124LEBOEJJ LAMB GREENE MACRAE LLP FOR BROADWATER ENERGY LLC COMMENTS ON DMFT ENVIRONMENTAL

IMPACT STATEMENT JANUARY 23 2007 AND RESPONSE TO ENVIRONMENTAL INFORMATION REQUESTS JULY 10 2007

125 SIXMONTH POST INSTALLATION BENTHIC MONITORING SURVEY FOR THE CROSSSOUND CABLE PROJECT NEW HAVEN CT TO

SHOREHAM NY OCTOBER 14 TO NOVEMBER 20 2002 PREPARED BY OCEAN SURVEYS INC

126KROPP RK DIAZ HECKER DAHLEN BOYLE JD HUNT CD 2000 1999 OUFFALL BENTHIC MONITORING

REPORT BOSTON MASSACHUSETTS WATER RESOURCES AUTHORITY REPORT ENQUAD 200015 230
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MURRAY PM AND HL SAFFERT 1999 MONITORING CRUISES AT THE WESTERN LONG ISLAND SOUND DISPOSAL SITE

DAJVIOS CONTRIBUTING NO 125 US ARMY CORPS OF ENGINEERS WALTHAM MA 80 PP
128

RHOADS DC PL MCCALL AND JY YINGST 1978 DISTURBANCE AND PRODUCTION ON THE ESTUARINE SEA FLOOR
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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

SUBSTRATESPECIFIC CHARACTERISTICS SUCH AS WINTER FLOUNDER AND OTHER DEMERSALLY SPAWNING FISH CAN

BEGIN USING THE HABITAT AS IT RETURNS TO ITS PREVIOUS CONDITION

4123 LOBSTER AND SHELIFISH

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

DIEOFF EVENTS IN LONG ISLAND SOUND THE POTENTIAL IMPACTS FROM BROADWATER MAY BE

EXACERBATED BECAUSE THE POPULATION IS UNDER STRESS SOURCES OF CONSTRUCTIONRELATED MORTALITY FOR

LOBSTER MAY INCLUDE DIRECT CONTACT WITH CONSTRUCTION EQUIPMENT INCREASED EXPOSURE TO PREDATORS

IF THE OPEN TRENCH OR COVER MATERIAL ACTS AS 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 POSTCONSTRUCTION MONITORING DATA FROM THE HUBLINE PROJECT IN BOSTON HARBOR

INDICATES THAT LOBSTERS RECOLONIZED THE SUBSTRATE WITHIN WHAT MASSACHUSETTS DIVISION OF MARINE

FISHERIES MADMF TERMS RELATIVELY SHORT PERIOD OF TIME3 LOBSTER CATCHES ALONG THE

HUBLINE CORRIDOR HAVE NOT SHOWN DIFFERENCE WHEN COMPARED TO CONTROL AREAS OUTSIDE OF THE

HUBLINE CONSTRUCTION AREA
131

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 BEDS32 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 PLOWED TRENCH WITH THE NATIVE GRAVEL AND

COBBLE

130

HUBLINE IN BOSTON HARBOR PROVIDES USEFUL INSIGHTS REGARDING THE SUCCESS OF STATEOFTHEART MARINE CONSTRUCTION

MITIGATION AND LOBSTER RECOLONIZATION ALTHOUGH IT IS NOT LOCATED IN LONG ISLAND SOUND THE LOBSTER POPULATIONS AND

COMMERCIAL IMPORTANCE ARE SIMILAR TO BROADWATERS 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 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 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 RECOVELY

131 MADMF 2005 MONITORING AND ASSESSMENT UPDATE 7705
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PALMA AT RA WAFFLE AND RS STENECK 1998 DIFFERENT EARLY POSTSETTLEMENT STRATEGIES BETWEEN AMERICAN

LOBSTERS HOMARUS AMERICANUS AND ROCK CRABS CANCER IRRORATUS IN THE GULF OF MAINE MAR ECOL PROGR SER
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MOST OF THE COMMERCIALLYIMPORTA 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

4124 FINJISH 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 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 SHORTTERM CONDITION AND ONLY IN SMALL AREA AROUND ACTIVE CONSTRUCTION

THE PRIMARY IMPACT TO PELAGIC SPECIES AND LIFESTAGES WOULD BE TEMPORARY INCREASE IN SUSPENDED

SEDIMENTS IN THE WATER COLUMN INCREASED SUSPENDED SOLIDS ARE GENERALLY SHORTLIVED AND NOT

LETHAL TO FINFISH DATA FROM THE HUBLINE WATER QUALITY MONITORING SUPPORT THIS CONCLUSION33

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 IS 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 COMMERCIALLYIMPORTA SPECIES SUCH AS

WINTER FLOUNDER AND OCEAN POUT MAY BECOME SILTED OVER AND EXPERIENCE MORTALITY LARVAE AND TO

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 YOLKSAC 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

BLADDERS34 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 PERIOD OF DAYS TO 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
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4125 SUBMERGED VEGETATION

SEAGRASS AND ALGAE BEDS OCCUR OUTSIDE OF THE BROADWATER CORRIDOR AND WILL NOT BE ADVERSELY

AFFECTED

4126 BIRDS

BECAUSE BIRDS ARE HIGHLY MOBILE DURING FEEDING AND MIGRATION CONSTRUCTIONRELATED 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 TIMEOFYEAR RESTRICTIONS ON THE

CONSTRUCTION PERIOD

4127 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 MARINE

MAMMAL SIGHTING

4128 OTHER CONSTRUCTIONRELATED 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 STATE FACILITY AIR PERMIT TO AUTHORIZE

CONSTRUCTION AND TITLE OPERATING PERMIT UNDER NYSDECS DELEGATED AUTHORITY35

IN 2003 DURING CONSTRUCTION OF THE TIEIN 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 TIEIN LOCATION FOR THE BROADWATER PIPELINE

WILL BE 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

135
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413 POTENTIAL IMPACTS DURING PROJECT OPERATIONS

4131 IMPACTS OF OPERATION ON MARINE RESOURCES

THE FOOTPRINT OF THE FSRU WILL MEASURE APPROXIMATELY 57 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

DRAFT OF APPROXIMATELY 40 FEET LEAVING APPROXIMATELY 53 FEET OF WATER UNDERNEATH THE STRUCTURE

BROADWATER INDICATES THAT THE YLVIS TOWER WILL BE AN OPEN STRUCTURE BUT WILL STRADDLE

APPROXIMATELY 13000 SQUARE FEET OF THE SEA FLOOR WHICH IS THE AREA WITHIN THE FOUR LEGS OF THE

TOWER AS DISCUSSED ELSEWHERE IN THIS REPORT APPROXIMATELY TO 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 YIVIS TOWER AND CREATION OF NEW HABITAT ALONG THE

LEGS OF THE TOWER

REDUCTION IN WATER COLUMN AREA AND SHADING OF THE WATER COLUMN AND POSSIBLY SEA FLOOR

BENEATH THE FSRU

ENTRAINMENTIMPINGEM FROM SEA WATER INTAKE BY THE FSRU AND LNG CARRIERS

REDUCTION IN THE AREA AVAILABLE FOR COMMERCIAL AND RECREATIONAL FISHING AND BOATING

IMPACTS ASSOCIATED WITH INCREASED SHIPPING TRAFFIC DUE TO INCREASED POTENTIAL FOR SPILL

BALLAST WATER DISCHARGE AND COLLISIONS WITH MARINE MAMMALS AND TURTLES

INCREASED LIGHT AND NOISE FROM THE FSRU AND THE LNG CARRIER VESSELS AND

POSSIBLE CIRCULATORY CHANGES FROM THE FSRU AND YIVIS TOWER AND THERMAL IMPACTS FROM

COOLING WATER DISCHARGE AND THE YIVIS 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 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 MAXIMUM OF 13 0F AT THE YIVIS TO

LOW OF 50F AT IROQUOIS

4132 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 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 STATES 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 40 FOOT DRAFT COMBINED WITH SUBSURFACE TOWER WITH 13000 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 35 AND 479 MGL36 GIVEN THAT THE FSRU IS

IN AN AREA THAT IS AT LOW RISK BUT STILL POTENTIALLY VULNERABLE TO 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 CLOSEDLOOP GLYCOLWATER SYSTEM THEREFORE IT WILL NOT INVOLVE

ANY SEAWATER INTAKE OR DISCHARGE FSRU WATER INTAKE WILL AMOUNT TO AN ANNUAL AVERAGE OF 55

MILLION GALLONS PER DAY PRINCIPALLY FOR BALLAST WITH LESSER AMOUNT FOR FIREFIGHTING AND OTHER ON
BOARD PERSONNEL NEEDS

137
THE BALLAST WILL BE TREATED WITH BIOCIDE AND DISCHARGED AS LNG IS

TAKEN ON OTHER FSRU DISCHARGE WILL BE FROM THE ONBOARD DESALINIZATION PLANT AND THE ONBOARD

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 227 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 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 OFFLOADING AT THE FSRU BROADWATER MODELED WORST

CASE SCENARIO ASSUMING TYPE OF LNG VESSEL WITH 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 15F ABOVE AMBIENT TEMPERATURE FOR AN AVERAGE

DISTANCE OF 23 FROM THE POINT OF DISCHARGE SINCE THE DISCHARGE PORT IS LOCATED ABOUT 45

FROM THE AFT OF THE LNG CARRIER THE THERMAL PLUME WOULD NOT EXTEND BEYOND THE END OF THE

CHANNEL BETWEEN THE FSRU AND THE CARRIER VESSEL AND WOULD HAVE LOCALIZED FOOTPRINT OF ONLY

022 ACRES38

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

136 HTTPWWWDEPSTATE
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PERMITTED TO WITHDRAW 15 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 COPPERBASED ANTIFOULING PAINT ON THE HULL OF THE FSRU AND ON THE

YLVIS 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

10005 MICROGRAM PER LITER WOULD BE BELOW EPAS AMBIENT WATER QUALITY CRITERIA FOR ACUTE AND

CHRONIC EXPOSURES39 FERC HAS REQUESTED FURTHER INFORMATION ON THE TYPE OF COPPERBASED PAINT

PROPOSED TO BE USED AND ALSO THE POTENTIAL FOR FLAKING OF PAINT DURING PERIODIC HULL CLEANING

4133 IMPACTS ON BENTIC COMMUNITIES

THE PIPELINE WILL BE BURIED IN TRENCH WITH MINIMUM DEPTH OF TO 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 RELEASE BURIAL OF THE PIPELINE IS EXPECTED TO

PROVIDE PROTECTION FROM ANCHOR DRAG DAMAGE THAT MIGHT RESULT IN RELEASE OF GAS AND CONDENSATE

THE YIVIS TOWER WOULD DISTURB OR ELIMINATE THE BENTHOS IN MINIMUM OF 13000 SQUARE FOOT

AREA WHEN IT IS INSTALLED CONSTRUCTION DETAILS OF THE TOWER ARE NOT IN PUBLICLY AVAILABLE VOLUMES

OF BROADWATER APPLICATION BUT BROADWATER HAS INDICATED THAT MUD NET WILL SPAN THE AREA

UNDERNEATH THE TOWER AND PROVIDE SUPPORT FOR THE FOUR LEGS OF THE YIVIS TOWER DURING

CONSTRUCTION THIS IS 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 ANTIFOULING PAINT UNLESS REGULARLY REMOVED THIS WOULD CREATE 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 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 30YEAR 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 NAVIGATION40 CURRENTLY ALTHOUGH

CONTROVERSIAL THE SUBSURFACE STRUCTURES OF SOME OIL RIGS ELSEWHERE IN THE US ARE BEING LEFT IN

PLACE RATHER THAN REMOVE THE DIVERSE FAUNA THAT HAS DEVELOPED THE RIGSTOREEF PROGRAM
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4134 PHYTOPLANKTON AND VEGETATION

BECAUSE THE SUBSTRATE IS BELOW THE PHOTIC ZONE NO SUBMERGED VEGETATION EG 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 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 YLVIS TOWER WILL BE COLONIZED BY VEGETATION SUCH AS DIATOMS AND KELPS INCREASING

HABITAT COMPLEXITY AND FOOD RESOURCES FOR HERBIVORES

4135 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 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 MOVEMENTS4 DIVER INSPECTIONS OF THE EXISTING LONG ISLAND SOUND 1385

CABLE HAVE NOT REPORTED OBSERVING LOBSTERS IN DISTRESS THESE FIELD OBSERVATIONS SUGGEST THAT

OTHER CABLES ON THE SEAFLOOR IN LONG ISLAND SOUND HAVE NOT POSED SIGNIFICANT OBSTACLE TO LOBSTER

THE YLVIS TOWER WILL DISTURB OR ELIMINATE AN AREA OF APPROXIMATELY 13000 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

4136 FINJISH IMPACT ASSESSMENT

DEMERSAL FISHES WITH SPECIFIC HABITAT REQUIREMENTS ARE MOST SUSCEPTIBLE TO THE LONGTERM IMPACTS

DUE TO HABITAT MODIFICATION ARISING FROM PROJECT OPERATION THESE FISHES WOULD INCLUDE THOSE THAT

HAVE SPECIFIC PREFERENCES FOR SPAWNING YOUNGOFYEAR OR FEEDING HABITAT SUBSTRATE RESTORATION

AND OTHER ENGINEERING MEASURES TO MINIMIZE SILTATION AND TURBIDITY CAN MINIMIZE THE POTENTIAL FOR

141 TRC AND NORMANDEAU ASSOCIATES 2003 HUBLINE PIPELINE PROJECT SUPPLEMENTAL MONITORING REPORT LOBSTER

ASSESSMENT HTTPMAGOVDFWELE ACCESSED 72405
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POPULATIONLEVEL IMPACTS TO DEMERSAL FISH SPECIES EFH COORDINATION WITH NMFS SHOULD

THOROUGHLY EVALUATE THESE IMPACTS ON 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 LONGTERM 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

SOUND43 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 05 FEET PER SECOND AND USE SMALL MESH SCREEN 02
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 13000 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

FOOD SOURCE FOR SOME SPECIES AS 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

4137 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

4138 MARINE MAMMALS AND SEA TURTLES

INCREASED SHIP TRAFFIC AND THE ADDITION OF THE FSRU AND YLVIS TOWER MAY INCREASE THE PROBABILITY

OF 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

143 FERC BROADWATER DEIS 358
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42 POTENTIAL IMPACTS TO COMMERCIAL AND RECREATIONAL FISHING

421 COMMERCIALLY IMPORTANT MARINE RESOURCES

RESEARCH COMMISSIONED BY THE LISS 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 325000 CONNECTICUT ANGLERS MADE

OVER 17 MILLION FISHING TRIPS CATCHING NEARLY 65 MILLION FISH44 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 Y545
MANAGEMENT EFFORTS ARE CAUSING ONLY MODEST INCREASES

4211 CRAB

RECREATIONAL SURVEYS INDICATE IMPORTANT CRABS IN LONG ISLAND SOUND INCLUDE SPIDER LADY ROCK

BLUE AND FLAT CLAW HERMIT46 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 RECENT DECLINE WITH 2001 CATCHES THE LOWEST SINCE 1992 SPRING SPIDER CRAB

AND ROCK CRAB CATCHES HAVE ALSO BEEN DECREASING SINCE 19941996 NONE OF THESE SPECIES WAS

MENTIONED IN BROADWATERS INTERVIEWS WITH FISHERMEN WHO FREQUENT THE PROPOSED PROJECT

SO CRAB FISHING DOES NOT APPEAR TO BE IMPORTANT IN THE PROJECT AREA

4212 LOBSTER

THE LOBSTER FISHERY IS IMPORTANT IN LONG ISLAND SOUND AND HAS DECLINED SIGNIFICANTLY SINCE THE

1998 LOBSTER DIEOFF THE BROADWATER PROJECT IS LOCATED IN AN AREA THAT IS UTILIZED FOR LOBSTER

FISHING SQUID ARE MENTIONED AS AN IMPORTANT BYCATCH SPECIES BY LOCAL FISHERMEN BUT IT IS NOT

CLEAR WHETHER SQUID HARVESTING OCCURS INDEPENDENTLY IN THE PROJECT AREA48

4213 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

144 NO EQUIVALENT DATA ARE IADI1Y AVAILABLE FOR NEW YORK
145

GOTTSCHALL ET AL

146 CTDEP 2002 STUDY OF MARINE RECREATIONAL FISHERIES IN CONNECTICUT 54R2 ANNUAL PERFORMANCE REPORT

147
BROADWATER RESOURCE REPORT

148
BROADWATER RESOURCE REPORT
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BROADWATER CORRIDOR49 INTERVIEWS WITH FISHERMEN THAT USE THE BROADWATER AREA INCLUDED CONCHS

OR WHELKS AS NEW YORK DOES NOT INCLUDE WHELKS IN ITS DEFINITION OF SHELLFISH

4214 FINJISH

COMMERCIALLY IMPORTANT FINFISH IN THE PROJECT AREA INCLUDE SCUP BUTTERFISH BLUEFISH TAUTOG

STRIPED BASS SUMMER AND WINTER FLOUNDER AND WINDOWPANE RECREATIONALLY IMPORTANT SPECIES

INCLUDE BLUEFISH SCUP SUMMER FLOUNDER STRIPED BASS TAUTOG AND WINTER

422 POTENTIAL IMPACTS FROM CONSTRUCTION AND OPERATION

SECTIONS 412 AND 413 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

4221 CONSTRUCTIONRELATED EFFECTS

CONSTRUCTIONRELATED 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 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 LOCATION52 WHILE

IN THEORY UPDATING THE CONSTRUCTION SCHEDULE ON DAILY BASIS COULD PROVIDE OTHER USERS WITH THE

INFORMATION NECESSARY TO MAKE DECISIONS ABOUT WHETHER TO SET FIXED GEAR SUCH AS LOBSTER POTS IN

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

4222 OPERATIONAL EFFECTS

OPERATIONAL EFFECTS INCLUDE THOSE RELATED TO ANY POPULATION CHANGES IN COMMERCIALLYIMPORTA

SPECIES DISCUSSED IN SECTION 412 AND 413 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

149
BROADWATER RESOURCE REPORT

150
BROADWATER RESOURCE REPORT

151
BROADWATER RESOURCE REPORT

152
THE HUBLINE PROJECT MADE USE OF 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 EROSION53 HOWEVER NEITHER THE DEIS NOR ANY OF THE

BROADWATER RESOURCE REPORTS SPECIFICALLY ADDRESS WHETHER INCREASED LNG CARRIER VESSEL TRAFFIC

PARTICULARLY IN AND NEAR THE RACE WOULD CONTRIBUTE TO INCREASED WAVE ACTION AND SHORELINE

EROSION
154

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 15 SQUARE MILES WOULD LIKELY BE LOST TO FISHING

AND RECREATIONAL BOATING BASED ON BROADWATERS FISHERMEN OUTREACH PROGRAM BROADWATER

DETERMINED THAT UP TO 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 EASTWEST

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

TRUSTEE FISHERMENS ASSOCIATION OR OTHER THIRD PARTY HISTORY OF REPORTED CATCHES CAN PROVIDE

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 VARIETY OF LARGER INVERTEBRATES AND FINFISH OIL RIGS WHICH HAVE SIMILAR SUBSURFACE

STRUCTURES HAVE BECOME NATURAL REEF SYSTEMS THAT SOME FINFISH ARE ATTRACTED TO55 TO THE EXTENT

THAT BROADWATER INTENDS TO HAVE DIVERS REMOVE THESE ORGANISMS PERIODICALLY SUCH COMMUNITIES

WOULD BE SHORTLIVED THE ABSENCE OF FISHING COULD INCREASE THE FISH AND LOBSTER POPULATION

UNDER THE FSRU AND ASSOCIATED SAFETY ZONE ACTING LIKE REFUGE OR SMALL MARINE PROTECTED AREA

IVIIPA REVIEW OF THE LITERATURE DID NOT UNCOVER ANY STUDIES THAT CONFIRMED THAT MPAS DO

ENHANCE MARINE FISH AND SHELLFISH POPULATIONS

43 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 EASTWEST AXIS

OF THE SOUND THESE ARE ILLUSTRATED IN FIGURE 41 THE FSRU IS PROPOSED TO BE SITED TO THE NORTH

OF THE PRIMARY EASTWEST SHIPPING ROUTE AND WEST OF PRIMARY NORTHSOUTH SHIPPING ROUTE AS

SEEN IN FIGURE 42 THE SAFETY ZONE RECOMMENDED BY THE USCG WOULD ENCROACH UPON THE

PRIMARY EASTWEST SHIPPING ROUTE REQUIRING SOME VESSEL TRAFFIC TO MODIFY COURSE

153

FERC BROADWATER DEIS 3105
154

THE POTENTIAL FOR SHORELINE EROSION AND OTHER IMPACTS DUE TO FIRE ON AN LNG CARRIER WAS ADDRESSED IN RESPONSE

TO FERC ENVIRONMENTAL INFORMATION REQUEST AND FOUND TO BE NOT SIGNIFICANT LEBOEUF LAMB GREENE MACRAE

LLP RESPONSE TO FERC ENVIRONMENTAL INFORMATION REQUEST JUNE 2007

155
MINERALS MANAGEMENT SERVICE 1997 OFFSHORE OIL AND NATURAL GAS RESOURCE MANAGEMENT CUMULATIVE EFFECTS

19921994 IV11VIS 970027
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FIGURE 43 SHIPMENTS TO OR FROM LONG ISLAND SOUND PORTS 2003158

16

J14

12

CL

PETROLEUM MATERIALS AND CHEMICALS

PRODUCTS MANUFACTURED FOOD FARM

PRODUCTS PRODUCTS

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 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 10 BCFD 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 ANDOR CONVERSION OF CORE HEATING LOAD FROM OIL TO GAS THUS

ENABLING NET SAVINGS IN EMISSIONS OF NOR SO2 AND CO2 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 US 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

158 US ARMY CORPS OF ENGINEERS WATERBOME COMMERCE OF THE UNITED STATES CALENDAR YEAR 2003

LNG PROPOSED COAL
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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 04 OF THE

CURRENT COMMERCIAL VESSEL TRAFFIC IN LONG ISLAND SOUND BASED ON TOTAL TRANSITS AND 43 OF THE

SELFPROPELLED BULK TANKERS CURRENTLY ARRIVING AT LONG ISLAND SOUND PORTS HOWEVER BECAUSE

THROUGHTRAFFIC IS NOT INCLUDED IN THIS DATA THESE PERCENTAGES ARE 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 5712 510 AND 631

TABLE 12 2003 COMMERCIAL VESSEL TRAFFIC TO AND FROM PORTS IN CONNECTICUT AND LONG
ISLAND59

DEEPWATER PORT VESSEL TRIPS PER YEAR TRANSIT TANKERS

BRIDGEPORT CT 21695 27

NEW LONDON CT 10933 12

NEW HAVEN CT 3639 470

PORT JEFFERSON NY 22515

NORTHVILLE NY 1207 31

ASHAROKEN NY 282 11

NORTHPORT NY 68

TOTAL 60339 555

159
SOURCE USACE 2003
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SAFETY REVIEW

LAIS 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 IS NO OTHER OFFSHORE STORAGE AND REGASIFICATION FACILITY SIMILAR TO BROADWATER ANYWHERE IN

THE WORLD THEREFORE THERE IS NO COMPARABLE SAFETY RECORD FOR 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 NUMBER OF LNG GROUNDINGS THE DOUBLE HULL DESIGN OF THE LNG CARRIER AND THE

STRINGENT SAFETY AND SECURITY PROCEDURES SURROUNDING LNG VESSELS IN US WATERS ARE PARTIALLY

RESPONSIBLE FOR THE INDUSTRYS HISTORIC SAFETY RECORD

FOR THIS REVIEW LAI EVALUATED THE DEFINITION OF HAZARD ZONES FOR THE PROJECT BASED ON THE SANDIA

REPORT6 AND EISS OF OTHER LNG PROJECTS IN THE US 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 BROADWATERS APPLICATION TO FERC

51 LNG PROPERTIES

LNG IS CLEAR CRYOGENIC LIQUID WHICH BOILS AT 259F 1623C IT IS FORMED IN LIQUEFACTION

PROCESS BY COOLING NATURAL GAS AND REDUCING ITS VOLUME BY 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 SPECIFIC GRAVITY OF 0423 AND THEREFORE FLOATS ON WATER6 ON THE OTHER

HAND COLD LNG VAPOR IS HEAVIER THAN AIR BY FACTOR OF 152 IF LNG SPILLS IT FORMS 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 VISIBLE 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 FACTOR OF 054 AND IS NO LONGER VISIBLE

LNG IS COMPOSED MOSTLY OF METHANE CH4 THUS THE PROPERTIES OF METHANE SERVE AS FIRST

APPROXIMATION OF LNGS PROPERTIES LNG ALSO CONTAINS ETHANE C2H6 PROPANE C3H8 BUTANES

C4HO AND ISOPENTANE C5H2 AS WELL AS NITROGEN N2 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 COMPARATIVELY TIGHT TOLERANCE REQUIREMENT REGARDING THE CHEMICAL

COMPOSITION OF THE NATURAL GAS BEFORE IT CAN BE DEEMED PIPELINE QUALITY

160M HIGHTOWER GRITZO LUKETAHANLIN COVAN TIESZEN WELIMAN IRWIN KANESHIGE

MELOF MORROW AND RAGLAN GUIDANCE ON RISK ANALYSIS AND SAFETY IMPLICATIONS OF LARGE LNG SPILL OVER

WATER 5AN1D20046258 DEC 2004
161

SPECIFIC GRAVITY IS DIMENSIONLESS RATIO OF THE DENSITIES OF TWO MATERIALS WITH THE IFERENCE MATERIAL BEING WATER



TABLE 13 LNG COMPOSITIONS BY SOURCE BY VOLUME62

NITROGEN METHANE ETHANE PROPANE ISOBUTANE NBUTANE ISOPENTANE LHV
ORIGIN

N2 C2 C3 IC4 NC4 IC5 BTUSCF

TRINIDAD 001 9613 340 039 004 003 000 104509

ALGERIA 032 8957 861 118 013 018 001 110230

INDONESIA 003 9015 641 238 050 051 002 111800

NIGERIA 005 9048 505 295 058 087 002 112575

QATAR 009 8918 707 250 046 069 001 112719

ABUDHABI 013 8582 1257 133 006 008 000 113288

MALAYSIA 001 8763 688 398 084 066 000 115570

AUSTRALIA 030 8611 904 360 042 052 001 116179

OMAN 009 8652 831 332 085 085 006 116233

VARIATION

BETWEEN
031 1031 917 359 081 084 006 11724

HIGH AND

LOW

FUELS REQUIRE OXYGEN TO BURN THEREFORE LNG ITSELF IS NOT FLAMMABLE LNG VAPOR WHICH IS

MIXTURE OF LNG AND AIR IS FLAMMABLE IF ITS CONCENTRATION IS BETWEEN 55 THE LOWER

FLAMMABILITY LIMIT OR LFL AND 14 THE UPPER FLAMMABILITY LIMIT OR UFL BY VOLUME IN AIR AT

77F 25C FIGURE 44 SHOWS THE FLAMMABILITY LIMITS FOR SELECTED FUELS IT IS IMPORTANT TO NOTE

THAT METHANES FLAMMABILITY RANGE IS NARROW COMPARED TO HYDROGENS FLAMMABILITY RANGE WHICH

HAS AN LFL OF 40 AND UFL OF 75

162
SOURCE SOLAR TURBINES

101



ORDER TO DETONATE

FIGURE 44 FLAMMABILITY LIMITS FOR SELECTED FUELS63

DETONATION WHICH IS MORE POWERFUL AND

FOR DETONATION TO OCCUR THE FUEL AIR MIXTURE

DETONATION LIMITS WHICH ARE NARROWER THAN THE

164

FIGURE 45 SHOWS THAT METHANE IS SAFER

LARGE QUANTITY OF EXPLOSIVE INITIATOR IN

163
SANDIA REPORT TABLE P29

164
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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THERE ARE TWO GENERAL CLASSES OF EXPLOSIVE COMBUSTION

DEFLAGRATION WHICH IS LESS POWERFUL IN ORDER

MUST BE WITHIN THE MINIMUM AND MAXIMUM

FLAMMABILITY LIMITS AND SHOCK INITIATION IS REQUIRED

FUEL RELATIVE TO OTHER HYDROCARBONS BECAUSE IT REQUIRES
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FIGURE 45 RELATIVE DETONATION PROPERTIES OF COMMON FUELS165

100

10

CT
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ETHYLENE ACETYLENE HYDROGEN

52 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 HIGHPRESSURE 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 TRANSFER SYSTEM LEAK OR

FAILURE MAJOR EVENTS ARE ASSOCIATED WITH AN INTENTIONAL ATTACK OR VESSEL COLLISION BETWEEN THE

FSRU ANDOR THE LNG CARRIER AND VESSEL OF SIGNIFICANT MASS SUCH AS AN OIL TANKER OR CARGO

SHIP166

IN THE EVENT OF SPILL FROM THE SRU OR THE LNG CARRIER POOL OF LNG WILL FORM ON THE WATERS

SURFACE FIGURE 46 LNG IS NOT SOLUBLE IN WATER AND IS THEREFORE NOT SOURCE OF SEAWATER

CONTAMINATION THE LIQUID WILL VAPORIZE INTO CLOUD WHICH DRIFTS WITH THE WIND CLOSE TO THE

165
SANDIA REPORT FIGURE 15 P154

166
FOR MORE DETAILED LIST OF HAZARDS SEE SKRAMSTAD SU MNSAEUS AND MELBO USE OF RISK ANALYSIS FOR

EMERGENCY PLANNING OF LNG CARRIERS DNV CONSNLTING 2000 GASTECH CONFERENCE NOVEMBER 20 2000

METHANE ETHANE PROPANE NBUTANE ISO

BUTANE
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WATER SURFACE THE VAPOR CLOUD WILL LIKELY ENCOUNTER AN IGNITION SOURCE SUCH AS TUG OR FISHING

BOAT ALMOST IMMEDIATELY IF THE GAS IS IN THE FLAMMABILITY RANGE 5514 BY VOLUME IT WILL

IGNITE AND RAPIDLY BURN BACK TO THE POOL THIS EVENT IS CALLED 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 SPILL

COMBUSTION ZONE

UNCOMBUSTED

GAS

BECAUSE OF ITS LONG RANGE EFFECTS THE MOST SERIOUS LNG HAZARD IS THERMAL RADIATION RESULTING

FROM POOL FIRE OR THE IGNITION OF 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 KWM2 INTERNATIONAL UNITS

FOR REFERENCE PURPOSES THE AVERAGE RADIATION FROM THE SUN REACHING THE EARTHS ATMOSPHERE IS 14

KWM2 AT THE EDGE OF POOL FIRE THE THERMAL RADIATION MAY EXCEED 220 KWM2 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 POOL FIRE IS STRONG ENOUGH TO DAMAGE

STRNCTURES 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

KWM2 IS RECOMMENDED AS THE DESIGN LEVEL THAT SHOULD BE EXCEEDED IN AREAS WHERE MORE THAN

50 PEOPLE MIGHT ASSEMBLE67 KWM2 IS ALSO THE PERMISSIBLE LEVEL FOR EMERGENCY OPERATIONS

LASTING SEVERAL MINUTES WITH APPROPRIATE CLOTHING AT AN EXPOSURE LEVEL OF KWM2 FIRSTDEGREE

BURNS WOULD OCCUR IN 20 SECONDS SECONDDEGREE BURNS IN 30 SECONDS AND THIRDDEGREE BUMS IN

50 SECONDS WITH 1 FATALITY
RATE68 NO PAIN HAS BEEN SHOWN FOR THERMAL FLUXES LESS THAN 17

KWM2 REGARDLESS OF EXPOSURE TIME69 THE CALIFORNIA ENERGY COMMISSIONS CEC FILING AT

FERC CONCERNING THE LONG BEACH LNG TERMINAL EXPRESSES CONCERN THAT FERC USES THERMAL

NFPA STANDARD FOR THE PRODUCTION STORAGE AND HANDLING OF LNG STANDARD 59A 2001
PW PARFOMAK AND AM FLYNN LIQNIFIED NATURAL GAS LNG IMPORT TENNINALS SITING SAFETY AND REGULATION

CRS REPORT FOR CONGRESS MAY 27 2004
168

CALIFORNIA ENERGY COMMISSION DECEMBER 2005 FILING AT FERC CONCERNING THE LONG BEACH LNG TERMINAL

CPO458000
169 CL BEYLER FIRE HAZARD CALCNLATIONS FOR LARGE OPEN HYDROCARBON FLITS CHAPTER 311 SFPE HANDBOOK OF

FIRE PROTECTION ENGINEERING 2002

INITIAL

BURNT GASES

DISPERSION

FLASH FIRE

ING

LNG POOL
FIRE DIAMETER

104



RADIATION LEVEL OF KWM2 WHICH DOES NOT ENSURE THE SAFETY OF ALL POPULATIONS7 THEY

RECOMMEND LEVEL OF 14 KWM2 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 KWM2 TO 25 KWM2 WAS REJECTED IN EUROPE THE ALLOWABLE THERMAL RADIATION

LEVEL FOR CRITICAL AREAS IE AREAS THAT ARE DIFFICULT TO EVACUATE ON SHORT NOTICE IS 15 KWM27
IN AUSTRIA THE LAND USE PLANNING STANDARD FOR NEW FACILITIES IS 20 KWM272 LAI CONSIDERS

KWM2 TO BE THE THERMAL FLUX LEVEL THAT SHOULD BE USED AS THE LIMIT FOR CALCULATING SAFE

DISTANCES FROM AN LNG POOL OR VAPOR FIRE

FIGURE 47 RADIATION EFFECTS ON NAKED SKIN73
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CALIFORNIA ENERGY COMMISSION DECEMBER 2005 FILING AT FERC CONCERNING THE LONG BEACH LNG TERMINAL

CPO458000
171

IBID

172
IBID

173 ANEI BEAR HEAD LNG TERMINAL ENVIRONMENTAL ASSESSMENT FIGURE 49 MAY 2004
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TABLE 14 COMMON APPROXIMATE THERMAL RADIATION DAMAGE LEVELS74

INCIDENT HEAT FLUX

KWM2 TYPE OF DAMAGE

DAMAGE TO PROCESS EQUIPMENT INCLUDING STEEL TANKS CHEMICAL

5375 PROCESS EQUIPMENT OR MACHINERY THIRD DEGREE BURNS LETHAL 50
OF THE TIME FOR PERSON WEARING AVERAGE CLOTHING

25
MINIMUM ENERGY TO IGNITE WOOD AT INDEFINITELY LONG EXPOSURE

WITHOUT FLAME

1820
EXPOSED PLASTIC CABLE INSULATION DEGRADES SECOND DEGREE BURNS

LETHAL 1 OF THE TIME FOR PERSON WEARING AVERAGE CLOTHING

12 515
MINIMUM ENERGY TO IGNITE WOOD WITH FLAME MELTS PLASTIC

TUBING

PERMISSIBLE LEVEL FOR EMERGENCY OPERATIONS LASTING SEVERAL

MINUTES WITH APPROPRIATE CLOTHING NO LETHAL EFFECTS FIRST DEGREE

BURNS IN 20 SECONDS

17 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 FIRE THEY

MAY INCREASE THE RATE OF LNG POOL SPREADING AND THE SIZE OF VAPOR CLOUD THAT COULD

SUBSEQUENTLY IGNITE LNG COMPOSITION IS CRITICAL PARAMETER RPTS ARE MORE LIKELY TO OCCUR IN

LNG MIXTURES CONTAINING HIGH FRACTIONS OF ETHANE AND PROPANE75

BOILING LIQUID EXPANDING VAPOR EXPLOSIONS BLEVES CAN FRAGMENT STORAGE TANK BECAUSE

VAPOR CANNOT ESCAPE FROM THE SAFETY VALVE QUICKLY ENOUGH IN THE EVENT OF 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 SIMILAR SCENARIO MIGHT BE POSSIBLE IN THE EVENT OF

POOL FIRE AROUND AN LNG VESSEL WITH SPHERICAL MOSS TANKS HOWEVER THE CARGO TANKS IN AN

174
BASED ON SANDIA REPORT TABLE 38 AND OTHER FIRE SAFETY DOCUMENTS

175 GA MELHEM SARAF AND 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 SMALL AMOUNT INSUFFICIENT TO CAUSE BLEVE76

OTHER EXPLOSIONS DUE TO VERY FAST COMBUSTION DETONATION AND DEFLAGRATION ARE UNLIKELY UNLESS

THE LNG CLOUD MIXES WITH AIR AND BECOMES TRAPPED IN 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 IS SPILLED AND COMES INTO CONTACT WITH UNPROTECTED SKIN ASPHYXIATION OF THE FSRU
LNG VESSEL TUG OR PILOT BOAT CREWS IS POSSIBLE ALTHOUGH NOT CONSIDERED MAJOR ISSUE BECAUSE

RADIATION EFFECTS FROM FIRE ARE CONSIDERED THE DOMINANT EFFECT

53 LNG ACCIDENT HISTORY

THE DEIS AND FEIS OF MOST LNG TERMINAL PROJECTS USUALLY CONTAIN SECTION ON LNG CARRIER

SAFETY LAI REVIEWED THESE REPORT SECTIONS AS WELL AS OTHER SAFETY REPORTS177 THE US 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 18 OF MILE

OR 200 FROM SHORE AT THE CLOSEST POINT178 LOGAN INTERNATIONAL AIRPORT IS BRIEFLY SHUT DOWN

WHEN LNG CARRIERS ENTER BOSTON HARBOR

176RM PITBIADO BAIK GJ HUGHES FERRO AND SJ SHAW CONSEQUENCES OF LNG MARINE INCIDENTS CCPS

CONFERENCE ORLANDO JUNE 29JULY 2004
177

DET NORSKE VERITAS TECHNICAL REPORT PROJECT NO 70004197 LNG MARINE RELEASE CONSEQUENCE ASSESSMENT

JULY 2004
178

BOSTON GLOBE DECEMBER 21 2004
179

IBID

FIGURE 48 LNG TANKER IN CHARLESTOWN ON ITS WAY OUT OF BOSTON
179
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OVER THE PAST 45 YEARS OVER 40000 LNG VOYAGES HAVE TAKEN PLACE WORLDWIDE NO SERIOUS

ACCIDENTS INVOLVING THE RUPTURING OF 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

1979 POLLENGER AT EVERETT MA

SPILL ON STEEL COVER OF CARGO TANK CAUSED CRACKING OF STEEL PLATE

1979 MOSTEFA BEN BOULAID AT COVE POINT MD

VALVE LEAKAGE CAUSED SPILL AND DECK FRACTURE

1985 ISABELLA UNKNOWN LOCATION

CARGO TANK OVERFLOW DUE TO VALVE FAILURE CAUSED SEVERE CRACKING OF STEELWORK

2001 KHANNUR AT EVERETT MA

100 GALLONS OF LNG CRACKED THE PROTECTIVE DECKING OVER THE CARGO TANK DOME

2002 MOSTEFA BEN BOULAID IN ALGERIA

CARGO TANK OVERFLOW CAUSED FRACTURING OF THE STEELWORK

THE FOLLOWING THREE LNG VESSEL GROUNDINGS ARE SIGNIFICANT

1979 EL PASO KAYSER NEAR THE STRAITS OF GIBRALTAR

DAMAGE TO HULL AND SECONDARY MEMBRANE DEFORMATION OF PRIMARY MEMBRANE

NO LNG RELEASED

LNG PUMPED TO ANOTHER VESSEL

1980 LNG TAURUS NEAR TABOATA HARBOR JAPAN

CAUSE RAPIDLY WORSENING WEATHER

SHIP WAITING FOR PILOT TO BOARD WHEN PORT WAS CLOSED

HULL DAMAGED BUT NO LOSS OF CARGO

2004 TENAGA LIMA NEAR MOPKO SOUTH KOREA

CAUSE STRONG WIND

WATER ENTERED THE INSULATION SPACE BETWEEN PRIMARY AND SECONDARY MEMBRANES

SHIP WAS REFLOATED AND REPAIRED

TWO RECENT INCIDENTS INVOLVED LNG VESSEL COLLISIONSINTERACTI WITH OTHER VESSELS

2002 NORMAN LADY STRUCK BY USS OKLAHOMA CITY NUCLEAR SUBMARINE NEAR THE STRAIT OF

GIBRALTAR

HAD JUST UNLOADED CARGO IN SPAIN
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MINOR DAMAGE TO DOUBLE HULL BUT NOT CARGO TANKS

2006 GOLAR FREEZE BROKE LOOSE FROM ITS MOORINGS AND PULLED AWAY FROM PIER DURING

UNLOADING AT THE ELBA ISLAND GA IMPORT TERMINAL

CAUSE SURGE CREATED BY THE CHEMICAL TANKER CHARLESTON WHICH WAS PASSING BY AT TOO

HIGH SPEED

EMERGENCY SHUTOFF WAS ACTIVATED

UNLOADING ARMS CAME DETACHED

NO LNG WAS SPILLED

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 1970SEARLY 1980S NUMBER OF MINOR ACCIDENTS LED TO THE

DEVELOPMENT OF MORE STRINGENT SAFETY MEASURES IN EFFECT THROUGHOUT THE US

54 SANDIA REPORT

THE SANDIA REPORT FOCUSES ON RISK ANALYSIS AND SAFETY IMPLICATIONS OF LARGE LNG SPILL OVER

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 SAME8

THE SANDIA REPORT EMPHASIZES THAT RISK FROM POTENTIAL LNG SPILL CAN BE REDUCED BY

MINIMIZING THE THREE ELEMENTS OF THE OVERALL RISK OF THE EVENT

PROBABILITY OF THE ACCIDENTAL OR INTENTIONAL EVENT

PROBABILITY THAT PREVENTIVE OR MITIGATING MEASURES FAIL AND

CONSEQUENCES OF THE EVENT MEASURED IN FATALITIES OR COST

APPENDIX OF THE SANDIA REPORT SUMMARIZES FINITE ELEMENT MODELING OF SHIP COLLISIONS BETWEEN

SERIES OF LARGE SHIPS 50000 METRIC TONS AND AN LNG VESSEL THE REPORT FINDS THAT PENETRATION

180

HIGHTOWER GRITZO LUKETAHANLIN COVAN TIESZEN WELIMAN IRWIN KANESHIGE

MELOF MORROW AND RAGLAN GUIDANCE ON RISK ANALYSIS AND SAFETY IMPLICATIONS OF LARGE LNG SPILL OVER

WATER 5AND20046258 DEC 2004
181

ASPEN ENVIRONMENTAL GROUP INTERNATIONAL AND NATIONAL EFFORTS TO ADDISS THE SAFETY AND SECURITY RISKS OF

IMPORTING LIQUIFIED NATURAL GAS COMPENDIUM CALIFORNIA ENERGY COMMISSION CEC6002005002 JANUARY

2005

ERIKSON JM BMNDSTORP AND CMMER EVALUATING THE VIABILITY OF OFFSHORE LNG PRODUCTION AND STORAGE

DNV CONSULTING GASTECH 2002 CONFERENCE QATAR

109



INTO THE INNER HULL OF DOUBLEHULL VESSEL REQUIRES OUTER HULL BREACH AND IMPACT VELOCITIES

EXCEEDING 56 KNOTS

SPILL AND DISPERSIONHAZARD MODELING IS ALSO USED TO ESTIMATE HOW FAR FROM POOL FIRE THE HEAT

FLUX DROPS TO KWM2 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

DISPERSIONTHERMAL HAZARD MODELING IS THE LACK OF VALIDATION AGAINST LARGESCALE 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 M2 AND FOR INTENTIONAL BREACHES RESULTING IN HOLE SIZES

BETWEEN AND 12 M2 SANDIA ASSUMED THAT LNG CARRIER STORAGE TANKS HAVE 25000 M3

CAPACITY AND THAT ONLY HALF OF THE CONTENTS OF THE TANK 12500 M3 WILL SPILL IN THE EVENT OF

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 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 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 LOCATIONSPECIFIC CONDITIONS SUCH AS TERRAIN WEATHER WAVES

CURRENTS AND OBSTACLES CAN INFLUENCE DISPERSION SO RANGE OF HAZARDS IS MORE IMPORTANT THAN

SPECIFIC MAXIMUM HAZARD GUIDELINE GENERALLY FIRE IS LIKELY TO OCCUR IMMEDIATELY AND BURN

THE LNG POOL ANDOR VAPOR HOWEVER IF THE VAPOR CLOUD IS NOT IGNITED IT COULD EXTEND TO 2500

AND THEN BE IGNITED THE THERMAL RADIATION FROM THE IGNITION OF VAPOR CLOUD CAN BE VERY HIGH

WITHIN THE IGNITED CLOUD AND PARTICULARLY HAZARDOUS TO PEOPLE THE EXPERIMENTS TO DATE DO NOT

GIVE GOOD INDICATION OF THE ATMOSPHERIC DISPERSION OF VAPOR CLOUD THAT WOULD BE ASSOCIATED

WITH VERY LARGE SPILLS

SANDIA PERFORMED 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 TO TANKS BREACHED

AND HOLE SIZES RANGING FROM TO 12 M2 THE DISCHARGE COEFFICIENT AND THE SURFACE EMISSIVE

POWER WERE VARIED LITTLE AS CAN BE SEEN IN TABLE 15 FROM THIS MODELING SANDIA CONCLUDED THAT

THE HIGH HAZARD DISTANCE CORRESPONDING TO HEAT FLUX OF 375 KWM2 WAS 250 FOR ACCIDENTAL

SPILLS AND 500 FOR INTENTIONAL SPILLS SIMILARLY SANDIA CONCLUDED THAT THE LOW HAZARD DISTANCE

CORRESPONDING TO HEAT FLUX OF KWM2 WAS 600750 FOR ACCIDENTAL SPILLS AND 1600 FOR

INTENTIONAL SPILLS THESE HAZARD DISTANCES FORM THE BASIS FOR SANDIAS RECOMMENDED SAFETY ZONES
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TABLE 15 SANDIA REPORT THERMAL INTENSITY LEVEL DISTANCES82

HOLE
SURFACE DISTANCE TO

TANKS DISCH EMISSIVE 375
DISTANCE TO

ARGE
BURN POOL BURN

SIZE RATE DIAMETER TIME

M2 BREACHED COEFFICIENT

MIS
POWER KWM2

KWIM

KWIM2 MM
ACCIDENTAL EVENTS

06 3X104 220 148 40 177 554

06 3X104 220 209 20 250 784

06 3X104 220 362 20 398 1358

INTENTIONAL EVENTS

06 3X104 220 209 20 250 784

06 3X104 220 572 81 630 2118

06 3X104 220 330 81 391 1305

09 3X104 220 405 54 478 1579

06 2X104 220 395 81 454 1538

06 3X104 350 330 81 529 1652

12 06 3X104 220 512 34 602 1920

LAI 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 KWM2 VALUE AT THE EDGE OF THE FIRE TO

ITS KWM2 VALUE AT THE EDGE OF THE LOW PUBLIC SAFETY IMPACT ZONE

182
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

WHICH ARE SUPPOSED TO INCLUDE THE SAME RESULTS

111



200

150

100

DISTANCE

FOR ONSHORE LNG TERMINALS EACH LNG CONTAINER AND LNG TRANSFER SYSTEM MUST HAVE

DISPERSION EXCLUSION ZONE IN ACCORDANCE WITH NIFPA 59 SEC 1932059183 THESE REGULATIONS

AIM AT MINIMIZING THE POSSIBILITY THAT FLAMMABLE VAPORS REACH PROPERTY LINE THAT CAN BE BUILT

UPON PART 1932059 REQUIRES THAT VAPOR DISPERSION DISTANCES BE CALCULATED FOR 25 AVERAGE

GAS CONCENTRATION IE 12 LFL84 CALCULATING DISTANCE TO LFL ASSUMES THE TRAVEL OF

CONTINUOUSLY FLAMMABLE VAPOR CLOUD DUE TO WIND GUSTS POCKETS OF FLAMMABLE VAPOR MAY BREAK

AWAY FROM THE CONTINUOUS CLOUD CONSERVATIVE ESTIMATE OF THE DOWNWARD FLAMMABLE DISTANCE

ASSUMES THESE POCKETS HAVE DISSIPATED WHEN THE CLOUD CONCENTRATION IS BELOW 12 LFL85 IN THE

EISS FOR ONSHORE PROJECTS FERC PRESENTS VAPOR DISPERSION DISTANCES TO 12 LFL IT IS NOT CLEAR

WHY THE SANDIA REPORT DOES NOT PRESENT DISTANCES TO 12 LFL BUT ONLY DISTANCES TO LFL

ACCORDING TO SANDIAS DISPERSION CALCULATIONS FOR LARGE ACCIDENTAL SPILLS THE VAPOR CLOUD COULD

EXTEND TO BEYOND 1600 FROM THE SPILL DEPENDING ON ATMOSPHERIC CONDITIONS THEREFORE LNG

VAPOR DISPERSION ANALYSES SHOULD BE CONDUCTED USING SITESPECIFIC ATMOSPHERIC CONDITIONS TO

ASSESS THE POTENTIAL AREAS AND LEVELS OF HAZARDS TO PUBLIC SAFETY FOR ONE TANK BREACH THE

183 NFPA 59A SEC 1932059 FLAMMABLE VAPORGAS DISPERSION PROTECTION

184
THE METEOROLOGICAL CONDITIONS FOR THESE CALCULATIONS ARE CONDITIONS THAT RESULT IN THE LONGEST DOWNWIND

DISTANCES AT LEAST 90 OF THE TIME OR II MAXIMUM DOWNWIND DISTANCES FOR STABILITY CLASS WIND SPEED OF 45

MPH 50 RELATIVE HUMIDITY AND THE AVERAGE REGIONAL TEMPEMTURE

185 CD ZINN LNG CODES AND PROCESS SAFETY PAPER 109E AICHE NATIONAL MEETING ATLANTA GEORGIA APRIL

13 2005

250

FIGURE 49 SANDIA REPORT RADIATIVE FLUX

50

4ONE TANK BREACH M2 ONETANKBREACH2M2

THREE TANK BREACH M2 THREE TANK BREACH M2

500 1000 1500 2000 2500
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DISTANCES TO THE LFL WERE CALCULATED TO BE 1536 WITH POOL DIAMETER OF 148 AND 1710

FOR POOL DIAMETER OF 209 TABLE 16186 THE TIME FOR THE LFL TO BE REACHED WAS

APPROXIMATELY 20 MINUTES FOR INTENTIONAL SPILLS THE DISTANCES TO LFL WERE CALCULATED TO BE

2450 FOR ONE TANK BREACH WITH POOL DIAMETER OF 330 AND 3614 FOR TANK BREACH

WITH POOL DIAMETER OF 572 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 LFL87

HOLE SIZE TANKS
POOL SPILL DISTANCE

M2 BREACHED
DIAMETER DURATION TO LFL

MM
ACCIDENTAL EVENTS

148 40 1536

209 20 1710

INTENTIONAL EVENTS

330 81 2450

572 81 3614

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 VAPOR CLOUD CLEARLY THE

THREE TANK SPILL CREATES LARGER VAPOR CLOUD THAN SINGLE TANK SPILL LARGER HOLES WITH HIGHER

LNG SPILL RATES RESULT IN LARGER VAPOR CLOUD THAN SMALLER HOLES WITH LOWER SPILL RATES

186
THE SANDIA REPORT DOES NOT SPECIFY WHAT SITESPECIFIC CONDITIONS WERE USED IN THESE CALCULATIONS

187
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 REPORT
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FIGURE 50 SANDIA REPORT VAPOR DISPERSION DISTANCES TO LFL
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541 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

WATER88 FOR THE BURRO FIELD EXPERIMENTS WIND SPEED AND DIRECTION GAS CONCENTRATION

TEMPERATURE HUMIDITY AND HEAT FLUX FROM THE GROUND WERE RECORDED THE OBJ ECT OF THE COYOTE

EXPERIMENTAL SERIES IN 1981 WAS TO STUDY RPTS AND VAPOR CLOUD FIRES89 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 OF THE SANDIA REPORT PRESENTS AN OVERVIEW OF THE LLNL AND NWC SPILL TESTING

DATA9 SANDIA USED THE EXPERIMENTAL DATA TO VALIDATE VARIETY OF MODELS HOWEVER THE

188RP KOOPMAN RT CEDERWALL DL ERMAK HC GOIDWIRE WJ HOGAN JW MCCLURE TG MCRAE DL
MORGAN HC RODEAN AND JH SHINN ANALYSIS OF BURRO SERIES 40M3 LNG SPILL EXPERIMENTS JOURNAL OF

HAZARDOUS MATERIALS PP 4383 1982
189 HC RODEAN WJ HOGAN PA URTIEW HC GOIDWIRE TG MCRAE AND DL MORGAN VAPOR BUM ANALYSIS

FOR THE COYOTE SERIES LNG SPILL EXPERIMENTS UCRL53530 1984
190

SANDIA REPORT TABLE 33 105

ONE TANK 40 MM

ONE TANK 81 MM

ONE TANK 20 MM

THREE TANKS 81 MM

VAPOR CLOUD LENGTH
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EXPERIMENTAL DATA HAS LIMITATIONS THE SPILL SIZES RANGED FROM 08 M3 TO 664 M3 FOR VAPOR

DISPERSION EXPERIMENTS AND FROM M3 TO 238 M3 FOR POOL AND VAPOR CLOUD FIRES THE SIZES OF

THESE EXPERIMENTAL SPILLS ARE TWO ORDERS OF MAGNITUDE SMALLER THAN SPILLS FROM TYPICAL LNG
CARRIER WITH CAPACITY OF 125000 M3 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 WITH AN AVERAGE WATER DEPTH OF AND AN AVERAGE WATER LEVEL

ABOUT 15 BELOW THE SURROUNDING GROUND LEVEL9 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 FOR THE 206664 M3 SPILLS92

NO ICE FORMATION WAS OBSERVED FOR UNCONFINED SPILLS EXPERIMENTS INDICATE THAT BOILOFF RATES

INCREASE BY FACTOR OF 152 WHEN EITHER ETHANE OR PROPANE IS ADDED TO THE METHANE TO ALTER THE

COMPOSITION TO 97 METHANE MIXTURE LNG HAS HIGHER BOILING RATE THAN PURE METHANE ON

BOUNDFREE SURFACE DURING LATER STAGES OF THE SPILL THERE APPEARS TO BE DECREASE IN THE RATE OF

VAPORIZATION DUE TO THE CHANGING COMPOSITION OF THE POOL

EXPERIMENTS FOUND THAT THERE IS CORRELATION BETWEEN WATER TEMPERATURE AND RPT OCCURRENCE

RPTS OCCURRED WHEN THE WATER TEMPERATURE WAS ABOVE 17C 626F 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 CORRELATION BETWEEN SPILL RATE AND RPT OCCURRENCE 15

M3MIN 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 M3MIN LAI BELIEVES THAT THESE ARE VERY PROBABLE SPILL

RATES FOR HOLE SIZES BETWEEN 212 M2 OR FOR UNLOADING RATES OF 10000 M3HR 163 M3MIN

542 RECENT LNG SPILL MODELING REVIEW

APPENDIX 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 BREAKUP EACH OF THE FOUR

STUDIES DISCUSSED LEHR FAY QUEST AND VALLEJ EXAMINES 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 RADIANT FLUX OF APPROXIMATELY KWM2 THE QUEST STUDY CALCULATES DISTANCE OF 490

VALLEJO CALCULATES 1290 AND FAY CALCULATES 1900 FOR THESE THREE STUDIES WHICH ALL HAD

VERY SIMILAR SPILL VOLUMES OF 1250014300 M3 THE FIRE DURATION RANGED FROM 33 MM TO 286

MM ALMOST FACTOR OF 10 THE AREA OF THE FUEL SPILL RANGED FROM 9503 M2 TO 200000 M2
FACTOR OF 10 IT APPEARS THAT WHEN WAVES ARE MODELED THEY DECREASE THE POOL RADIUS BY FACTOR

OF FOUR AND INCREASE THE VAPORIZATION FLUX BY 27 DUE TO THE INCREASE IN SURFACE AREA

191 RP KOOPMAN RT CEDERWALL DL ERMAK HC GOIDWIRE WJ HOGAN JW MCCLURE TG MCRAE DL
MORGAN HC RODEAN AND JH SHINN ANALYSIS OF BURRO SERIES 40M3 LNG SPILL EXPERIMENTS JOURNAL OF

HAZARDOUS MATERIALS PP 4383 1982
192

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 DISTANCES93 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 FACTOR OF TWO

543 SANDIA REPORT RECOMMENDED SAFETY ZONES

SANDIAS 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 SAFETY SECURITY

ZONES THAT HAVE BEEN ESTABLISHED FOR MOST OFFSHORE LNG PROJECTS ARE BASED ON ZONE FOR

INTENTIONAL SPILLS

TABLE 17 SANDIA REPORT SAFETY ZONES94

ACCIDENTAL SPILLS INTENTIONAL SPILLS

ZONE
250M 500M

SEVERE NEGATIVE IMPACT
273 YDS 547 YDS

FROM THERMAL RADIATION

ZONE
250750 5001600

LESS SEVERE NEGATIVE IMPACT
547820 YDS 5471750 YDS

FROM THERMAL RADIATION

ZONE
750M 1600M

MINIMAL RISK FROM THERMAL

820 YDS 1750 YDS
RADIATION

193

BAIK RAGHUNATHAN WITLOX CONSEQUENCE MODELING OF LNG MARINE INCIDENTS AMERICAN SOCIETY OF

SAFETY ENGINEERS MIDDLE EAST CHAPTER 7TH PROFESSIONAL DEVELOPMENT CONFERENCE EXHIBITION KINGDOM OF

BAHRAIN MARCH 1822 2006
194

SANDIA REPORT SECTION 131 22
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FIGURE 51 SANDIA REPORT SAFETY ZONES

ACCIDENTAL SPILL

1600

INTENTIONAL SPILL

55 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

PRE2006 THE SAFETY ZONE FOR OFFSHORE PROJECTS WAS USUALLY 500 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 ZONE95

PRECAUTIONARY AREA IS PRINTED ON NEW NOAA NAUTICAL CHARTS AND SERVES AS 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 PRECAUTIONARY AREA WITH RESPECT TO NAUTICAL CHARTS VESSEL SPEED AND

DIRECTION TYPICALLY THE MAXIMUM SPEED FOR AN ATBA IS 10 KNOTS 19 KMHR IT CAN BE

RECOMMENDATORY OR MANDATORY RESTRICTIONS TO VESSEL MOVEMENT ARE ENFORCEABLE IF THE ATBA IS

MANDATORY

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 SANDIAS RECOMMENDATION FOR ZONE HAS BEEN APPLIED IN THESE CASES THE FOLLOWING

195
FINAL ENVIROMNENTAL ASSESSMENT OF THE EL PASO ENERGY BRIDGE GULF OF MEXICO LLC DEEPWATER PORT

APPLICATION NOVEMBER 2003 USCG200314294

ZONE

ZONE
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SUBSECTIONS PRESENT BRIEF OVERVIEW OF THE HAZARD ANALYSIS FOR EACH OFFSHORE PROJECT EXCEPT

CABRILLO PORT WHICH IS ANALYZED IN DETAIL IN SECTION 56

TABLE 18 SAFETY IMPLEMENTATION FOR OTHER OFFSHORE PROJECTS

AREA TO BE AVOIDED PRECAUTIONARY
OFFSHORE PROJECT SAFETY ZONE

ATBA ZONE

MAIN PASS ENERGY HUB 500 547 YDS 32 KM MILES

CABRILLO PORT CA 500 M96 547 YDS 37 KM 23 MILES

EXCELERATE ENERGY 10 KM
500 547 YDS

GULF OF MEXICO 062 MILES

32 KM
GULF LANDING LA 500 547 YDS

MILES

551 GULF LANDING HAZARD ANALYSIS

THE GULF LANDING DEEPWATER PORT PROJECT PROPOSES TWO GRAVITYBASED STRUCTURES LOCATED 61 KM

SOUTH OF CAMERON LOUISIANA AT WATER DEPTH OF 168 THE PROJECTS FEIS DISCUSSES LNG
ACCIDENT MODELING WHICH CONSISTED OF EVALUATING THREE SCENARIOS FROM THE LITERATURE97

DOE WORSTCASE REASSESSMENT QUEST STUDY

DISTANCE TO LFL RANGES FROM 05 TO 25 MILES FOR 25000 M3 SPILL

DISTANCE TO KWM2 OF 054 KM 034 MILES FOR 25000 M3 SPILL

RONALD KOOPMAN98 DISTANCE TO LFL RANGES FROM 04 TO 28 MILES FOR 25000 M3
SPILL

JAMES FAY99 DISTANCE TO KWM2 OF 11 KM 068 MILES FOR 14300 M3 SPILL

552 GULF GATEWAY HAZARDANALYSIS

THE GULF GATEWAY DEEPWATER PORT IS LOCATED AT DISTANCE OF APPROXIMATELY 116 MILES FROM THE

LOUISIANA COAST IN 280 FEET OF WATER THE PROJECT WAS CONSTRUCTED IN 20042005 AND INCLUDES AN

STL BUOY GAS METERING PLATFORM AND AN ENERGY BRIDGE REGASIFICATION VESSEL FOR THIS

196THE SAFETY ZONE IS 500 FROM THE STEM OF THE FSRU WHICH MEANS ABOUT 800 FROM THE MOORING TOWER

197
FEIS FOR THE GULF LANDING LLC DEEPWATER PORT LICENSE APPLICATION NOVEMBER 2004 USCG20041686058

198 DR KOOPMAN IS SPECIAL PROJECTS MANAGER FOR THE CHEM BIO NATIONAL SECURITY PROGRAM AT LAWINCE 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 ISPONSIBILITY 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

199 DR FAY IS PROFESSOR EMERITUS IN THE DEPARTMENT OF MECHANICAL ENGINEERING AT THE MASSACHUSETTS INSTITUTE OF

TECIMOLOGY
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PROJECT THE LNG ACCIDENT MODELING IN THE FINAL ENVIRONMENTAL ASSESSMENT RELIED ON THE DOE
WORSTCASE REASSESSMENT QUEST STUDY 200

DISTANCE TO LFL RANGES FROM 05 TO 25 MILES FOR 25000 M3 SPILL

EXPOSURE AT 300 FROM POOL FIRE WOULD CAUSE PAIN WITHIN 60

MODELED TWO TYPES OF SPILLS

HOLE TOOK 37 MM TO BURN THE SPILLED LNG

HOLE TOOK 64 MM TO BURN THE SPILLED LNG

553 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 TOTAL CAPACITY OF 145000 M3 THE

LNG HAZARD ANALYSIS PRESENTED IN THE USCG ENVIRONMENTAL ASSESSMENT FOCUSES ON WORST CASE

MODELING SCENARIOS WITH MAXIMUM HAZARD RADIUS OF MILES20

56 ANALYSIS OF REVISED CABRILLO PORT DEIS 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

SANDIA202 THE USCG AND THE CALIFORNIA STATE LANDS COMMISSION CSLC RETAINED ECOLOGY AND

ENVIRONMENT INC TO WRITE THE ELS 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 IS THE MOST RELEVANT ELS EIR AVAILABLE SINCE IT WOULD CONSIST OF AN FSRU WITH

CAPACITY OF 273000 M3 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 2900 FT

884 FURTHERMORE CABRILLO PORT IS PROPOSED AS SPHERICAL MOSS LNG CARRIER TYPE WHEREAS

THE BROADWATER FSRU WOULD HAVE MEMBRANE STORAGE TANK CONSTRUCTION

THE CABRILLO PORT FSRU WOULD BE PERMANENTLY MOORED VIA TURRET SYSTEM THAT WOULD ALLOW IT TO

ROTATE AROUND FIXED POINT IT WOULD BE SHAPED LIKE AN LNG VESSEL WITH DOUBLESIDED AND

DOUBLEBOTTOMED CONSTRUCTION AND DISPLACE 193050 METRIC TONS OF WATER LNG SHIPS WOULD

UNLOAD THEIR CARGO IN SIDEBYSIDE ARRANGEMENT ONTO THIS STRUCTURE WHICH WOULD BE 971 FT 296

LONG AND 213 FT 65 WIDE AND CONTAIN THREE MOSS SPHERICAL TANKS EACH TANK WOULD

THEREFORE BE CAPABLE OF STORING 91000 M3 OF LNG AND IN THE EVENT OF AN ACCIDENT COULD

200
FINAL ENVIRONMENTAL ASSESSMENT OF THE EL PASO ENERGY BRIDGE GULF OF MEXICO LLC DEEPWATER PORT

APPLICATION NOVEMBER 2003 USCG2003 14294

201
FINAL ENVIRONMENTAL ASSESSMENT OF THE MAIN PASS ENERGY HUB DEEPWATER PORT APPLICATION SEPTEMBER 2006

USCG200417696
202

REVISED DRAFT ENVIRONMENTAL IMPACT REPORT FOR CABRILLOPORT LIQUIFIED NATURAL GAS DEEPWATER PORT CSLC EIR

NO 727 MARCH 2006
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POTENTIALLY SPILL THIS MUCH LNG THIS PROJECT WOULD REQUIRE 200 FT 609 PERMANENT RIGHT

OFWAY IN THE OFFSHORE AREA WHERE THE PIPELINES WOULD BE LAID

561 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 HAZARD

IDENTIFICATION HAZID WORKSHOP AND AT MULTIDAY SECURITY AND VULNERABILITY ASSESSMENT

SVA WORKSHOP CONDUCTED BY THE CSLC THE USCG AND MARAD

IN ORDER TO ADDRESS THE PUBLICS CONCERNS ABOUT THE SAFETY OF THE PROJECT AN INDEPENDENT RISK

ASSESSMENT IRA WAS CONDUCTED WHICH EVALUATED THE WORSTCASE 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 EVENTTREE ANALYSIS WHICH USES INDUCTIVE LOGIC AND 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 CL THE

REVISED IRA WAS INDEPENDENTLY REVIEWED BY THE AUTHORS OF THE DECEMBER 2004 SANDIA REPORT

AND INCORPORATES SANDIAS RECOMMENDATIONS

IN THE REVISED DEIR THE USCG EXTENDED THE SAFETY ZONE AROUND THE FSRU FROM 500 RADIUS

AROUND THE MOORING POINT TO 500 RADIUS FROM THE STERN OF THE FSRU SINCE THE FSRU IS 296

LONG THIS IN EFFECT MAKES IT AN 800 12 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 SANDIAS REVIEW FOUND THAT THREETANK SIMULTANEOUS

RELEASE WAS NOT CREDIBLE ACCIDENTS AT THE FSRU WOULD BE RARE AND WOULD NOT REACH SHORE EVEN

IN THE CASE OF WORST CREDIBLE RELEASE SUCH AS 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 SINGLE TANK

THE IMPACT DISTANCES FROM ACCIDENTAL RELEASES AND INTENTIONAL EVENTS ARE MUCH LESS THAN THE

DISTANCE TO SHORE AND RANGE FROM 156 TO 727 MILES AS SHOWN IN FIGURE 52 WITH DETAILS IN

EXHIBIT THE COASTWISE SHIPPING LANE IS ABOUT 24 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
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FIGURE 52 CABRILLO DEEPWATER PORT CONSEQUENCE DISTANCES203

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 SAFETY ZONE SURROUNDING THE FSRU

562 INDEPENDENT RISK ASSESSMENT

THE HAZARDOUS EVENTS THAT WERE IDENTIFIED DURING THE HAZID WERE

LNG SPILL OVERBOARD

LOADING ARM FAILURE

PRESENCE OF AN IGNITION SOURCE IN THE SCVS

SHIP COLLISION WITH THE FSRU

MFRU
RN NNL

10
MO UFTHN

203
SOURCE CABRILLO PORT FEIS
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BALLAST SYSTEM MALFUNCTION AND

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

SCENARIO ACCIDENTAL EXPLOSION IN HULL VOID

SCENARIO ACCIDENTAL EXPLOSION IN MOSS TANK

SCENARIO ACCIDENTALINTENTION MARINE COLLISION

SCENARIO ACCIDENTAL EXPLOSION BETWEEN THE FSRU AND THE DOCKED TANKER

SCENARIO INTENTIONAL TWO MOSS TANK BREACH

SCENARIO ACCIDENTALINTENTION 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 PUBLIC DOMAIN COMPUTER PROGRAM THE FDS WAS

CALIBRATED TO THE BURRO 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

LNG RELEASES WERE MODELED AS PURE METHANE

LFL IS 00276 ON MASS FRACTION BASIS OR 005 ON VOLUME BASIS

NO MATERIAL WAS LOST DURING THE POOL FORMATION PROCESS AND ALL SUCH MATERIAL WAS

AVAILABLE FOR EITHER THE POOL FIRE OR VAPOR DISPERSION CALCULATIONS

THE POOL WAS ASSUMED TO BE FIXED IN SIZE AND THE RECESSION PROCESS WAS CONSERVATIVELY

IGNORED

THE OCEAN TEMPERATURE WAS SET AT 50F AND THE AIR TEMPERATURE AT 70F

TIDAL OR WAVE ACTION WAS NOT CONSIDERED AND THEIR EXCLUSION WILL PRODUCE MORE

CONSERVATIVE RESULTS

TEMPERATURE INVERSION EFFECTS WERE NOT MODELED

THE LNG EVAPORATION RATE WAS SET TO BE 0028 LBFT2S 0135 KGM2S

THE EDGE OF THE FIRE HAS AN AVERAGE EMISSIVE POWER OF 220 KWM2

THE ATMOSPHERE HAS AN AVERAGE TRANSMISSIVITY OF 08

122



FLAME HEIGHT WAS FOUND USING THE INDUSTRY STANDARD MOORHOUSE CORRELATION WHICH WAS

DEVELOPED USING LARGE LNG POOL FIRES204

THERMAL RADIATION THRESHOLDS WERE 50 125 AND 375 KWM2

TWO LNG LOADING OPERATIONS TAKE PLACE PER WEEK EACH ONE LASTING 2024 HOURS

RELATIVE VESSEL MOVEMENT DURING LOADING OPERATIONS IS LIMITED TO 28

SUBMERSIBLE PUMPS IN MOSS TANK CAN BE MAINTAINED WITHOUT TAKING THE TANK OUT OF

SERVICE

500 SAFETY ZONE IS SET AROUND THE FSRU

THE FOLLOWING SECTIONS CONTAIN MORE DETAILED DISCUSSION OF SCENARIOS 36 SCENARIOS AND

WILL NOT BE DISCUSSED HERE IN DETAIL SINCE THEY ARE SPECIFIC TO THE MOSS LNG CARRIER TYPE

HOWEVER SCENARIO AND COULD APPLY TO THE LNG CARRIERS THAT SERVICE THE BROADWATER FSRU
SINCE THEY COULD HAVE EITHER SPHERICAL MOSS OR MEMBRANES STORAGE TANKS

5621 SCENARIO ACCIDENTALINTENTION MARINE COLLISION

THIS SCENARIO IS DEFINED AS LARGE MARINE VESSEL COLLIDING WITH THE FSRU WITH SUFFICIENT ENERGY

TO BREACH STORAGE TANK TANKER OR CONTAINER SHIP TRAVELING AT 135 OR 165 KNOTS RESPECTIVELY

COULD RESULT IN 10 M2 HOLE IN THE FSRU205 THE HOLE SIZE WILL DOUBLE TO 20 M2 WITH 05 KNOT

INCREASE IN SPEED IT IS IMPORTANT TO NOTE THAT THERE ARE NO SPEED LIMITS FOR SHIPS AT SEA BUT RATHER

THE SPEED OF SHIP SHOULD BE DETERMINED BY WEATHERSEA AND TRAFFICSAFETY CONSIDERATIONS

CONTAINER SHIPS TYPICALLY HAVE CRUISING SPEED OF 25 KNOTS 29 MPH WHILE TANKERS HAVE

CRUISING SPEED OF 16 KNOTS 18 MPH THE ESTIMATED FREQUENCY OF COLLISION WITH TANKER IS 17

108 ABOUT IN 60 MILLION AND WITH CONTAINER 59 I0 ROUGHLY IN MILLION

BOTH POOL FIRE AND VAPOR DISPERSION WITH SUBSEQUENT VAPOR CLOUD FIRE ARE INVESTIGATED IT IS

ASSUMED THAT AN INSTANTANEOUS SPILLING OF ONE HALF THE CONTENTS 45500 M3 OF STORAGE TANK WILL

OCCUR AND LEAD TO POOL FIRE WITH RADIATIVE FLUX OF KWM2 AT DISTANCE OF 2970 IF

IMMEDIATE IGNITION DOES NOT OCCUR AND THE VAPOR CLOUD DISPERSES DOWN WIND THE DISTANCE TO LFL

WILL VARY WITH THE WIND SPEED FOR WIND VELOCITY OF MS THE MAXIMUM DISTANCE TO LFL IS 53

KM IF THE VAPOR CLOUD WERE TO IGNITE THE RADIATION DISTANCE MUST BE ADDED TO THE VAPOR CLOUD

DISTANCE FOR RADIATIVE FLUX OF 50 KWM2 DISTANCE OF 13 KM MUST BE ADDED TO THE LFL LIMIT

5622 SCENARIO ACCIDENTAL EXPLOSION BETWEEN THE FSR AND THE DOCKED TANKER

THIS SCENARIO INVESTIGATES AN EXPLOSION DUE TO SPILL OCCURRING DURING OFFLOADING AND RESULTING

IN 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 DEFLAGRATION MODE THE REPORT ESTIMATES

204
MOORHOUSE CONCLUDED THAT THE CYLINDRICAL FLAME REPRESENTATION IS BEST FOR THERMAL RADIATION CALCULATIONS

MOORHOUSE SCALING CRITERIA FOR POOL FIIS DERIVED FROM LARGE SCALE EXPERIMENTS ICHEM SYMPOSIUM

SERIES NO71 APRIL 1416 1982
205

CABRILLO PORT DEIR FIGURE E4 IN APPENDIX OF APPENDIX CL
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THE CONFINED VOLUME BETWEEN THE CARRIER AND THE FSRU TO BE ONLY 6800 M3 ALTHOUGH IT APPEARS

TO BE 60 130 46800 M3 THE 6800 M3 VOLUME OF METHANEAIR MIXTURE CAN RESULT FROM

ONLY 10 M3 OF LNG WHICH IS 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 MAXIMUM OVERPRESSURE AT TANK

THE MIDDLE TANK OF 35 PSI 24 KPA AND MAXIMUM BLAST PRESSURE BETWEEN THE SHIP AND THE

CARRIER OF 135 PSI 93 KPA THE EFFECT OF THE BLAST LOAD PROFILES ON THE FSRU WAS FOUND TO BE

NEGLIGIBLE CAUSING ONLY SMALL INCLINATION OF THE FSRU AND INCREASING THE SEPARATION BETWEEN

THE TWO VESSELS BY ABOUT FEET THERE IS THE POSSIBILITY OF FIRE OR BLASTINDUCED 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 WAVE HEIGHT OF 28 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 481

B5 OR ROUGHLY IN 20000

5623 SCENARIO INTENTIONAL TWO MOSS TANK BREACH

THIS SCENARIO INVESTIGATES THE CONSEQUENCES OF AN INTENTIONAL ATTACK WHICH PRODUCES M2 HOLE

IN TWO ADJACENT STORAGE TANKS THE ENTIRE CONTENTS OF BOTH TANKS 91000 M3 182000 M3
WERE ASSUMED TO SPILL FREQUENCY ESTIMATION CANNOT BE CONDUCTED FOR INTENTIONAL SCENARIOS

THE MAXIMUM POOL DIAMETER WAS 650 IN THE EVENT OF POOL FIRE THE DISTANCE TO KWM2
WOULD BE 26 KM IN THE EVENT OF VAPOR CLOUD THE DISTANCE TO LFL WOULD BE 112 KM FOR

WIND SPEED OF MIS AND 94 KM FOR WIND SPEED OF MIS AFTER REACHING THE MAXIMUM

DOWNWIND DISTANCE FLASH FIRE ANALYSIS WAS PERFORMED FOR THE MIS WIND SPEED CASE THE

DISTANCE TO KWM2 WAS 117 KM AND THE DISTANCE TO KWM2 WAS 12 KM FOR THE MIS WIND

SPEED CASE THE DISTANCE TO KWM2 WAS 109 KM

5624 SCENARIO ACCIDENTALINTENTION 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 M2 HOLE IMMEDIATE IGNITION

CAUSES POOL FIRE WHICH RESULTS IN THE FAILURE OF ONE OR TWO OF THE OTHER TANKS 25 SECONDS LATER

WITH THE RELEASE OF 100000 M3 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

124



TABLE 19 SUMMARY OF CONSEQUENCE DISTANCES206

NUMBER OF TANKS HOLE SIZES DISTANCE TO KWM2

CASE TANKS M2 M2 132 KM

CASE TANKS M2 1300 M2 251 KM

CASE TANKS M2 1300 M2 1300 M2 323 KM

563 SANDIA REVIEW OF INDEPENDENT RISK ASSESSMENT

SANDIA REVIEWED THE CABRILLO PORT IRA2O7 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 DEFAULT FOR THIS NEW FACILITY CONCEPT

THE FSRU COVERS MUCH BROADER SPECTRUM THAN SIMPLY LNG OFFLOADING 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 PROCESSBASED 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 RANGE OF WEAPONS

OR DELIVERY MODES SUCH AS AIRPLANES SHIPS OR BOATS THE POTENTIAL THREATS FROM OFFNORMAL 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 NUMBER OF PROBLEMS WITH THE INITIAL LNG DISPERSION CALCULATIONS SOME OF THESE

PROBLEMS ARE PRESENTED HERE TO GIVE GLIMPSE OF HOW COMPLEX THE MODELING IS AND HOW INCORRECT

ASSUMPTIONS FOR INPUT PARAMETERS OR BOUNDARY CONDITIONS CAN CRITICALLY CHANGE THE MODELING

RESULTS

AN INCORRECT VALUE TO IDENTIFY THE LFL WAS USED IN THE INPUT FILE

THE METHANE IS RELEASED INTO FLOW FIELD WHICH IS IN TRANSITIONAL STATE AND HAS EXCESS

MIXING SANDIA RECOMMENDED DIFFERENT BOUNDARY CONDITION AT THE SIDE BOUNDARIES

PARALLEL TO THE WIND AND AT THE TOP DOMAIN WHICH PROVIDE POWERLAW WIND PROFILE

UNIFORMLY ACROSS BEFORE THE METHANE IS RELEASED

THE REDUCED TEMPERATURE OF THE LNG POOL WAS NOT CORRECTLY REFLECTED USACE USED

REACTION FLAG IN THE INPUT FILE WHICH ASSUMES COMBUSTION PROCESS AND INCREASES THE

METHANE TEMPERATURE ABOVE ATMOSPHERIC TEMPERATURE

206
CABRILLO PORT REVISED EIR APPENDIX CL INDEPENDENT RISK ASSESSMENT TABLE 38 OR TABLE ES3

207
CABRILLO PORT REVISED EIR APPENDIX C2 SANDIA REVIEW OF INDEPENDENT RISK ASSESSMENT
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THE MESH SIZE CAN CHANGE THE MAXIMUM DISTANCE TO LFL BY ALMOST FACTOR OF USACE
FOUND 11 KM WITH 20 WIDTH CELLS WHILE SANDIA CALCULATED KM WITH 10 WIDTH CELLS

LOWER RESOLUTION SIMULATIONS RESULT IN LONGER DISTANCES TO LFL BECAUSE THE EXTENT OF

TURBULENT MIXING IS UNDER RESOLVED

SANDIAS POOL FIRE RESULTS WERE IN CLOSE AGREEMENT WITH THE ACE RESULTS SANDIAS MODELING

RESULTS WERE PRESENTED IN GRAPHICAL FORM FIGURE 53 AND SHOW HOW SLOWLY THE HEAT FLUX DECAYS

AS FUNCTION OF DISTANCE FROM THE POOL IN THIS CASE MINIMUM DISTANCE OF 24 KM 15 MILES IS

REQUIRED FOR THE HEAT FLUX TO DROP TO KWM2 OF SPECIAL IMPORTANCE FROM LIPAS VANTAGE POINT

AN ADDITIONAL 13 KM 08 MILES IS REQUIRED TO REACH MORE PROTECTIVE LEVEL OF KWM2208

FIGURE 53 SANDIA CALCULATION OF POOL FIRE HAZARDS209
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DISTANCE FROM FLAME AXIS

SANDIAS REVIEW OF THE IRA CONCLUDES THAT CREDIBLE SCENARIO IS THAT OF TWO TANK BREACH

CREDIBLE THREAT ANALYSES SUGGEST BREACH SIZES IN THE 712 M2 RANGE SHOULD BE CONSIDERED FOR THIS

TYPE OF FACILITY AND LOCATION HOWEVER NO CREDIBLE CONSEQUENCES TO RADIATIVE FLUX OF

KWM2 EXTEND MORE THAN 117 KM OR 73 MILES FROM THE FSRU

208
THE EXTRAPOLATION TO KWM2 WAS DONE ON THE ORIGINAL SANDIA FIGURE NOT ON FIGURE 53

209FIGU BASED ON FIGURE FROM THE CABRILLO PORT REVISED EIR APPENDIX C2 SANDIA REVIEW OF INDEPENDENT RISK

ASSESSMENT THE DASHED LINE IS AN EXTRAPOLATION TO 220 KWM2 AT THE EDGE OF THE POOL FIRE AND IS NOT EXACT SINCE THE

LOCATION OF THE POOI AXIS ILATIVE TO THE POOL EDGE IS NOT REPORTED
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57 RESOURCE REPORT 11 SAFETY AND RELIABILITY

BROADWATER RESOURCE REPORT 11 DESCRIBES THE POTENTIAL EFFECTS OF PRO ECT COMPONENT FAILURES ON

THE PUBLIC AND ON THE SUPPLY OF NATURAL GAS TO CUSTOMERS21 THESE FAILURES COULD BE DUE TO

NATURAL CATASTROPHES ACCIDENTAL FAILURES OR INTENTIONAL HARMFUL EVENTS BROADWATER LOCATION

ABOUT NINE MILES FROM THE CLOSEST SHORE MINIMIZES THE HAZARDS TO THE PUBLIC ASSOCIATED WITH

EITHER AN ACCIDENT OR CATASTROPHE AT THE FSRU ON 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

210
RESOURCE REPORT 11 INCLUDES THE FOLLOWING APPENDICES

HISTORICAL CLIMATOLOGICAL INFORMATION

MINUTES OF MEETING NEW YORK STATE FIRE ADMINISTRATOR

LNG CARRIER ROUTE ANALYSIS

HSSE MANAGEMENT SYSTEM FMMEWORK DOCUMENT

211
SOURCE BROADWATER ENERGY

FIGURE 54 VIEW OF FSRU FROM ROANOKE LANDING RIVERHEAD NY2
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TABLE 20 POPULATIONS IN PROXIMITY TO LNG TERMINALS

ESTIMATED

LNG FACILITY POPULATION

WITHIN 10 MILES

BROADWATER NY 3443

EVERETT MA 1745898

COVE POINT IVID 49014

ELBA ISLAND GA 154193

LAKE CHARLES LA 136825

571 LNG SAFETY

FEDERAL PORT AND WATERWAYS SAFETY REGULATIONS 33 CODE OF FEDERAL REGULATIONS CFR PART

160 MANDATE THAT LNG CARRIERS GIVE 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 AREAS212 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 VESSEL

5711 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 45000 M3 THAN THOSE OF THE LNG CARRIER 25000 M3
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 FSRU213 THE

USCG QUESTIONED THIS PREMISE AND BROADWATER COMMISSIONED DET NORSKE VERITAS DNV214 TO

PREPARE RESPONSE TO THE USCG QUESTIONS215 REVIEW OF THIS REPORT CAN BE FOUND IN APPENDIX

OF OUR REPORT AND SUPERSEDES INFORMATION PRESENTED IN RESOURCE REPORT 11 THE MAIN POINTS

FROM THIS REPORT ARE SUMMARIZED BELOW

212 CFR PART 165

213
THE 200000 TO 250000 M3 LNG VESSELS IN THE PRODUCTION QUEUE TODAY HAVE STORAGE TANKS THAT ARE APPROXIMATELY

THE SIZE OF THE BROADWATER STORAGE TANKS 45000 M3
214 DNV IS WORLDWIDE CLASSIFICATION SOCIETY HEADQUARTERED IN NORWAY WHICH CURRENTLY CLASSIFIES MORE THAN 5100

SHIPS 16 OF THE WORLDS FLEET

215
BROADWATERS RESPONSE WAS DATED DECEMBER 21 2005
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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

THE FSRU RELEASE VOLUME WILL BE 35560 M3 AND THE LNG CARRIER RELEASE VOLUME WILL BE

27300 M3 COMPARED TO THE SANDIA REPORT RELEASE VOLUME OF 12500 M3

FOR THE LARGEST HOLE SIZE OF 252 THE DISTANCE TO LFL FOR ONE TANK FSRU SPILL

INCREASES TO 332 KM COMPARED TO ITS VALUE OF 245 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

HULL AND CONTAINMENT SYSTEM

COLLISION AVOIDANCE RADAR BEACON RADAR SYSTEM AND NAVIGATIONAL AIDS

LNG SPILLAGE CONTAINMENT FROM UNLOADING AND PROCESS AREAS

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

THERMAL AND FLAMMABLE VAPOR DISPERSION EXCLUSION ZONES ZONE DIMENSIONS ARE

DETERMINED BY USCG

HAZARD DETECTION INCLUDING DISTRIBUTED CONTROL SYSTEM AND AN INSTRUMENTED

PROTECTIVE SYSTEM

FIRE SUPPRESSION FIRE WATER SYSTEM DRY POWDER CHEMICAL SYSTEM HIGH EXPANSION

FOAM SYSTEM LOW EXPANSION FOAM SYSTEM CARBON DIOXIDE FIRE PROTECTION SYSTEM

WATER SPRAY SYSTEM AND WATER MIST SYSTEM

EMERGENCY SHUTDOWN IN THE EVENT OF TOTAL POWER FAILURE THE EMERGENCY GENERATOR WILL

START AUTOMATICALLY AND

EMERGENCY RESPONSE 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 IE 100 YEAR STORM EVENT SPECIFICALLY THE

YOKE MOORING SYSTEM WAS DESIGNED TO WITHSTAND WAVE HEIGHTS OF 57 TO 70 AND WINDS OF 502
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TO 568 MIS 1123 TO 127 MPH216 IN THE EVENT OF 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 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 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 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 NUMBER OF SECURITY OPERATIONS ON REGULAR BASIS

5712 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 CONSULTING217

LNG MARINE RELEASE CONSEQUENCE ASSESSMENT DNV218

GUIDANCE ON RISK ANALYSIS AND SAFETY IMPLICATIONS OF LARGE LNG SPILL OVER WATER

SANDIA NATIONAL LABORATORY219

ACCORDING TO RESOURCE REPORT 11 THERE ARE FOUR TYPES OF ACCIDENTAL EVENTS THAT COULD RESULT IN

THE RELEASE OF LNG FROM CARRIER

VESSEL COLLISION WITH AN INBOUND LNG CARRIER

INBOUND LNG CARRIER COLLISION WITH THE FSRU OR MOORING TOWER

VESSEL COLLISION WITH MOORED LNG CARRIER

GROUNDING OF AN LNG CARRIER

216
RESOURCE REPORT 11 TABLE 119

217
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 ADO46000 NOTICE OF AVAILABILITY OF STAFFS RESPONSES TO

COMMENTS ON THE CONSEQUENCE ASSESSMENT METHODS FOR INCIDENTS INVOLVING RELEASES FROM LIQUIFIED NATURAL GAS

CARRIERS JUNE 18 2004

218 DNV TECHNICAL REPORT PROJECT NO 70004197 LNG MARINE RELEASE CONSEQUENCE ASSESSMENT JULY 2004

219M HIGHTOWER GRITZO LUKETAHANLIN COVAN TIESZEN WELLMAN IRWIN KANESHIGE

MELOF MORROW AND RAGLAN GUIDANCE ON RISK ANALYSIS AND SAFETY IMPLICATIONS OF LARGE LIQUIFIED NATURAL

GAS LNG SPILL OVER WATER SANID20046258 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 MILE

FROM FISHERS ISLAND THE POPULATION ON FISHERS ISLAND IS 275300 PEOPLE IN THE OFFSEASON AND

APPROXIMATELY 6000 DURING PEAK SUMMER WEEKENDS DURING THE REMAINDER OF THE VOYAGE INTO

THE SOUND THE VESSEL WILL BE ABOUT 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 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 DOUBLEHULL CONSTRUCTION THERE ARE NUMBER OF SAFETY FEATURES TO MINIMIZE LNG
SPILLS INCLUDING

VESSEL TRAFFIC MANAGEMENT

LNG CARRIER PROCEDURES

SHIPBOARD SAFETY SYSTEMS

ENHANCED NAVIGATION EQUIPMENT

CREW TRAINING AND

INSPECTION BY USCG AND CLASSIFICATION SOCIETIES

LETTER OF RECOMMENDATION FROM THE USCG IS REQUIRED FOR THE PROJECT TO COMMENCE OPERATIONS

AND WILL PROBABLY HAVE CONDITIONS THAT MUST BE INCORPORATED WITHIN VESSEL MANAGEMENT AND

EMERGENCY PLAN BROADWATER WILL PROVIDE AN ADEQUATE NUMBER OF TUGBOATS ONE TO FOUR WITH

BOLLARD PULL CAPACITY OF 60 METRIC TONS AND FIREFIGHTING 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 170 MS
TIDAL CURRENTS 09 KNOTS 045 MS

WAVES 66 FEET

5713 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 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 THE FSRU POOL

FIRE DISTANCES TO KWM2 CALCULATED BY DNV RANGE FROM 606 TO 1211 COMPARED TO 554 TO

1305 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 SIGNIFICANT VARIABLE DOUBLING

THE HOLE SIZE WILL DOUBLE THE CALCULATED DISTANCE TO KWM2 THE DURATION OF POOL FIRE DEPENDS
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ON HOLE SIZE RELEASE RATE BURNING RATE AND VOLUME RELEASED SANDIA USED LOWER BURNING RATE SO

DNV REPEATED THEIR CALCULATIONS WITH SANDIAS LOWER BURNING RATE AND FOUND AN INCREASE IN

HAZARD DISTANCES

58 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 LARGE LNG POOL FIRE ON WATER AND THEREFORE

UNCONTAINED IS OF THE HIGHEST CONCERN220 HE ALSO STATES THAT THE SCIENTIFIC CONSENSUS ON THE

SCOPE OF AN LNGONWATER FIRE INVOLVING AN ENTIRE TANK OF LNG MILLION GALLONS OR 23000 M3
IS THAT IT WOULD BE AT LEAST HALFMILE IN DIAMETER FROM THE EDGE OF THE FIRE TO ABOUT ANOTHER

HALFMILE OUT PEOPLE WOULD RECEIVE SECONDDEGREE BURNS ON UNPROTECTED SKIN WITHIN ABOUT 30

SECONDS OBVIOUSLY LARGER FIRES WOULD RESULT FROM LARGER SPILLS22 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 WORSTCASE SCENARIO DR

FAY DEVELOPED 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

25000 M3 CAN BE LESS THAN FIVE MINUTES FIRES THAT BURN THOUSANDS OF TONS OF FUEL IN FEW

MINUTES ARE EXTRAORDINARILY LARGE222 DR FAY CALCULATES DISTANCE TO AN AVERAGE HEAT FLUX OF

KWM2 OF 1100 OR 3600 FT223

59 SAFETY REVIEW ISSUES

591 SAFETY PARAMETER MODELING ISSUES

EXCLUSION ZONES FOR PROTECTION OF PEOPLE ARE CALCULATED BY 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 1100 M3 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 25000 M3 AND

50000 M3

220

HAVENS TERRORISM READY TO BLOW BULLETIN OF THE ATOMIC SCIENTISTS VOL 59 NO PP 1618

JULYAUGUST 2003
221

HAVENS 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 PP 303 JANFEB 2004
222

FAY MODEL OF SPILLS AND FIRES FROM LNG AND OIL TANKERS JOURNAL OF HAZARDOUS MATERIALS VOL B96 PP 171

188 2003
223

FAY SPILLS AND FIRES FROM LNG TANKERS IN FALL RIVER MA AUGUST 2003
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THE DISTANCES REQUIRED FOR AN OBJECT TO RECEIVE RADIANT FLUX OF APPROXIMATELY KWM2
CALCULATED BY THE VARIOUS PUBLISHED MODELS CAN VARY BY UP TO FACTOR OF FOR 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 MODELS224 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 ANDOR 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 VERY LARGE SPILL IT IS UNLIKELY THAT ONE GIANT FIRE WOULD OCCUR BUT

RATHER BREAKUP INTO MULTIPLE FLAMELETS THIS EFFECT IS NOT CURRENTLY MODELED AND WOULD LEAD TO

DECREASE IN THE RADIATIVE FLUX THEREFORE THE DISTANCE TO SAFE RADIATIVE FLUX LEVEL WOULD

DECREASE IF FLAMELETS ARE CONSIDERED ALTHOUGH LNGS INITIAL COMPOSITION IS MOSTLY METHANE AS

THE POOL SPREADS AND EVAPORATES IT BECOMES ENRICHED IN THE HEAVIER COMPONENTS THIS CHANGE IN

THE LNG POOLS COMPOSITION OVER TIME WOULD CHANGE ITS VAPORIZATION AND BURNING BEHAVIOR THIS

PHENOMENON IS NOT CURRENTLY MODELED

592 CASCADING EVENT ANALYSIS

BOTH THE SANDIA REPORT AND THE CABRILLO PORT REVISED DEIS DISCUSS THE POSSIBILITY OF 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

PRIMARY FIRE EVENT RESULTING IN DAMAGE TO SUPPORT STRUCTURES OR THE INSULATION OF

NEIGHBORING TANKS OR

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 M2 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 ANDOR 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

224

KYTOMAA AND GAVELLI STUDIES OF LNG SPILLS OVER WATER POINT UP NEED FOR IMPROVEMENT OIL AND GAS

JOURNAL 165 MAY 2005
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593 LAI EXTRAPOLATIONS TO WORSTCASE SCENARIO

LIPA ASKED LAI TO DEFINE WORSTCASE SCENARIO FOR THE PROJECT BECAUSE NO WORSTCASE SCENARIO

WAS PRESENTED IN BROADWATERS RESOURCE REPORT 11 SAFETY AND RELIABILITY IN ADDITION LIPA

ASKED LAI TO ESTIMATE THE DISTANCE TO RADIATIVE HEAT FLUX OF KWM2 IN THE EVENT OF WORST

CASE SCENARIO INVOLVING THE FSRU SELECTION OF KWM2 AS SAFE RADIATIVE FLUX IS BASED ON

DISCUSSIONS WITH FIRE SAFETY ENGINEERS AND REVIEW OF ENGINEERING LITERATURE225

LAI BASED THE WORSTCASE SCENARIOS ON REVIEW OF THE LITERATURE ON BOTH ACCIDENTAL AND INTENTIONAL

THREATS THERE IS CONSIDERABLE DEBATE CONCERNING THE WORSTCASE SCENARIO VERSUS THE MAXIMUM

CREDIBLE EVENT APPROACH FOR DEFINING HAZARD ZONES226 TO DATE SEABORNE TERRORIST ATTACKS HAVE

NOT INVOLVED LNG CARRIERS MOREOVER THERE IS MINIMAL PUBLIC INFORMATION ON TERRORIST ATTACKS ON

US SHIPS THE OCTOBER 2000 ATTACK ON THE USS COLE IN YEMEN IS ONE INCIDENT THAT PROVIDES AN

ESTIMATE ON THE SIZE OF 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 M2227 THE SANDIA RESULTS HAVE BEEN EXTENDED TO LARGER HOLES TO ACCOUNT FOR TERRORIST EVENT

SUCH AS THE USS COLE ATTACK AND RESULT IN VAPOR CLOUD AND FIRE THAT WOULD EXTEND MILES FROM

THE VESSEL228 DNV HAS REVIEWED THE RANGE OF LNG MARINE INCIDENTS FROM COLLISION GROUNDING

OPERATIONAL ERROR AND TERRORISM229 THEIR MAXIMUM CREDIBLE ACCIDENTAL RELEASE FROM 075M
WIDE HOLE HAS POOL FIRE HAZARD RANGE OF 440 WITH AN ASSOCIATED DISPERSION AND FLASH FIRE

HAZARD RANGE TO KWM2 OF 920 DNVS CALCULATED MAXIMUM CREDIBLE INTENTIONAL RELEASE

FROM 15 WIDE HOLE HAS POOL FIRE HAZARD RANGE TO KWM2 OF 750 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 FACTOR OF TWO

LAI CONSIDERED TWO TYPES OF WORST CASE SCENARIOS THE FIRST SCENARIO IS 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 POOL FIRE THE

SECOND SCENARIO IS VAPOR CLOUD WHICH IS ASSUMED TO ENCOUNTER AN IGNITION SOURCE WITHIN 32
KM MILES RADIUS AROUND FSRU

THE DISTANCE TO KWM2 FOR 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 KWM2

225 CL BEYLER FII HAZARD CALCULATIONS FOR LARGE OPEN HYDROCARBON FIIS CHAPTER 311 SFPE HANDBOOK OF

FIRE PROTECTION ENGINEERING 2002
226R PITBIADO BAIK AND RAGHUNATHAN LNG DECISION MAKING APPROACHES COMPARED DNV CONSULTING

2005
227 HTTPARCHIVESCNNC 102USSCOLE02IND
228 LA HUSICK AND GALE PLANNING SEABORNE TERRORIST ATTACK FOIIGN POLICY RESEARCH INSTITUTE MARCH 21

2005 HTTPWWWFPRIORGE AMERICAWARHUSICKGA
229 RM PITBLADO BAIK GJ HUGHES FERRO AND SJ SHAW CONSEQUENCES OF LNG MARINE INCIDENTS CCPS
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FOR POOI FIRE 25 32 KM 16 2 MILES

FOR VAPOR CLOUD FLASH FIRE KM 19 31 MILES

LAI EXTRAPOLATED THE KWM2 RESULTS TO KWM2 BASED ON POOL FIRE CALCULATIONS FROM THE

CABRILLO PORT REVISED DEIS SEE FIGURE 53

FOR POOL FIRE 3845 KM 2428 MILES

FOR VAPOR CLOUD FLASH FIRE KM 25 37 MILES

510 SAFTTY REVIEW FINDINGS

HIGHLIGHTS OF LAIS SAFETY ASSESSMENT INCLUDE THE FOLLOWING

BROADWATER LOCATION ABOUT NINE MILES FROM THE CLOSEST SHORE MINIMIZES THE HAZARDS TO

THE PUBLIC ASSOCIATED WITH EITHER AN ACCIDENT OR CATASTROPHE AT THE FSRU BROADWATERS

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 DIFFICULT TERRORIST TARGET WITH

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 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 GROUNDING OF THE LNG CARRIER DUE TO RAPIDLY WORSENING WEATHER

HOWEVER BROADWATER OPERATING PROCEDURES WILL NOT PERMIT AN LNG VESSEL TO ENTER THE

SOUND UNLESS THERE IS 24HOUR WEATHER WINDOW CORRESPONDING TO WIND SPEEDS LESS THAN

33 KNOTS AND WAVES LESS THAN 66 FEET THEREFORE UNLESS THERE IS 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 US LNG CARRIERS HAVE

REGULARLY TRANSITED BOTH HIGH AND LOW DENSITY POPULATION CENTERS WITHOUT EVENT FOR

DECADES IN BOSTON FOR EXAMPLE LNG CARRIERS COME WITHIN QUARTER MILE OR LESS OF THE

CITYS WATERFRONT WHEN THEY ENTER THE HARBOR AND THE 10 MILE RADIUS AROUND THE EVERETT

TERMINAL INCLUDES POPULATION OF 17 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 FAVORABLE 24HOUR UNLOADING WEATHER WINDOW WITHIN

THE OPERATING LIMITS CORRESPONDING TO WIND SPEEDS LESS THAN 33 KNOTS AND WAVES LESS THAN

66 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 US HAVE BEEN

LIMITED TO VOLUMES RANGING FROM M3 TO 238 M3 MINOR EVENTS SUCH AS AN OPERATIONAL

SPILL LASTING 10 MINUTES WOULD RELEASE ABOUT 1670 M3 OF LNG FSRU LOADING RATE IS

10000 M3HR THE BREACH OF ONE CARGO TANK ON THE FSRU OR LNG CARRIER COULD RELEASE

ANYWHERE FROM 12500 M3 TO 35560 M3 EXCLUSION ZONES FOR INJURY TO PEOPLE CALCULATED

BY THE VARIOUS MODELS VARY BY UP TO FACTOR OF FOR 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 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 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 HAZARDOUS EVENT WERE TO OCCUR POOL FIRE OR MINOR VAPOR CLOUD COULD ENSUE

HOWEVER LNG TRANSFERS WOULD NOT BE SCHEDULED UNLESS WEATHER CONDITIONS WERE WITHIN

OPERATING LIMITS FURTHERMORE BROADWATERS 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 SPILL AND MINIMIZE THE

PROBABILITY OF ESCALATION

IN THE EVENT OF SPILL ON DECK LNGS 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 LARGE SPILL

THE MOST SERIOUS HAZARDOUS EVENT WOULD INVOLVE COLLISION BETWEEN VESSEL TRANSITING

LONG ISLAND SOUND AND THE LNG CARRIER OR THE FSRU THE USCG HAS PROPOSED SAFETY

ZONE AROUND THE FSRU WITH 11 KM RADIUS 068 MILES THE USCG HAS ALSO PROPOSED

MOVING SAFETY ZONE AROUND THE LNG CARRIER WHILE IT TRANSITS THE SOUND WHICH EXTENDS

37 KM 23 MILES IN FRONT OF THE CARRIER 185 KM 115 MILES BEHIND AND 069 KM 043
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 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 POOL FIRE
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COULD CAUSE ESCALATION TO MULTIPLE TANK RELEASE BUT IT WOULD TAKE HOURS FOR ALL THE LNG
TO BE RELEASED WORSTCASE 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 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 DETONATION OR DEFLAGRATION IS UNLIKELY TO OCCUR UNLESS

THE LNG VAPOR CLOUD IS WITHIN THE FLAMMABILITY RANGE TO 14 BY VOLUME AND

BECOMES TRAPPED IN 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 MILES WITHOUT

ENCOUNTERING AN IGNITION SOURCE SUCH AS 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 DIFFUSING VAPOR CLOUD ONCE THE VAPOR CLOUD IS

IGNITED THE FLASH FIRE WILL BURN BACK TO THE SPILL SOURCE IE PRESUMABLY THE HULL OF THE

FSRU

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 FIRE THEY MAY INCREASE THE RATE OF LNG POOL SPREADING AND THE SIZE

OF VAPOR CLOUD THAT COULD SUBSEQUENTLY IGNITE

BLEVES ARE UNLIKELY TO OCCUR AT THE FSRU OR LNG CARRIER IN THE EVENT OF FIRE THE

LNG STORAGE TANKS ARE NOT DESIGNED FOR HIGH PRESSURES AND FAILURE OF THE TANK MATERIAL

WOULD LIMIT THE PRESSURE RISE TO SMALL AMOUNT INSUFFICIENT TO CAUSE BLEVE EVENT

LIPA ASKED LAI TO ESTIMATE THE IMPACT ZONE TO KWM2 SINCE RADIATION FLUX OF

KWM2 IS ONLY PERMISSIBLE LEVEL FOR EMERGENCY OPERATIONS LASTING SEVERAL MINUTES WITH

APPROPRIATE CLOTHING DISCUSSIONS WITH FIRE SAFETY ENGINEERS AND REVIEW OF THE

ENGINEERING LITERATURE LED TO THE CHOICE OF KWM2 AS SAFE LEVEL OF RADIATIVE FLUX

LAI FOUND THAT THE IMPACT ZONE TO KWM2 WOULD EXTEND KM 37 MILES AROUND THE

FSRU FOR CREDIBLE WORSTCASE SCENARIO THEREFORE BOTH SHORELINES WOULD EFFECTIVELY BE

BUFFERED BY APPROXIMATELY MILES
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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 LAIS ASSESSMENT WAS

CONDUCTED AFTER BROADWATER FILED ITS RESOURCE REPORTS AT FERC BUT PRIOR TO FERCS ISSUANCE OF

THE DEIS ON NOVEMBER 17 2006 AND THE USCGS 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 TERRORIST ATTACK ON LNG VESSELS WHICH WAS RELEASED IN EARLY MARCH 2007 IN

THIS SECTION WE SUMMARIZE THE HIGHLIGHTS OF THESE DOCUMENTS SYNOPSIS OF INTERVENTIONS AND

CONFERENCES MEETINGS FOR THE PROJECT IS ALSO INCLUDED IN ADDITION TO THE LATEST DEVELOPMENTS AT

FERC AND THE USCG

61 INTERVENTIONS

SUBSEQUENT TO THE FILING OF BROADWATER APPLICATION THE INITIAL DEADLINE FOR RECEIPT OF COMMENTS

WAS MARCH 10 2006 FOLLOWING FERCS 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 1535 FILINGS AT FERC INCLUDING 32

INTERVENTIONS AND 1180 COMMENTS PROTESTS THE LIST OF INTERVENERS IS SHOWN IN APPENDIX

FERC RECEIVED LARGE NUMBER OF FORMLETTER 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 COMMENTPROTEST

COULD REPRESENT LARGE NUMBER OF INDIVIDUALS IN THE FOLLOWING SUBSECTION WE SUMMARIZE THE

MAIN POINTS IN THE INTERVENTION FILED BY SUFFOLK COUNTY

611 COUNTY OF SUFFOLK INTERVENTION

IN LATE AUGUST 2006 SUFFOLK COUNTY THE COUNTY PASSED LAW PROHIBITING THE CONSTRUCTION OF

FLOATING LNG FACILITIES IN LONG ISLAND WATERS SUBSEQUENTLY THE COUNTY INTERVENED IN THE

BROADWATER DOCKET WITH FILING SUBMITTED ON NOVEMBER 17 2006 THE INTERVENTION FOCUSES ON

BROADWATER APPLICATION TO THE NEW YORK STATE OFFICE OF GENERAL SERVICES NYSOGS FOR

SUBMERGED LAND EASEMENT TO CONSTRUCT AND OPERATE FLOATING LNG TERMINAL IN LONG ISLAND

SOUND THE COUNTY FINDS THAT BROADWATER EASEMENT APPLICATION IS PREMATURE BECAUSE IT

PRECEDED FERCS 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 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



BASED ON 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

PUBLIC HEARING TO ALLOW THE PUBLIC TO UNDERSTAND EVALUATE AND COMMENT ON THE PROJECT

62 CONFERENCES AND MEETINGS

NUMBER OF CONFERENCES AND MEETINGS CONCERNING THE BROADWATER PROJECT WERE HELD IN 2006 AND

2007 LAI ONLY ATTENDED THE FERC TECHNICAL CONFERENCE ON JUNE 2006 IN PORT JEFFERSON

NEW YORK AND THE FERC TECHNICAL MEETING ON AUGUST 22 2006 IN WASHINGTON DC 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 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 PROJ ECTS CONDUCTED AN INTERAGENCY MEETING WITH CONNECTICUT STATE AGENCIES AND

OFFICIALS ON JANUARY 16 2007 IN EAST HAVEN CT23

63 US 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 LARGE

RELEASE OF LNG FROM EITHER THE PROPOSED FSRU OR AN LNG TANKER THE WSR RECOMMENDED

SAFETY ZONE AROUND THE FSRU WITH RADIUS OF 1106 1210 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 FSRUS REMOTE LOCATION LESSENS ITS ATTRACTIVENESS AS

TARGET BASED ON CURRENT TERRORIST TARGET SELECTION CRITERIA

631 LAI REVIEW OF USCG FINDINGS

BASED ON THE GUIDELINES IN THE SANDIA REPORT THE USCG DEFINED THREE HAZARD ZONE BOUNDARIES

ZONE HIGH POTENTIAL FOR MAJOR INJURIES OR SIGNIFICANT DAMAGE TO STRUCTURES 375

KWM2

ZONE POTENTIAL FOR INJURIES AND SOME PROPERTY DAMAGE KWM2 AND

ZONE OUTER LIMIT WHERE LNG VAPOR CAN BE IGNITED METHANE 5
230LA1 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 25000 M3 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 IN THE SANDIA REPORT AND ALSO IN THE

WSR IS BASED ON SIMULTANEOUS RELEASE FROM THREE TANKS WITH NOMINAL BREACH OF M2 AND NO

IMMEDIATE IGNITION SOURCE23

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

ZONE BY 3235

ZONE BY 1618 AND

ZONE3BY9S114

THE HAZARD ZONES DEFINED BY THE USCG FOR BROADWATER ARE SUMMARIZED IN TABLE 22 WITH

COMPARISON TO THE SANDIA REPORT

TABLE 22 BROADWATER HAZARD ZONES232

ZONE ZONE ZONE

375 KWM2 KWM2 LFL
SANDIA 500 546 YDS 1600 1750 YDS 3500 22 MILES

BROADWATER
750 YDS 2100 YDS 47 MILES

FSRU

250000M3
LNG CARRIER

750 YDS 2050 YDS 43 MILES

NONE OF THESE HAZARD ZONES AROUND THE FSRU WOULD IMPACT ANY POPULATION CENTERS DUE TO THEIR

DISTANCE FROM LAND SHOWN IN FIGURE 55

231 LAI 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 22324 M2 FOR SINGLE STORAGE COMPARTMENT

AND 12 M2 FOR AN INTENTIONAL EVENT WHICH DAMAGES TWO STORAGE COMPARTMENTS IN THE CABRILLO PORT DEIS RELEASE

SCENARIOS ASSUME BREACH SIZES OF 1300 M2 FOR SINGLE STORAGE COMPARTMENT OF THE MOSS SPHERICAL TYPE AND M2

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 M2
232

WATERWAYS SUITABILITY REPORT TABLE 13
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FIGURE 55 ANTICIPATED LNG CARRIER TRANSIT ROUTE WITH ZONE RED ZONE YELLOW AND

ZONE BLUE233

ED LNG CRT1T

CNRNJ LN

NEITHER HAZARD ZONE NOR WOULD IMPACT LAND ALONG THE PROPOSED LNG TANKER TRANSIT ROUTE

HOWEVER HAZARD ZONE 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 SECURITY ZONE IS TO PROTECT THE LNG CARRIER OR FSRU FROM EXTERNAL THREATS NOT TO

PROTECT THE PUBLIC FROM POTENTIAL FIRE THE PURPOSE OF SAFETY ZONE IS TO PROTECT THE PUBLIC AND

MARINE TRANSPORTATION SYSTEM FROM THE HAZARDS ASSOCIATED WITH BREACH OF THE LNG CARRIERS OR

FSRUS 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 COMBINED SAFETY AND SECURITY ZONE THE PROPOSED

SAFETY SECURITY ZONE AROUND THE FSRU IS CIRCLE CENTERED ON THE MOORING TOWER WITH RADIUS OF

1210 YARDS OR 1106 EQUAL TO ZONE FSRUMOORING TOWER LENGTH IE 750 YDS 460 YDS
THE AREA COVERED BY THE PROPOSED SAFETYSECURITY ZONE 148 SQUARE MILES IS APPROXIMATELY

012 OF THE TOTAL AREA 1320 SQUARE MILES OF LONG ISLAND SOUND THE PROPOSED SAFETY

SECURITY ZONE AROUND THE LNG TANKER WHILE IN LONG ISLAND SOUND WOULD EXTEND 37 KM 23

233

WATERWAYS SUITABILITY REPORT FIGURE 327
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MILES AHEAD 185 KM 115 MILES ASTERN AND 069 KM 043 MILES TO EITHER SIDE OF THE LNG
TANKER SIMILAR TO THE SAFETY SECURITY ZONE IN PLACE AROUND LNG CARRIERS ENTERING BOSTON HARBOR

37 KM AHEAD 185 KM ASTERN AND 457 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 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 PORTS 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 THE UNSCALED

SANDIA RESULT FROM THE STERN OF THE FSRU OR 817 893 YDS FROM THE MOORING TOWER WE
THEREFORE CONCLUDE THAT BROADWATERS SAFETY SECURITY ZONE IS IN EFFECT 35 LARGER THAN THE

CABRILLO PORT SAFETY SECURITY ZONE

ALTHOUGH THE RACE 2195 WIDE CHANNEL IS CONSIDERED 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

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 RACE234

AS SEEN IN FIGURE 57 THE 1106 SAFETY SECURITY ZONE ZONE AROUND THE FSRU CROSSES NEW
YORK AND CONNECTICUT WATERS ADDITIONALLY PARTS OF ZONES ANDOR AROUND BOTH THE FSRU AND

LNG CARRIERS CROSS NEW YORK CONNECTICUT AND RHODE ISLAND WATERS ZONE CROSSES FISHERS

ISLAND PLUM ISLAND AND THE EASTERN PORTION OF THE TOWN OF SOUTHOLD NY SLIVER OF COASTAL

NEW LONDON AND WATERFORD CT AND VERY SMALL PORTION OF BLOCK ISLAND AND WESTERLY RI
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 COASTAL ZONE

CONSISTENCY DETERMINATION WITH THE CTDEP235 NO RHODE ISLAND AGENCY HAS FILED FOR PERMIT

AUTHORITY AT FERC

234

WATERWAYS SUITABILITY REPORT FIGURE 325
235

IN ITS 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
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FIGURE 57 LNG CARRIER ANTICIPATED TRANSIT ROUTE AND HAZARD ZONES236

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 43 REPRESENTS VESSEL TRACKS FOR

SINGLE DAY 5T DAY DURING EACH MONTH OF 2005 THE PROPOSED LOCATION OF THE FSRU IS IN THE

VICINITY OF COMMERCIAL VESSEL THOROUGHFARE WITH PREDOMINANCE OF EASTWEST TRANSITS TO THE

SOUTH OF THE PROPOSED FSRU LOCATION SMALL PORTION OF THE PROPOSED SAFETYSECURITY ZONE

OVERLAPS WITH THE TRACES OF THESE EASTWEST TRANSITS THERE IS ALSO CONCENTRATION OF NORTHSOUTH

TRAFFIC TO THE EAST OF THE PROPOSED FACILITY BUT THESE TRANSITS ARE GENERALLY MORE THAN 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 BREACH OF THE LNG CONTAINMENT ON EITHER THE PROPOSED FSRU OR AN LNG CARRIER

SEVERAL NAVIGATION ACCIDENT SCENARIOS WERE CONSIDERED INCLUDING

COLLISIONS INVOLVING LNG CARRIERS

ALLISIONS WITH THE FSRU INVOLVING EITHER LNG CARRIERS OR OTHER VESSELS237

236

WATERWAYS SUITABILITY REPORT FIGURE 11
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ALLISIONS WITH STRUCTURES OTHER THAN THE FSRU INVOLVING LNG CARRIERS

GROUNDINGS INVOLVING LNG CARRIERS

FAILURE OF THE YIVIS AND THE FSRU BEING SET ADRIFT AND

COLLISIONS INVOLVING LARGE COMMERCIAL VESSELS TRANSITING IN THE VICINITY OF THE FSRU

FOR THE STORAGE TANK TO BE BREACHED IN 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 RISK

THAT THE LNG CONTAINMENT COULD BE BREACHED IF AN LNG CARRIER WERE INVOLVED IN COLLISION

UNDER ALL THE FOLLOWING CONDITIONS

DISPLACEMENT TONNAGE OF THE OTHER VESSEL IS GREATER THAN 5000 TONS

SPEED OF THE OTHER VESSEL GREATER THAN 35 KNOTS

LNG CARRIER IS STRUCK IN THE CARGO BLOCK AND

ANGLE OF IMPACT IS 3090 DEGREES

THE USCG CONCLUDED THAT THERE IS THE POTENTIAL THAT COLLISION INVOLVING AN LNG CARRIER

RESULTING IN MINOR OR MODERATE CONSEQUENCES COULD OCCUR ONCE EVERY 1050 YEARS AND COLLISION

RESULTING IN MAJOR CONSEQUENCES COULD OCCUR ONCE EVERY 0100 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 50100 YEARS AND WITH MAJOR CONSEQUENCES ONCE

IN 100 YEARS OR MORE

THE GREATEST POTENTIAL FOR THE YIVIS 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 ASSERTION THAT THE STATED DESIGN WIND SPEED IS EQUIVALENT TO

CATEGORY HURRICANE ONE MINUTE AVERAGE WIND SPEED OF 198 MPH THE WORST HURRICANE IN

LONG ISLAND SOUND HISTORY WAS CATEGORY EVENT IN 1938 IF THE MOORING DID FAIL THE FSRU
WOULD LIKELY DRIFT WITHIN 18 TO 37 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 FSRUS 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 VESSEL

GROUNDING EXISTED DUE TO THE PROXIMITY OF THE ROUTE TO SHOAL WATER HOWEVER 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 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 NAVIGATIONRELATED ACCIDENTS ARE LISTED IN TABLE 23

237 AN ALLISION IS DEFINED AS VESSEL CONTACT WITH FIXED OBJECT
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TABLE 23 RANKED NAVIGATION SAFETY EVENTS238

RISK INDEX CUMULATIVE
EVENT PORTION OF ROUTE

NUMBER RISK

COLLISION THE RACE 1127461 3118

COLLISION BLOCKLSLAND SOUND 658625 1821

COLLISION SMALL CRAFT THE RACE 481607 1332

ALLISION OF FSRU BY NON
WATERS ADJACENT TO FSRU 362914 1004

LNG CARRIERS

COLLISION EASTERNLLS 316804 876

MOORING TOWER FAILURE

VICINITY OF FSRU 227980 630
FSRU ADRIFT

COLLISION WITH PILOT BOAT VICINITY OF PILOT STATION 179970 498

GROUNDING THE RACE 102230 283
COLLISION VICINITY OF PILOT STATION 92443 256
COLLISION VICINITY OF FSRU 59172 164

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 MINIMUM OF TWO ASSIST TUGS SHOULD BE WITHIN THE LIMITS OF THE SAFETY ZONE

AT ALL TIMES WHILE AN LNG CARRIER IS 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 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 INTERCARDINAL POINTS

ACCORDING TO THE ENERGY POLICY ACT SECTION 311 THE EMERGENCY RESPONSE PLAN IS REQUIRED TO

INCLUDE COSTSHARING PLAN THAT WOULD REQUIRE BROADWATER TO REIMBURSE ANY STATE AND LOCAL

238

WATERWAYS SUITABILITY REPORT PART OF TABLE 45
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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

64 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 SIGNIFICANT

IMPACT ON RECREATIONAL USE AND ONLY MINOR IMPACTS ON COMMERCIAL USE ALTHOUGH THERE IS

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 LAIS 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

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 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 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

AROUND THE SRU CORRESPONDING TO 01 OF THE TOTAL AREA OF LONG ISLAND SOUND AND

AROUND THE LNG CARRIER WHILE IN TRANSIT IN LONG ISLAND SOUND WHICH WOULD TAKE

APPROXIMATELY 15 MM TO PASS 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 FEW COMMERCIAL SHIPPING TRANSITS WOULD HAVE TO ADJUST THEIR ROUTES SLIGHTLY TO THE SOUTH

WE PRESUME THAT THE COMMERCIAL FISHERMEN ESTIMATED TO BE 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 MODERATE AND LONGTERM 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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641 FSRURELIABILITY 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 US 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 PROCESS TO

DETERMINE THE APPLICABILITY AND RELATIVE STRINGENCY FOR EACH STANDARD WHEN MULTIPLE STANDARDS ARE

IDENTIFIED THIS CAN BE DONE BY EMPLOYING CERTIFYING ENTITY AND BROADWATER FORMALLY

NOMINATED ABS RECENTLY BROADWATER EXECUTED FORMAL AGREEMENT WITH ABS SECTION 68
THE DEIS RECOMMENDS 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 NONSCHEDULED EVENTS OR

SECURITY RELATED INCIDENTS

THE DEIS REEMPHASIZED THE USCG CONCERN ABOUT THE RELIABILITY OF THE YMS WHICH IS CRITICAL

TO THE RELIABILITY AND SAFETY OF THE FSRU EXCESSIVE FORCES ON THE YLVIS DUE TO WEATHER OR

COLLISIONS COULD CAUSE 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 YIVIS BE ABLE

TO WITHSTAND CATEGORY HURRICANE AND HAVE NO SINGLE POINT OF FAILURE

THE FSRU ONBOARD SPILL CONTROL SYSTEM INCLUDES THE FOLLOWING IMPORTANT FEATURES

GRAVITY DRAINAGE TO THE PORT SIDE OF THE FSRU OPPOSITE THE UNLOADING ARMS

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

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 ETC

THE DEIS PRESENTS THERMAL AND VAPOR DISPERSION MODELING RESULTS FROM NUMBER OF SOURCES WITH

RANGE OF OUTCOMES FOR VARIETY OF SCENARIOS UNLIKE THE CABRILLO PORT DEIS THE BROADWATER

DEIS USES BTUFT2HR INSTEAD OF KWM2 TO DESCRIBE THERMAL RADIATION INTENSITIES AND FT INSTEAD

OF TO DELINEATE DISTANCE FOR CONSISTENCY RADIATIVE FLUXES IN BTUFT2 HAVE BEEN CONVERTED TO

KWM2 IN THIS REPORT239 IN SOME CASES THE VAPOR DISPERSION DISTANCES ARE GIVEN TO 12 LFL AND IN

239 KWM2 IS EQUIVALENT TO 1600 BTUFT2HR 10 KWM2 IS EQUIVALENT TO 3000 BTUFT2HR AND 375 KWM2 IS

EQUIVALENT TO 10000 BTUFT2HR
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OTHER CASES TO LFL24 USING THE DISTANCE TO 12 LFL AS 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 32INCH LOADING ARM

MANIFOLD BREAK AND RESULTS IN DISTANCE TO KWM2 OF 360 AND DISTANCE TO 12 LFL OF 25

MILES FOR HAZARD ZONES FROM AN FSRU CARGO TANK BREACH WITH 35560 M3
SPILL FERC

CALCULATES THE DISTANCES TO KWM2 OF 980 TO 1728 FOR HOLES RANGING FROM 08 M2 TO 12 M2

RESPECTIVELY24 THE FIRE DURATIONS FOR THESE SPILLS RANGE FROM MINUTES FOR THE 12 M2 HOLE TO 115

MINUTES FOR THE 08 M2 HOLE THE DEIS STRESSES THAT ANY EVENT THAT WOULD CREATE HOLE IN THE

OUTER HULL INNER HULL AND CARGO CONTAINMENT AREA WOULD MOST LIKELY RESULT IN NUMBER OF IGNITION

SOURCES SPARKS WHICH WOULD LEAD TO AN LNG POOL FIRE NEVERTHELESS FERC STAFF CALCULATES

VAPOR DISPERSION DISTANCES FOR AN SRU CARGO TANK BREACH WITH M2 DIAMETER HOLE OF 35 KM TO

LFL AND 49 KM TO 12 LFL THEY ALSO CALCULATE VAPOR DISPERSION DISTANCE OF 76 KM TO LFL FOR

M2 BREACH FOR THREE OF THE FSRU STORAGE TANKS

642 LNG CARRIER RELABITV 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 56 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 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 LOWENERGY TYPE INCIDENTS THAT MIGHT OCCUR DURING

DOCKING OR OTHER HARBOR INCIDENTS THE INNER AND OUTER HULL OF THE LNG CARRIER IS SEPARATED BY 2
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

FIREWATER SYSTEM DRY CHEMICAL EXTINGUISHING SYSTEMS AND CO2 SMOTHERING SYSTEMS

OVERPRESSURE OR UNDERPRESSURE WITHIN CARGO TANK IS MONITORED WITH AN ALARM SYSTEM THE

DEIS FOUND THE FOLLOWING EVENTS MOST LIKELY TO CAUSE SIGNIFICANT RELEASE OF LNG IF THEY OCCUR

WITH SUFFICIENT IMPACT TO PUNCTURE AN LNG CARGO TANK

GROUNDING

VESSEL COLLIDING WITH AN LNG CARRIER IN TRANSIT

VESSEL STRIKING AN LNG CARRIER MOORED TO THE FSRU242 OR

240
THE DISTANCE TO V2 LFL IS RECOMMENDED BY NFPA 59A FOR ONSHORE LNG FACILITIES NFPA 59A RECOMMENDS THAT

THE AVERAGE CONCENTRATION OF METHANE IN AIR OF 12LFL DOES NOT EXTEND BEYOND THE PROPERTY LINE THAT CAN BE BUILT

UPON
241 ABS CONSULTING CONSEQUENCE ASSESSMENT METHODS FOR INCIDENTS INVOLVING RELEASES FROM LIQUEFIED NATURAL

GAS CARRIERS 2004
242

ALTHOUGH THE DEIS POSTULATES COLLISION OF 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 COLLISION WITH ASSOCIATED SIMULTANEOUS BREACHES IN THE FSRU AND LNG CARRIER ARE NOT AVAILABLE HOWEVER

149



DELIBERATE ATTACK ON AN LNG CARRIER

DAMAGE DURING COLLISION DEPENDS ON THE MASS DISPLACEMENT AND VELOCITY OF THE STRIKING

VESSEL ITS ANGLE OF IMPACT AND THE POINT OF IMPACT THE DEIS PRESENTS RANGE OF CRITICAL BEAM

ON STRIKING SPEEDS FROM 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 KWM2 AND DISTANCES TO LFL BASED ON NUMBER OF STUDIES INCLUDING THE SANDIA REPORT

BROADWATER PROPOSES TO USE LNG CARRIERS THAT ARE TWICE AS LARGE AS THE 125000 M3 LNG CARRIER

USED IN THE SANDIA REPORT FOR HAZARD ZONES FROM AN LNG CARRIER CARGO TANK BREACH WITH

23000 M3
SPILL FERC CALCULATES THE DISTANCES TO KWM2 OF 640 TO 1550 FOR HOLES

RANGING FROM 08 M2 TO 12 M2 THE FIRE DURATIONS FOR THESE SPILLS RANGE FROM 65 MINUTES FOR THE

12 M2 HOLE TO 941 MINUTES FOR THE 08 M2 HOLE FOR THE SAME SPILL FERC STAFF ALSO CALCULATES

VAPOR DISPERSION DISTANCES OF 2980 TO LFL AND 4380 TO 12 LFL FOR 250000 M3 LNG
CARRIER WITH M2 BREACH IN THREE TANKS FERC CALCULATES DISTANCE OF 69 KM 43 MILES TO

LFL

THE DEI5 RESTATES THE WSR CONCLUSIONS THAT THE RADIATION HAZARD ZONES FROM M2 BREACH IN

250000 M3 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

643 ENVIRONMENTAL

THE FERC DEIS PROVIDES 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 PROJ ECT SOME OF THESE APPROACHES WERE NOT INCORPORATED IN BROADWATER 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 MEASURES243 IN 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

ANDOR REVIEWING THE DEIS REQUESTED ADDITIONAL INFORMATION AND DETAIL ON 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 DELIVEIY

243
LETTER FROM LEBOEUF LAMB GREENE MACRAE LLP ATTORNEYS FOR BROADWATER ENERGY LLC TO FERC JANUARY

23 2007 DOCKET NOS CPO654000 AND CPO655000
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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

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

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 CONTINGENCY PLAN IN THE EVENT THAT SUBSEA

PLOWING IS NOT EFFECTIVE

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

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

PLAN FOR MONITORING CONSTRUCTION IMPACTS

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

ADDITIONAL INFORMATION REGARDING HUMAN AND NATURAL RESOURCES ALONG THE LNG CARRIER

TRANSIT ROUTE INCLUDING WITHIN DESIGNATED HAZARD ZONES TO RADIUS OF ABOUT 2050 YARDS

FROM THE CENTER OF THE PROPOSED ROUTE

POTENTIAL NOISE IMPACTS ASSOCIATED WITH CONSTRUCTION AND IMPACTS ON MARINE RESOURCES

ADDITIONAL MITIGATION MEASURES TO PROTECT THREATENED AND ENDANGERED SEA TURTLES AND

WHALES WHO MAY BE AFFECTED BY PILEDRIVING ACTIVITIES DURING CONSTRUCTION OF THE MOORING

TOWER OR WHO MAY COLLIDE WITH CONSTRUCTION VESSELS THE FSRU OR LNG CARRIER VESSELS

IMPACT OF FSRU LIGHTING ON EFH AND ON MIGRATORY BIRD SPECIES ESPECIALLY THREATENED

AND ENDANGERED BIRD SPECIES

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

AN ANALYSIS OF THE DISCHARGES ASSOCIATED WITH THE PERIODIC CLEANING OF THE INERT GAS

SCRUBBER ON THE FSRU AND

INFORMATION ON THE USE AND IMPACTS OF COPPERBASED ANTIFOULING 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 RESULTS244 WE UNDERSTAND THAT FEW OF BROADWATER RESPONSES TO FERCS
ENVIRONMENTAL INFORMATION REQUESTS ARE STILL PENDING245 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 LAIS 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 SUBSEA PLOW ACROSS THE STRATFORD SHOAL AREA THE

EFFECTIVENESS OF MIDLINE BUOYS TO MINIMIZE ANCHOR CABLE SWEEP THE BENEFITS OF ACTIVE

TRENCH BACKFILLING VERSUS NATURAL RESEDIMENTATION DESIGN OF CROSSINGS OVER THE CROSS

SOUND CABLE AND ATT CABLE ADDITIONAL MEASURES TO PROTECT THREATENED AND ENDANGERED

SPECIES 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 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

244

SEE FOR EXAMPLE CORRESPONDENCE FROM LEBOEUF LAMB GREEN MACRAE LLC TO FERC MARCH 26 APRIL 30

MAY MAY 15 MAY 31 JUNE JUNE 20 AND JULY 10 2007 DOCKET NOS CPO654000 CPO655000 AND CPO6
6000

245

CORRESPONDENCE FROM LEBOEUF LAMB GREENE MACRAE LLP ATTORNEYS FOR BROADWATER ENERGY LLC TO

FERC JULY 10 2007 DOCKET NOS CPO654000 CPO655000 AND CPO656000
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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 TRAFFIC MANAGEMENT PLAN

65 GAO REPORT RELEASED ON MARCH 141 2007

AS 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 TERRORIST ATTACK ON

TANKER CARRYING LIQUIFIED NATURAL GAS NEED CLARIFICATION246 THE GAO REPORT ALSO HAS 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 STUDY247 THE ABSC REPORT248 AND THREE SCIENTIFIC PAPERS REFERRED TO BY

THEIR FIRST AUTHORS AS PITBLADO249 FAY25 AND LEHR25 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 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 SANDIA RESEARCH

STUDY ON SMALL AND LARGE SCALE LNG FIRE EXPERIMENTS TO IMPROVE MODELS THAT CALCULATE THE HEAT

FLUX FROM LARGE LNG FIRES252 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 REPORT253

COMPARING THE SIX STUDIES REVEALED THAT THE DIFFERENCES IN THE CALCULATED DISTANCE TO KWM2 ARE

PARTLY DUE TO DIFFERING ASSUMPTIONS ABOUT HOLE SIZE WIND AND WAVES VOLUME OF LNG SPILLED THE

246 GAO073 16 FEBRUARY 2007
247

QUEST CONSULTANTS INC MODELING LNG SPILLS IN BOSTON HARBOR NORMAN OK 73609 2003 LETTERS FROM

QUEST CONSULTANTS TO DOE OCTOBER 2001 AND OCTOBER 2001
248 ABS CONSULTING CONSEQUENCE ASSESSMENT METHODS FOR INCIDENTS INVOLVING RELEASES FROM LIQUEFIED NATURAL

GAS CARRIERS 2004
249RM PITBLADO BAIK GJ HUGHES FERRO AND SJ SHAW CONSEQUENCES OF LNG MARINE INCIDENTS CCPS

CONFERENCE ORLANDO JUNE 29JULY 2004
250

FAY MODEL OF SPILLS AND FIRES FROM LNG AND OIL TANKERS JOURNAL OF HAZARDOUS MATERIALS VOL B96 PP 171

188 2003
251W LEHR SIMECEKBEATTY COMPARISON OF HYPOTHETICAL LNG AND FUEL OIL FIRES ON WATER JOURNAL OF

HAZARDOUS MATERIALS VOL 107 PP 39 2004
252

THIS WORK WILL BE COMPLETED IN 2008
253

THE SANDIA REPORT CONCLUDES THAT ONLY THREE OUT OF FIVE STORAGE TANKS WOULD BE INVOLVED IN 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 079 TO

20 M2 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 TERRORIST ATTACK

THE GAO REPORTS 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 LAIS REVIEW

4211 OF THE EXPERTS BELIEVE THAT KWM2 IS THE APPROPRIATE END POINT FOR THERMAL HAZARD

ZONE WHILE 1053 FOUND 16 KWM2 TO BE THE APPROPRIATE LEVEL 1579 OF THE EXPERTS DID NOT

HAVE THE EXPERTISE TO RESPOND TO THE QUESTION AND 158 BELIEVE IN SOME OTHER DEFINITION

THE EXPERTS UNIFORMLY AGREED THAT AN LNG VAPOR WITHIN THE FLAMMABILITY RANGE IS LIKELY TO IGNITE

IF IT ENCOUNTERS CIGARETTE LIGHTER OR 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 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 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 CONFINED SPACE RANGE TO 2000 MS OR AN UNCONFINED SPACE RANGE

TO 50 MS

ALTHOUGH 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 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

CONSIDERABLE AMOUNT OF RESEARCH NECESSARY BEFORE ALL THESE PHENOMENA ARE PROPERLY ACCOUNTED

FOR SO THAT MODEL CAN ACCURATELY PREDICT SAFE DISTANCE FROM SPILL

66 MARAD 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 DEEPWATER PORT LICENSE APPLICATION

WITHIN 45 DAYS OF THE LAST PUBLIC HEARING254 ON MARCH 15 2007 THE FINAL ELS FOR THE CABRILLO

PORT PROJECT WAS ISSUED AND THE FINAL PUBLIC HEARING WAS HELD ON APRIL 2007 THE GOVERNOR OF

CALIFORNIA ARNOLD SCHWARZENEGGER INDICATED HIS DISAPPROVAL OF THE PROJECT IN LETTER DATED MAY

254
THE DEEPWATER PORT ACT OF 1974 AS AMENDED IN 1984 1996 AND 2002 ESTABLISHES 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 PROJ ECT AS PROPOSED WOULD RESULT IN SIGNIFICANT AND UNMITIGATED

ENVIRONMENTAL IMPACTS TO AIR QUALITY AND MARINE LIFE BASED ON THE GOVERNOR OF CALIFORNIAS

DISAPPROVAL OF THE PROJECT ON JUNE 2007 MARAD DENIED CABRILLO PORTS DEEPWATER PORT

LICENSE APPLICATION AS SUBMITTED

67 NEW YORK STATE DEPARTMENT OF STATES REQUESTFORADDITIONAL ANALYSIS

ON JUNE 20 2007 BROADWATER FILED 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 REQUEST255 ALL OF THESE SITES ARE

POSSIBLY IN DEEPER WATER AND BROADWATER REMAINS INCONCLUSIVE ON THE TECHNICAL FEASIBILITY OF THE

MOORING TOWER256 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 S31 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 TIEIN 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 BCF 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 RELIABLE SUPPLY OF NATURAL GAS

THE NYSDOS RESPONDED TO BROADWATERS JUNE 20 2007 FILING ON JULY 2007 CITING NUMBER

OF CONCERNS FIRST NYSDOS QUESTIONS BROADWATERS ASSERTION THAT THE IROQUOIS PIPELINE IS THE

PREFERRED ALTERNATIVE IN THE REGION AND PROPOSES 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

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

255
THESE ATLANTIC LOCATIONS ARE IN ADDITION TO THE LOCATIONS ALREADY DISCUSSED IN RESOURCE REPORT 10 ALTERNATIVES

256
NEITHER BROADWATER NOR THE NYSDOS DISCUSS WATER DEPTH AT THE ATLANTIC ALTERNATIVE SITES THE YMS IS DESIGNED

FOR WATER DEPTHS RANGING FROM 2050 BUT OTHER WATER DEPTHS MAY BE POSSIBLE WATER DEPTH AT THE ATLANTIC

ALTERNATIVE SITES APPEARS TO BE IN THE 560 RANGE
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68 CERTJFYING ENTITY

ON JUNE 28 2007 BROADWATER INFORMED FERC THAT THEY HAD EXECUTED AN AGREEMENT WITH ABS

UNDER WHICH ABS WILL ACT AS THIRD PARTY CERTIFYING ENTITY FOR THE PROJECT AS DISCUSSED IN THE

DEIS THE USCG RECOMMENDED THE USE OF 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 STATEMENT OF ORGANIZATIONAL CONFLICTS OF INTEREST

OCI DISCLOSURE OR REPRESENTATIONS IN ORDER TO APPROVE ABSS NOMINATION AS THE CERTIFYING

ENTITY ABS FILED THEIR OCT WITH FERC ON SEPTEMBER 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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EXHIBIT

PAGE OF

EXHIBIT

CAPITAL COST FOR NEW PLANT IN NEW YORK CITY OR LONG ISLAND

SIMPLE CYCLE COMBINED CYCLE

SIZE 96MW 519MW
NEW YORK

TOTAL CAPITAL COST 114 MILLION 649 MILLION

CITY

UNIT COST 1 188KW 1 250KW

SIZE 96MW 519MW
LONG

TOTAL CAPITAL COST 108 MILLION 571 MILLION
ISLAND

UNIT COST 1 125KW 1 100KW



EXHIBIT

PAGE OF3

EXHIBIT

RESOURCE ADDITIONS INCLUDED IN ELECTRIC SIMULATION MODEL

IN THIS EXHIBIT WE PROVIDE LISTING OF RESOURCE ADDITIONS BY NYISO PJIM AND ISONE MARKET

AREAS THE EXPECTED STARTUP DATE FOR EACH PROJECT IS ALSO LISTED ALONG WITH THE WINTER MW RATING

NYISO

RECENT PLANT ADDITIONS

GENERATING PLANT INSERVICE DATE 1IW

JAMAICA BAY FPL JULY 2003 51

GREENPORT JULY 2003 46

SIMPLE CYCLE
STONYBROOK CALPINE 2003 42

FREEPORT 2004 48

ATHENS GENERATING MAY2004 1080

RAVENSWOODKEYSPAN MAY2004 250

EAST RIVER CONED APRIL 2005 360

COMBINED BETHPAGE CALPINE MAY 2005 799

CYCLE BETHLEHEM ENERGY PSEG JUNE 2005 750

BABYLON PINELAWN POWER JUNE 2005 799

POLETTI POWER NYPA DECEMBER 2005 500

ASTORIA SCS ENERGY 2006 500

TOTAL 3787

PLANTS IN DEVELOPMENT

GENERATING PLANT INSERVICE DATE MW
COMBINED

CAITHNESS BEILPORT 2009 326
CYCLE

TOTAL 326



EXHIBIT

PAGE OF

PJM

RECENT PLANT ADDITIONS

GENERATING PLANT INSERVICE DATE MW
ROCK SPRINGS OLD DOM CONED Q4 2005 310

SIMPLE CYCLE
LAKEWOOD INDUSTRIAL CONED Q4 2005 167

RED OAK AES SEPT 2002 832

ROCK SPRINGS OLD DOMCONED JUNE 2003 620

LAKEWOOD INDUSTRIAL CONED JUNE 2003 333

HUNTERSTOWN GEN RELIANT JULY 2003 830

COMBINED
BETHLEHEM CONECTIV DEC 2003 1100

CYCLE
LOWER MT BETHEL PPL GLOBAL MAY 2004 550

FAIRLESS WORKS DOMINION JULY 2004 1080

MARCUS HOOK FPL ENERGY Q4 2004 725

LINDEN REPOWERING PSEG POWER Q2 2006 1186

COAL SEWARD RELIANT ENERGY OCT 2004 520

TOTAL 8253

PSEG POWER LLC IS CONSTRUCTING 590 MILLION 1186 1VIW COMBINEDCYCLE GENERATING PLANT AT

ITS LINDEN GENERATING STATION IN LINDEN NEW JERSEY AT WHICH UNITS 13 436 MW WILL BE

RETIRED UPON PROJECT COMPLETION

ISONE

RECENT PLANT ADDITIONS

GENERATING PLANT INSERVICE DATE 1IW

MYSTIC BANKS ETAL JUN2003 1550

COMBINED LAKE ROAD PGE ENERGY JUN 2003 800

CYCLE FORE RIVER BANKS ET AL JUL 2003 832

MILFORD POWER Q12 2004 544

TOTAL 3726

GENERATION ATTRITION NEW ENTRY IN ONTARIO

ENERGY PRICES IN NEW YORK STATE ARE IMPACTED BY MARKET DYNAMICS IN ONTARIO NUMBER OF 230

KV AND 345 KV AC CIRCUITS CONNECT NEW YORK AND ONTARIO THE TOTAL TRANSFER CAPABILITY INTO

NEW YORK IS ABOUT 2500 MW THE TOTAL TRANSFER CAPABILITY INTO ONTARIO IS ABOUT 1800 MW
BASED ON THE MARCH 2004 IMO 10YEAR OUTLOOK THE TABLE BELOW SUMMARIZES THE INSTALLED

GENERATION CAPACITY IN ONTARIO OVER 600 IVIW OF NEW GASFIRED 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 UNIT IN 2005 ABOUT 515 MW

TABLE ONTARIO INSTALLED GENERATION CAPACITY 10104

TYPE TOTAL CAPACITY MW
NUCLEAR 10850

COAL 7564

OILGAS 4976

HYDRO 7676

MISC 66

TOTAL 31132

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 LONGTERM IS PREDICATED ON MASSIVE INVESTMENT IN NEW GASFIRED GENERATION AND WIND TURBINES

AS WELL AS THE REACTIVATIONRETUBI OF THE REMAINING PICKERING AND BRUCE NUCLEAR POWER PLANTS

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

LAKEVIEW IS SHUTDOWN AS SCHEDULED BY APRIL 30 2005

COALFIRED GENERATION AT NANTICOKE IS RETIRED IN 2007 BUT ALL COAL FIRED CAPACITY AT

LAMBTON ATIKOKAN AND THUNDER BAY REMAINS INSERVICE

PICKERING UNIT RETURNS TO SERVICE BY Q4 2005

OPG WILL REFURBISH PICKERING UNITS BY 2013 BRUCE POWER WILL REFURBISH BRUCE

BY 2009 AND THESE UNITS WILL CONTINUE IN OPERATION AND

ALL GENERATION RETIREMENTS ARE COMPENSATED BY WATTFORWATT MIX OF GASFIRED

GENERATION AND WIND PROJECTS IN 2006 AND 2007
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TOTAL PRE
INCREMENT TOTAL STATEWIDE INCREMENTAL INCREMENTAL

YEAR
PROGRAM

RENEWABLES
TARGET RENEWABLES RENEWABLES STATEWIDE PERCENTAGE

MWH MWH PERCENTAGE PERCENTAGE FOR LSESMWH
2005 31737254 31737254 192 00 000

2006 32015057 1360424 33375481 199 08 096
2007 32281116 2821830 35102946 207 17 195
2008 32547196 4306437 36853633 214 25 294
2009 32813297 5787968 38601265 221 33 390
2010 33079418 7301693 40381111 228 41 486
2011 33295565 8867181 42162746 236 50 583
2012 33511713 10403939 43915652 243 58 676
2013 33727862 11988888 45716750 250 66 771

EXPECTED RPS CAPACITY ADDITIONS 2006 2013

NYPSC EXPECTATIONS WIND HYDRO
BIOMASS LANDFILL TOTAL

LAIADJUSTED VALUES IMPORTS

1VIW 3029650 1100 294 123 45462167

8318146 15090580MWH 4182600 1573734 1016100
1785010 8557444

125
CAPACITY FACTOR 43 61 95 3831

BECAUSE THE WIND RESOURCES ARE NOT EXPECTED TO PRODUCE AT FULL CAPACITY DURING SYSTEM PEAK THE UCAP ADJUSTMENT

IS AS LOW AS 1015 WE USED 125 THE EXPECTED CAPACITY FACTOR FOR CALCULATING TOTAL ANNUAL ENERGY PRODUCTION IS

31 CONSISTENT WITH THE PSC ORDER 03E0 188
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BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

JAN10 648 787 684 621 736 649

FEB10 655 806 688 624 744 653

MAR10 655 786 692 626 738 656

APR10 629 746 666 599 696 631

MAY10 632 730 671 597 674 636

JUN10 636 731 674 600 677 639

JUL10 634 736 656 603 683 625

AUG10 637 740 659 605 684 628

SEP10 585 677 636 558 633 611

OCT10 585 682 625 560 638 601

NOV10 599 718 638 574 669 606

DEC10 626 756 662 603 713 637

JAN11 653 1468 686 633 760 660

FEB11 657 1293 690 633 786 664

MAR11 661 826 694 637 753 667

APR11 635 748 667 610 702 642

MAY11 638 732 672 611 685 646

JUN11 642 736 679 614 682 655

JUL11 649 741 672 619 691 646

AUG11 651 746 675 621 695 650

SEP11 610 703 670 575 646 629

OCT11 612 709 654 575 654 617

NOV11 616 726 657 578 673 619

DEC11 655 781 692 619 722 653

JAN12 683 1512 717 642 782 677

FEB12 689 1317 722 650 788 681

MAR12 694 826 726 654 764 684

APR12 671 789 705 628 726 661

MAY12 670 771 708 633 710 665
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BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

JUN12 674 775 715 636 707 673

JUL12 687 781 716 645 713 669

AUG12 686 785 720 645 717 672

SEP12 651 753 720 609 686 668

OCT12 654 759 707 611 694 660

NOV12 664 782 711 617 717 663

DEC12 713 846 748 665 782 701

JAN13 741 1557 775 697 827 726

FEB13 740 1137 780 696 829 731

MAR13 748 889 784 699 817 735

APR13 721 847 761 682 779 713

MAY13 730 837 766 685 767 718

JUN13 736 842 773 689 769 726

JUL13 742 850 775 698 784 726

AUG13 743 855 779 698 788 730

SEP13 679 783 747 634 716 694

OCT13 678 788 726 636 725 681

NOV13 683 804 731 641 742 685

DEC13 730 862 768 685 799 721

JAN14 756 912 795 717 837 747

FEB14 761 946 800 722 847 752

MAR14 766 903 804 724 836 756

APR14 741 864 774 699 792 727

MAY14 746 855 780 705 778 732

JUN14 747 860 787 709 779 743

JUL14 756 866 779 716 792 735

AUG14 760 872 783 716 801 739

SEP14 677 782 736 637 713 689

OCT14 680 787 723 637 719 676

NOV14 694 822 734 647 752 686

DEC14 733 888 765 687 814 716

JAN15 761 1652 792 717 868 741
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BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

FEB15 767 1439 797 724 890 746

MAR15 771 930 801 726 854 750

APR15 744 869 766 697 791 721

MAY15 749 855 771 702 770 724

JUN15 752 860 775 706 775 729

JUL15 762 868 773 710 790 725

AUG15 759 874 777 712 795 729

SEP15 671 771 704 631 697 665

OCT15 673 777 706 634 704 665

NOV15 679 794 710 641 729 670

DEC15 723 862 753 685 796 710

JAN16 753 1701 780 711 868 736

FEB16 757 1483 784 716 874 740

MAR16 761 914 789 721 845 744

APR16 734 867 759 695 797 718

MAY16 742 854 764 695 771 720

JUN16 745 859 768 703 775 725

JUL16 758 867 770 710 792 726

AUG16 762 872 774 712 797 730

SEP16 705 805 749 662 735 703

OCT16 708 820 753 665 743 705

NOV16 717 842 756 670 770 708

DEC16 769 929 802 721 850 751

JAN17 801 1752 831 755 901 778

FEB17 806 1347 836 756 902 783

MAR17 811 966 841 761 889 787

APR17 777 915 809 730 833 757

MAY17 784 908 814 733 812 762

JUN17 788 914 819 736 823 766

JUL17 803 924 816 752 844 764

AUG17 808 930 820 755 850 768

SEP17 757 874 808 698 781 748
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BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

OCT17 760 880 810 701 789 749

NOV17 766 898 814 711 814 753

DEC17 826 981 862 763 894 794

JAN18 856 1039 893 793 941 823

FEB18 858 1191 899 799 950 828

MAR18 866 1027 903 802 936 832

APR18 834 983 869 771 885 800

MAY18 839 973 876 776 864 806

JUN18 846 979 881 774 867 810

JUL18 860 987 873 789 885 802

AUG18 864 993 877 796 890 807

SEP18 771 889 832 716 805 774

OCT18 771 896 824 720 815 768

NOV18 784 934 830 735 857 774

DEC18 833 1272 872 780 928 814

JAN19 863 1859 904 808 991 843

FEB19 868 1620 909 813 1009 848

MAR19 873 1102 914 817 973 853

APR19 833 998 879 777 904 820

MAY19 837 970 885 781 873 826

JUN19 843 976 891 786 875 830

JUL19 854 984 868 793 890 806

AUG19 858 996 871 794 894 808

SEP19 765 888 833 713 805 773

OCT19 768 895 830 716 813 775

NOV19 780 925 834 729 840 778

DEC19 842 1009 884 785 927 822

JAN20 873 1915 916 815 1004 851

FEB20 879 1669 922 821 1009 856

MAR20 882 1073 927 825 979 861

APR20 847 1014 892 789 924 828

MAY20 852 996 898 791 887 834
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BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

JUN20 857 1002 903 796 895 838

JUL20 875 1010 890 806 908 822

AUG20 878 1016 894 808 912 827

SEP20 825 956 896 765 862 829

OCT20 827 963 897 767 869 831

NOV20 840 1005 901 781 903 835

DEC20 915 1097 958 855 1010 892

BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE

WI CROWN LANDING W MILLENNIUM ISLANDER EAST

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

JAN10 623 749 652 648 787 684

FEB10 626 762 656 653 807 688

MAR10 629 738 659 655 787 692

APR10 604 697 634 631 743 666

MAY10 596 682 638 627 730 671

JUN10 600 682 642 631 727 675

JUL10 603 689 626 635 736 656

AUG10 604 693 629 642 740 659

SEP10 555 636 608 585 679 640

OCT10 557 640 597 587 685 630

NOV10 568 674 606 601 719 640

DEC10 600 714 632 629 758 666

JAN11 626 1468 655 657 857 690

FEB11 630 1293 659 660 1279 695

MAR11 633 826 662 667 797 698

APR11 608 707 640 640 749 672

MAY11 607 693 643 641 734 676

JUN11 611 696 653 644 736 682

JUL11 616 700 645 650 742 675
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BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE

WI CROWN LANDING WI MILLENNIUM ISLANDER EAST

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

AUG11 618 704 649 653 747 678

SEP11 571 653 628 612 706 674

OCT11 571 659 614 615 712 660

NOV11 574 682 620 621 729 663

DEC11 615 725 650 658 784 699

JAN12 643 1512 674 688 896 724

FEB12 647 1317 678 692 917 728

MAR12 650 776 681 697 830 732

APR12 624 729 658 669 790 708

MAY12 628 715 663 677 773 711

JUN12 634 717 669 677 777 717

JUL12 635 721 670 688 783 719

AUG12 639 725 674 688 787 723

SEP12 606 694 667 654 752 721

OCT12 609 702 659 655 759 707

NOV12 612 725 662 660 782 711

DEC12 662 789 697 712 844 750

JAN13 687 1557 722 741 898 777

FEB13 691 1137 727 746 902 782

MAR13 696 822 731 751 887 786

APR13 673 781 710 727 846 761

MAY13 680 774 715 730 838 766

JUN13 682 778 723 732 842 774

JUL13 690 785 723 749 851 775

AUG13 694 789 727 748 856 779

SEP13 629 724 695 679 783 747

OCT13 632 730 678 678 788 726

NOV13 636 750 681 685 803 731

DEC13 685 801 717 728 862 768

JAN14 712 858 743 757 911 796

FEB14 716 946 748 761 919 800
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BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE

WI CROWN LANDING WI MILLENNIUM ISLANDER EAST

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

MAR14 720 834 752 765 902 805

APR14 692 800 723 743 862 774

MAY14 701 790 728 745 847 780

JUN14 701 792 740 753 850 787

JUL14 708 801 733 756 865 778

AUG14 712 806 737 759 870 782

SEP14 632 719 687 682 787 742

OCT14 635 723 672 688 794 730

NOV14 644 759 684 696 825 737

DEC14 686 864 712 738 886 773

JAN15 712 1652 738 765 996 801

FEB15 717 1439 742 775 1388 805

MAR15 720 840 746 776 928 810

APR15 692 801 716 751 873 772

MAY15 698 784 720 751 850 776

JUN15 703 788 724 760 855 781

JUL15 706 800 721 768 873 779

AUG15 708 805 725 765 879 783

SEP15 624 705 659 674 764 708

OCT15 626 709 661 677 771 711

NOV15 635 736 664 682 797 715

DEC15 677 792 705 726 865 759

JAN16 703 1701 731 757 992 787

FEB16 708 1483 735 761 1021 791

MAR16 714 832 739 768 915 796

APR16 688 799 712 738 869 763

MAY16 692 782 715 745 848 768

JUN16 696 786 719 749 851 773

JUL16 707 802 720 762 871 774

AUG16 707 807 724 764 876 778

SEP16 658 745 703 706 805 751
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BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE

WI CROWN LANDING WI MILLENNIUM ISLANDER EAST

NOMINAL SMMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

OCT16 661 751 704 709 810 754

NOV16 666 782 707 719 843 758

DEC16 721 843 751 770 919 804

JAN17 749 1752 778 801 985 833

FEB17 754 1347 783 807 987 838

MAR17 758 883 787 812 962 843

APR17 724 843 757 779 916 811

MAY17 727 827 762 785 899 816

JUN17 732 832 766 789 906 821

JUL17 747 849 760 804 923 817

AUG17 752 854 764 809 929 821

SEP17 696 796 751 754 867 808

OCT17 698 802 749 757 871 810

NOV17 703 824 752 769 898 814

DEC17 763 890 795 826 979 862

JAN18 791 957 823 856 1036 894

FEB18 798 1191 828 862 1050 899

MAR18 801 933 832 867 1026 904

APR18 770 890 801 834 976 870

MAY18 774 877 806 840 965 876

JUN18 773 882 814 845 972 881

JUL18 786 895 800 861 986 873

AUG18 794 900 804 865 992 877

SEP18 710 818 776 778 892 839

OCT18 712 822 763 781 900 832

NOV18 730 860 771 791 938 836

DEC18 772 1272 808 840 1018 880

JAN19 801 1859 837 870 1143 912

FEB19 806 1620 842 876 1593 917

MAR19 810 1102 846 881 1067 922

APR19 770 903 814 839 1001 888
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BUSINESSASUSUAL CASE BUSINESSASUSUAL CASE

WI CROWN LANDING WI MILLENNIUM ISLANDER EAST

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

MAY19 772 879 819 844 968 894

JUN19 777 884 824 850 979 899

JUL19 784 893 799 861 990 876

AUG19 786 958 802 864 996 879

SEP19 707 817 774 770 890 838

OCT19 710 822 769 773 899 837

NOV19 723 850 772 784 930 841

DEC19 777 919 816 849 1017 892

JAN20 808 1915 845 880 1158 924

FEB20 813 1669 850 885 1199 929

MAR20 818 963 855 890 1075 935

APR20 784 922 822 853 1020 901

MAY20 785 896 828 858 1000 906

JUN20 790 901 833 863 1008 911

JUL20 801 935 820 881 1016 896

AUG20 804 919 825 883 1022 900

SEP20 758 872 828 825 952 897

OCT20 760 878 825 828 959 899

NOV20 776 912 829 842 1007 903

DEC20 845 1001 880 916 1097 959

LNG OVERBUILD CASE LNG OVERBUILD CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

JAN10

FEB10

MAR10

APR10

MAY10

JUN10

640 780 678

643 799 682

647 778 685

620 740 659

622 722 664

628 723 668

734 647615

619

623

594

594

599

742 651

735 654

693 629

670 634

674 637
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LNG OVERBUILD CASE LNG OVERBUILD CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

JUL10 634 728 649 604 680 621

AUG10 630 733 653 606 682 625

SEP10 537 627 592 520 593 573

OCT10 542 632 575 519 599 556

NOV10 563 678 599 539 632 574

DEC10 575 700 605 553 661 582

JAN11 593 1468 627 574 705 603

FEB11 597 1293 631 577 755 606

MAR11 599 826 634 578 694 610

APR11 567 686 610 547 640 586

MAY11 567 664 614 543 617 590

JUN11 568 661 617 546 616 593

JUL11 575 665 604 551 620 574

AUG11 573 667 608 548 622 577

SEP11 511 602 573 493 567 551

OCT11 513 608 558 495 576 535

NOV11 517 628 565 498 590 540

DEC11 553 676 591 533 633 567

JAN12 574 1512 613 554 694 588

FEB12 579 1317 616 558 708 591

MAR12 580 717 620 560 670 595

APR12 556 680 602 536 637 573

MAY12 556 659 599 537 616 575

JUN12 560 656 603 540 614 580

JUL12 568 660 601 547 621 578

AUG12 569 665 604 547 624 582

SEP12 521 619 588 500 577 560

OCT12 522 626 576 502 586 546

NOV12 529 652 584 505 606 555

DEC12 568 704 611 542 657 580

JAN13 590 1557 633 563 708 601

FEB13 595 1137 636 567 706 604
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LNG OVERBUILD CASE LNG OVERBUILD CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

MAR13 597 737 640 570 690 607

APR13 571 699 621 544 653 589

MAY13 574 683 619 546 633 587

JUN13 578 687 623 551 638 593

JUL13 594 694 625 563 654 594

AUG13 597 699 628 565 651 597

SEP13 529 636 605 505 586 567

OCT13 530 642 588 503 595 551

NOV13 535 662 591 507 612 558

DEC13 579 715 623 546 665 585

JAN14 603 762 646 569 698 606

FEB14 607 946 650 573 711 610

MAR14 610 749 653 576 694 613

APR14 584 713 627 550 658 589

MAY14 587 695 632 553 638 592

JUN14 592 699 636 558 638 600

JUL14 605 705 632 567 641 593

AUG14 606 709 636 568 651 596

SEP14 513 608 576 497 574 554

OCT14 511 613 554 498 580 532

NOV14 521 659 578 504 625 556

DEC14 548 864 588 531 657 564

JAN15

FEBIS

MAR15

APR15

MAY15

JUN15

JULIS

AUG15

SEP15

OCT15

706568

571

577

544

546

549

553

554

509

510

5841652

1439

820

675

644

643

651

654

601

605

805 588

687 590

609

613

616

585

587

590

564

567

559

558

551

555

560

527

529

532

537

538

494

496

630 564

598 568

608 571

614 548

619 551

S68 S38

574 538
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LNG OVERBUILD CASE LNG OVERBUILD CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

NOV15 513 631 561 500 598 540

DEC15 549 684 593 534 644 571

JAN16 571 1701 614 556 719 592

FEB16 574 1483 618 559 762 595

MAR16 577 730 621 562 690 599

APR16 554 693 595 539 648 574

MAY16 556 664 600 542 624 578

JUN16 560 668 603 545 627 581

JUL16 573 675 589 555 636 571

AUG16 574 679 593 557 639 574

SEP16 540 639 595 524 598 576

OCT16 542 644 598 526 608 576

NOV16 546 676 601 531 644 579

DEC16 590 748 640 573 705 612

JAN17 616 1752 664 595 762 634

FEB17 620 1347 668 599 760 638

MAR17 624 783 671 602 740 641

APR17 595 738 644 575 690 615

MAY17 598 722 649 579 665 619

JUN17 602 726 653 583 675 624

JUL17 621 736 643 595 688 619

AUG17 625 741 647 598 694 622

SEP17 585 701 651 569 660 626

OCT17 587 706 654 571 664 629

NOV17 594 735 657 576 692 632

DEC17 673 840 728 635 770 678

JAN18

FEB18

MAR18

APR18

MAY18

JUN18

707

712

715

687

691

696

898

1191

880

840

825

830

821754

759

763

733

38

745

702664

668

671

644

648

653

831 707

816 710

771 684

752 688

756 701
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LNG OVERBUILD CASE LNG OVERBUILD CASE WI BROADWATER

NOMINAL MMBTU NOMINAL MMBTU
HENRY HUB LONG ISLAND DAWN HENRY HUB LONG ISLAND DAWN

JUL18 716 840 736 668 769 690

AUG18 720 845 740 672 773 693

SEP18 670 794 744 630 724 697

OCT18 672 800 748 633 729 700

NOV18 683 851 751 642 775 704

DEC18 743 1272 796 705 856 748

JAN19 772 1859 825 731 922 775

FEB19 777 1620 830 735 940 780

MAR19 781 1102 834 739 903 784

APR19 747 915 802 706 838 753

MAY19 752 886 807 710 806 758

JUN19 757 892 812 715 809 763

JUL19 771 900 788 726 824 742

AUG19 774 961 792 728 828 746

SEP19 715 842 791 668 766 738

OCT19 719 848 789 671 771 739

NOV19 727 883 793 681 801 743

DEC19 788 965 842 744 891 789

JAN20 821 1915 872 774 970 818

FEB20 826 1669 878 778 972 823

MAR20 830 1027 883 782 945 827

APR20 796 970 849 751 890 795

MAY20 801 946 855 753 853 800

JUN20 806 952 860 758 860 805

JUL20 826 961 845 772 872 790

AUG20 830 967 850 775 877 794

SEP20 777 909 852 728 827 796

OCT20 780 915 855 731 832 795

NOV20 792 962 860 740 868 798

DEC20 861 1062 912 803 962 845
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EXHIBIT

CALCULATIONFRAMEWORK FOR ECONOMIC BENEFITS

THE ECONOMIC BENEFITS CAN BE EXPRESSED AS THE SUM OVER THE STUDY PERIOD YEARS OF THE

ANNUAL BENEFITS FOR EACH REGION DISCOUNTED FOR PRESENT VALUE AND MULTIPLIED BY FACTOR TO

ACCOUNT FOR SECONDARY ECONOMIC EFFECTS THE FOLLOWING EQUATION EXPRESSES THIS FUNCTION

PVBSB PV OF BENEFIT FOR SCENARIO RELATIVE TO BASELINE SCENARIO

MEF REGIONS YEARS

CGS5BRY EESSBRY DR YBASE

1VIIEF MULTIPLIER EFFECT FACTOR

CGS5BRY CORE GAS SAVINGS FOR SCENARIO RELATIVE TO BASELINE SCENARIO FOR REGION

YEARY

MONTHS

CGLRYM CGLR2003M
POINTS

GPPYMB GPPYMS
CGLR2003M GPHHYMB GPHHYMS 04 GPDAWNYMB

GPDAWNYMS

EES SBRY ELECTRIC ENERGY SAVINGS FOR SCENARIO RELATIVE TO BASELINE SCENARIO FOR

REGION YEAR

MONTHS HOURS

EEPRYMHB EEPRYMHS

DR DISCOUNT RATE

YBASE
BASE YEAR FOR PRESENT VALUE

CGLRYM CORE GAS LOAD FOR REGION IN YEAR MONTH CGLR2003M IS THE CORE GAS

LOAD FOR THE REFERENCE YEAR 2003 THIS LOAD IS ASSUMED TO BE SERVED UNDER

LONG TERM FIRM TRANSPORTATION ARRANGEMENTS WITH SUPPLY PRICED 60 AT

HENRY HUB AND 40 AT DAWN INCREMENTAL LOADS IN LATER YEARS ARE

SUPPLIED FROM REGIONAL TRADING POINTS

FPR WEIGHT FACTOR FOR TRADING POINT AS APPLIED TO REGION THE FRACTION OF

INCREMENTAL GAS LOAD IN REGION ABOVE THE 2003 REFERENCE YEAR LEVEL

ASSUMED TO BE SUPPLIED FROM TRADING POINT TRADING POINTS FOR

INCREMENTAL SUPPLIES ARE TZ6NY IGTSZ1 IGTSZ2 NIAGARA AND DTI
SP

REGIONS INCLUDE NEW YORK CITY NYISO ZONE LONG ISLAND NYISO ZONE CENTML NYISO ZONES

AND NORTH NYISO ZONES AND AND SOUTH NYISO ZONES AND FOR PRESENTATION

PURPOSES THE CENTRAL NORTH AND SOUTH REGIONS ARE COMBINED AS REST OF STATE



EXHIBIT

PAGE OF

GPPYMB GAS PRICE FOR TRADING POINT FOR YEAR MONTH AND SCENARIO WITHOUT

BROADWATER OR SCENARIO WITH BROADWATER TRADING POINTS ARE HENRY

HUB DAWN TZ6NY IGTSZ1 IGTSZ2 NIAGARA AND DTISP

ELRYMH ELECTRIC LOAD FOR REGION YEAR MONTH HOUR

EEPRYMHB ELECTRIC ENERGY PRICE FOR REGION YEAR MONTH HOUR AND SCENARIO

WITHOUT BROADWATER OR SCENARIO WITH BROADWATER AS DETERMINED BY

MARKETSYM SIMULATION USING APPROPRIATE MONTHLY GAS PRICES
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APPENDIX

GPCM MODEL THEORY AND STRUCTURE

LAIS MODELING APPROACH IS BASED ON THE MICROECONOMIC PRINCIPLES UNDERLYING THE THEORY OF

COMPETITIVE MARKETS IN COMPETITIVE MARKETS NO BARRIERS TO ENTRY AND EXIT LOTS OF BUYERS AND

SELLERS PRICE IS DETERMINED BY THE INTERACTION OF SUPPLY AND DEMAND IN RBAC INCS GPCM
SUPPLY IS ASSUMED TO BE NONDECREASING FUNCTION OF PRICE AND DEMAND IS ASSUMED TO BE NON

INCREASING FUNCTION OF PRICE THE PRICE AT WHICH AN INCREMENT OF NATURAL GAS SUPPLY IS EQUAL TO

THE INCREMENT OF GAS DEMAND DEFINES THE MARKETCLEARING PRICE AND QUANTITY EACH SUPPLY SOURCE

HAS SPECIFICALLY DEFINED SUPPLY CURVE EACH CUSTOMER HAS SPECIFICALLY DEFINED DEMAND CURVE

THE MODEL INTEGRATES SUPPLY SOURCES CUSTOMER DEMANDS AND BOTH PIPELINE AND STORAGE

INFRASTRUCTURE THE AMOUNT OF GAS THAT FLOWS FROM SUPPLY SOURCES THROUGH THE PIPELINE AND

STORAGE NETWORK TO THE MARKET IS DETERMINED BY PRICE DIFFERENTIALS GAS FLOWS WHENEVER THE PRICE

DIFFERENTIAL BETWEEN ANY TWO CONNECTED MARKET POINTS EXCEEDS THE UNIT COST BETWEEN SUCH POINTS

GPCM SUPPLY CURVES RELATE THE AMOUNT OF GAS PRODUCED TO THE PRICE THE HIGHER THE PRICE THE

MORE GAS THAT WILL BE PRODUCED SUBJECT TO RESOURCE AND RESERVOIR LIMITATIONS AS SHOWN IN FIGURE

ALI THE SLOPE OF THE SUPPLY CURVE DETERMINES PRICE ELASTICITY IE THE CHANGE IN GAS SUPPLY

THAT CAN BE OBTAINED FOR SMALL CHANGE IN PRICE GPCM SUPPLY CURVES ARE MADE UP OF

SEGMENTS THAT EXHIBIT HIGH ELASTICITY AT LOWER PRICES LOW ELASTICITY AT HIGHER PRICES AND AT SOME

POINT ZERO ELASTICITY WHERE RESOURCE AND PRODUCTION LIMITS MEAN THAT NO ADDITIONAL SUPPLY CAN BE

OBTAINED REGARDLESS OF PRICE HIGHER ELASTICITY INDICATES THAT SMALL CHANGE IN PRICE BRINGS ABOUT

SIGNIFICANT INCREASE IN SUPPLY AND VICE VERSA THIS NORMALLY HAPPENS CLOSE TO THE LOWER END OF

THE SUPPLY CURVE WHERE SIGNIFICANT CHANGES IN PRODUCTION CAN OCCUR DUE TO SHUTTING IN WELLS IN

RESPONSE TO PRICE DROPS OR THROUGH THE RESUMPTION OF PRODUCTION AS PRICE INCREASES THE

MAGNITUDE OF THE ELASTICITY IS LOWER FURTHER UP THE SUPPLY CURVE AS PRODUCTION FOR THE SUPPLY AREA

OR PRODUCING FIELD APPROACHES CAPACITY

FIGURE ALI GPCM SUPPLY CURVES1

ELASTICITY

P2

ELASTICITY AT

HIGHER PRICE PRODUCTION

CAPACITY
ELASTICITY AT

LOWER PRICES

P0

Q1

SOURCE RBAC INC 2005



THE DEMAND CURVE SETS THE RELATIONSHIP BETWEEN THE PRICE AND THE AMOUNT OF GAS ASSOCIATED WITH

CUSTOMERS PREFERENCE AS PRICES INCREASE GAS DEMAND DECREASES AS SHOWN IN FIGURE A12
GPCM USES MULTISEGMENT DEMAND CURVE AS FUEL SUBSTITUTION EFFECTS ALLOW CERTAIN PRICE ELASTIC

CUSTOMERS TO SWITCH TO AN ALTERNATE FUEL

FIGURE A12 GPCM DEMAND CURVES2

NONSWITCHABLE HIGH
MAX PRICE MAX PRICE

VAIUE DEMAND

LOW ELASTICITY DEMAND SWITCHABLE TO

AFUEL ALT FUEL

MM PRICE WVALUE

DEMAND

MM PRICE

SIMPLE DEMAND CURVE MULTIPLE SEGMENT DEMAND CURVE

SOLUTIONS DERIVED BY GPCM REQUIRE MULTIPLE ITERATIONS IN ORDER TO BALANCE SUPPLY AND DEMAND

OF COURSE THE ITERATIVE NATURE OF THE SOLUTION IS NOT PICTURED IN FIGURE 13 BUT THE CALCULATION

OF MARKETCLEARING PRICES AND QUANTITIES WHICH IS EQUIVALENT TO MAXIMIZATION OF THE SUM OF

PRODUCER SURPLUS AND CONSUMER SURPLUS REQUIRES COMPUTATION OF NUMEROUS POSSIBLE

SOLUTIONS BEFORE THE OPTIMAL SOLUTION IS FOUND THE MODEL IDENTIFIES AND CALCULATES THE FLOWS

FROM SUPPLY POINTS TO DEMAND POINTS STARTING WITH THE PATH WITH THE GREATEST PRICE DIFFERENTIAL

LOWER COST GAS FLOWS ARE EXHAUSTED BEFORE HIGHER COST FLOWS BETWEEN RELEVANT NODES ARE

ACCEPTED INTO THE EQUILIBRIUM SOLUTION SUPPLY AND DEMAND ARE THEREFORE IN BALANCE AT EVERY

NODE ACROSS THE CONTINENTAL NETWORK BOTH PRICE AND QUANTITY FOR LOCAL MARKET EQUILIBRIUM ARE

INFLUENCED BY MARKET CONDITIONS ACROSS THE CONTINENT HENCE THE LEVEL OF SUPPLY FROM EACH

SUPPLY REGION AND THE DEMAND IN OTHER CONSUMPTION REGIONS ENTER INTO THE DETERMINATION OF THE

MARKET CLEARING PRICES

12



FIGURE A13 GPCM MARKET CLEARING PRICE3

CONSUMER

SURPLUS

PRODUCER

SURPLUS

MANY GAS INDUSTRY MARKET PARTICIPANTS USE GPCM TO ESTIMATE THE IMPACT OF NEW INFRASTRUCTURE ON

COMMODITY PRICES BASIS DIFFERENTIALS AND FLOWS ON RIVAL TRANSPORTATION PATHS LINKING SUPPLY

REGIONS WITH CONSUMPTION REGIONS ACROSS NORTH AMERICA GPCM MODEL STRUCTURE IS COMPRISED

OF 86 SUPPLY AREAS 164 PIPELINES 146 STORAGE AREAS AND 534 DEMAND CENTERS HENCE RESULTS

USING THE OPTIMIZATION FRAMEWORK IN GPCM CAPTURE EXPLORATION AND PRODUCTION PIPELINE

TRANSPORTATION COSTS LOSSES STORAGE INJECTION AND WITHDRAWAL PROFILES PIPELINE AND LNG IMPORT

TERMINAL ADDITIONS AND DEMAND MODEL SOLUTIONS CONSTITUTE THE LEAST COST SUPPLY FOR AN

EXOGENOUS DEMAND THAT STACKS THE FLOW OF NATURAL GAS ACROSS RIVAL PIPELINE PATHS TO MARKET

CENTERS FROM LEAST COST TO HIGHEST COST OTHER KEY FACTOR INPUTS TO GPCM INCLUDE PIPELINE AND

STORAGE PRICES TARIFFS SUPPLY CURVES BY PRODUCTION BASIN LNG TERMINAL STORAGE AND DAILY

VAPORIZATION CAPACITIES AND DEMAND CURVES BY SECTOR AND CONSUMPTION AREA4

AS DISCUSSED SOLUTIONS INCORPORATE PRICE ELASTICITIES HENCE THE ECONOMIC VALUE OF THE

EQUILIBRIUM SOLUTION REFLECTS BOTH SUPPLY AND DEMAND ELASTICITIES IN RESPONSE TO CHANGES IN PRICE

THE OBJECTIVE FUNCTION THAT DRIVES THE SOLUTION CONSTITUTES THE GREATEST VALUE SOLUTION TO SERVE

TOTAL DEMAND THEREFORE THE FIRSTBEST ECONOMIC SOLUTION REFLECTS THE LEAST COSTLY SUPPLY FLOWING

FIRST BEFORE MORE EXPENSIVE SUPPLY IS SELECTED TO MEET CUSTOMER DEMAND SIMILARLY CUSTOMERS

WILLING TO PAY MORE ARE MORE LIKELY TO BE SERVED THAN THOSE WILLING TO PAY LESS VARIOUS

CONSTRAINTS ARE INCORPORATED IN THE MODEL REFLECTING RESOURCE LIMITATIONS PHYSICAL CONSTRAINTS ON

THE PIPELINE NETWORK AND PIPELINE AND STORAGE TARIFFS AFTER SPECIFYING THE APPLICABLE CONSTRAINTS

FOR THE GAS SYSTEM BEING MODELED SOLUTION CAN BE GENERATED IN ORDER TO FIND AN OPTIMAL

ECONOMIC SOLUTION TO THIS NETWORKFLOW PROBLEM THE MODEL UTILIZES EMNET AN ADVANCED LP

OPTIMIZER5 THE MODEL IS SIMULATED ON MONTHLY BASIS THUS ENABLING THE DEVELOPMENT OF LONG

SOURCE RBAC INC

GAS DEMAND FOR INDUSTRIALS AND ELECTRICITY GENERATORS BEHIND THE CITYGATE ARE ROLLEDUP WITH DIRECT DELIVERIES OFF THE

PIPE RATHER THAN DESIGNATED SEPARATELY

EMNET WAS DEVELOPED BY PROFESSOR RICHARD MCBRIDE AT THE UNIVERSITY OF SOUTHERN CALIFORNIA GRADUATE SCHOOL

OF BUSINESS THE EMINET ALGORITHM WAS DESIGNED SPECIFICALLY TO SOLVE NETWORK FLOW PROBLEMS WITH ADDITIONAL NON

MARKET

PRICE

CLEARING

PRICE

MARKET CLEARING

QUANTITY

CLEARING

QUANTITY
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TERM PRICE FORECASTS AS WELL AS THE ANALYSIS OF SEASONAL SUPPLYDEMAND EFFECTS AT PRIMARY MARKET

PRICING POINTS

THE LP FRAMEWORK UTILIZES NODEARC NETWORK NODES REPRESENT PRODUCTION REGIONS AND

SUPPLY BASINS PIPELINE ZONES INTERCONNECTS STORAGE FACILITIES DELIVERY POINTS AND EITHER SPECIFIC

LARGE CUSTOMERS OR GROUPS OF SMALLER CUSTOMERS ARCS REPRESENT GAS TRANSACTIONS AND FLOWS

EACH ARC IS CONSTRAINED BY CAPACITY LIMITATIONS THE MANY COMPRESSORS DELIVERY METERS AND

RECEIPT METERS ARE CONVENIENTLY ROLLED UP INTO PIPELINE ZONES ARCS CONNECT THE PIPELINE ZONES

TO FORM THE NORTH AMERICAN PIPELINE NETWORK EACH MARKET STORAGE FACILITY SUPPLY SOURCE AND

PIPELINE INTERCONNECTION THAT IS REPRESENTED BY NODE IS LINKED TO THE CORRESPONDING PIPELINE

ZONES BY ONE OR MORE ARCS

FIGURE A14 PROVIDES GENERALIZED SCHEMATIC FOR THE GPCM NODEARC STRUCTURE

FIGURE A14 GPCM NODEARC STRUCTURE

EACH ARC IS DEFINED BY NUMBER OF PARAMETERS INCLUDING THE CAPACITY OR MAXIMUM FLOW THAT CAN

OCCUR AT THE ARC ANY REQUIRED MINIMUM FLOW FOR THE ARC THE COSTS FOR THE ARC AND AN EFFICIENCY

FOR THE ARC TO ACCOUNT FOR COMPRESSOR FUEL AND LOSSES EACH SUPPLY DEMAND OR TRANSSHIPMENT

NODE IS TREATED AS POTENTIAL MARKET POINT WHERE SUPPLY AND DEMAND MUST BE BALANCED THE

AMOUNT OF GAS THAT MOVES FROM SUPPLY NODES TO TRANSSHIPMENT NODES AND THEN ON TO DEMAND

NODES IS DRIVEN BY PRICE DIFFERENTIALS IF THE PRICE DIFFERENTIAL BETWEEN ANY CONNECTED NODES

EXCEEDS THE UNIT COST INCLUDING FUEL AND LOSSES THEN THE EMNET OPTIMIZER ENSURES THE ORDERLY

FLOW OF NATURAL GAS BETWEEN THESE NODES IF THE PRICE DIFFERENTIAL BETWEEN CONNECTED NODES IS LESS

THAN THE UNIT COST THEN THE OPTIMIZER HUNTS FOR MORE PRICE EFFICIENT FLOWS REALIZABLE ELSEWHERE

ACROSS THE SUPPLY CHAIN

FIGURE A15 REFLECTS THE MODEL STRUCTURE FOR LONG ISLAND AND NEW YORK CITY ACROSS THE NEW
YORK FACILITIES SYSTEM

TIME T1

NETWORK VARIABLES AND CONSTRAINTS AND HAS BEEN EXTENDED TO HANDLE THE LINEARIZED APPROXIMATIONS OF NONLINEAR

SUPPLY DEMAND AND TRANSPORTATION COST FUNCTIONS UTILIZED IN GPCM
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FIGURE A15 MODEL STRUCTURE FOR LONG ISLAND AND NEW YORK CITY

NEW YORK LONG KEYSPAN NEW YORK
ISLAND INDUSTRIAL ENERGY KEYSPAN GAS

CITY STEAM

GAS MARKET DELIVERY EAST CORP LOAD

THE SUPPLY AND DEMAND MARKETS ARE MODELED SEPARATELY AND THEN CONNECTED WITH MODEL OF THE

PIPELINE GRID THE GAS SUPPLY SOURCES MODELED IN GPCM ENCOMPASS ALL OF THE SUPPLY BASINS AND

LNG IMPORT TERMINALS IN NORTH AMERICA EVERY SUPPLY SOURCE IS CONSTRAINED BY MAXIMUM AND

MINIMUM DAILY FLOW QUANTITY HENCE EVERY SUPPLY SOURCE IS ASSOCIATED WITH SUPPLY CURVE THAT

DICTATES THE AMOUNT OF GAS TO BE SUPPLIED AT GIVEN NETBACK PRICE FOR EACH SUPPLY SOURCE PRICES

ON THE SUPPLY CURVE TEND TO INCREASE OVER TIME REFLECTING HIGHER FINDING AND PRODUCTION COSTS

HOWEVER GAS PRICES HAVE SOME CORRELATION WITH CRUDE OIL PRICE THUS ASSUMPTIONS ABOUT FUTURE

OIL PRICES ALSO CONTRIBUTE TO THE FORECAST GAS PRICE IN EACH PRODUCTION AREA KEY PARAMETERS

INCLUDING THE RESERVES TO PRODUCTION RATIO AND RESERVES RECOVERY RATIO LIMIT SUPPLY SOURCE

PRODUCTION LEVELS THESE PARAMETERS REFLECT THE RELEVANT DEPLETION TREND BY PRODUCING BASIN

ALL MAJOR INTERSTATE INTRASTATE AND INTERPROVINCIAL PIPELINES ARE INCLUDED IN THE MODEL PIPELINE

ZONES FORM THE BASIC BUILDING BLOCK FOR THE MODEL OF EACH PIPELINE LONGHAUL PIPELINES EVEN

THOSE WITH POSTAGE STAMP RATES ARE DIFFERENTIATED BY ZONES THUS ENABLING FLOWS BETWEEN

CONTIGUOUS MARKET AREAS TO BE DEFINED CAPACITY CONSTRAINTS TO BE IDENTIFIED AND PRICE

DIFFERENTIALS WITHIN RELEVANT BOUNDARIES TO BE CAPTURED STORAGE INJECTION AND WITHDRAWAL CYCLES

ARE INCORPORATED EACH PIPELINES TARIFF PROVIDES THE BASIS FOR ESTIMATING THE MINIMUM AND

MAXIMUM TRANSPORTATION PRICES AS WELL AS RELEVANT FUEL RETENTION RATES BY LOCATION IE
SHRINKAGE PRICE DIFFERENTIALS BETWEEN MARKET POINTS ARE RELATED TO THE LEVEL OF TRANSPORTATION

DEMAND BETWEEN POINTS AS WELL AS THE OVERALL LEVEL OF GAS PRICES THIS RELATIONSHIP IS MODELED BY

ASSIGNING MINIMUM AND MAXIMUM PRICE FOR FLOW ACROSS EACH ZONE PLUS FRACTIONAL LOSS OF

FLOW TO ACCOUNT FOR FUEL USE AND LOSSES HENCE THE OPTIMIZATION OF FLOWS IS ACHIEVED WITH

RESPECT TO SUPPLY AND DEMAND BASED ON THE COST OF TRANSPORTATION BETWEEN RELEVANT POINTS

CLEARINGHOUSE FOR PIPELINE TRANSPORTATION IS PRIORITIZED IN ACCORD WITH CHARACTER OF SERVICE ALL

FIRM TRANSPORTATION IS CLEARED FIRST BEFORE ANY NONFIRM TRANSPORTATION IS CLEARED IN ZONAL MARKETS

TENNESSEE IROQUOIS

A15



THE CLEARING OR SCHEDULING OF NONFIRM TRANSPORTATION IS PERFORMED UNDER VOLUMETRIC RATES THAT

RANGE FROM HIGH EQUAL TO THE 100 EQUIVALENT LOAD FACTOR RATE INCLUDING TRANSPORT COMMODITY

PLUS SHRINKAGE TO LOW EQUAL TO PIPELINES FIRM TRANSPORT COMMODITY CHARGE6

STORAGE IS MODELED AS THREE DISTINGUISHABLE TRANSACTION COMPONENTS INJECTION STORAGE AND

WITHDRAWAL7 STORAGE FACILITIES ARE CONSTRAINED BY TOTAL STORAGE CAPACITY AND DAILY INJECTION

WITHDRAWAL CAPACITY STORAGE ACTIVITY IS SHAPED BY MONTHLY SCHEDULE WITH CONSTANT UNIT COST

PER PERIOD THE ABILITY TO MODEL INDIVIDUAL STORAGE FACILITIES ON MONTHLY BASIS INCLUDING

CONSIDERATION OF INVENTORY BALANCES WITHDRAWAL AND INJECTION RATES AND FACILITY CONSTRAINTS ON

INJECTION WITHDRAWAL AND INVENTORY ALLOWS LAI TO INTRODUCE DEMAND RATCHETS AT TRADITIONAL

UNDERGROUND STORAGE FIELDS LAI HAS INCORPORATED STORAGE RATCHETS AT CERTAIN STORAGE HUBS OF

RELEVANCE TO NEW YORK IN ORDER TO ENSURE THAT THERE IS ENOUGH WORKING GAS STORAGE INVENTORY IN

FEBRUARY AND MARCH STORAGE TRANSACTIONS CAN BE MODELED WHERE GAS IS TRANSPORTED TO STORAGE

FACILITY ON ONE RATE SCHEDULE INJECTED AND WITHDRAWN UNDER ANOTHER AND DELIVERED UNDER THIRD

RATE STORAGE TRANSACTIONS HAVE ALSO BEEN MODELED AS BUNDLED STRUCTURE WITH ALL COMPONENTS

COVERED UNDER SINGLE RATE

MAJOR GAS CUSTOMERS HAVE BEEN CLASSIFIED AS FOLLOWS LDCS INDUSTRIAL AND ELECTRIC GENERATION

LDC CUSTOMERS THEREFORE REPRESENT CORE DEMAND BEHIND THE CITYGATE INCLUDING ALL RESIDENTIAL AND

COMMERCIAL CUSTOMERS NONCORE INCLUDES PRIMARILY ELECTRIC GENERATION AND LARGE INDUSTRIALS

DEMAND CURVES ARE DELINEATED FOR EACH CUSTOMER THESE REPRESENT THE AMOUNT OF GAS THAT WOULD

BE PURCHASED AT GIVEN PRICE SEASONALITY IS TAKEN INTO CONSIDERATION BASED ON THE MONTHLY

PERIODICITY OF THE MODEL WITHIN EACH MARKET AREA REPRESENTED IN THE MODEL EACH DEMAND SECTOR

HAS AN INDIVIDUAL SEASONAL PROFILE

THE FIRM TRANSPORT COMMODITY RATE REPRESENTS THE USUAL MINIMUM RATE FOR NONFIRM TRANSPORTATION THAT FERC

ALLOWS TRANSPORTER TO CHARGE FOR INTERRUPTIBLE SERVICE

SOURCE RBAC INC
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APPENDIX

BASIN PRODUCTION CURVES

PERMIAN BASIN

THE PERMIAN BASIN LOCATED MOSTLY IN WEST TEXAS AND SOUTHEASTERN NEW MEXICO IS MATURE BASIN

THAT HAS BEEN MAJOR CONTRIBUTOR TO US PRODUCTION FOR MANY YEARS THE PERMIAN BASIN HAS

HISTORICALLY BEEN THE PRIMARY SOURCE OF NATURAL GAS FOR CALIFORNIA TEXAS AND THE NORTH CENTRAL

US2 RECENT EXPLORATION OF DEEP FORMATIONS IN THE PERMIAN BASIN MAY PARTIALLY OFFSET THE

PRODUCTION DECLINE ALSO THE POTENTIAL EXTENSION OF THE BARNETT SHALE MAY OFFER NEW PRODUCTION

LAI EXPECTS THE PERMIAN BASIN TO UNDERGO GRADUAL BUT CONTINUING DECLINE IN GAS PRODUCTION

OVER THE FORECAST PERIOD PERMIAN BASIN PRODUCTION HAS BEEN RELATIVELY FLAT SINCE 1990 WITH

CURRENT PRODUCTION AT APPROXIMATELY BCFD THIS BASIN HAS TRADITIONALLY BEEN KNOWN FOR OIL

PRODUCTION IT STILL ACCOUNTS FOR UP TO 20 OF TOTAL US OIL PRODUCTION ASSOCIATED GAS

PRODUCTION ACCOUNTS FOR 3040 OF THE TOTAL PRODUCTION IN THE BASIN3 THIS HAS CONTRIBUTED TO

HISTORICAL PRODUCTION STABILITY WHILE THE BASIN IS MATURE SUBSTANTIAL PRODUCTION FROM ENHANCED

OIL RECOVERY PROJECTS WILL CONTINUE TO PROVIDE ASSOCIATED GAS MOREOVER CONTINUED ACTIVITY

INVOLVING HORIZONTAL DRILLING AND DOWNSPACING OF THE GAS WELLS WILL HELP SUPPORT PRODUCTION

TIGHT GAS FORMATION ACCOUNT FOR ABOUT 30 OF PRODUCTION MOSTLY FROM THE CANYON FORMATION

PRODUCTION IS EXPECTED TO DECLINE TO AROUND 33 BCFD BY 2020

FOLLOWING OUR ANALYSIS AND REVIEW OF HISTORICAL PRODUCTION TRENDS AND RESERVE ADDITIONS IN THE

BASIN WE ADJUSTED THE AVERAGE OVERALL ANNUAL BASIN PRODUCTION DECLINE RATE UPWARD TO 1 FROM

THE 05 RATE ORIGINALLY INCLUDED IN THE GPCM DATABASE THE OVERALL BASIN DECLINE RATE REFLECTS

THE PROJECTED TREND FOR ALL PRODUCTION THE BASIN INCLUDING PRODUCTION FROM NEW WELLS IN RECENT

YEARS THE DECLINE RATE FROM EXISTING WELLS ASSUMING NO NEW WELLS WERE DRILLED HAS AVERAGED

ABOUT 16

FOR THIS ANALYSIS AND GPCM MODELING THE PENMAN BASIN INCLUDES PRODUCTION FROM EASTERN NEW MEXICO AND

TEXAS RAILROAD COMMISSION DISTRICTS 7B 7C AND 8A

GAS SUPPLIES FROM THE ROCKY MOUNTAINS AND SAN JUAN BASINS HAVE LARGELY SUPPLANTED PENMAN SUPPLIES IN

CALIFORNIA

ASSOCIATED GAS IS GAS THAT IS PRODUCED ALONG WITH OIL PRODUCTION AS OPPOSED TO NONASSOCIATED GAS THAT IS PRODUCED

FROM WELLS WITHOUT OIL PRODUCTION



FIGURE A21 PERMIAN BASIN PRODUCTION
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ARKIAEAST TEXAS SUPPLY REGION

THE ARKLAEAST TEXAS SUPPLY REGION IS MIX OF OLDER PRODUCING FIELDS ALONG WITH SOME OF THE

HOTTEST CURRENT EXPLORATION PLAYS IN NORTH AMERICA THIS SUPPLY REGION INCLUDES FIELDS IN

ARKANSAS NORTHERN LOUISIANA AND NORTHEASTERN TEXAS WITH CURRENT PRODUCTION OF 49 BCFD4 THIS

SUPPLY REGION INCLUDES ALL OR PARTS OF SOME OF THE FASTEST GROWING NEW GAS SUPPLY SOURCES SUCH AS

THE BARNETT SHALE AS WELL AS THE BOSSIER TREND AND THE COTTON VALLEY FORMATION TIGHT SANDS

CURRENTLY WELLS IN ARKLAEAST TEXAS ARE PRODUCING MORE THAN BCFD FROM RESOURCE BASE THAT

IS ESTIMATED TO BE 95 TCF5 PRODUCTION FROM THESE UNCONVENTIONAL GAS PLAYS IS EXPECTED TO

SIGNIFICANTLY INCREASE GROWING PRODUCTION FROM THESE NEW FIELDS WILL MORE THAN OFFSET THE

DECLINE IN PRODUCTION FROM THE MORE MATURE PRODUCING FIELDS WITH TOTAL PRODUCTION IN THE REGION

REACHING 67 BCFD BY 2020

TEXAS RAILROAD COMMISSION DISTRICTS AND

TED MCCALLISTER EIA UNCONVENTIONAL GAS CHALLENGES SUCCESSES AND FUTUI OUTLOOK UNCONVENTIONAL GAS

PRODUCTION PROJECTIONS IN THE ANNUAL ENERGY OUTLOOK 2005 AN OVERVIEW ETA MIDTERM ENERGY OUTLOOK AND

MODELING CONFERENCE APRIL 12 2005
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FIGURE A22 ARKLAEAST TEXAS PRODUCTION

8000

7000

000

5000

4000
4

3000

2000

1000

2006 2008 2010 2012 2014 2016 2018 2020

GULF OF MEXICO

THE GULF OF MEXICO INCLUDES TWO PRODUCING REGIONS THAT ARE EXPERIENCING PRODUCTION AND

DEPLETION TRENDS IN OPPOSITE DIRECTIONS THE SHALLOW WATERS OF THE GULF ARE RAPIDLY DEPLETING

PRODUCTION IN THE DEEP GULF CONSTITUTES BRIGHT SPOT FOR US PRODUCTION GAS PRODUCTION FROM

THE OFFSHORE FIELDS IN THE GULF OF MEXICO HAS HISTORICALLY BEEN FOCUSED ON THE RELATIVELY SHALLOW

WATERS 200 METERS OR LESS OF THE CONTINENTAL SHELF AT TOTAL WELL DEPTHS FROM THE SEAFLOOR UP TO

15000 FEET PRODUCTION IN THE SHALLOW GULF CURRENTLY AROUND BCFD HAS DECLINED STEADILY

SINCE 1990 WHEN PRODUCTION TOPPED OUT AT 14 BCFD THIS DECLINE IS EXPECTED TO CONTINUE OVER

THE FORECAST PERIOD THE DECLINE IN PRODUCTION HAS OCCURRED PRIMARILY AS THE RESULT OF DEPLETION

THE DEPLETION TREND HAS BEEN ACCELERATED BY IMPROVED WELL COMPLETION TECHNIQUES LAI ADJUSTED

THE INITIAL OFFSHORE SHELF PRODUCTION IN GPCM UPWARD BY APPROXIMATELY BCFD BASED ON OUR

ANALYSIS OF HISTORICAL PRODUCTION TRENDS THE PRODUCTION DECLINE RATE WAS NOT SIGNIFICANTLY

CHANGED

NEW PRODUCTION IN THE GULF OF MEXICO IS LIKELY TO BE FROM PRODUCING HORIZONS IN THE DEEP

DEPOSITS OF THE CONTINENTAL SHELF SHALLOW GULF OFTEN REFERRED TO AS THE DEEP SHELF TYPICALLY

LOCATED BELOW THE THICK TABULAR SALT DEPOSITS THAT COVER ALMOST 60 OF THE NORTHERN GULF OF

MEXICO AND IN DEEPWATER FIELDS ON THE OUTER CONTINENTAL SHELF THESE AREAS HAVE BEEN THE FOCUS

OF CONSIDERABLE EXPLORATION AND DEVELOPMENT ACTIVITIES IN RECENT YEARS NEW EXPLORATION TARGETS

IN ULTRA DEEPWATER ARE 18000 TO 30000 FEET BELOW THE SEAFLOOR IN WATER DEPTHS UP TO 10000 FEET

THE DEEPWATER LOWER TERTIARY FORMATIONS THAT STRETCH FROM ALAMINOS CANYON IN THE WESTERN

GULF TO WALKER RIDGE IN THE EASTERN GULF ARE LOCATED IN WATER DEPTHS GREATER THAN 7500 FEET THIS

FORMATION HAS RECEIVED CONSIDERABLE ATTENTION IN LIGHT OF RECENT NEW DISCOVERIES WELLS BEING

DRILLED IN THE SHALLOW WATERS OF THE GULF PROBING THE DEEP SHELF DEPOSITS HAVE ALSO PROVIDED
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OPTIMISTIC INDICATIONS REGARDING POTENTIAL PRODUCTION WHILE THE DEEPWATER GAS POTENTIAL IN THE

LOWER TERTIARY PLAY IS VERY HIGH THESE FORMATIONS ARE EXPECTED TO CONTAIN EVEN MORE OIL THUS

UNTIL RECENTLY THE DEEPWATER GULF HAS BEEN PRIMARILY AN OIL PRODUCTION PROVINCE WITH PRODUCTION

FORM GAS DISCOVERIES MADE FEASIBLE AS THE RESULT OF INFRASTRUCTURE FOCUSED ON THE EXPLORATION AND

PRODUCTION OF OIL DURING THE LAST FEW YEARS GAS PRICES HAVE REACHED HIGH ENOUGH LEVELS POSSIBLY

TO RATIONALIZE DEVELOPMENT IN ULTRA DEEPWATER

WHILE THERE IS GOOD POTENTIAL TO INCREASE GAS PRODUCTION IN THE DEEPWATER AND DEEP SHELF

FORMATIONS THE EXPLORATION AND PRODUCTION FACILITIES NEEDED TO DELIVER THESE RESOURCES WILL

REQUIRE LARGE CAPITALINTENSIVE OFFSHORE PRODUCTION SYSTEMS FOR DEEPWATER DEPOSITS AND HIGH COSTS

TO DRILL WELLS TO GEOLOGIC DEPTHS BELOW 20000 FEET DEVELOPMENT OF THESE RESOURCES WILL ALSO

REQUIRE LONG LEAD TIMES TO BRING NEW FIELDS INTO PRODUCTION THE HIGHER COSTS MEAN THAT THE

CURRENT RELATIVELY LOW COST SHALLOW WATER FIELDS THAT ARE DEPLETED WILL BE REPLACED BY HIGHER COST

PRODUCTION THIS PATTERN OF REPLACEMENT WILL LIKELY SUSTAIN UPWARD PRICE PRESSURE ON COMMODITY

PRICES INTOTHEPIPE AT THE HENRY HUB

IN RECENT YEARS GAS PRODUCTION FROM DEEPWATER FACILITIES HAS BEEN RAMPING UP FOLLOWING THE

DEVELOPMENT OF THE NECESSARY PRODUCTION GAS PROCESSING AND TRANSPORTATION INFRASTRUCTURE AS

RESULT DEEPWATER GULF PRODUCTION WHICH WAS 05 BCFD IN 1992 HAS INCREASED TO 29 BCFD THIS

GROWTH IS EXPECTED TO CONTINUE OVER THE FORECAST PERIOD WITH PRODUCTION REACHING MORE THAN

BCFD BY 2020

FIGURE A23 GULF SHALLOW OFFSHORE PRODUCTION
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FIGURE A24 DEEP GULF OFFSHORE PRODUCTION
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GULF OF MEXICO ONSHORE

THE EXISTING ONSHORE GULF COAST SUPPLY REGION REMAINS ONE OF THE LARGEST GAS PRODUCING AREAS IN

THE US WITH CURRENT PRODUCTION AT MORE THAN BCFD THIS SUPPLY REGION INCLUDES FIELDS IN THE

TEXAS GULF ONSHORE REGION6 SOUTH LOUISIANA AND THE EAST GULF ONSHORE REGION SOUTHERN

ALABAMA AND MISSISSIPPI PRODUCTION HAS BEEN REDUCED SIGNIFICANTLY BY THE DEPLETION OF MATURE

FIELDS PARTICULARLY IN SOUTHERN LOUISIANA AND SOUTHEAST TEXAS

PRODUCTION FROM THE TEXAS GULF ONSHORE REGION WAS DECLINING IN THE EARLY 990S HOWEVER

DURING THE MID1990S PRODUCTION TEMPORARILY STOPPED ITS DECLINE DUE IN LARGE PART TO EXPANDED

USE OF 3D SEISMIC SURVEYS WHICH HELPED IDENTIFY NEW EXPLORATORY TARGETS TO BE DRILLED IN DEEPER

FORMATIONS COUPLED WITH IMPROVED FRACTURING AND DRILLING THAT PERMITTED THE DEVELOPMENT OF

RESERVOIRS THESE FORMATIONS IN PARTICULAR THE VICKSBURG FRIO AND WILCOX FORMATIONS WHILE

SUCCESS RATES IN THIS REGION ARE BUOYED BY 3D SEISMIC THE DEPLETION RATES ARE ALSO HIGH STARTING

IN 2001 PRODUCTION IN THE REGION RESUMED ITS DECLINE NEW PRODUCTION FROM RECENT

DEVELOPMENTS IN THESE FORMATIONS WILL HELP MAINTAIN REGIONAL PRODUCTION BUT WITH THE DEPLETION

RATES AT MATURE CONVENTIONAL FIELDS OVERTAKING THE GAIN IN PRODUCTION FROM NEW FIELDS OVERALL

PRODUCTION IS EXPECTED TO DECLINE FROM 63 BCFD IN 2004 TO 45 BCFD IN 2020

TEXAS RAILROAD COMMISSION DISTRICTS AND

R44JL
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FIGURE A25 TEXAS GULF ONSHORE PRODUCTION
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PRODUCTION FROM ONSHORE SOUTH LOUISIANA HAS BEEN DECLINING STEADILY SINCE THE EARLY 1990S

REACHING CURRENT LEVEL AROUND 21 BCFD THIS REPRESENTS 20 DROP IN PRODUCTION SINCE 1996

DURING THIS PERIOD PROVED RESERVES IN SOUTH LOUISIANA DECLINED BY ALMOST 35 THE IMPACT OF

DECLINING RESERVES WILL INCREASE OVER TIME BY 2020 PRODUCTION IS EXPECTED TO DROP TO LESS THAN

600 MIVLCFD VICTIM OF AGGRESSIVE PRODUCTION UTILIZING NEW TECHNOLOGY AND FALLING RESERVES
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FIGURE A26 SOUTH LOUISIANA ONSHORE PRODUCTION
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PRODUCTION FROM THE EAST GULF ONSHORE GAS FIELDS WHICH ARE LOCATED IN MISSISSIPPI AND SOUTHERN

ALABAMA HAS DECLINED 18 SINCE 1996 AND IS CURRENTLY ABOUT 800 IVLMCFD MOST OF THIS

PRODUCTION ORIGINATES IN THE NORPHLET SANDSTONES FROM THE STATE WATERS OF MOBILE BAY THERE

HAVE BEEN NO NEW MAJOR DISCOVERIES IN THIS PLAY SINCE 1995 ALTHOUGH THERE ARE SOME INDICATIONS

THAT IT COULD TREND INTO FLORIDA STATE WATERS WHERE OIL AND GAS DRILLING IS GENERALLY PROHIBITED

PRODUCTION OVER THE FORECAST PERIOD IS PROJECTED TO DECLINE TO AROUND 700 IVLIMCFD BY 2020
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FIGURE A27 EAST GULF ONSHORE PRODUCTION
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ROCKY MOUNTAIN

THE ROCKY MOUNTAIN PRODUCING REGION ENCOMPASSES CONVENTIONAL AND UNCONVENTIONAL PRODUCING

FORMATIONS IN WYOMING MONTANA UTAH MOST OF COLORADO AND THE RATON BASIN IN NORTHERN NEW

MEXICO BUT EXCLUDES THE SAN JUAN BASIN PRODUCTION HAS GROWN ROBUSTLY FROM 35 BCFD IN 1996

TO THE CURRENT LEVEL OF ABOUT 67 BCFD PROVED RESERVES HAVE ALMOST DOUBLED DURING THIS PERIOD

TO MORE THAN 35 TCF EP IN THE ROCKY MOUNTAIN SUPPLY REGION IS SUPPORTED BY THE RELATIVELY

LARGE CONCENTRATION OF UNDEVELOPED RESOURCES IN BOTH CONVENTIONAL AND UNCONVENTIONAL GAS

FORMATIONS7 THE GROWTH IN ROCKY MOUNTAIN PRODUCTION IS EXPECTED TO CONTINUE OVER THE

FORECAST HORIZON REFLECTING INCREASED PRODUCTION OF COALBED METHANE IN THE POWDER RIVER BASIN

IN WYOMING AND THE RATON BASIN AMONG OTHERS ALSO MAKING LARGE CONTRIBUTIONS TO GROWING

REGIONAL PRODUCTION WILL BE GAS FROM TIGHT SAND FORMATIONS IN THE GREEN RIVER WIND RIVER

PICEANCE UINTA AND DENVER BASINS BY 2020 ROCKY MOUNTAIN GAS PRODUCTION IS EXPECTED TO

REACH ALMOST 12 BCFD

THE UNCONVENTIONAL RESOURCE BASE IN THE ROCKY MOUNTAIN REGION AMOUNTS TO 231 TCF 46 TCF IN COALBED METHANE

AND 185 TCF IN TIGHT SANDS AND SHALES
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FIGURE A28 ROCKY MOUNTAIN PRODUCTION

14000

SAN JUAN BASIN

2008 2010 2012 2014 2016 2018 20202006

OF THE ESTIMATED RESOURCES OF 68 TCF COALBED METHANE AND TIGHT SANDS REPRESENT MOST OF THE

REMAINING RESOURCES COALBED METHANE PRODUCTION HAS ALLOWED OVERALL BASIN PRODUCTION LEVELS TO

INCREASE FROM 35 BCFD IN THE MID1990S TO ABOUT BCFD IN 2004 COALBED METHANE

PRODUCTION PRIMARILY FROM THE FRUITLAND FORMATION HAS REACHED ITS PEAK HOWEVER THE LONG

DECLINE CURVES FOR THE COALBED METHANE WELLS ALONG WITH CONTINUED DEVELOPMENT OF OTHER

UNCONVENTIONAL FORMATIONS WILL RESULT IN STEADY TO SLIGHTLY DECLINING PRODUCTION GOING FORWARD

BY 2020 PRODUCTION IN THE SAN JUAN BASIN IS PROJECTED TO BE ABOUT 35 BCFD
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FIGURE A29 SAN JUAN PRODUCTION
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MIDCONTINENT

THE MIDCONTINENT SUPPLY REGION INCLUDES PRODUCING FIELDS LOCATED PRIMARILY IN OKLAHOMA

KANSAS AND PARTS OF NORTHERN TEXAS INCLUDING THE TEXAS PANHANDLE TEXAS RAILROAD COMMISSION

DISTRICTS AND 10 OVERALL PRODUCTION IN THE REGION DECLINED ONLY SLIGHTLY FROM 78 BCFD IN

1996 TO THE CURRENT LEVEL OF PRODUCTION OF 75 BCFD IN OKLAHOMA THE PRIMARY PRODUCING BASIN

IS THE ANADARKO BASIN WHICH ACCOUNTS FOR MORE THAN 80 OF PRODUCTION IN OKLAHOMA THE

ANADARKO BASIN IS MATURE BASIN ALTHOUGH RECENT HIGH PRICES HAVE ALLOWED MORE DRILLING AND

PRODUCTION FROM DEEP FORMATIONS KEEPING PRODUCTION ABOUT FLAT IN RECENT YEARS THE LARGEST

PRODUCTION DECLINES IN THE REGION HAVE OCCURRED IN KANSAS AND IN THE TEXAS PANHANDLE WHERE

FIELDS ARE MATURING8 PRODUCTION IN KANSAS HAS LONG BEEN DOMINATED BY THE HUGOTON FIELD ONCE

ONE OF THE LARGEST GAS PRODUCING FIELDS IN NORTH AMERICA WHEN PRODUCTION PEAKED IN 1970

HUGOTON PRODUCTION DECLINED UNTIL THE MID1990S WHEN NEW RULES PERMITTING MORE INFILL DRILLING

AND COMPRESSION ALLOWED THE FIELD TO REACH SECOND LOWER PEAK IN 1996 SINCE 1996 HUGOTON

PRODUCTION HAS DECLINED AT AN AVERAGE ANNUAL RATE OF 8 IN THE OTHER PORTION OF THE MID
CONTINENT REGION9 PRODUCTION HAS GROWN SIGNIFICANTLY FROM 285 IVLIMCFD IN 1996 TO BCFD IN

2004 THIS GROWTH HAS BEEN PRIMARILY THE RESULT OF THE BARNETT SHALE DEVELOPMENTS

THE CURRENT PRODUCTION TRENDS ARE TO CONTINUE FOR THE FORESEEABLE FUTURE AND WILL BE AUGMENTED

BY NEW COALBED METHANE PRODUCTION FROM THE CHEROKEE BASIN IN SOUTHEASTERN KANSAS AND

TEXAS RAILROAD COMMISSION DISTRICT 10

TEXAS RAILROAD COMMISSION DISTRICT
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NORTHEASTERN OKLAHOMA MIDCONTINENT PROVED RESERVES HAVE INCREASED BY ALMOST 7 SINCE 1996

WITH THE RAPID GROWTH OF RESERVES IN THE BARNETT SHALE ALONG WITH INCREASES IN THE REGIONS

COALBED METHANE AND DEEP ANADARKO GAS RESERVES OFFSETTING THE RAPID DECLINE IN HUGOTON AND

TEXAS PANHANDLE RESERVES MIDCONTINENT PRODUCTION IS EXPECTED TO SLOWLY DECLINE FROM CURRENT

LEVELS REACHING 66 BCFD BY 2020

FIGURE A21O TOTAL MIDCONTINENT PRODUCTION
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NORTH CENTRAL

THE NORTH CENTRAL SUPPLY REGION INCLUDES GAS PRODUCTION FROM MICHIGAN AND NORTH DAKOTA

TOTAL PRODUCTION IN THE REGION HAS AVERAGED ABOUT 700 IVLIIVLCFD SINCE THE MID1990S WHILE

PROVED RESERVES HAVE INCREASED ABOUT 50 PRIMARILY AS THE RESULT OF INCREASED EXPLORATION AND

DEVELOPMENT IN THE ANTRIM SHALE OF MICHIGAN PRODUCTION IN THE WILLISTON BASIN IN NORTH

DAKOTA HAS REMAINED FAIRLY STEADY AT AROUND 140 IVLIMCFD SINCE 1996 WHILE THIS BASIN IS

ESTIMATED TO HOLD APPROXIMATELY 10 TCF OF TIGHT SAND AND SHALE GAS RESOURCES THE PRIMARY FOCUS

OF RECENT EP ACTIVITY HAS BEEN OIL PRODUCTION FROM THE BAKKEN SHALE FORMATION OVERALL NORTH

CENTRAL GAS PRODUCTION IS EXPECTED TO DROP SLIGHTLY AND THEN INCREASE GRADUALLY AROUND 2010 AT

THE END OF THE FORECAST PERIOD WE HAVE ESTIMATED NORTH CENTRAL PRODUCTION TO BE 600 MMCFD
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FIGURE A211 NORTH CENTRAL PRODUCTION
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APPALACHIAN BASIN

THE APPALACHIAN BASIN HAS LONG HISTORY OF PRODUCTION FROM FIELDS IN KENTUCKY NEW YORK

OHIO PENNSYLVANIA VIRGINIA WEST VIRGINIA AND THE BLACK WARRIOR BASIN IN ALABAMA THE

PRIMARY PRODUCING FORMATIONS HAVE INCLUDED CONVENTIONAL SANDSTONES AND CARBONATES AS WELL AS

DEVONIAN SHALE COALS AND TIGHT SANDS IMPROVED DRILLING AND PRODUCTION TECHNIQUES AND NEW

SEISMIC TECHNOLOGY HAS LED TO RENAISSANCE IN THE REGION WITH PRODUCTION WHICH HAS GROWN
ABOUT 10 SINCE THE MID1990S CURRENTLY AT JUST LESS THAN BCFD FUTURE PRODUCTION WILL BE

DOMINATED BY UNCONVENTIONAL SOURCES WITH THE ESTIMATED RESOURCES OF 104 TCF IN THE REGION

CONSISTING OF 9 CONVENTIONAL FORMATIONS 61 TIGHT SANDS 18 DEVONIAN SHALES AND 12
COALBED METHANE PRODUCTION IS PROJECTED TO INCREASE OVER THE FORECAST PERIOD REACHING ABOUT 23
BCFD BY 2020
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FIGURE A212 APPALACHIAN BASIN PRODUCTION
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CALIFORNIA

CALIFORNIA GAS PRODUCTION INVOLVES MOSTLY ASSOCIATED PRODUCTION FROM THE OIL FIELDS IN CENTRAL AND

SOUTHERN PARTS OF THE STATE AND PRODUCTION FROM NONASSOCIATED FIELDS IN THE SACRAMENTO BASIN

SMALL AMOUNT FROM OFFSHORE FIELDS IS PROJECTED ASSOCIATED PRODUCTION ACCOUNTS FOR ABOUT 75
OF THE TOTAL CURRENT PRODUCTION OF AROUND 800 MMCFD REPRESENTS AN 11 INCREASE FROM THE

MID1990S PROVED RESERVES HAVE DECLINED BY 11 OVER THE SAME PERIOD ASSOCIATED PRODUCTION

DRIVEN PRIMARILY BY THE PRICE OF OIL AND THE AMOUNT OF OIL PRODUCED THROUGH ENHANCED RECOVERY IN

THE FIELDS AROUND BAKERSFIELD GREW FROM THE MID1990S THROUGH 2001 SINCE THEN THE DECLINE

TREND HAS BEEN WELL DOCUMENTED NONASSOCIATED PRODUCTION HAS BEEN IN DECLINE SINCE THE EARLY

1990S TOTAL CALIFORNIA PRODUCTION IS PROJECTED TO DECLINE TO AROUND 600 IVLMCFD BY 2020
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FIGURE A213 CALIFORNIA PRODUCTION

800

700

600 JAJ
500

400

300

200

100

0
2006 2008 2010 2012 2014 2016 2018 2020

ALASKA

ALASKA GAS RESOURCES AND PRODUCTION ARE SPLIT BETWEEN THE SOUTHERN PRODUCTION AROUND THE COOK

INLET AND THE NORTH SLOPE CURRENT MARKETED GAS PRODUCTION IS AROUND 11 BCFD WITH ABOUT 570

IVLIMCFD FROM COOK INLET AND THE REST REPRESENTING NET PRODUCTION FROM THE NORTH SLOPE MOST OF

THE NORTH SLOPE GAS PRODUCTION IS USED FOR LEASE OPERATIONS AT THE OIL FIELDS FOR POWER GENERATION

OIL FIELD COMPRESSION AND PIPELINE PUMP STATIONS APPROXIMATELY 87 BCFD WHICH IS NOT

INCLUDED IN NET PRODUCTION IS PRODUCED IN ASSOCIATION WITH NORTH SLOPE OIL PRODUCTION AND IS RE

INJECTED INTO THE OIL RESERVOIRS TO HELP MAINTAIN OIL PRODUCTION CURRENT PROVED RESERVES ARE 83

TCF WITH TCF IN THE COOK INLET REGION AND THE REST ON THE NORTH SLOPE THERE IS ANOTHER 3040

TCF OF DISCOVERED GAS RESOURCES ON THE NORTH SLOPE THAT CANNOT BE CONSIDERED PROVED RESERVES

UNTIL EITHER PIPELINE OR LIQUEFACTION TERMINAL IS IN PLACE

PRODUCTION FROM THE RESERVES ON THE NORTH SLOPE WILL HELP OFFSET PORTION OF THE OVERALL DECLINE

IN DOMESTIC PRODUCTION HOWEVER COMMERCIALIZING THIS RESOURCE BASE IS DEPENDENT ON THE

CONSTRUCTION OF NEW PIPELINE FROM THE NORTH SLOPE TO EXISTING PIPELINE INFRASTRUCTURE PROBABLY

ALBERTA IN LAIS BUSINESSASUSUAL CASE WE ASSUME THAT THE PIPELINE WILL BE BUILT BY 2013

THEREBY ALLOWING UP TO 44 BCFD TO FLOW BY 2015 ALASKA GAS PRODUCTION WILL BE LESS THAN

BCFD AFTER 2015 AS COOK INLET PRODUCTION IS PROJECTED TO DECLINE SIGNIFICANTLY OVER THE FORECAST

PERIOD GIVEN THE UNCERTAINTY ASSOCIATED WITH PREDICTING THE POTENTIAL DECLINE IN COOK INLET

PRODUCTION AS SHOWN IN FIGURE A214 WE HAVE ASSUMED RELATIVELY LEVEL PRODUCTION PATTERN

FROM 20152020
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FIGURE A214 ALASKA PRODUCTION
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WESTERN CANADA SEDIMENTARY BASIN

THE WCSB COVERS PRODUCTION FROM ALBERTA SASKATCHEWAN AND BRITISH COLUMBIA THE WCSB
IS ONE OF TWO PRIMARY BASINS SERVING NEW YORK THE WCSB IS MATURE PRODUCING BASIN THAT

WILL LIKELY STRUGGLE TO MAINTAIN CURRENT PRODUCTION LEVELS PARTLY AS RESULT OF THE NATURAL GAS

INTENSIVE PROCESS OF PRODUCING OIL FROM TAR SANDS IN ALBERTA THE WCSB CURRENTLY ACCOUNTS FOR

MORE THAN 97 OF CANADAS GAS PRODUCTION NEARLY ALL OF THE GAS EXPORTED TO US MARKETS

GEOLOGICAL FORMATIONS CONTAINING HYDROCARBONS SHOW INCREASING DRILLING DEPTHS AND GEOLOGICAL

COMPLEXITY MOVING EAST TO WEST DRILLING WILL TRANSITION FROM THE SHALLOW RESERVOIRS OF WESTERN

SASKATCHEWAN AND EASTERN ALBERTA TO DEEPER MORE EXPENSIVE FIELDS IN WESTERN ALBERTA AND

BRITISH COLUMBIA ALTHOUGH COALBED METHANE PRODUCTION IN THE WCSB IS WELL BEHIND US
COALBED METHANE PRODUCTION IN THE SAN JUAN AND ROCKY MOUNTAINS IT IS EXPECTED TO GROW RAPIDLY

IN THE WCSB THUS PARTLY OFFSETTING DEPLETION TRENDS IN THE SHALLOW RESERVOIRS WHEREAS US
COALBED METHANE PRODUCTION PRESENTLY ACCOUNTS FOR 47 BCFD COALBED METHANE PRODUCTION IN THE

WCSB IS PROJECTED TO EXCEED 10 BCFD BY 2010

TOTAL WCSB PRODUCTION IS EXPECTED TO REMAIN FLAT AT AROUND 16 BCFD THROUGH 2010

SUBSEQUENTLY SLIGHT DECLINE IS PREDICTED ABOUT 15 BCFD IS PREDICTED THROUGH 2020

10ADJUSTMENTS TO THE GPCM DATABASE ARE LARGELY CONSISTENT WITH THE ICENT WCSB PRODUCTION FORECASTS BY

TRANSCANADA 50 OWNER OF BROADWATER
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FIGURE A215 WCSB PRODUCTION
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ATLANTIC CANADA

PRODUCTION FROM THIS SUPPLY BASIN BEGAN IN LATE 1999 FROM THE SABLE OFFSHORE ENERGY PROJECT

LOCATED ON THE SCOTIAN SHELF OFF OF NOVA SCOTIA AT RATE OF APPROXIMATELY 500 MMCFD THE

MARITIMES AND NORTHEAST PIPELINE PROVIDES DIRECT PATHWAY FROM NOVA SCOTIA TO NEW ENGLAND

ENABLING PHYSICAL OR FINANCIAL ACCESS TO THE BASIN FOR SHIPPERS ON ALGONQUIN AND TEXAS EASTERN

UNTIL LATE 2003 PRODUCERS IN ATLANTIC CANADA HAD HIGH HOPES THAT THE SCOTIAN SHELF WOULD

BECOME MAJOR SUPPLY BASIN FOR THE MARITIMES AND NEW ENGLAND WITH PRODUCTION REACHING

BCFD BY 2010 ALTHOUGH INITIAL PRODUCER ENTHUSIASM IN THE SCOTIAN SHELF DREW INDUSTRY

COMPARISONS TO THE POTENTIAL FOR ANOTHER GULF OF MEXICO THE AREA IS HIGHLY UNLIKELY TO

APPROACH GULF PRODUCTIVITY OVER THE FORECAST PERIOD OVER THE LAST THREE YEARS EXPLORATION AND

DEVELOPMENT EFFORTS ON THE SCOTIAN SHELF HAVE EXPERIENCED NUMBER OF SETBACKS AS PRODUCERS

ENCOUNTERED EXPENSIVE DRY HOLES HIGHER THAN EXPECTED INFRASTRUCTURE COSTS AND SEVERAL RESERVE

WRITEDOWNS THESE DEVELOPMENTS SIGNAL REDUCED EXPECTATIONS REGARDING THE POTENTIAL FOR ANY

INCREASE IN PRODUCTION FROM ATLANTIC CANADA FOR THE FORESEEABLE FUTURE

THE CURRENT OUTLOOK ASSUMES THAT PRODUCTION REMAINS AROUND 400 MMCFD THROUGH ABOUT THE

MIDDLE OF THE NEXT DECADE THE ADDITION OF DEEP PANUKE ALONG WITH MINOR PRODUCTION FROM

ONSHORE NOVA SCOTIA AND NEW BRUNSWICK AND INCREMENTAL GAS PRODUCTION ASSOCIATED WITH OIL

FIELD PRODUCTION OFFSHORE NEWFOUNDLAND RESULT IN INCREASED PRODUCTION BEGINNING IN 2014 AT

THE END OF THE FORECAST PERIOD PRODUCTION IS 900 IVLIIVLCFD
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FIGURE A216 ATLANTIC CANADA PRODUCTION
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APPENDIX

FUEL PRICE FORECASTS

LAI DEVELOPS FUEL PRICE FORECASTS INCLUDE BASED ON RANGE OF ECONOMETRIC STATISTICAL AND

SIMULATION MODELING APPROACHES THE FORECAST FOR NATURAL GAS PRICES UTILIZE THE GPCM MODELING

SYSTEM DESCRIBED PREVIOUSLY THE FORECAST FOR OIL INCLUDES TWO COMPONENTS NEARTERM FORECAST

AND LONGTERM TREND THE NEAR TERM OUTLOOK FOR LIGHT SWEET CRUDE OIL EQUIVALENT TO WEST TEXAS

INTERMEDIATE WTI IS DERIVED FROM NEW YORK MERCANTILE EXCHANGE NYIVIEX FUTURES NO
HEATING OIL AT NEW YORK HARBOR NYH IS DERIVED FROM THE WTI PRICE FORECAST AND THEN

COMPARED FOR CONSISTENCY WITH THE NYMIEX FUTURES FOR NO FUEL OIL THE PRICE OF RFO IS

DERIVED FROM THE CRUDE OIL PRICE FORECAST SINCE RFO PRICES ARE ALSO HIGHLY CORRELATED TO THE PRICE

OF CRUDE OIL

NEAR TERM COAL AND EMISSION ALLOWANCE PRICES ARE BASED ON REPORTED FORWARD PRICES LONGTERM

COAL PRICE FORECASTS REFLECT THE PRODUCTION AND MARKET CONDITIONS THAT DETERMINE FREE ON BOARD

FOB SUPPLY BASIN PRICES FOR THE TWO MAJOR COAL PRODUCING REGIONS OF RELEVANCE NORTHERN

APPALACHIA NAPP AND CENTRAL APPALACHIA CAPP THESE PRICE FORECASTS WITH SUBSEQUENT

ADJUSTMENTS FOR TRANSPORTATION COSTS DRIVE THE PRICE OF COAL DELIVERED TO GENERATING PLANTS IN NEW

YORK PJIM AND NEW ENGLAND THE LONGERTERM FORECAST FOR EACH FUEL OF RELEVANCE OVER THE

PLANNING HORIZON REPRESENTS LAIS PERSPECTIVE STATISTICAL ANALYSES HAS BEEN PERFORMED TO

ACCOUNT FOR HISTORICAL PRODUCTION CONSUMPTION AND PRICE TRENDS FUEL PRICE PARITY RELATIONSHIPS

TECHNOLOGY PROGRESS AND RESOURCE MATURATIONAL EFFECTS

FUEL OIL

THE PRICE OF WTI OIL REFLECTS WORLD CRUDE OIL PRICES WTI PRICES HAVE EXPERIENCED BOOMS AND

BUSTS FIGURE A31 MOST BUT NOT ALL BOOM PERIODS HAVE BEEN FOLLOWED BY PLATEAUS OR BUSTS

THE RANGE BETWEEN THE PEAKS OF THE BOOM PERIODS AND THE TROUGHS CAN BE SUBSTANTIAL MOST

RECENTLY OIL PRICES BLEW THROUGH ONE RESISTANCE LEVEL AFTER ANOTHER REACHING 55 BBL IN OCTOBER

2004 WE HAVE INCORPORATED MONTHLY VOLATILITY INTO OUR WTI FORECASTS FOR EACH SCENARIO BASED

ON RECENT HISTORICAL VOLATILITY PATTERNS THE BOOMS HAVE BEEN DRIVEN BY SUPPLY CONCERNS USUALLY

ACCOMPANIED BY POLITICAL TURMOIL IN ONE OR MORE OF THE PRIMARY PRODUCING REGIONS OF THE MIDDLE

EAST OR AFRICA HIGH PRICES DURING THESE PERIODS HAVE SPURRED INVESTMENT IN EP SUBSEQUENTLY

RESULTING IN INCREASED PRODUCTION AT ABOUT THE TIME THE HIGH PRICES REDUCED DEMAND THE

ORGANIZATION OF THE PETROLEUM EXPORTING COUNTRIES OPECLED CARTEL RESTRAINTS ON SUPPLY HAVE

USUALLY WAVERED CAUSING ACUTE GYRATIONS IN WORLD BENCHMARK PRICES
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FIGURE A31 WTI CRUDE OIL PRICES

AGAINST THE BACKDROP OF THE IRAQ WAR AND POLITICAL CHAOS IN NUMBER OF PRODUCING COUNTRIES

GLOBAL MARKET DYNAMICS HAVE CAUSED PARADIGM SHIFT SOME HAVE SAID FEAR PREMIUM
ASCRIBABLE TO CONTINUED CONCERNS ABOUT DESTABILIZATION IN THE MIDDLE EAST IS EMBEDDED IN CURRENT

WORLD OIL PRICES POLITICAL INSTABILITY IN VENEZUELA EXACERBATES THE TENSION THE LONGRUN TREND

REMAINS MATERIALLY ABOVE THE HISTORICAL BUST LEVELS AND MATERIALLY ABOVE THE AVERAGE PRICES SEEN

OVER THE LAST THREE DECADES ONE FACTOR DRIVING THE PARADIGM SHIFT IS BASED ON CONCERNS THAT

WORLD OIL PRODUCTION HAS PEAKED JUST AS THE WORLD DEMAND FOR REFINED PRODUCTS FOR TRANSPORTATION

FUELS HAS GROWN IN PARTICULAR IN INDIA AND CHINA SOME ANALYSTS CONTEND THAT OIL RESERVES AND

PRODUCTION CAPACITY IN SAUDI ARABIA ARE OVERSTATED AND THEREFORE FUTURE PRODUCTION INCREASES

NECESSARY TO MEET GROWING DEMAND BASED ON ABUNDANT SAUDI RESERVES WILL NOT MATERIALIZE2

SUPPORTING THE EXPECTATIONS FOR HIGHER LEVEL OF PRICES IN THE FUTURE ARE RECENT MOVES BY OPEC

TO ADJUST PRODUCTION POLICIES TO SUPPORT PRICES AT LEVELS AROUND 40BBL3

OVER THE FORECAST PERIOD UPWARD PRESSURE ON OIL PRICES DRIVEN BY STEADY DEMAND FOR REFINED PRODUCTS FROM THE

INDUSTRIALIZED ECONOMIES AND BY ROBUST DEMAND IN CHINA INDIA AND OTHER DEVELOPING ECONOMIES WILL BE TEMPERED

BY INCREASED PRODUCTION FROM NONOPEC FIELDS RUSSIA AND THE CASPIAN SEA PRODUCTION IN CANADA FROM OIL SANDS

WILL ALSO FIGURE SIGNIFICANTLY IN US IMPORTS STRINGENT EMISSIONS LIMITS ON RFO MAY ALSO HAVE MODERATING

INFLUENCE ON DEMAND GROWTH IN LAIS VIEW PRODUCTION PEAKS IN THE MIDDLE EAST AND AFRICA ARE LIKELY TO SUSTAIN

SIGNIFICANT REAL UPWARD PRESSURE ON PRICES THROUGH 2020

MATTHEW SIMMONS TWILIGHT IN THE DESERT THE FADING OF SAUDI ARABIAS OIL PISENTATION TO THE HUDSON

INSTITUTE SEPTEMBER 19 2004

FACTOR INPUTS FOR ALL MODELS WERE BASED ON MARKET EXPECTATIONS AND GEOPOLITICAL CONSIDERATIONS AS OF JULY 2005

THE RUN UP IN OIL AND GAS PRICES FOLLOWING HURRICANES KATRINA AND RITA HAVE NOT BEEN INCLUDED IN THIS ANALYSIS

N CX
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IN CONSIDERATION OF THE POSSIBILITY THAT OIL PRICES COULD MOVE HIGHER FROM CURRENT LEVELS

FORECAST OF HIGHER OIL PRICES IS INCLUDED IN OUR HIGH PRICE SCENARIO THE BUSINESSASUSUAL CASE

INCORPORATES LONGTERM REAL PRICE ESCALATION OF 08 PER YEAR

THE PRIMARY FACTOR AFFECTING THE PRICE OF RESIDUAL OR DISTILLATE FUEL OIL IS THE PRICE OF CRUDE OTHER

COST FACTORS RELATE TO REFINING AND EMISSIONS LIMITS CURRENT REFINERY CONFIGURATIONS LIMIT THE

VOLUME OF HEAVY HIGH SULFUR SOUR CRUDE THAT CAN BE PROCESSED WHILE ENVIRONMENTAL RESTRICTIONS

ARE LIMITING CAPACITY EXPANSIONS AND ADDITIONS THE FORECASTS OF RESIDUAL FUEL OIL AND DISTILLATE

FUEL OIL ARE BASED ON HISTORICAL RELATIONSHIPS WITH THE PRICE OF WTI THE NY1VIEX FUTURES PRICES

FOR LIGHT SWEET CRUDE EQUIVALENT TO WTI AND THE FUTURES PRICES FOR NO HEATING OIL THE

FORECASTS FOR NYH PRICES FOR 03 AND 1 SULFUR RFO ALONG WITH NO FUEL OIL ARE DERIVED FROM

THE STATISTICAL CORRELATIONS WITH BENCHMARK CRUDE THE NO OIL FUTURES STRIP IS UTILIZED AS

CHECK FOR CONSISTENCY WITH THE RESULTS OF THE ECONOMETRIC ANALYSIS

FOR THE NEAR TERM THE BUSINESSASUSUAL CRUDE OIL FORECAST UTILIZES NYMEX FUTURES PRICES

THROUGH DECEMBER 2011 WE THEN ASSUME THAT CRUDE OIL PRICES WILL ESCALATE AT REAL RATE OF

08 ANNUALLY CONSISTENT WITH THE FORECAST OF LONGTERM REAL PRICE ESCALATION IN THE 2005

ANNUAL ENERGY OUTLOOK OR ABOUT 39 PER ANNUM IN NOMINAL TERMS KEROSENE PRICES FOR GAS

TURBINES ON LONG ISLAND AND NEW YORK CITY WERE FORECAST BASED ON AN ANALYSIS OF THE HISTORICAL

PREMIUM FOR KEROSENE OVER NO FUEL OIL DELIVERED FUEL OIL PRICES IN NEW YORK REFLECT

APPLICABLE TAXES5

IN TABLE A31 WE SUMMARIZE THE PRICE ADJUSTMENTS TO THE NYH PRICE USED TO OBTAIN THE PRICE OF

RFO AND NO FUEL OIL IN NEW ENGLAND AND PJIM

TABLE A31 REGIONAL FUEL OIL PRICE DIFFERENTIALS FROM NYH FORECASTS

MARKET RESIDUAL FUEL OIL NO FUEL OIL

PMI
07 NYH NYH

025MIVIIBTU 027MIVIIBTU

07NYH NYH
NEW ENGLAND 030MMIBTU 033MMIBTU

COAL

COAL PRICES ARE STATED ON AN FOB BASIS AT THE TWO PRIMARY COAL SUPPLY REGIONS SERVING NEW YORK

PJIM AND NEW ENGLAND THE PRICE OF COAL IS PRIME DETERMINANT OF THE PRICE OF ENERGY IN PJIM

IN PARTICULAR IT THEREFORE HAS DIRECT EFFECT ON LIPAS CABLE LOADING FACTOR ON THE NEW HIGH

VOLTAGE DIRECTCURRENT CABLE FROM NEW JERSEY TO LONG ISLAND INDIVIDUAL FORECASTS HAVE BEEN

DEVELOPED FOR NAPP AND FOR CAPP FIGURE A32 THE FORECAST USES ECONOMETRIC MODELS THAT

AS OF SUMMER 2005

THE NEW YORK PETROLEUM BUSINESS TAX IS 039IV11VIBTU FOR RFO AND 056MMBTU FOR NO FUEL OIL THE NEW
YORK SPILL TAX IS 002IV11VIBTU FOR RFO AND DISTILLATE FUEL OIL
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ARE BASED ON THE HISTORICAL RELATIONSHIPS BETWEEN THE PRICE OF COAL IN THESE SUPPLY REGIONS

UNDERGROUND MINING PRODUCTIVITY IN APPALACHIA AND INFLATION6

COAL MARKET PRICES ARE HEAVILY INFLUENCED BY PRODUCTION COSTS AND MINING CONDITIONS IN THE

NAPP AND CAPP MINING REGIONS UNDERGROUND MINING PRODUCTIVITY IS KEY FACTOR AFFECTING

PRODUCTION COSTS IN THESE MINING REGIONS SINCE UNDERGROUND MINES ACCOUNT FOR ABOUT 65 OF THE

COAL PRODUCED IN NAPP AND CAPP UNDERGROUND PRODUCTION IN THESE REGIONS IS EXPECTED TO

INCREASE MARKET SHARE OVER THE FORECAST HORIZON AS APPALACHIAN SURFACE MINES ARE DEPLETED AND

SURFACE MINED PRODUCTION DECLINES IN RESPONSE TO THE ENVIRONMENTAL RESTRICTIONS ON MOUNTAIN TOP

REMOVAL MINING METHODS

CONTRACTS WITH ENDUSERS PRIMARILY ELECTRIC GENERATORS COVER 70 OF THE COAL MINED IN CAPP

AND 80 OF THE COAL MINED IN NAPP7 THE REMAINING COAL PURCHASES ARE TRANSACTED IN THE SPOT

MARKET WHILE SPOT MARKET PRICES INFLUENCE CONTRACT PRICES IN SOME CASES SERVING AS THE

BENCHMARK FOR THE INITIAL PRICE LEVELS IN NEW CONTRACTS OR FOR RESTMCTURED CONTRACTS MANY LARGE

COAL USERS ARE REFUSING CONTRACTS TIED TO SPOT PRICES THE NAPP AND CAPP COAL PRICE FORECASTS

WERE UTILIZED TO PROVIDE THE BASIS FOR ESCALATING THE COST OF COAL ON DELIVERED BASIS TO COALFIRED

PLANTS IN NEW YORK NEW ENGLAND AND PJM MOST OF THE INDIVIDUAL GENERATING PLANTS IN EACH

REGION HAVE SPECIFIC MIX OF SPOT AND CONTRACT COAL SUPPLY ARRANGEMENTS WITH SPECIFIC DELIVERED

PRICES INCORPORATED IN MARKETSYM8

LAT EXPECTS THE CURRENT MNUP IN COAL PRICES TO RECEDE IN BOTH CAPP AND NAPP IN THE NEAR TERM

AFTER 2008 COAL PRICES ARE EXPECTED TO INCREASE IN NOMINAL TERMS AT 21 FOR CAPP AND 20 IN

NAPP REPRESENTING DECREASE IN REAL TERMS THESE FORECASTS REFLECT THE TOTAL VOLUME OF COAL

MINED IN CAPP AND NAPP PURCHASED UNDER BOTH CONTRACTS AND IN SPOT MARKETS SPOT PRICES ARE

LIKELY TO BE MORE VOLATILE AND DURING PERIODS OF TIGHTENED SUPPLIES MAY EXHIBIT PRICE MNUPS
SIMILAR TO THE MOST RECENT SPOT MARKET PRICING BEHAVIOR THIS REFLECTS PERMANENT CHANGE FROM

THE 1985 TO 2001 WHEN COAL PRICES DECLINED STEADILY IN NOMINAL TERMS KEY FACTORS WHICH HAVE

REVERSED THE TREND OF DECLINING COAL PRICES IN NORTHERN AND CENTRAL APPALACHIA INCLUDE RECENT

INDUSTRY CONSOLIDATION DUE TO SEVERAL PRODUCER BANKMPTCIES DEPLETION AND CLOSING OF SEVERAL

OLDER MINES AND REDUCTION IN THE INCREASE IN MINING PRODUCTIVITY9

FOR PLANTS LOCATED ALONG THE EAST COAST THAT RECEIVE SHIPMENTS BY WATER COAL IMPORTED FROM

COLOMBIA AND VENEZUELA WILL EXERT SOME DOWNWARD PRESSURE ON PRICES FOR PLANTS LOCATED IN THE

CONTRACT ESCALATORS ARE TIED TO INFLATION INDICES IN THE UNITED MINE WORKERS CONTRACTS WITH THE EASTERN COAL

PRODUCERS

US ETA US COAL PRICES NORTHERN AND CENTRAL APPALACHIAN COAL

THESE DATA HAD BEEN IN THE PUBLIC DOMAIN THROUGH FERC FORM 423 REPORTS HOWEVER PUBLIC DISCLOSURE OF

INDIVIDUAL PLANT FUEL COST IS NO LONGER COMPULSORY UNDER FERC RULES WHILE LATS DATABASE FOR REGIONAL GENERATING

PLANTS RUNS THROUGH 2001 THE UNAVAILABILITY OF RELIABLE FORM 423 DATA REQUIRES FORECAST METHOD FOR CONSISTENCY

THE GROWTH IN MINING PRODUCTIVITY HAS DECLINED AS LONGWALL MINING APPROACHES SATURATION OUR FORECAST ASSUMES

THAT UNDERGROUND MINING PRODUCTIVITY IN APPALACHIA WILL CONTINUE TO INCREASE BUT AT AN AVERAGE RATE THAT IS LOWER

THAN HISTORY THIS RATE OF GROWTH AVERAGED 58 ANNUALLY FROM 1980 TO 2001 THE FORECAST ASSUMES THAT THE GROWTH

IN UNDERGROUND MINING PRODUCTIVITY FOR THE APPALACHIAN PRODUCING REGIONS WILL AVERAGE ABOUT 1 ANNUALLY OVER THE

FORECAST PERIOD
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WESTERN AREAS OF PJIM AND NEW YORK AS WELL AS IN THE MIDWEST POWDER RIVER BASIN COAL CAN

EXERT SOME DAMPENING INFLUENCE ON PRICES
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FIGURE A32 HISTORICAL AND PROJECTED COAL PRICES

NUCLEAR FUEL PRICES ARE FORECAST TO INCREASE AT ABOUT THE RATE OF INFLATION THROUGH THE END OF THE

FORECAST THESE COSTS ARE DRIVEN BY U308 PRICES WHICH REPRESENT ABOUT 25 OF TOTAL

NUCLEAR FUEL COSTS ALONG WITH THE COSTS OF ENRICHMENT AND FABRICATION US U308 PRICES DECLINED

FROM AROUND 40LB IN THE LATE 1970S TO RANGE OF 10LB TO 20LB FOR MOST OF THE LAST 20 YEARS

RECENTLY SPOT PRICES HAVE SOARED SPOT PRICES REPRESENT ABOUT 12 OF THE MARKET FOR NUCLEAR

FUEL MOST OF THE REMAINDER IS PURCHASED UNDER LONGTERM CONTRACTS WITH TO YEAR CONTRACTS

BEING THE LONGEST TYPICAL POSITIONS

SUFFICIENT SUPPLIES OF URANIUM AND ADEQUATE FUEL PROCESSING CAPACITY SHOULD MAINTAIN FUEL COSTS

AT NUCLEAR PLANTS IN NEW YORK PJM AND NEW ENGLAND AT THE EQUIVALENT OF O40IVIIMBTU

THROUGHOUT THE FORECAST PERIOD THIS PRICE PATTERN REFLECTS THE IMPACTS OF THE SMALL NUMBER OF

NEW PLANTS LIKELY TO BE BUILT WORLDWIDE THROUGH 2010 SUBSEQUENT INCREASES IN DEMAND WILL

DEPEND ON THE CONSTRUCTION OF NEW PLANTS IN RESPONSE TO RAPIDLY GROWING POWER DEMAND IN THE

DEVELOPING COUNTRIES ESPECIALLY CHINA AND INDIA AND CONCEIVABLY POTENTIAL NEW PLANTS IN THE

US AND EUROPE TO COMBAT GLOBAL WARMING

10
NUCLEAR FUEL SUPPLY IS COMPRISED OF MINED AND ENRICHED U308 UTILITY STOCKPILES OF URANIUM AND SECONDARY

SOURCES SUCH AS RECYCLED SPENT FUEL AND RECYCLED WEAPONS GRADE URANIUM AND PLUTONIUM

2003 DOLLARS

CENTRAL

APPALACHIAN

N N N N
CO CO CO
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SO2 ALLOWANCE PRICE FORECAST

UNTIL 2003 SO2 ALLOWANCE PRICES REMAINED STABLE IN RELATIVELY NARROW BANDWIDTH OF 100
200TON IN 2004 SO2 ALLOWANCE PRICES SOARED TO OVER 700TON IN ANTICIPATION OF THE

PROMULGATION OF CAIR AND THE CLEAN AIR MERCURY RULE UNCERTAINTY OVER THE FORM AND

STRINGENCY OF MERCURY LIMITS AFFECTING EXISTING COALFIRED PLANTS COUPLED WITH UNCERTAINTY

CONCERNING THE ACTUAL IMPACTS OF CAIR CAUSED POWER GENERATORS TO DELAY PLANNED FGD

TECHNOLOGY RETROFITS AND FORCED THESE GENERATORS TO RELY MORE HEAVILY ON ALLOWANCES TO MEET

COMPLIANCE REQUIREMENTS SPOT PRICES BRIEFLY EXCEEDED 1600TON FOLLOWING PROMULGATION OF

CAIR IN 2005

THE FORECAST OF SO2 ALLOWANCE PRICES PRESENTED IN FIGURE A41 WAS BASED ON FORWARD PRICE

CURVES AVAILABLE AT THE TIME THE FORECAST WAS DEVELOPED PRICES WERE FORECAST TO REMAIN IN THE

700TON VICINITY THROUGH 2007 THEN GRADUALLY DECLINE TO HISTORICAL VALUES OF 200TON BY 2014

AS MANY OF THE GENERATORS IMPLEMENT SCRUBBER RETROFITS AFTER 2014 ALLOWANCE PRICES WERE

FORECAST TO ESCALATE AT RATE COMPARABLE TO INFLATION

APPENDIX

EMISSIONS ALLOWANCE PRICE FORECASTS

FIGURE A41 EMISSIONS ALLOWANCES PRICE FORECAST
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MARKET PRICES FOR SO2 ALLOWANCES ARE BASED ON PRICES REPORTED BY EVOLUTION MARKETS AS OF JULY 2005



NO ALLOWANCE PRICE FORECAST

THE NO ALLOWANCE PRICE FORECAST REFLECTS THE COSTS OF MEETING INCREASINGLY STRINGENT NO
EMISSION LIMITS COUPLED WITH THE PROLIFERATION OF NO BUDGET PROGRAMS ACROSS THE NORTHEAST

HISTORICALLY THE MARKET PRICE OF NO EMISSIONS ALLOWANCES HAS BEEN RELATED TO THE MARGINAL COST

OF NO CONTROL TECHNOLOGY HOWEVER UPWARD EXCURSIONS FROM THIS LEVEL HAVE HISTORICALLY

PRECEDED REDUCTIONS IN THE STATEWIDE NO BUDGETS AS PLANTS HAVE SCRAMBLED TO RETROFIT NO
EMISSIONS CONTROLS TECHNOLOGIES PRIMARILY SCR SELECTIVE NONCATALYTIC REDUCTION SNCR AND

GAS REBURNING OR HAVE ACQUIRED SUFFICIENT ALLOWANCES FROM THE MARKET FOR EXAMPLE IN THE

MONTHS PRECEDING PROGRAM IMPLEMENTATION IN 1999 AND AGAIN PRIOR TO THE MAY 2003 BUDGET

REDUCTIONS THE COST OF NO ALLOWANCES EXCEEDED 7000TON NO ALLOWANCE PRICES HAVE SINCE

TRENDED DOWNWARD

IN FIGURE A41 NO ALLOWANCE PRICES REFLECT THE AVERAGE PRICES FOR ALLOWANCES TO BE USED

THROUGH 2008 REPORTED FOR OZONE TRANSPORT COMMISSION TRADES AT THE TIME THE FORECAST WAS

DEVELOPED2 ALLOWANCE PRICES WERE FORECAST TO INCREASE FROM THE 2004 LEVEL OF 2290TON TO

3340TON IN 2006 BEYOND 2006 ALLOWANCE PRICES WERE FORECAST TO DECLINE THROUGH 2012 TO

REFLECT THE MARGINAL COST OF NO CONTROL ABOUT 1500TON AFTER 2012 ALLOWANCE PRICES WERE

ASSUMED TO ESCALATE WITH INFLATION

NONOZONE SEASON NO ALLOWANCES UNDER NEW YORKS ADRP CANNOT BE TRADED WITH OZONE

SEASON ALLOWANCES HOWEEVER GENERATORS CAN MANAGE FUEL BURNS AND EMISSIONS INTERSEASONALLY

TO MINIMIZE ENVIRONMENTAL COMPLIANCE COSTS LAI THEREFORE ASSUMED THAT THE NONOZONE SEASON

NO ALLOWANCE PRICES UNDER ADRP WILL FOLLOW SIMILAR TREND AS OZONESEASON NO ALLOWANCE

PRICES

MERCURY

CONCURRENT WITH CAIR THE EPA ISSUED THE CLEAN AIR MERCURY RULE WHICH RESTRICTS EMISSIONS OF

MERCURY FROM COALFIRED GENERATING PLANTS THE PROPOSED IMPLEMENTATION PLAN WOULD ESTABLISH

CAPANDTRADE PROGRAM FOR MERCURY CONSIDERATION OF MERCURY EMISSIONS RESTRICTIONS MAY HAVE

MATERIAL IMPACT ON ENERGY PRICES AND INSTALLED CAPACITY VALUES IN PJIM AND TO LESSER EXTENT IN

NYISO

THE FIRST COMPLIANCE DATE UNDER THIS RULE 2010 IS INTENDED TO BE SYNCHRONIZED WITH THE FIRST

CAIR MILESTONE TO TAKE ADVANTAGE OF FACT THAT SO2 REMOVAL TECHNOLOGIES ARE ALSO EFFECTIVE TO AN

EXTENT FOR MERCURY EMISSIONS CONTROL WE EXPECT THAT COALFIRED GENERATORS WILL ACHIEVE THE FIRST

LEVEL OF MANDATED REDUCTIONS IN 2010 BY INSTALLING THE SAME TECHNOLOGIES THAT WILL BE REQUIRED TO

MEET CAIR LIMITS SCR AND FGD MERCURY REMOVAL TESTS HAVE INDICATED THAT THE COMBINATION OF

WET FGD AND SCR SYSTEMS WITH MINOR SYSTEM ADJUSTMENTS AND ADDING SMALL AMOUNTS OF

REAGENT CAN ACHIEVE MERCURY EMISSIONS REMOVAL EFFICIENCIES ON THE ORDER OF 80 TO 85 MORE

THAN SUFFICIENT TO MEET THE PHASE AND POSSIBLY PHASE II MERCURY LIMITS UNDER THE CLEAN AIR

MERCURY RULE THE KEY PROCESS FOR ACHIEVING MERCURY REMOVAL APPEARS TO BE THE WET FGD

SYSTEM EARLY TESTS USING DRY FGD SYSTEMS HAVE NOT SHOWN SIMILARLY HIGH LEVELS OF MERCURY

MARKET PRICES REPORTED BY CANTOR ENVIRONMENTAL BROKERAGE DECEMBER 2004
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REMOVAL IN THIS REGARD OUR ATTRITION ANALYSIS OF THE COALFIRED PLANTS IN PJM IS FOCUSED ON THE

ADDED CAPITAL AND OPERATING COSTS ASSOCIATED WITH RETROFITTING WET FGD SYSTEM ALONG WITH SCR
THE EXISTING PLANTS THAT HAVE NOT ADDED WET FGD AND SCR SYSTEMS ARE ASSUMED TO INCUR THE

COSTS TO RETROFIT AND OPERATE THESE SYSTEMS FOR COMPLIANCE WITH MERCURY EMISSIONS LIMITS BY

2010 TABLE A41 SUMMARIZES THE CAPITAL AND OPERATING COSTS WE UTILIZED FOR THE RETROFIT OF WET

FGD AND SCR SYSTEMS TABLE A41 ALSO INCLUDES ESTIMATED COSTS FOR SNCR RETROFITS IN ORDER TO

DEVELOP THESE ESTIMATED COSTS LAI REVIEWED REPORTED COSTS FOR SPECIFIC PLANTS RETROFITS OF SCR
SNCR AS WELL AS WET FGD SYSTEMS

TABLE A41 CAPITAL AND OPERATING COSTS FOR FGD SCR AND SNCR RETROFITS ON

COALFIRED GENERATING PLANTS

EMISSIONS CAPITAL COST VARIABLE OM FIXED OM PARASITIC LOAD

CONTROL SYSTEM KW IVIWH KWYEAR
WETFGDLSFO4 175 110 650 20

SCR 100 0605 030 NA
SNCR 20 050 015 NA

CO2

THE REGIONAL GREENHOUSE GAS INITIATIVE RGGI IS REGIONAL CAPANDTRADE PROGRAM THAT WILL

AFFECT APPROXIMATELY 300 POWER PLANTS IN TEN NORTHEASTERN AND MIDATLANTIC STATES THAT HAVE

SIGNED THE MEMORANDUM OF UNDERSTANDING ALL OF NEW ENGLAND NEW YORK NEW JERSEY

MARYLAND AND DELAWARE THE PROGRAM ESTABLISHES ANNUAL STATEWIDE CAPS FOR CO2 EMISSIONS

FROM FOSSILFUELED PLANTS 25 1VIW AND LARGER THE PROGRAM IS DESIGNED TO COMMENCE IN JANUARY

2009 WITH
TARGET

OF STABILIZING CO2 EMISSIONS AT CURRENT LEVELS THROUGH 2014 AND THEN

ACHIEVING REDUCTIONS OF 25 PER YEAR THROUGH 2018

AT THE TIME LAI DEVELOPED THE MARKETSYM MODEL THE RGGI MODEL RULE HAD NOT BEEN FRAMED IT

WAS UNCERTAIN WHETHER RGGI WOULD EVENTUALLY BECOME AN ENFORCEABLE REGULATORY FRAMEWORK

AND THE PROSPECT OF FEDERAL CARBON CONTROL POLICY APPEARED REMOTE FOR PURPOSES OF OUR ELECTRIC

SIMULATION MODEL IN OUR BASE SCENARIO WE ASSUMED THE STATUS QUO IE THAT THERE ARE NO

ENFORCEABLE STATE OR FEDERAL CONTROLS ON CO2 EMISSIONS WE ALSO DEVELOPED AN ALTERNATE CO2
TAX SCENARIO TO ASSESS THE IMPACT OF SOME TYPE OF REGULATORY CONTROLS ON CO2 EMISSIONS THE

COMBUSTION OF ALL FOSSIL FUELS EMITS CO2 BUT COALFIRED GENERATION IS IMPACTED DISPROPORTIONATELY

TO GASFIRED GENERATION UNDER SUCH REGULATION IN THIS SCENARIO 10 PER TON OF CO2 ESCALATED

THE USE OF THESE CONTROL TECHNOLOGIES WILL ALLOW THE PLANTS TO REDUCE NO AND SO2 EMISSIONS ALLOWANCE COSTS AND

MORE EASILY MEET THE MORE STRINGENT SO2 AND NO EMISSIONS LIMITS AS WELL AS TO COMPLY WITH THE MERCURY LIMITS

ANY PLANTS THAT CAIMOT MEET THE CASH FLOW THRESHOLD REQUIREMENTS UTILIZED IN THE ATTRITION ANALYSIS AS THE RESULT OF THE

ADDED COSTS ASSOCIATED WITH WET FGD AND SCR RETROFITS ARE ASSUMED TO BE RETIRED

LIMESTONE FORCED OXIDATION

DOES NOT INCLUDE CATALYST REPLACEMENT COSTS OF 975KW EVERY YEARS
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WILL BE ASSESSED ON EMISSIONS FROM ALL FOSSIL GENERATION BEGINNING IN 20106 THIS COST CAN BE

REPRESENTED AS TAX IF FUTURE LEGISLATION IS STRUCTURED TO BE AN ASSESSMENT ON OUTPUT AN

EMISSION ALLOWANCE COST OR THE OPPORTUNITY COST OF TRADING ALLOWANCES

IN 1999 THE AVERAGE CO2 EMISSIONS IN THE US WAS 21 LBKWH FOR COAL PLANTS 19 LBKWH FOR OILFIID PLANTS AND

13 LBSKWH FOR GASFIRED PLANTS AT 10TON THIS EQUATES TO 1050MWH FOR COAL 950MWH FOR OIL AND

650MWH FOR GAS US ETA CARBON DIOXIDE EMISSIONS FROM THE GENERATION OF ELECFRIC POWER IN THE UNITED

STATES JULY 2000
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APPENDIX

APPLICATION REVIEW INCLUDING RESOURCE REPORTS

BROADWATER ANNOUNCED THE PROJECT IN NOVEMBER 2004 AND AT THAT TIME FERC GRANTED

BROADWATER REQUEST TO USE THE NATIONAL ENVIRONMENTAL POLICY ACT NEPA PREFILING REVIEW

PROCESS FOR THE PROJECT FOUR FERC AND USCG PUBLIC SCOPING MEETINGS WERE HELD AS WELL AS

NUMEROUS STAKEHOLDER MEETINGS WITH THE PUBLIC LOCAL STATE AND FEDERAL AGENCIES

BROADWATER FILED ITS APPLICATION FOR CERTIFICATE OF PUBLIC CONVENIENCE AND NECESSITY WITH FERC

ON JANUARY 30 2006 IN THE APPLICATION BROADWATER REQUESTED THAT THE COMMISSION ISSUE FINAL

ORDER GRANTING IT ALL NECESSARY AUTHORIZATIONS BY MARCH 31 2007 BROADWATER ALSO REQUESTED

WAIVERS OF ANY AND ALL COMMISSION REGULATIONS NECESSARY TO OBTAIN EXPEDITIOUS APPROVAL OF

BROADWATER APPLICATION THE APPLICATION CONSISTS OF SIXTEEN VOLUMES THE APPLICATION

VOLUME CONTAINS THE TRANSMITTAL LETTER THE APPLICATION THE FORM OF NOTICE AND EXHIBITS

AND VOLUMES VI CONTAIN THE RESOURCE REPORTS FOR THE ONSHORE AND OFFSHORE FACILITIES

THESE VOLUMES ARE PUBLIC VOLUME VII CONTAINS THE PRIVILEGED AND CONFIDENTIAL PORTIONS OF

RESOURCE REPORT AND RESOURCE REPORT VOLUMES VIII XIV CONTAIN CRITICAL ENERGY

INFRASTRUCTURE INFORMATION OF RESOURCE REPORT AND RESOURCE REPORT 13 VOLUME XV CONTAINS

THE SENSITIVE SECURITY INFORMATION OF RESOURCE REPORT AND RESOURCE REPORT 11

THE RESOURCE REPORTS CONSIST OF THE FOLLOWING DOCUMENTS

RESOURCE REPORT GENERAL PROJECT DESCRIPTION

RESOURCE REPORT WATER USE AND QUALITY

RESOURCE REPORT FISH VEGETATION AND WILDLIFE

RESOURCE REPORT CULTURAL RESOURCES

RESOURCE REPORT SOCIOECONOMICS

RESOURCE REPORT GEOLOGICAL RESOURCES

RESOURCE REPORT SOILS

RESOURCE REPORT LAND USE RECREATION AND AESTHETICS

RESOURCE REPORT AIR AND NOISE QUALITY

RESOURCE REPORT 10 ALTERNATIVES

RESOURCE REPORT 11 SAFETY AND RELIABILITY

RESOURCE REPORT 12 PCB CONTAMINATION NOT APPLICABLE TO BROADWATER

RESOURCE REPORT 13 ENGINEERING AND DESIGN MATERIAL

ONSHORE FACILITIES REPORTS

ENVIRONMENTAL SAMPLING REPORT



LAI REVIEWED ONLY THE PUBLICLY AVAILABLE RESOURCE REPORTS AS PART OF OUR REVIEW OF THE PROJECT

DUE TO FEDERAL SECURITY REGULATIONS RESOURCE REPORT 13 AND SOME PARTS
OF THE OTHER REPORTS ARE

SUBJECT TO RESTRICTED DISTRIBUTION AND WERE NOT AVAILABLE TO LAI

FERC REGULATIONS REQUIRE THE APPLICANT TO SHOW THAT THE PROJECT IS NOT INCONSISTENT WITH THE

PUBLIC INTEREST BROADWATER ASSERTS THAT

THE PROJECT WILL IMPROVE ACCESS TO SUPPLIES OF NATURAL GAS TO SERVE NEW MARKET DEMAND

THE PROJECT WILL NOT IMPAIR THE ABILITY OF BROADWATER TO RENDER TRANSPORTATION SERVICE AT

REASONABLE RATES TO EXISTING CUSTOMERS

THE PROJECT WILL NOT INVOLVE ANY EXISTING CONTRACTS BETWEEN BROADWATER AND FOREIGN

GOVERNMENT OR PERSON CONCERNING THE CONTROL OF OPERATIONS OR RATES FOR THE DELIVERY OR

RECEIPT OF NATURAL GAS WHICH MAY RESTRICT OR PREVENT OTHER US COMPANIES FROM EXTENDING

THEIR ACTIVITIES IN THE SAME GENERAL AREA

THE RESOURCE REPORTS ARE SUMMARIZED BELOW WITH THE EXCEPTION OF RESOURCE REPORT 11 WHICH

IS DISCUSSED IN SECTION 58 OF THE MAIN REPORT

RESOURCE REPORT GENERAL PROJECT DESCRIPTION

RESOURCE REPORT DESCRIBES THE PROPOSED PROJECT SITING PURPOSE AND NEED LAND REQUIREMENTS

CONSTRUCTION PROCEDURES OPERATION AND MAINTENANCE PLANS ENVIRONMENTAL PERMITS AND APPROVALS

REQUIRED DECOMMISSIONING REMOVAL AND ABANDONMENT LIST OF REQUIRED PERMITS FOR THE PROJECT

CAN BE FOUND AT THE END OF THIS APPENDIX

IN THIS RESOURCE REPORT BROADWATER EXAMINES THE VOLATILITY IN NATURAL GAS PRICES ASCRIBABLE TO

CAPACITY CONSTRAINTS IN THE GAS TRANSPORTATION INFRASTRUCTURE INTO THE REGION AS WELL AS TO THE

INCREASING RELIANCE ON NATURAL GAS FOR ELECTRIC POWER GENERATION IN NEW YORK AND CONNECTICUT

BROADWATER CONCLUDES THAT WITHOUT THE PROJECT NEW YORK AND CONNECTICUT WILL EXPERIENCE RISING

PRICE TRENDS AND VOLATILITY BECAUSE THEY ARE POSITIONED AT THE END OF THE CONTINENTAL GAS

TRANSPORTATION SYSTEM BROADWATER CITES ETA FORECAST DATA ESPECIALLY THE 2005 AEO IN ITS

ANALYSIS AS WELL AS STUDY BY ENERGY AND ENVIRONMENTAL ANALYSIS INC EEA RESOURCE REPORT

DOES NOT PROVIDE FORECAST OF REGIONAL GAS PRICES WITH AND WITHOUT BROADWATER

SOME HIGHLIGHTS OF THIS REPORT ARE

FLOWS OF UP TO 600 TO 700 MMCFD COULD BE PHYSICALLY DELIVERED TO LONG ISLAND ANDOR

NEW YORK CITY FROM BROADWATER BASED ON HYDRAULIC SIMULATIONS OF THE IROQUOIS SYSTEM

WITH THE BALANCE FLOWING NORTH INTO CONNECTICUT

TEMPORARY ONSHORE LAND REQUIREMENTS WOULD BE WITHIN THE EXISTING PORT COMMUNITIES ON

THE NEW YORK SHORE OF LONG ISLAND SOUND THE NEED FOR DEVELOPMENT OF NEW FACILITIES

TO SUPPORT THE PROJECT IS NOT EXPECTED THROUGHOUT THE CONSTRUCTION PHASE PIPE STORAGE

YARD AND CONCRETE COATING FACILITY WILL BE LOCATED OUTSIDE THE LONG ISLAND SOUND AREA

SOMEWHERE ON THE EAST COAST
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PERMANENT ONSHORE FACILITIES WILL BE LEASED BY BROADWATER IN GREENPORT ANDOR PORT

JEFFERSON THESE FACILITIES WILL INCLUDE PERMANENT MOORING LOCATIONS AT PORT FOR SAFE

HARBOR FOR AUXILLARY AND SUPPORT VESSELS AND FOR OFFLOADING OF CREWS ANDOR SUPPLIES

WAREHOUSING FACILITIES AND OFFICE SPACE

THE PIPELINE ROUTE WILL CROSS TWO UTILITY CABLES BOTH BURIED SIX TO SEVEN FEET BELOW THE

NATURAL SEABED THE ATT FIBER OPTIC TELECOMMUNICATIONS CABLE AND THE CROSS SOUND

CABLE FEDERAL REGULATIONS REQUIRE MINIMUM OF 12 INCHES OF SEPARATION BETWEEN THE

CABLES AND THE PIPELINE 49 CFR PART 192 THEREFORE BROADWATER PLANS TO INSTALL

CROSSING BRIDGE OVER EACH OF THE TWO CABLES

THE FSRU WILL HAVE DOUBLE HULL DESIGN SIMILAR TO AN LNG CARRIER THE PRIMARY BARRIER

IS 12MM STAINLESS STEEL THAT WOULD BE CORRUGATED TO COMPENSATE FOR THERMAL CONTRACTION

AND MECHANICAL SHIP DEFLECTION THE SECONDARY BARRIER IS LAMINATED COMPOSITE MATERIAL

CONSISTING OF ALUMINUM FOIL SANDWICHED BETWEEN TWO GLASS CLOTHS THE INSULATION

CONSISTS OF RIGID POLYURETHANE FOAM WITH REINFORCING GLASS FIBERS BETWEEN TWO PLYWOOD

SHEETS THE THICKNESS OF WHICH IS DETERMINED TO LIMIT THE BOILOFF RATE TO 015 PER DAY

WITH CARGO TANKS AT 98 FULL

ANY LNG SPILL WILL BE DIRECTED OVERBOARD AWAY FROM CRITICAL AREAS AND LIVING QUARTERS

WHERE IT WILL DISSIPATE INTO THE ATMOSPHERE AND HAVE NO IMPACT ON WATER QUALITY

AT THE COMPLETION OF CARGO UNLOADING OPERATIONS LNG IN THE LOADING ARMS WILL BE

DRAINED BY GRAVITY EITHER BACK INTO THE LNG CARRIER CARGO TANKS OR TO THE FSRU DRAIN TANK

FROM WHICH IT WILL BE PUMPED INTO THE FSRU STORAGE TANKS

TO MAINTAIN THE HULL INTEGRITY OF THE FSRU AND THE LNG CARRIER CONSTANT CURTAIN OF

WATER WILL BE DIRECTED OVERBOARD DURING LNG TRANSFER

THE FSRU WILL BE EQUIPPED WITH FLARE FOR EMERGENCIES ONLY THE FLARE WILL RISE 197 FT

60 ABOVE THE TRUNK DECK AND WILL HANDLE VAPORS IN THE EVENT OF OVERPRESSURE IN THE

STORAGE SYSTEM

NORMAL BALLAST WATER INTAKE WILL BE ABOUT 900 M3HR OR 57 MILLION GALLONS PER DAY OF

SEAWATER TO OFFSET DAILY VAPORIZATION AND SENDOUT OF 2000 M3HR DURING LNG

OFFLOADING THE LOADING RATE WILL BE 10000 M3HR AND DISCHARGE RATE OF BALLAST WATER WILL

BE ABOUT 4500 M3HR FOR 145000 M3 LNG SHIPMENT THE FSRU WOULD DISCHARGE

50000 M3 OR 132 MILLION GALLONS OF WATER

UPON DECOMMISSIONING THE FSRU WILL BE DECOUPLED FROM THE MOORING SYSTEM AND

TOWED TO SHIPYARD TO BE OVERHAULED FOR REUSE OR RECYCLED

THE EEA REPORT ENTITLED REGIONAL MARKET GROWTH AND THE NEED FOR LNG IMPORTS INTO THE

NORTHEAST US AND CANADA IS INCLUDED IN RESOURCE REPORT AS APPENDIX THIS REPORT

PROVIDES AN OVERVIEW OF NORTHEAST US AND EASTERN CANADIAN GAS MARKETS INCLUDING

BREAKDOWN OF CONSUMPTION BY MARKET SECTOR IN NYC LONG ISLAND AND SOUTHERN CONNECTICUT

MUCH OF THE ANALYSIS IS FOCUSED ON NATIONAL RATHER THAN REGIONAL TRENDS IN ADDITION TO APPENDIX

THE FOLLOWING ARE ALSO APPENDICES TO RESOURCE REPORT

AMERICAN BUREAU OF SHIPPING APPROVAL IN PRINCIPLE LETTER TO BROADWATER ENERGY JULY

27 2005
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STRATFORD SHOAL CONTINGENCY PLAN

RESOURCE REPORT WATER USE AND QUALITY

RESOURCE REPORT DESCRIBES THE GROUNDWATER AND SURFACE WATER RESOURCES THAT MAY BE AFFECTED

BY THE CONSTRUCTION AND OPERATION OF THE PROJECT IT ALSO ADDRESSES THE PROPOSED INSTALLATION

METHODS FOR THE FSRU AND INTERCONNECTING SUBSEA PIPELINE AND THE MITIGATION MEASURES

PROPOSED TO MINIMIZE THE ASSOCIATED WATER QUALITY IMPACTS

LONG ISLAND SOUND IS DESIGNATED BY NYSDEC AS CLASS SA WATER SUITABLE FOR COMMERCIAL

SHELLFISHING AND PRIMARY AND SECONDARY RECREATIONAL FISHING THESE WATERS ARE ALSO SUITABLE FOR

FISH PROPAGATION AND SURVIVAL NYSDEC HAS ISSUED APPLICABLE GUIDELINES FOR THERMAL DISCHARGES

AND MIXING ZONES

THE REPORT STATES THAT IMPACTS ON LONG ISLAND SOUND WATER QUALITY DURING CONSTRUCTION ARE

EXPECTED TO BE MINOR LOCALIZED AND SHORTTERM IMPACTS ASSOCIATED WITH OPERATION WILL BE MINOR

BUT LONGTERM AND RESULT FROM ROUTINE INTAKE AND DISCHARGE OF LONG ISLAND SOUND WATERS BY THE

FSRU SEDIMENT SAMPLING CONDUCTED IN THE SPRING OF 2005 SUGGESTS THAT NO ELEVATED

CONTAMINATION LEVELS INCLUDING POLYCYCLIC AROMATIC HYDROCARBONS POLYCARBONATE BIPHENYL

PESTICIDES VOLATILE ORGANIC COMPOUNDS VOCS AND DIOXIN ARE PRESENT IN PROXIMITY TO THE

PROJECT AREA AND THAT PIPELINE ALIGNMENT WILL BE ROUTED TO AVOID AREAS WITH ELEVATED CONTAMINANT

LEVELS THE LACK OF SIGNIFICANT CONTAMINATION WITHIN THE PROJECT AREA RESTRICTS CONSTRUCTION

IMPACTS TO LOCALIZED SHORTTERM INCREASES IN TSS IN THE WATER COLUMN USING SUBSEA PLOW AS

THE PRIMARY MEANS OF LOWERING THE PIPELINE BELOW THE SEABED WILL DECREASE THE AMOUNT OF

SEDIMENT INTRODUCED INTO THE WATER COLUMN COMPARED TO OTHER INSTALLATION TECHNOLOGIES AND WILL

RESTRICT IMPACTS TO TEMPORARY INCREASES OF TSS IN THE BOTTOM STRATA ACCORDING TO THE RESULTS OF

THE MIKE3 SEDIMENT MODEL PROVIDED IN THIS RESOURCE REPORT THE TSS LEVELS WOULD LARGELY BE

ASSIMILATED THROUGHOUT THE SOUND WITHIN 12 HOURS FOLLOWING COMPLETION OF THE PLOWING

STRONG WINDS ASSOCIATED WITH HURRICANES AND OTHER STORMS MAY GENERATE SIGNIFICANT WAVES WHICH

CAN LIMIT FSRU OPERATION BASED ON HISTORICAL DATA 100YEAR STORM EVENT WOULD BE EXPECTED

TO HAVE SIGNIFICANT WAVE HEIGHT OF 142 FT 43 AND 1000YEAR STORM EVENT HEIGHT OF 188

FT 57 THE YOKE MOORING SYSTEM IS DESIGNED TO WITHSTAND STORM SCENARIOS IN EXCESS OF THE

100YEAR STORM EVENT

HYPOXIA OR LOW LEVELS OF DO IS CONSIDERED TO BE THE MOST SERIOUS WATER QUALITY ISSUE IN LONG

ISLAND SOUND AND IS MOST PREVALENT IN THE SUMMER TOTAL OF 597 DO READINGS WITH AN AVERAGE

VALUE OF 95 MGL WERE COLLECTED IN APRIL AND MAY OF 2005 IN THE AREA OF THE PROPOSED PIPELINE

ROUTE DO LEVELS ABOVE 48 MGL ARE CONSIDERED EXCELLENT AND SUPPORTIVE OF MARINE LIFE THE

PROPOSED MARINE PIPELINE WOULD BE INSTALLED IN THE WINTER MONTHS WHEN HYPOXIC CONDITIONS ARE

LARGELY ABSENT FROM THE SOUND

BROADWATER EXPECTS THAT THE INSTALLATION OF THE FSRU WILL NOT IMPAIR WATER QUALITY IN

ACCORDANCE WITH INTERNATIONAL REGULATIONS THE FSRU WILL BE REQUIRED TO COMPLETE BALLAST

EXCHANGE PRIOR TO ENTERING LONG ISLAND SOUND TO ENSURE THAT NO INVASIVE SPECIES OR WATER OF

REDUCED QUALITY ARE INTRODUCED
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THE TOTAL AVERAGE DAILY WATER INTAKE TO SUPPORT ALL FSRU OPERATIONS WILL BE APPROXIMATELY 55

MILLION GALLONS ASSUMING AN ANNUAL AVERAGE OF 118 LNG VESSELS PER YEAR THE FSRU IS

PROPOSED TO HAVE UP TO SEVEN POINTSOURCE DISCHARGES AND SOME NONPOINT DISCHARGES INCLUDING

BALLAST WATER DISCHARGE DISCHARGE FROM THE DESALINIZATION PLANT FIRE WATER BYPASS TREATED

WASTEWATER FROM ONBOARD SANITARY AND OTHER SYSTEMS SEAWATER COOLING DISCHARGE AND

STORMWATER RUNOFF OF THESE BALLAST WATER COMPRISES BY FAR THE LARGEST COMPONENT OF THE FSRUS
WATER REQUIREMENTS THE LNG REVAPORIZATION SYSTEM WILL BE CLOSEDLOOP AND NOT REQUIRE INTAKE

OR DISCHARGE OF SEAWATER TO CONTROL THE GROWTH OF MARINE ORGANISMS THE FSRU SEAWATER

INTAKES WILL INCLUDE THE ABILITY TO INJECT CONTINUOUS DOSE OF SODIUM HYPOCHLORITE AT

CONCENTRATION OF 02 PPM WHICH WILL RESULT IN RESIDUAL CHLORINE CONCENTRATION BETWEEN 001 AND

005 PPM AT THE SEA CHEST AND AT THE BALLAST WATER DISCHARGE THE PROJECT WILL MEET NYSDECS
SPDES STANDARDS FOR EFFLUENT WATER QUALITY FOR ALL DISCHARGES

WHILE THE FSRU IS DISCHARGING BALLAST WATER THE LNG CARRIER WILL BE TAKING ON APPROXIMATELY

THE SAME AMOUNT OF BALLAST WATER THE MAJORITY OF THE LNG CARRIERS BRINGING CARGO TO THE FSRU
WILL BE STEAMPOWERED VESSELS AND WILL REQUIRE APPROXIMATELY 57 MILLION GALLONS OF WATER FOR

WATER COOLING PURPOSES DURING 22 HOUR OFFLOADING PROCESS THIS DISCHARGED COOLING WATER WILL

BE APPROXIMATELY 36F 2C HIGHER THAN THE AMBIENT WATER TEMPERATURE AND CONTAIN LOW DOSES

OF SODIUM HYPOCHLORITE TO PREVENT THE GROWTH OF MARINE ORGANISMS CUMULATIVELY THE LNG
CARRIERS WILL UTILIZE AN AVERAGE OF 227 MILLION GALLONS PER DAY ON AN ANNUAL AVERAGE INCLUDING

COOLING AND BALLAST WATER REQUIREMENTS

IMPACTS ON WATER QUALITY FROM OPERATION OF THE PIPELINE ARE EXPECTED TO BE MINIMAL SINCE THE

PIPELINE IS CLOSED SYSTEM THE RISER PIPE WILL HAVE CONTACT WITH THE SURROUNDING WATERS ONLY IN

THE SECTION FROM THE FSRU TO THE FOOT OF THE RISER ON THE SEAFLOOR THAT CONNECTS THROUGH THE

MOORING TOWER BECAUSE THE TEMPERATURE OF THE GAS WILL BE 130 WHEN IT EXITS THE FSRU AND

120 AT THE FOOT OF THE RISER PIPE THERE IS POTENTIAL FOR HEAT EXCHANGE BETWEEN THE PIPELINE AND

THE SURROUNDING WATERS ALONG THE EXPOSED RISER PIPE HOWEVER BROADWATER DOES NOT EXPECT

THERMAL PLUME TO DEVELOP

THE FOLLOWING ARE APPENDICES TO RESOURCE REPORT

CORRESPONDENCE WITH NYSDEC FOR ENVIRONMENTAL SAMPLING AND SPDES PERMIT

EMAIL APPROVAL OF THE USACE MIKE3 MODEL

CADMIUM CLARIFICATION MEMO

GENERIC SPCC PLAN

WATER QUALITYSEDIMENT QUALITY MODELING REPORT

GRAIN SIZE ANALYSIS MAY 2005 ENVIRONMENTAL SAMPLING

SEDIMENT DEPOSITION MODELING REPORT

NATURAL BACKFILL MODELING REPORT

THERMAL MODELING REPORT
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RESOURCE REPORT FISH VEGETATION AND WILDLIFE

RESOURCE REPORT DESCRIBES THE FISH VEGETATION AND WILDLIFE EXISTING CONDITIONS AND HABITATS IT

ALSO ADDRESSES THE CONSTRUCTION AND OPERATIONAL IMPACTS OF THE PROJECT ON THESE RESOURCES AND THE

PROPOSED MITIGATION METHODS

THE PROJECT AND THE LNG CARRIER ROUTE WILL BE SITED TO AVOID IMPACTS ON SIGNIFICANT COASTAL

HABITATS SPECIFICALLY THE SIGNIFICANT COASTAL FISH AND WILDLIFE HABITAT AREAS LONG ISLAND SOUND

HAS BEEN DESIGNATED AN EFH IE WATERS AND SUBSTRATE NECESSARY TO FISH FOR SPAWNING BREEDING

AND FEEDING OR GROWTH TO MATURITY THEREFORE NOAAS FISHERIES UNIT MUST BE CONSULTED ON ALL

PROPOSED ACTIVITIES THE PROPOSED PROJECT WOULD OVERLAP WITH EFHS FOR 20 SPECIES WITHIN OR

ADJACENT TO THE PROPOSED PIPELINE ROUTE

IN APRIL AND MAY 2005 SAMPLES WERE COLLECTED AT THE PROPOSED FSRU LOCATION AND 27 STATIONS

ALONG THE PROPOSED PIPELINE ROUTE BENTHIC SURVEY AND SEDIMENT AND CHEMICAL ANALYSES WERE

CONDUCTED AT EACH STATION THE BENTHIC SURVEY REVEALED THAT BENTHIC COMMUNITIES ARE GENERALLY

CONSISTENT WITH WHAT WOULD BE EXPECTED BASED ON DEPTH SUBSTRATE AND SEDIMENTARY ENVIRONMENT

NINETY FIVE FINFISH SPECIES HAVE BEEN COLLECTED BETWEEN 1984 AND 2003 IN LONG ISLAND SOUND AS

PART OF THE LONG ISLAND SOUND TRAWL SURVEYS THE PROPOSED FSRU LOCATION IS AT THE INTERSECTION

OF FOUR SURVEY SQUARES WITH MEAN FINFISH COUNTS THAT RANGED FROM 4923 PER TOW TO 28796 PER

TOW THE MEAN FINFISH COUNT ALONG THE MAJORITY OF THE PROPOSED PIPELINE ROUTE RANGES FROM PER

TOW TO 1000 PER TOW RESOURCE REPORT PROVIDES DETAILED DISCUSSION OF 11 SPECIES OF FINFISH

AND TWO SPECIES OF SHELLFISH THAT HAVE RECOGNIZED VALUE WITHIN THE SOUND THE RESOURCE REPORT

ALSO DESCRIBES PLANKTON REPTILES MARINE MAMMALS AND AVIAN SPECIES THAT FREQUENT THE SOUND

ACCORDING TO NOAA FISHERIES THERE ARE FOUR SPECIES OF FEDERALLY THREATENED OR ENDANGERED SEA

TURTLES AND THREE WHALE SPECIES IN NEW YORK WATERS MOST OF WHICH ARE NOT TYPICALLY PRESENT IN

LONG ISLAND SOUND

CONSTRUCTION AND OPERATION OF THE PROPOSED FACILITIES HAVE THE POTENTIAL TO CAUSE BOTH POSITIVE

AND NEGATIVE EFFECTS ON THE MARINE ENVIRONMENT BROADWATER ANTICIPATES THAT THE CONSTRUCTION

IMPACTS WILL BE SHORTTERM AND MINIMIZED BY SITING THE FACILITY IN DEEP WATER AND INSTALLING IT

DURING THE WINTER MONTHS WHEN USE OF THE SOUND BY MARINE SPECIES IS REDUCED NONETHELESS

CONSTRUCTION WILL RESULT IN THE FOLLOWING

DIRECT DISTURBANCE OF BOTTOM SEDIMENTS

DIRECT MORTALITY OF MOST BENTHIC ORGANISMS IN THE PATH OF CONSTRUCTION

SOME INCREASE IN TURBIDITY LEVELS AND SUSPENDED SOLIDS

DECREASED WATER QUALITY AND

ACOUSTIC DISTURBANCE

BROADWATER POINTS OUT SEVERAL POSITIVE AND OPERATIONALLONGTER IMPACTS RESULTING FROM THE

DIVERSIFICATION AND EXPANSION OF THE HABITAT WITHIN THE SOUND

THE FSRU WOULD CREATE PERMANENT SHADED HABITAT
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THE MOORING TOWER AND PIPELINE WOULD CREATE ADDITIONAL STRUCTURE IN THE CENTRAL PORTION

OF THE SOUND BY CREATING AN ARTIFICIAL REEF HABITAT WHICH WOULD FAVOR NUMBER OF SPECIES

INCLUDING LOBSTERS

THE SAFETY SECURITY ZONE WOULD EXCLUDE FISHERMEN

HEAT DISSIPATION FROM THE PIPELINE TO THE WATER COLUMN COULD ESTABLISH MICROCLIMATE

ATTRACTING CERTAIN SPECIES TO THAT AREA

BROADWATER ALSO NOTES LONGTERM NEGATIVE IMPACTS RESULTING FROM THE OPERATION OF THE FSRU AND

PIPELINE

PIPELINE MAINTENANCE INVOLVING PERIODIC INSPECTION AND PIGGING ACTIVITIES WILL REDISTURB

THE SEDIMENTS IN THE PIPELINE AREAS

WATER INTAKE BY THE FSRU AND LNG CARRIERS WILL ENTRAIN ORGANISMS SMALLER THAN MM
AND ELIMINATE THEM BY THE SODIUM HYPOCHLORITE INJECTION

FSRU DISCHARGE WILL CONTAIN CHLORINE AT CONCENTRATION OF 001 TO 005 PPM

SPILLS OR OTHER ACCIDENTS MAY OCCUR AT THE FACILITY

MAINTENANCE OF FSRU SIDES TO REDUCE BIOFOULING MAY IMPACT MARINE RESOURCES

FSRU AND LNG CARRIERS WILL CAUSE ACOUSTIC DISTURBANCE

LIGHTING AT THE FACILITY HAS THE POTENTIAL TO ATTRACT AVIAN SPECIES

BROADWATER STATES THAT ANY LOSS OF HABITAT RESULTING FROM INSTALLATION OF THE FSRU WILL BE OFFSET

BY THE INCREASED HABITAT THAT IS CREATED RESOURCE REPORT CONCLUDES THAT CONSTRUCTION OF THE

FACILITIES IS UNLIKELY TO SIGNIFICANTLY IMPACT THE POPULATION OR SURVIVAL OF ANY SPECIES WITHIN THE

AREA

THE FOLLOWING ARE APPENDICES TO RESOURCE REPORT

EFH ASSESSMENT

BENTHIC VIDEO SURVEY REPORT

BENTHIC LABORATORY ANALYTICAL RESULTS

DROP CAMERA VIDEO

ICHTHYOPLANKTON ENTRAINMENT ESTIMATES

CORRESPONDENCE

SEDIMENT DEPOSITION RESULTING FROM CONSTRUCTION OF NATURAL GAS PIPELINE TRENCH

NATURAL BACKFILLING OF NATURAL GAS PIPELINE TRENCH

REVISED RESOURCE REPORT VEGETATION AND WILDLIFE

BROADWATER REVISED RESOURCE REPORT IN RESPONSE TO FERCS REQUEST OF OCTOBER 19 2005

MORE SPECIFIC AND QUANTITATIVE INFORMATION WAS REQUESTED IN THE FOLLOWING AREAS
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THRESHOLD VALUES FOR TURBIDITY AND SEDIMENTATION AND THE EXTENT AND DURATION OF HIGH

VALUES AFTER CONSTRUCTION

IMPACT OF TURBIDITY AND SEDIMENTATION ON THE BENTHIC COMMUNITY

ANTIFOULING PAINT IMPACTS TO MARINE RESOURCES

HYDROSTATIC IMPACTS TO MARINE RESOURCES

NOISE AND ACOUSTIC SHOCK IMPACTS ON MARINE MAMMALS FISH AND BIRDS

IMPACT OF WATER INTAKE AND DISCHARGE BOTH BALLAST AND COOLING ON ICHTHYOPLANKTON BY

SEASON

ICHTHYOPLANKTON ABUNDANCE AND DIVERSITY BY DEPTH DISTRIBUTION OR SEASONAL OCCURRENCE BY

LIFESTAGE

PLANS TO MINIMIZE LIGHTING IMPACTS TO BIRDS AND MARINE MAMMALS

IMPACTS TO MARINE MAMMALS OR BIRDS DUE TO WASTE STREAMS OR TOXIC SUBSTANCE SPILLS

IMPACTS OF CONSTRUCTION AND OPERATION ON THREATENED OR ENDANGERED SPECIES OR THEIR

HABITAT

THE REVISED RESOURCE REPORT HAS FOUR ADDITIONAL APPENDICES

APPENDIX DROP CAMERA VIDEO

APPENDIX ICHTHYOPLANKTON ENTRAINMENT ESTIMATES AT THE BROADWATER FSRU FACILITY

BASED ON DATA COLLECTION DURING THE 2002 POLETTI ICHTHYOPLANKTON PROGRAM

APPENDIX SEDIMENT DEPOSITION RESULTING FROM CONSTRUCTION OF NATURAL GAS PIPELINE

TRENCH

APPENDIX NATURAL BACKFILLING OF NATURAL GAS PIPELINE TRENCH

RESOURCE REPORT CULTURAL RESOURCES

RESOURCE REPORT DESCRIBES THE REGULATORY REQUIREMENTS RELATED TO ARCHAEOLOGICAL RESOURCES AND

CONSULTATIONS WITH NATIVE AMERICAN GROUPS AUTHORIZATION OF THE PROJECT BY FERC IS

CONDITIONAL ON BROADWATERS COMPLIANCE WITH THE 1966 NATIONAL HISTORIC PRESERVATION ACT AS

AMENDED IN 1976 1980 AND 1992 THE AREA OF POTENTIAL EFFECT APE IS DEFINED BASED ON THE

POTENTIAL FOR EFFECT WHICH MAY BE DIFFERENT FOR ABOVEGROUND RESOURCES HISTORIC STRUCTURES AND

LANDSCAPES AND SUBSURFACE RESOURCES ARCHAEOLOGICAL SITES THE POTENTIAL FOR IMPACTING

ARCHAEOLOGICAL RESOURCES ALONG THE PROPOSED 217 MILE PIPELINE ROUTE IS LIMITED TO THE 300 FOOT

91 WIDE CONSTRUCTION RIGHTOFWAY FOR THE PIPELINE TRENCH AND THE 4000 FOOT 1219 RIGHT

OF WAY FOR THE CONSTRUCTION VESSEL ANCHORS THE VERTICAL APE WITHIN THE PIPELINES EXCAVATED

TRENCH IS FEET 24 FOR THE YLVIS TOWER THE APE IS 230 FEET 70 DEEP AND ENCOMPASSES

APPROXIMATELY 13180 SQUARE FEET 1225 M2

BROADWATER CONTACTED SEVEN NATIVE AMERICAN GROUPS IN ORDER TO GIVE THEM THE OPPORTUNITY TO

IDENTIFY THEIR CONCERNS ABOUT PROPERTIES OF RELIGIOUS OR CULTURAL IMPORTANCE THAT MAY BE AFFECTED

BY THE PROJECT NONE HAVE RESPONDED TO DATE
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THE GENERAL AREA OF THE PROJ ECT CONTAINS 105 REPORTED SHIPWRECKSOBSTRUCTI 18 OF WHICH HAVE

KNOWN LOCATIONS FOUR OF THESE KNOWN LOCATIONS FALL WITHIN BROADWATER APE IN APRIL AND

MAY REMOTESENSING GEOPHYSICAL SURVEY WAS CONDUCTED OVER THE APE AND PRODUCED 13

ANOMALIES WHICH COMPRISE NINE DISCRETE TARGETS WITH MODERATE TO HIGH POTENTIAL TO BE

ARCHAEOLOGICAL DEPOSITS ALL NINE OF THE TARGETS ARE LOCATED WITHIN THE TEMPORARY ANCHOR

CONSTRUCTION RIGHTOFWAY AVOIDANCE OF THESE NINE TARGETS WILL BE ACCOMPLISHED DURING

CONSTRUCTION THROUGH THE USE OF MIDLINE BUOYS ON ANCHOR CABLES

EXAMINATION OF VIBRATORY CORE DATA RESULTED IN NO PHYSICAL EVIDENCE FOR THE EXISTENCE OF

ARCHAEOLOGICALLY SENSITIVE INTACT PALEOSOL

ALL KNOWN CULTURAL RESOURCES IN THE APE WILL BE AVOIDED

RESOURCE REPORT CONTAINS THE FOLLOWING APPENDICES

AGENCY AND NATIVE AMERICAN CORRESPONDENCE

UNANTICIPATED DISCOVERY PLAN

OVERVIEWSURVEY REPORT

PROPOSED PIPELINE ROUTE SURVEY

RESOURCE REPORT SOCIOECONOMICS

RESOURCE REPORT PROVIDES SOCIOECONOMIC OVERVIEW OF THE PROJECT AREA AND INCLUDES

DESCRIPTION OF THE MUNICIPALITIES POPULATION INCOME LABOR FORCE HOUSING LOCAL PUBLIC SERVICES

AND LOCAL GOVERNMENT REVENUES AND EXPENDITURES IT ALSO ADDRESSES THE SOCIOECONOMIC IMPACTS

DURING THE CONSTRUCTION AND OPERATION PHASES OF THE PROJECT AND MITIGATIONS TO ADDRESS NEGATIVE

IMPACTS

THE TOWNS AND VILLAGES PROXIMATE TO THE PROJECT AREA ARE IN SUFFOLK COUNTY WHICH ENCOMPASSES

THE EASTERN TWOTHIRDS OF LONG ISLAND AND HAS POPULATION OF 14 MILLION ALL THE MUNICIPALITIES

PROFILED ARE WITHIN 15 TO 20MILE 24 TO 32KM RADIUS OF THE PROPOSED PROJECT AND COULD

POSSIBLY BE IMPACTED DURING CONSTRUCTION OR OPERATION OF THE PROJECT THE LIST INCLUDES FOUR

TOWNS BROOKHAVEN HUNTINGTON RIVERHEAD AND SMITHTOWN AND ELEVEN VILLAGESCITIES

ASHAROKEN BELLE TERRE HEAD OF HARBOR HUNTINGTON BAY LLOYD HARBOR NISSEQUOGUE

NORTHPORT OLD FIELD POQUOTT PORT JEFFERSON AND SHOREHAM THE SOCIOECONOMIC ASSESSMENT

CONSIDERS THE FOLLOWING ISSUES

INFLUX OF TEMPORARY WORKERS

LANDBASED IMPACTS ASSOCIATED WITH INSTALLATION OF THE INFRASTRUCTURE AND

FISCAL IMPACTS ON LOCAL GOVERNMENTS SUCH AS INCREMENTAL REVENUES AND EXPENDITURES

TOTAL SOCIOECONOMIC IMPACTS WERE ESTIMATED FOR BOTH SUFFOLK COUNTY AND NEW YORK STATE

ECONOMIC IMPACTS WERE MEASURED BY ASSESSING THE DIRECT EXPENDITURES OF THE PROJECTS

CONSTRUCTION AND OPERATIONAL PHASES ON TOTAL INDUSTRY OUTPUT EMPLOYEE COMPENSATION AND
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EMPLOYEE LEVELS CONFIDENTIAL PROJECT CONSTRUCTION AND OPERATIONAL COSTS HAVE BEEN OMITTED FROM

RESOURCE REPORT

BROADWATER EXPECTS THE CONSTRUCTION PHASE OF THE PROJECT TO TAKE PLACE DURING LATE 2009 AND

2010 DURING THE CONSTRUCTION PERIOD THE IMPACT ON THE REGIONAL ECONOMY WILL BE SHORTTERM

DRIVEN BY CONTRACTUALRELATED SPENDING ON GOODS AND SERVICES TO SUPPORT CONSTRUCTION AND

INSTALLATION OF THE PROJECT HOWEVER DUE TO THE HIGHLY SPECIALIZED NATURE OF THE ENERGY

PRODUCTION EQUIPMENT AND CIVIL WORKS ONLY PORTION OF THE TOTAL CONSTRUCTION PERIOD CAPITAL

EXPENDITURES WILL PROVIDE LONGTERM IMPACT ON THE REGIONS ECONOMY THE MAJORITY OF THE

PROJECTS CAPITAL COST COMPONENTS WILL LIKELY BE IMPORTED FROM INTERNATIONAL MANUFACTURERS AND

FABRICATORS TRANSPORTATION IMPACTS ON LOCAL ROADS AND MAIN ARTERIES ARE EXPECTED TO BE MINIMAL

THE LOCAL RESOURCES LIKELY TO BE IMPACTED BY THE PROJECT CONSTRUCTION WOULD INCLUDE FABRICATORS

STORAGE FACILITIES SUPPORT VESSELS AND TUGBOATS BARGES AND SECURITY SUPPORT

THE TOTAL DIRECT CAPITAL EXPENDITURES FOR MARINE PIPELINE CONSTRUCTION ANTICIPATED TO IMPACT

SUFFOLK COUNTY IS 111 MILLION THE ESTIMATED 139 CONSTRUCTION WORKERS COMING INTO THE

PROJECT AREA WILL HAVE MINOR IMPACT ON THE AREAS TOTAL LABOR FORCE EMPLOYMENT LEVEL AND

UNEMPLOYMENT RATE DIRECT EXPENDITURES DURING THE CONSTRUCTION PERIOD WILL GENERATE AN

ECONOMIC IMPACT TOTALING 20 MILLION FOR SUFFOLK COUNTY IN 2010 IN ADDITION THESE

EXPENDITURES WOULD RESULT IN VALUE ADDED OF 89 MILLION IN 2010 INCLUDING 52 MILLION IN TOTAL

EMPLOYEE COMPENSATION2

THE ECONOMIC IMPACTS DURING FSRU TERMINAL OPERATIONS ARE BASED ON DIRECT EXPENDITURES

INCURRED IN THE PROJECT AREA NECESSARY TO RUN AND MAINTAIN THE FACILITY SUCH AS PERSONNEL WAGES

FACILITY MAINTENANCE INSURANCE AND BULK CHEMICALS THE ANNUAL RECURRING EXPENDITURES WILL

IMPACT THE HOST COMMUNITY OVER THE YEARS 2011 TO 2040 THE FSRU TERMINAL WILL EMPLOY TOTAL

OF 60 PERSONS THE DIRECT EXPENDITURES TO SUPPORT FSRU OPERATIONS WILL GENERATE TOTAL OF 395
MILLION PER YEAR ECONOMIC IMPACT FOR SUFFOLK COUNTY THE CUMULATIVE ECONOMIC IMPACT OVER THE

ENTIRE 30 YEAR LIFE OF THE PROJECT IS ESTIMATED TO BE 475 MILLION THE FISCAL ANALYSIS IN RESOURCE

REPORT DOES NOT CONSIDER MUNICIPAL PAYMENTS IN LIEU OF TAXES WHICH ARE POTENTIALLY PART OF THE

FINANCIAL STRUCTURE OF THE PROJECT AND COULD HAVE SIGNIFICANT POSITIVE IMPACT ON THE HOST AREAS

MUNICIPAL FISCAL POSITION

THE ESTIMATED ENVIRONMENTAL BENEFITS ARE BASED ON FEWER AIR POLLUTANT EMISSIONS RESULTING FROM

NEW YORK STATE PROJECTED ECONOMIC GROWTH SCENARIO WHERE RELATIVELY MORE NATURAL GAS IS USED

TO GENERATE ELECTRIC POWER PUBLIC BENEFITS FROM AVOIDED AIR POLLUTION DAMAGES COULD AVERAGE

181 MILLION PER YEAR BETWEEN 2011 AND 2020

RESOURCE REPORT CONTAINS THE FOLLOWING APPENDICES

ECONOMIC IMPACTS OF THE PROPOSED BROADWATER PROJECT

THE ECONOMIC IMPACT AFFECTS THE TOTAL VALUE OF PRODUCTION BY INDUSTRY FOR THE CALENDAR YEAR THAT WOULD RESULT FROM

THE PROJECTS CONSTRUCTION EXPENDITURES

VALUE ADDED IS THE SUM OF EMPLOYEE COMPENSATION PROPRIETOR INCOME OTHER PROPERTY INCOME AND INDIRECT

BUSINESS TAX
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ESTIMATED ENVIRONMENTAL BENEFITS OF THE PROPOSED BROADWATER PROJECT

RESOURCE REPORT GEOLOGICAL RESOURCES

RESOURCE REPORT DESCRIBES THE PHYSIOGRAPHY AND GEOLOGY OF THE PROJ ECT AREA AND THE GEOLOGICAL

HAZARDS SUCH AS THE SEISMICITY OF THE AREA

BOTH THE MODIFIED MERCALI SCALE AND THE RICHTER SCALE ARE USED TO MEASURE EARTHQUAKE INTENSITIES

MERCALI NUMBERS DO NOT CORRESPOND DIRECTLY TO RICHTER NUMBERS SO THERE IS NO CONVERSION FACTOR

SINCE 1900 ONLY THREE EARTHQUAKES WITH MAGNITUDES GREATER THAN 45 ON THE RICHTER SCALE OR VI

ON THE MERCALI SCALE HAVE OCCURRED IN THE LONG ISLAND SOUND AREA ACCORDING TO THE US
GEOLOGICAL SURVEY EARTHQUAKE HAZARDS PROGRAM AN EARTHQUAKE WITH MAGNITUDE GREATER THAN

475 ON THE RICHTER SCALE HAS 36 PROBABILITY OF OCCURRING WITHIN 50 YEARS IN THE PROJECT AREA

THIS PROBABILITY DECREASES SIGNIFICANTLY WITH HIGHER RICHTER SCALE VALUES ACCORDING TO RESOURCE

REPORT FOR THE EASTCHESTER EXTENSION PROJ ECT PIPELINES ARE CAPABLE OF WITHSTANDING EARTHQUAKES

WITH AN INTENSITY OF VII ON THE MERCALI SCALE WHICH IS GENERALLY COMPARABLE TO RANGE OF 5861
ON THE RICHTER SCALE BASED ON THIS INFORMATION THERE IS LOW PROBABILITY THAT AN EARTHQUAKE

STRONG ENOUGH TO DAMAGE THE PIPELINE WOULD OCCUR DURING THE LIFE OF THE PROJECT

INSTALLATION OF THE MOORING TOWER WILL REQUIRE PILES TO BE DRIVEN 230 FT BENEATH THE SEABED THIS

IS NOT EXPECTED TO HAVE ANY IMPACT ON THE GEOLOGIC STRUCTURE UNDERLYING LONG ISLAND SOUND

GEOTECHNICAL INVESTIGATION REVEALED THAT BEDROCK IS NOT PRESENT NEAR THE SURFACE AND THAT BLASTING

WILL NOT BE REQUIRED FOR INSTALLATION OF ANY PORTIONS OF THE PIPELINE BROADWATER WILL USE CONCRETE

MATS FOR PIPELINE PROTECTION WHEREVER ADEQUATE BURIAL DEPTH CANNOT BE ACHIEVED DURING

CONSTRUCTION

THERE ARE NO AREAS OF PALEONTOLOGICAL SIGNIFICANCE IN THE PROJ ECT AREA

RESOURCE REPORT SOILS

SINCE NO LANDBASED FACILITY HAS BEEN IDENTIFIED RESOURCE REPORT DESCRIBES THE SOIL

CHARACTERISTICS OF THE SEAFLOOR CONSTRUCTION IMPACTS AND MITIGATION MEASURES THE SEAFLOOR IN

LONG ISLAND SOUND CONSISTS OF SILT CLAY SAND AND GRAVEL BEDLOAD TRANSPORT OF COARSEGRAINED

MATERIAL SORTING AND DEPOSITION OF FINEGRAINED MATERIAL SORTING AND REWORKING OF SEDIMENTS

AND NONDEPOSITIONAL EROSION ARE THE FOUR MAJOR PROCESSES OPERATING IN THE 850 SQUARE MILE STUDY

AREA TRENCHING OPERATIONS WILL BE CONDUCTED TO REDUCE THE AMOUNT OF SEDIMENT INTRODUCED INTO

THE WATER COLUMN AN ESTIMATED TOTAL OF 354320 CUBIC YARDS AND 2600 ACRES WILL BE IMPACTED

BY CONSTRUCTION OF THE PROPOSED MARINE PIPELINE 4000 FOOT TRENCH ACROSS THE STRATFORD SHOAL

MAY REQUIRE DREDGING INSTEAD OF SUBSEA PLOWING DUE TO THE PRESENCE OF COMPETENT MATERIAL THAT

COULD PREVENT PLOWING ALSO FOR SAFETY REASONS SUBSEA PLOWING WILL NOT BE USED TO LOWER THE

FSRU AND IGTS TIEINS OR WHERE THE PIPELINE ROUTE TRAVERSES THE ATT AND CROSS SOUND CABLE

AT CABLE CROSSINGS DIVERS AND SUBMERSIBLE PUMPS WILL BE USED TO PLACE CONCRETE PADS WHICH WILL

BE USED TO SEPARATE THE PIPELINE AND THE OTHER CABLE BY MINIMUM OF ONE FOOT

APPENDICES INCLUDED IN RESOURCE REPORT CONSIST OF

VGS LOG OF VIBRACORES
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CONE PENETROMETER GRAPHS

RESOURCE REPORT LAND USE RECREATION AND AESTHETICS

RESOURCE REPORT DESCRIBES ONSHORE AND OFFSHORE LAND USES INCLUDING COMMERCIAL AND

RECREATIONAL FISHING RECREATIONAL AND AESTHETIC RESOURCES AND THE IMPACT OF THE PROJECT ON THESE

RESOURCES IT ALSO ADDRESSES MEASURES THAT NEED TO BE IMPLEMENTED TO AVOID AND MITIGATE

CONSTRUCTION AND OPERATIONAL EFFECTS

THE PROJECT IS LOCATED OVER NINE MILES FROM ANY SHORELINE VISUAL RESOURCE ASSESSMENT WAS

CONDUCTED AND INCLUDES DETERMINATION OF RADIUS OF IMPACT FOR THE PROJECT AN INVENTORY OF

AESTHETIC RESOURCES WITHIN THE RADIUS OF IMPACT PHOTO SIMULATIONS AND POTENTIAL MITIGATION

MEASURES

DURING CONSTRUCTION 197 ACRES OF SEAFLOOR WILL BE DISTURBED AS RESULT OF THE PIPELINE TRENCH

EXCAVATIONS WITH AN ADDITIONAL 3174 ACRES BEING DISTURBED BY CONSTRUCTION BARGE ANCHOR CABLE

SWEEP THE YOKE MOORING SYSTEM INCLUDES STATIONARY TOWER STRUCTURE WITH FOOTPRINT OF

APPROXIMATELY 13180 SQUARE FEET 1225 M2

NAVIGATIONAL AIDS INCLUDING LIGHTS AND FOGHORNS WILL BE INSTALLED ON THE FSRU TO WARN OTHER

VESSELS IN LONG ISLAND SOUND AND NAVIGATIONAL CHARTS WILL BE UPDATED TO SHOW THE LOCATION OF THE

FSRU THERE IS NO OFFICIAL VESSEL TRAFFIC ROUTING SYSTEM IN THE SOUND BUT THE FSRU LOCATION IS

INTENDED TO BE OUTSIDE OF COMMONLY USED EASTWEST ROUTES ITS CURRENT LOCATION WAS CHOSEN TO

MINIMIZE IMPACTS ON COMMERCIAL SHIPPING RECREATIONAL BOATING AND FISHING

THE FSRU WOULD BE LOCATED IN HIGHUSE LOBSTER FISHERY AREA THE NEARSHORE SHELLFISH INDUSTRY

WILL NOT BE AFFECTED DURING CONSTRUCTION AFFECTED AREAS WILL BE CLOSED TO FISHING HOWEVER THE

EFFECTS ON THE FISHERY WOULD BE MITIGATED BY SCHEDULING CONSTRUCTION FOR THE WINTER MONTHS

WITHIN THE VICINITY OF THE FRSU UP TO FIVE LOBSTERMEN COULD LOSE ACCESS TO PORTION OF THEIR

HISTORIC FISHING GROUNDS

FERRY LINES IN THE AREA WOULD BE TEMPORARILY REROUTED DURING PIPELINE CONSTRUCTION PIPELINE

CONSTRUCTION IS EXPECTED TO PROCEED AT THE RATE OF MILE PER DAY FERRIES AND RECREATIONAL VESSELS

WOULD BE EXCLUDED FROM THE SAFETY ZONE AROUND THE FSRU AND LNG CARRIERS AS ESTABLISHED BY

THE USCG THE FSRU IS NOT IN THE PATH OF ANY EXISTING FERRY LINE

THE RESULTS OF THE FISHERMEN OUTREACH ARE INCLUDED AS AN APPENDIX TO RESOURCE REPORT

RESOURCE REPORT AIR AND NOISE QUALITY

RESOURCE REPORT DESCRIBES THE EXISTING AIR AND NOISE QUALITY AND THE RELEVANT FEDERAL AND NEW
YORK STATE AIR REGULATIONS IT ALSO ADDRESSES CONSTRUCTION AND OPERATION AIR QUALITY AND NOISE

IMPACTS AND MITIGATION

AIR EMISSIONS FROM THE PROJECT WILL BE REGULATED UNDER THE CLEAN AIR ACT AND STATE LAW

ADMINISTERED BY NYSDEC THE PROJECT WOULD BE LOCATED WITHIN SUFFOLK COUNTY NEW YORK

WHICH IS PART OF THE NEW JERSEYNEW YORKCONNECTICUT INTERSTATE AIR QUALITY CONTROL REGION

AQCR THIS AQCR IS CURRENTLY DESIGNATED AS AN ATTAINMENT AREA FOR CO LEAD NO2 PM10 AND
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SO2 IT IS DESIGNATED AS SEVERE NONATTAINMENT AREA FOR THE 1HOUR OZONE STANDARD AND AS

MODERATE NONATTAINMENT AREA FOR THE 8HOUR OZONE STANDARD SINCE MOST OZONE AT GROUND LEVEL IS

FORMED DURING REACTIONS BETWEEN NO AND VOCS CONTROL PROGRAMS FOR OZONE REGULATE NO AND

VOC EMISSIONS SUFFOLK COUNTY IS ALSO DESIGNATED AS NONATTAINMENT AREA FOR PM25 NON
ATTAINMENT NEW SOURCE REVIEW IN NEW YORK IS DELEGATED TO NYSDEC AND THE PREVENTION OF

SIGNIFICANT DETERIORATION PSD REVIEW IS CONDUCTED BY EPA REGION II

THE BROADWATER PROJECT WILL BE EVALUATED AGAINST AMBIENT AIR CONCENTRATION THRESHOLDS FOR

CLASS II AREA WHICH ALLOWS MODERATE INCREASE OVER BASELINE AIR QUALITY LEVELS

POLLUTANT EMISSION LIMITS AND MONITORING REPORTING AND RECORDKEEPING REQUIREMENTS DEPEND ON

THE EMISSION SOURCE TYPE AND SIZE THE FSRU PROCESS HEATERS FOUR WITH ONE EXTRA AS BACKUP
ARE SUBJECT TO SUBPART DB OF 40 CFR 60 THE LNG STORAGE TANKS DO NOT APPEAR TO BE SUBJECT TO

THE REQUIREMENTS OF SUBPART KB OF 40 CFR 60 BECAUSE LNG WOULD ONLY BE DIRECTLY RELEASED TO

THE ATMOSPHERE DURING EMERGENCY SITUATIONS THE FSRU GAS TURBINES TWO AND ONE BACKUP 22

MW EACH WILL BE SUBJECT TO THE REQUIREMENTS OF SUBPART GG OF 40 CFR 60 SO FAR THE EPA HAS

NOT MADE AN AGENCYWIDE DETERMINATION ABOUT WHETHER AN FSRU WOULD BE SUBJECT TO PSD

THRESHOLD OF 250 OR 100 TONS PER YEAR TPY THE PSD THRESHOLD OF 100 TPY APPLIES TO THE GAS

TURBINES AND PROCESS HEATERS SEPARATELY THE ESTIMATED ANNUAL POTENTIAL EMISSIONS FOR THE FSRU
AS WHOLE AND THE TITLE MAJOR SOURCE SIZE THRESHOLDS ARE SHOWN IN TABLE A51

TABLE A51 POTENTIAL EMISSIONS AND MAJOR SOURCE THRESHOLDS

FSRU ANNUAL EMISSIONS TITLE MAJOR SOURCE

TPY TPY

NO 62 10025

CO 89 100

VOCS3 18 5025

PM10 48 100

PM25 48 100

SO2 100

AMMONIA 66

TOTAL HAPS 94 25

THE EMISSION ESTIMATES REFLECT THE USE OF SELECTIVE CATALYTIC REDUCTION SCR FOR NO REDUCTION

AND CO OXIDATION CATALYSTS ON THE GAS TURBINES AND PROCESS HEATERS THE FSRU IS NOT MAJOR

SOURCE OF HAZARDOUS AIR POLLUTANTS HAPS AND DOES NOT FALL UNDER NATIONAL EMISSION STANDARDS

FOR HAPS REGULATIONS

THE FIRST VALUE IS THE THRESHOLD FOR 8HOUR MODERATE OZONE NONOATTAINMENT DESIGNATION SECOND VALUE IS THRESHOLD

FOR 1HOUR SEVERE OZONE NONATTAINMENT DESIGNATION
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DUE TO THE TRANSITION FROM THE 1HOUR TO THE 8HOUR OZONE STANDARD AND NEW NONATTAINMENT

DESIGNATION IT IS UNCLEAR WHICH THRESHOLD WILL APPLY FOR NO AND VOC IF THE 1HOUR SEVERE

OZONE NONATTAINMENT DESIGNATION APPLIES THE PROPOSED PROJECT WILL BE ABOVE THE MAJOR

STATIONARY SOURCE SIZE FOR NO AND WILL REQUIRE TITLE PERMIT OTHERWISE THE PROPOSED PROJECT

WILL BE BELOW THE MAJOR STATIONARY SOURCE SIZE UNDER TITLE AND WILL NEED TO OBTAIN STATE

FACILITY MINOR SOURCE PERMIT FROM NEW YORK STATE

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

THE MAJOR CONSTRUCTION ACTIVITIES CONSIST OF PIPELINE INSTALLATION YOKE MOORING SYSTEM TOWER

INSTALLATION AND FSRU TOWING CONSTRUCTIONRELATED EMISSIONS ARE NOT COVERED BY AN AIR PERMIT

PROGRAM AND ARE EVALUATED UNDER THE GENERAL CONFORMITY RULE THE NO EMISSIONS ARE ABOVE THE

GENERAL CONFORMITY DE MINIMS THRESHOLD OF 100 TPY FOR EACH YEAR OF CONSTRUCTION AND ARE

SUBJECT TO MITIGATION HOWEVER WITH CONSTRUCTION SCHEDULED TO OCCUR OUTSIDE THE OZONE SEASON

BROADWATER DOES NOT NEED TO MITIGATE SHORTTERM OZONE PRECURSOR EMISSIONS

EMISSIONS FROM VESSEL ACTIVITIES DURING NORMAL FSRU OPERATION ARE NOT COVERED BY AN AIR PERMIT

PROGRAM BUT ARE EVALUATED UNDER THE GENERAL CONFORMITY RULE BY COMPARISON TO DE MINIMS

THRESHOLDS

TABLE A52 VESSEL EMISSIONS TPY

LNG CARRIER CARRIER TRANSIT ANNUAL GENERAL CONFORMITY

UNLOADING AND SUPPORT TUGS DE MINIMIS 8HOUR OZONE

NO 23 427 450 100

CO 54 56 NA

VOCS 18 22 50

PM10
33 25 58 100

PM25

SO2 245 341 586 NA

CO2 14545 37437 51982 NA

VESSEL ACTIVITY RESULTS IN ANNUAL NO EMISSIONS ABOVE THE DE MINIMS THRESHOLD THEREFORE AN

EVALUATION OF MITIGATION OPTIONS WILL BE REQUIRED

ATMOSPHERIC DISPERSION MODELS WERE USED TO COMPARE ESTIMATED AIR QUALITY IMPACTS FROM FSRU

OPERATIONS TO EXISTING CONDITIONS MODELED AIR QUALITY CONCENTRATIONS DUE TO THE FSRU ARE BELOW

SIGNIFICANT IMPACT LEVELS LOCATIONS WITHIN AN ASSUMED 500 SAFETY ZONE AROUND THE FSRU

WERE EXCLUDED FROM THE OFFSHORE COASTAL DISPERSION MODEL

THERE ARE NO STATEWIDE NOISE REGULATIONS IN NEW YORK HOWEVER NOISE GUIDANCE DOCUMENT

ISSUED BY NYSDEC CAN BE USED TO EVALUATE PROJECTS POTENTIAL NOISE IMPACT AMBIENT AIRBORNE

NOISE LEVELS OVER OCEAN AREAS ARE IN THE 50 TO 55 DBA RANGE THE PREDICTED NOISE FROM THE

OPERATION OF THE FSRU IS 50 DBA AT 09 MILE 1500 AND THEREFORE WOULD NOT BE NOTICEABLE

MILE OR MORE FROM THE FSRU HOWEVER AT DISTANCES OF LESS THAN 09 MILE THE OPERATING NOISE

MAY BECOME NOTICEABLE AND AT LESS THAN 820 FT 250 IT MAY BEGIN TO INTERFERE WITH NORMAL

CONVERSATION VOLUME AT THE BOUNDARY OF PROPOSED 500 SAFETY ZONE THE LEVEL WOULD BE 59
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DBA IN ADDITION TO NORMAL FSRU OPERATION FOGHORNS INSTALLED ON EACH END OF THE FSRU WILL

GENERATE WARNING SIGNALS OF 146 DBA AT 33 FT AS REQUIRED BY USCG REGULATION WHICH WILL

BE AUDIBLE AT MILES 32 KM THIS FOGHORN SOUND LEVEL WILL BE BARELY AUDIBLE ON SHORE OVER

BACKGROUND ONSHORE NOISE LEVELS

DURING CONSTRUCTION THERE WILL BE INCREASED NOISE LEVEL WHICH COULD IMPACT RECREATIONAL BOATERS

IN SAILBOATS OR OTHER NONPOWERED VESSELS HOWEVER BROADWATER STATES THAT IT WILL NOT AFFECT

HUMAN RECEPTORS ONSHORE AND CAN BE AVOIDED BY RECREATIONAL BOATERS

APPENDICES INCLUDED IN RESOURCE REPORT CONSIST OF

CONSTRUCTION EMISSIONS STUDY

EMISSIONS CALCULATIONS WORKBOOK

AIR QUALITY MODELING REPORT

REVISED RESOURCE REPORT 10 ALTERNATIVES

RESOURCE REPORT 10 DESCRIBES THE ALTERNATIVES CONSIDERED IN THE DEVELOPMENT OF THE BROADWATER

PROJECT SEVEN TYPES OF ALTERNATIVES WERE CONSIDERED THE NO ACTION OR POSTPONED ACTION

ALTERNATIVES II SYSTEM ALTERNATIVES TO THE PROJECT III LNG TERMINAL ALTERNATIVES IV ALTERNATIVE

LNG TERMINAL SITES PIPELINE ROUTE ALTERNATIVES VI LNG TERMINAL EQUIPMENTTECHNOLOGY

ALTERNATIVES AND VII PIPELINE CONSTRUCTION ALTERNATIVES

NO ACTION OR POSTPONED ACTION ALTERNATIVES

ABSENT THE PROJECT BROADWATER STATES THAT THE OBJECTIVES OF THE PROJECT WOULD NOT BE MET AND

SOURCE OF RELIABLE LONGTERM AND COMPETITIVELY PRICED NATURAL GAS WOULD NOT BE AVAILABLE TO THE

REGION THE IMPACT BOTH ECONOMIC AND ENVIRONMENTAL TO THE REGION OF DELAYING THE PROJECT BY

23 YEARS IN THE HOPES THAT ANOTHER PROJECT MIGHT BE BUILT WOULD INVOLVE HIGHER ENERGY PRICES

GREATER EMISSIONS AND GRATER NATURAL GAS PRICE VOLATILITY

USE OF OTHER FOSSIL FUELS WOULD RESULT IN DECLINE IN AIR QUALITY TRADITIONAL DOMESTIC NATURAL GAS

PRODUCTION LEVELS ARE EXPECTED TO CONTINUE PRODUCTION DECLINE DUE TO DEPLETION NEW SOURCES OF

NUCLEAR POWER OR HYDROPOWER ARE UNLIKELY TO BE SITED IN THE REGION IN THE FORESEEABLE FUTURE

RENEWABLE SOURCES OF ENERGY WIND SOLAR AND BIOMASS AND ENERGY CONSERVATION ARE POSSIBLE

CLEAN ALTERNATIVES BUT IT IS UNLIKELY THAT THEY WILL BE AVAILABLE IN SUFFICIENT QUANTITIES TO MEET THE

REGIONS GROWING ENERGY NEEDS THE LONG ISLAND OFFSHORE WIND PARK AND THE ROOSEVELT ISLAND

TIDAL ENERGY PROJECT ARE DESCRIBED AS PROVIDING 140 1VIW AND 10 1VIW OF ELECTRIC POWER

RESPECTIVELY

SYSTEM ALTERNATIVES

OTHER EXISTING OR PROPOSED LNG OR NATURAL GAS FACILITIES WOULD HAVE TO MEET THE STATED OBJECTIVES

OF THE PROJECT THE CAPABILITY TO INJECT BCFD INTO THE GREATER NEW YORK METROPOLITAN AREA

MARKET CONSIDERING THE EXISTING PIPELINE INFRASTRUCTURE THE ADDITION OF BCFD OF INCREMENTAL

GAS SUPPLY WOULD CONSTITUTE SIGNIFICANT SYSTEM EXPANSION FOR EVERY PIPELINE EXCEPT IROQUOIS

THE AVERAGE OPERATING PRESSURE ON THE ALGONQUIN COLUMBIA TENNESSEE AND TRANSCO PIPELINES IS
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LOW RANGING FROM 650 TO 800 PSI AND COULD NOT ACCOMMODATE THE INCREMENTAL VOLUME

REQUIREMENTS OF THE PROJECT WITHOUT LOOPING EVEN THE TEXAS EASTERN SYSTEM WITH PRESSURE OF

1100 PSI CANNOT MEET THE PROJECT OBJECTIVES WITHOUT AN EXPANSION WITH SUBSTANTIAL ENVIRONMENTAL

IMPACT FURTHERMORE IN ORDER TO MEET PROJECT OBJECTIVES ALL THESE PIPELINES WOULD NEED ACCESS

TO INCREMENTAL GAS SUPPLY FROM INTERCONNECTIONS EITHER FROM THE SOUTH OR THE NORTH WHICH MAY

NOT BE SUFFICIENT FOR THE FUTURE NEEDS OF THE NEW YORK CITY LONG ISLAND MARKETS

BROADWATER EXAMINED ALL THE APPROVED ONSHORE AND OFFSHORE US LNG TERMINALS MOST OF WHICH

ARE LOCATED IN THE GULF COAST ALTHOUGH THEY REPRESENT NEW SOURCES OF NATURAL GAS SUPPLY THEY

ARE LOCATED FAR FROM THE NEW YORK METROPOLITAN REGION AND WOULD REQUIRE SIGNIFICANT EXPANSION

OF THE PIPELINE SYSTEMS FROM THE GULF COAST THE ONLY LNG TERMINAL APPROVED IN THE NORTHEAST

IS THE WEAVERS COVE PROJECT IN FALL RIVER MASSACHUSETTS WITH DAILY SENDOUT CAPACITY OF 08
BCF IF THIS TERMINAL WERE BUILT SIGNIFICANT ADDITIONAL PIPELINE INFRASTRUCTURE WOULD BE REQUIRED

TO TRANSPORT THIS NEW GAS SUPPLY TO THE REGION VIA THE ALGONQUIN PIPELINE

BROADWATER ALSO EXAMINED THE FOUR PROPOSED LNG TERMINALS IN THE NORTHEAST KEY SPANS LNG

FACILITY UPGRADE 05 BCFD IN PROVIDENCE RHODE ISLAND BPS CROWN LANDING PROJ ECT 12
BCFD IN NEW JERSEY AND TWO OFFSHORE PROJECTS OFF THE COAST OF MASSACHUSETTS NORTHEAST

GATEWAY 08 BCFD AND SUEZ NEPTUNE 04 BCFD BROADWATER CONCLUDED THAT THE THREE

PROPOSED NEW ENGLAND FACILITIES ARE DESIGNED TO SERVE THE NEW ENGLAND MARKET AND CANNOT MEET

THE NEEDS OF THE NEW YORK CITY LONG ISLAND MARKETS BPS CROWN LANDING 12 BCFD IN NEW

JERSEY WOULD REQUIRE VERY COSTLY DOWNSTREAM PIPELINE ENHANCEMENTS TO PROVIDE INCREMENTAL

VOLUMES TO NEW YORK

LNG TERMINAL ALTERNATIVES

SHELL EVALUATED BOTH THE FSRU AND GBS CONCEPTS IT WAS DETERMINED EARLY ON THAT THE GBS

OPTION HAD MORE SIGNIFICANT ENVIRONMENTAL AND SAFETY CHALLENGES BECAUSE IT HAD TO BE LOCATED IN

SHALLOWER WATER UP TO 60 FT WHICH IN LONG ISLAND SOUND IS CLOSER TO POPULATED AREAS THREE

ONSHORE LOCATIONS SHOREHAM BLOCK ISLAND AND PLUM ISLAND WERE EVALUATED AND FOUND TO BE

ENVIRONMENTALLY LESS DESIRABLE THAN THE PROPOSED FSRU LOCATION

BROADWATER ALSO EVALUATED SHUTTLE REGASIFICATION VESSELS SRVS AND THE NUMBER OF SEPARATE SRV

MOORING LNG TRANSFER BUOYS THAT WOULD BE REQUIRED TO PROVIDE BCFD TO THE REGION

BROADWATER ESTIMATED THE MAXIMUM SEA STATES DURING WHICH LNG CARRIER BERTHING AND LNG
TRANSFER SENDOUT OPERATIONS COULD BE ACCOMPLISHED AND THE FREQUENCY OF THESE SEA STATES IN THE

LONG ISLAND SOUND BLOCK ISLAND SOUND AND ATLANTIC OCEAN OFFSHORE OF LONG ISLAND

ALTERNATIVE LNG TERMINAL SITES

BOTH THE ATLANTIC OCEAN AND BLOCK ISLAND SOUND WERE EVALUATED IN ADDITION TO LONG ISLAND

SOUND FOR OFFSHORE LOCATIONS AS RESULT OF THE COMPREHENSIVE ALTERNATIVE LNG TERMINAL SITE

ANALYSIS BROADWATER IDENTIFIED 24 INDIVIDUAL ALTERNATIVE FACILITY CONCEPTS AND SITE LOCATIONS

INCLUDING NINE GBS SITES FIVE FSRU SITES EIGHT LANDBASED SITES AND TWO SRV SITES FIGURE

ASI HOWEVER THE SEA CONDITIONS WERE CONSIDERED TOO ROUGH FOR ROUTINE AND RELIABLE

UNLOADING VIA SIDEBYSIDE CARGO TRANSFER AND MUCH LONGER GAS PIPELINE WOULD HAVE TO BE

CONSTRUCTED TO CARRY THE 10 BCFD TO IROQUOIS AN OFFSHORE PIPELINE LONGER THAN 40 MILES WOULD
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REQUIRE INTERMEDIATE PRESSURE BOOSTING LOCATED BETWEEN THE FSRU AND THE INTERCONNECTION WITH

THE IROQUOIS PIPELINE WITHIN LONG ISLAND SOUND SITES LOCATED CLOSE TO THE SHORELINE WERE

ELIMINATED DUE TO THEIR PROXIMITY TO HIGHER POPULATION DENSITIES AND TO SENSITIVE MARINE RESOURCES

AND TO AVOID DREDGING ISSUES

PIPELINE ROUTE ALTERNATIVES

BROADWATER EXAMINED SEVERAL PIPELINE ROUTES ONSHORE AND OFFSHORE THAT WOULD REACH THE TARGET

MARKET ONE ONSHORE ROUTE FROM AN ATLANTIC OCEAN LNG TERMINAL LOCATED APPROXIMATELY 20

MILES SOUTHEAST OF THE HAMPTONS WOULD MAKE LANDFALL EAST OF SOUTHAMPTON AND REACH THE EXISTING

IROQUOIS METER STATION AT SOUTH COMMACK ANOTHER OFFSHORE ROUTE FROM AN ATLANTIC OCEAN LNG
TERMINAL LOCATED APPROXIMATELY 20 MILES SOUTHEAST OF MONTAUK POINT WOULD REQUIRE TWO OFFSHORE

PLATFORM BASED COMPRESSOR STATIONS AND WOULD HAVE TO BE ROUTED AROUND MONTAUK POINT THROUGH

BLOCK ISLAND SOUND THROUGH THE RACE AND WESTWARD ALONG THE CENTRAL AXIS OF LONG ISLAND SOUND

TO THE IROQUOIS PIPELINE THESE TWO ATLANTIC OCEAN ALTERNATIVES ARE LESS DESIRABLE THAN THE

PROPOSED FSRU SITE IN LONG ISLAND SOUND BECAUSE THEY WOULD REQUIRE SIGNIFICANT NEW PIPELINE

CONSTRUCTION IN ORDER TO CONNECT TO IROQUOIS

LNG TERMINAL EQUIPMENT TECHNOLOGY ALTERNATIVES

BROADWATER EXAMINED VAPORIZATION TECHNOLOGY ALTERNATIVES MOORING SYSTEM ALTERNATIVES

NITROGEN SUPPLY ALTERNATIVES AND BALLAST TRANSFER SYSTEM

FOUR VAPORIZATION TECHNOLOGIES WERE CONSIDERED SCV STY SEAWATERWARMED VAPORIZATION AND

AIRWARMED VAPORIZATION BOTH OF THE LAST TWO TECHNOLOGIES WOULD REQUIRE STANDBY TECHNOLOGY

FOR THE COLDER MONTHS OF THE YEAR WHEN THE AIR AND WATER TEMPERATURE IS TOO LOW FOR THE SYSTEM TO

BE EFFECTIVE ON ITS OWN SO THEY WERE ELIMINATED FROM CONSIDERATION BASED ON EVALUATIONS OF

THERMAL EFFICIENCY GLOBAL EFFICIENCY NO EMISSIONS AND CO2 EMISSIONS BROADWATER SELECTED

STV WITH SCR WHICH ALLOWED FOR THE LOWEST ACHIEVABLE EMISSIONS RATES AT COMPARABLE THERMAL

EFFICIENCIES

GIVEN THE 90FT WATER DEPTHS IN LONG ISLAND SOUND THERE IS REALLY ONLY ONE OPTIMUM MOORING

SYSTEM THE YOKE MOORING SYSTEM WHICH IS PILED TO THE SEABED THE ALTERNATIVE AN EXTERNAL TURRET

SYSTEM IS OPTIMUM FOR DEPTHS THAT ARE GREATER THAN 150 FT AND REQUIRES OR MORE LEG ANCHOR

SYSTEMS

BROADWATER PROPOSES TO ADD NITROGEN TO THE GASIFIED LNG IN ORDER TO MEET THE GAS QUALITY

REQUIREMENTS OF THE IROQUOIS SYSTEM TWO NITROGEN INJECTION TECHNOLOGIES WERE EVALUATED THE

CRYOGENIC NITROGEN PLANT AND THE MEMBRANE NITROGEN PLANT SINCE THE CRYOGENIC NITROGEN PLANT IS

AFFECTED BY MOTION IT IS LESS SUITABLE FOR MARINE APPLICATION THAN THE MEMBRANE NITROGEN PLANT

IN ORDER TO CONSERVE BALLAST WATER BROADWATER ASSESSED BALLAST TRANSFER SYSTEM THAT WOULD

TRANSFER WATER FROM THE SRU TO THE LNG CARRIER DURING LNG TRANSFER OPERATIONS HOWEVER THE

SYSTEM WAS NOT PRACTICAL SINCE LNG CARRIERS ARE CURRENTLY NOT CONFIGURED TO ACCEPT BALLAST WATER

FROM ANOTHER FACILITY

AS 17



F
IG

U
R

E

A
51

POTENTIAL LN
G

S
IT

E
S

CONSIDERED B
Y

B
R

O
A

D
W

A
T

E
R

V
T

LI

L
I

P
4

C
T

LH
C

C
IR

1Y

H
R

V
R

N

P
M

1

LN
G

LOCJIOR

C
C

O
C

C
IT

P
C

F
IJ W
E

U
II

BROADWATERRESOURCE

R
E

P
O

R
T 1
0

A
51

8



PIPELINE CONSTRUCTION ALTERNATIVES

BROADWATER EVALUATED BOTH THE CONVENTIONAL MARINE PIPELINE INSTALLATION METHOD AND THE

DYNAMICALLY POSITIONED DP VESSEL MARINE PIPELINE INSTALLATION METHOD ALTHOUGH USING DP

LAYBARGE WOULD MINIMIZE BOTTOM DISTURBANCE AND DAMAGE TO EXISTING UTILITY CABLES OR PIPELINES

BROADWATER DID NOT CONSIDER IT THE PREFERRED METHOD BECAUSE OF COST CONTRACTUAL LOGISTICAL LEGAL

AND LABOR CONSIDERATIONS

ONSHORE RESOURCE REPORTS 112

TEMPORARY AND PERMANENT ONSHORE FACILITIES WOULD BE REQUIRED DURING CONSTRUCTION AND

OPERATION BROADWATER PROPOSES TO USE EXISTING FACILITIES TO AVOID OR MINIMIZE ADDITIONAL

ENVIRONMENTAL IMPACT ONLY WATERFRONT FACILITY IS REQUIRED TO SUPPORT CONSTRUCTION ACTIVITIES

THE PERMANENT LEASED ONSHORE FACILITIES WOULD BE LOCATED EITHER IN GREENPORT OR PORT JEFFERSON

AND WOULD INCLUDE OFFICE SPACE AND WAREHOUSES THE OFFICE SPACE WOULD INCLUDE CONFERENCE AND

TRAINING FACILITIES AS WELL AS THE EMERGENCY RESPONSE AND COMMUNICATIONS CENTER THE

WAREHOUSING WITH WATERFRONT ACCESS WOULD ACCOMMODATE TUGS PERSONNEL TRANSFER AND MATERIALS

TRANSFER

RESOURCE REPORTS SOCIOECONOMICS 10 ALTERNATIVES 12 PCB CONTAMINATION AND 13

ENGINEERING DESIGN AND MATERIALS WERE NOT REQUIRED FOR THE ONSHORE FACILITIES

PERMITS

TABLE A53 AND TABLE A54 LIST THE FEDERAL AND STATE PERMITS RESPECTIVELY WHICH BROADWATER

NEEDS TO ACQUIRE
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APPENDIX

DET NORSKE VERITAS BROADWATER RESPONSE TO USCG LETTER
DATED DECEMBER 21 2005

DNV PREPARED BROADWATERS RESPONSE TO THE USCGS LETTER CONCERNING THE FOUR ISSUES RELATED TO

THE APPLICABILITY OF THE SANDIA REPORT TO THE SITE THE FSRU AND FUTURE GENERATIONS OF LNG
CARRIERS LAI REVIEWED DNVS ANALYSIS AND HIGHLIGHTED THE KEY POINTS OF THE ANALYSIS

ISSUE BREACH SIZES FOR FSRU AND 250000 M3 LNG CARRIERS COMPARED TO SANDIA REPORT

BREACH SIZES

RESPONSE LARGER FUTURE GENERATION VESSELS LIKE THE FSRU AND THE 250000 M3 LNG CARRIERS

HAVE THICKER INNER AND OUTER HULL PLATES AND LARGER HORIZONTAL DISTANCE BETWEEN THE OUTER AND

INNER HULLS COMPARED TO CURRENT LNG CARRIERS SPECIFICALLY CURRENT LNG VESSELS HAVE 22
BETWEEN THE INNER AND OUTER HULL WHILE THE FSRU IS EXPECTED TO HAVE 48 BETWEEN THE HULLS AND

216000 M3 VESSEL HAS 26 BETWEEN THE HULLS COLLISION VULNERABILITY ANALYSIS CALCULATES

THE SIDE IMPACT ENERGIES THAT CAN BE ABSORBED BY DIFFERENT SIZED LNG CARRIERS AND THE FSRU
BEFORE TANK SHELL DEFORMATION OCCURS THIS ANALYSIS REVEALED THAT LARGER CARRIERS ABSORB ABOUT

TWICE THE COLLISION ENERGY THAT SMALLER CARRIERS ARE CAPABLE OF ABSORBING SINCE THE MORE ENERGY

CARRIER IS ABLE TO ABSORB THE SMALLER THE BREACH SIZE LARGER LNG CARRIERS OR THE FSRU WILL

EXPERIENCE SMALLER BREACH SIZES GIVEN THE SAME IMPACT ENERGIES THEREFORE THE SANDIA REPORT

BREACH SIZES ARE CONSERVATIVELY APPLICABLE TO THE PROPOSED BROADWATER FSRU AND LARGER LNG
CARRIERS

ISSUE SPILL VOLUMES FOR FSRU AND 250000 M3 LNG CARRIERS COMPARED TO SANDIA

REPORT SPILL VOLUMES

RESPONSE IF BREACH IN THE FSRU OR LNG CARRIER IS ASSUMED TO OCCUR JUST ABOVE THE WATER LINE

IT WILL RESULT IN THE LARGEST LNG HEAD RELEASE THE MAXIMUM VOLUME OF LNG AND THEREFORE

PRODUCE THE MOST CONSERVATIVE RESULT SPECIFICALLY THE FSRU RELEASE VOLUME WILL BE 35560 M3

AND THE LNG CARRIER RELEASE VOLUME WILL BE 27300 M3 COMPARED TO THE SANDIA REPORT RELEASE

VOLUME OF 12500 M3

ISSUE SIZE OF HAZARD ZONE FOR FSRU AND 250000 M3 LNG CARRIERS COMPARED TO SANDIA

REPORT HAZARD ZONES

RESPONSE THE MOST SERIOUS HAZARD FROM AN LNG SPILL IS DUE TO THERMAL RADIATION FROM VAPOR

CLOUD DISPERSION WITH LATE IGNITION BECAUSE IT HAS THE POTENTIAL OF EXTENDING SIGNIFICANTLY LONGER

THAN THE THERMAL HAZARD ZONE FROM POOL FIRE THE SIZE OF THE HAZARD ZONE IS FUNCTION OF FIVE

VARIABLES INCLUDING

HOLE SIZE

LNG HEAD ABOVE THE BREACH

RELEASE RATE

VOLUME RELEASED AND



WEATHER CONDITIONS

THE SANDIA REPORT USES HOLE SIZES OF 112160 FOR ACCIDENTAL SCENARIOS AND NOMINAL CREDIBLE

HOLE SIZE OF 252 FOR INTENTIONAL SPILLS DNVS MOST CREDIBLE HOLE SIZES FOR AN ACCIDENTAL

BREACH ARE 025 075 AND 150

THE SANDIA REPORT MODELS VAPOR DISPERSION DISTANCES WITH THE CFD SOFTWARE VIJLCAN WHILE

DNV USES PHAST WHICH IS CONSIDERED TO GIVE MORE CONSERVATIVE RESULTS DNV EXTENDED THE

SANDIA REPORT CALCULATIONS TO INCLUDE THE LARGER RELEASE VOLUMES AND HIGHER LNG HEAD DISCUSSED

IN ISSUE WHILE KEEPING THE SAME HOLE SIZES AS THE SANDIA REPORT DNV ALSO MODELED VAPOR

DISPERSION DISTANCES FOR THREE TYPES OF WEATHER CONDITIONS

STABILITY CLASS WITH WIND SPEEDS OF MS

STABILITY CLASS WITH WIND SPEEDS OF 35 MIS AND

STABILITY CLASS WITH WIND SPEEDS OF MS

THE MOST FREQUENTLY OCCURRING WEATHER CONDITION IN LONG ISLAND SOUND IS STABILITY 49
WHILE STABILITY ONLY OCCURS 15 OF THE TIME SINCE THERE IS LIMITED MIXING OF THE RELEASED GASES

UNDER THE STABLE CONDITIONS OF THE STABILITY CLASS THEY RESULT IN GREATER HAZARD DISTANCE THAN

ANY OF THE OTHER WEATHER CONDITIONS AND ARE THE MOST CONSERVATIVE RESULT DNV FOUND THAT THE

SANDIA DISTANCES TO LFL ARE EXPANDED WHEN THE LARGER SPILL VOLUMES ARE USED SPECIFICALLY FOR

THE LARGEST HOLE SIZE OF 252 THE DISTANCE TO LFL FOR ONE TANK FSRU SPILL INCREASES TO 332

KM COMPARED TO ITS VALUE OF 245 KM FOR THE SANDIA REPORT

THE SANDIA REPORT ALSO CALCULATES DISTANCE TO LFL FOR THREE TANK BREACH BUT THE DNV REPORT

DOES NOT PRESENT THE ANALOGOUS RESULT THE DNV REPORT DOES NOT PROPOSE HAZARD ZONE SIZE

BASED ON THE CALCULATED DISTANCE TO LFL

ISSUE USE OF LONG ISLAND SOUND ATMOSPHERIC DATA INSTEAD OF MARYLAND ATMOSPHERIC

DATA FOR CALCULATION OF VAPOR DISPERSION DISTANCES

RESPONSE THE LONG ISLAND SOUND WEATHER IS SUMMARIZED ACCORDING TO STABILITY CLASS AND WIND

SPEED AND IT IS FOUND THAT STABILITY CLASS IS PREDOMINANT THE THREE MOST COMMON
COMBINATIONS OF WIND SPEED AND STABILITY CLASS ARE SHOWN IN TABLE A61

TABLE A61 STABILITY CLASS CONDITIONS

STABILITY CLASS AVERAGE WIND SPEED PERCENT OF DAY

2MS 15
35 MS 49
7MS 21

THESE WEATHER CONDITIONS WERE THE ONES USED BY DNV TO MODEL VAPOR DISPERSION DISTANCES IN

ISSUE THE SANDIA REPORT USED STABILITY CLASS OFF AND WIND SPEED OF 233 MS
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CONCLUSIONS

THE BROADWATER SITE SPECIFIC CONSEQUENCE ZONES ARE LARGER THAN THE SANDIA HAZARD ZONES UNDER

THE WORST CASE STABILITY CLASS CONDITIONS
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APPENDIX

DET NORSKE VERITAS FIRE MODELING

DNV PROVIDED SITE SPECIFIC THERMAL HAZARD ZONES RESULTING FROM POOL FIRES FOR THE HOLE SIZES

DEFINED BY SANDIA USING THE DNV SOFTWARE PHAST V642

FOR THE MODELING THE FSRU TANKS ARE ASSUMED TO BE 98 FULL AND THE LNG CARRIER TANKS 95
FULL BREACH IN BOTH THE FSRU AND LNG CARRIER IS ASSUMED TO OCCUR JUST ABOVE THE WATER LINE

AND RESULTS IN THE LARGEST LNG HEAD AND RELEASE VOLUME SANDIA ASSUMED THAT 50 OF THE TANK

VOLUME WOULD BE RELEASED WHEREAS DNV CALCULATED THE SITE SPECIFIC RELEASE VOLUMES BASED ON

THE AMOUNT OF DRAFT FOR THE FSRU WITH 44850 M3 TANK THE RELEASE VOLUME IS 35560 M3

WHEREAS FOR THE LNG CARRIER WITH 42000 M3 TANK THE RELEASE VOLUME IS 27300 M3 THE DNV
VOLUMES ARE ALSO LARGER THAN THE SANDIA RELEASE VOLUMES BECAUSE THE BROADWATER FSRU AND LNG
VESSELS ARE LARGER THAN THE VESSELS USED IN THE SANDIA REPORT DNV USED 12 M2 ACCIDENTAL HOLE

SIZES AND M2 INTENTIONAL HOLE SIZES JUST LIKE THE SANDIA REPORT THEY ALSO USED THE SAME

DISCHARGE COEFFICIENT OF 06 AND THE SAME SURFACE EMISSIVE POWER OF 220 KWM2 HOWEVER

DNV USED BURNING RATE OVER WATER OF 0353 KGM2S WHILE SANDIA USED 0128 KGM2S THE

BURNING RATE OF METHANE ON LAND IS KNOWN TO BE 014 KGM2S AND 25 TIMES GREATER OVER WATER

FURTHERMORE SANDIA USES THE SAME POOL SIZE FOR IGNITED POOLS AND UNIGNITED POOLS WHILE DNV
CALCULATES LARGER POOL SIZES FOR AN UNIGNITED POOI COMPARED TO AN IGNITED POOL

THE EXTENT OF PERSONAL INJURY DUE TO THERMAL RADIATION IS DETERMINED BY THE RADIATION EXPOSURE

LEVEL THE DURATION OF EXPOSURE AND THE TYPE OF PERSONAL PROTECTION THE DISTANCES TO KWM2 FOR

BOTH THE DNV AND SANDIA RESULTS ARE SUMMARIZED BELOW

TABLE A71 FSRU POOL FIRE MODELING RESULTS DISTANCE IN TO KWM2

SANDIA DNV
HOLE SIZE

233 MIS MIS 35 MIS MIS

05 M2 470 484 507

M2 554 606 629 655

2M2 784 797 826 858

SM2 1305 1127 1167 1211

TABLE A72 LNG CARRIER POOL FIRE MODELING RESULTS DISTANCE IN TO KWM2

HOLE SANDIA DNV
SIZE 233 MIS MIS 35 MIS MIS

05M2 466 482 504

M2 554 602 624 650

2M2 784 791 820 852

SM2 1305 1120 1160 1202



DNV DOES NOT FIND THE EFFECT OF WIND SPEEDS AND STABILITY CLASS TO BE SIGNIFICANT THE DURATION OF

POOL FIRE DEPENDS ON HOLE SIZE RELEASE RATE BURNING RATE AND VOLUME RELEASED HOLE SIZE IS

SIGNIFICANT VARIABLE DOUBLING THE HOLE SIZE WILL DOUBLE THE CALCULATED DISTANCE TO KWM2 THE

DURATION OF THE ABOVE POOL FIRES ARE EXPECTED TO BE ABOUT 15 MM FOR THE M2 HOLE AND 15 HOURS

FOR THE 05 M2 HOLE

DNV REPEATED THEIR CALCULATIONS WITH SANDIAS LOWER BURNING RATE AND FOUND AN INCREASE IN

HAZARD DISTANCES COMPARED TO THE BASE CASE DUE TO THE LARGER STEADY STATE POOLS THAT WILL FORM

WITH LOWER BURNING RATE THE FSRU POOL FIRE DISTANCES TO KWM2 CALCULATED BY DNV RANGE

FROM 689 TO 1344 COMPARED TO 554 TO 1305 IN THE SANDIA REPORT FOR THE SAME HOLE SIZES

THE LNG CARRIER POOL FIRE DISTANCES TO KWM2 CALCULATED BY DNV RANGE FROM 684 TO 1335

COMPARED TO 554 TO 1305 IN THE SANDIA REPORT FOR THE SAME HOLE SIZES
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APPENDIX

LIST OF FERC INTERVENERS

INTERVENER FILING DATE

2172006

THE COUNTY OF SUFFOLK NEW YORK SUPPLEMENTED ON

392006

STATE OF CONNECTICUT DEPARTMENT OF ENVIRONMENTAL
2272006

PROTECTION

STATE OF CONNECTICUT ATTORNEY GENERAL 312006

STATE OF CONNECTICUT

REPRESENTATIVES OF THE LONG ISLAND SOUND LNG TASK 322006

FORCE

PSEG ENERGY RESOURCES TRADE LLC 366

BP ENERGY COMPANY 366

SHELL NA LNG LLC 382006

TOWN OF RIVERHEAD NEW YORK 382006

NEW ENGLAND LDCS

INCLUDING BAY STATE GAS COMPANY CONNECTICUT

NATURAL GAS CORPORATION NEW ENGLAND GAS COMPANY
NORTHERN UTILITIES INC CITY OF NORWICH DEPARTMENT OF 392006

PUBLIC UTILITIES NSTAR GAS COMPANY THE SOUTHERN

CONNECTICUT GAS COMPANY AND YANKEE GAS SERVICES

COMPANY

DOMINION COVE POINT LNG LP 392006

AMERICAN GAS ASSOCIATION 392006

KEYSPAN DELIVERY COMPANIES 3102006
INCLUDING KEY SPAN ENERGY NY KEY SPAN ENERGY LI

REVISED ON 3132006
AND KEY SPAN ENERGY NE
WEAVERS COVE ENERGY LLC 3102006

3102006 ELECTRONICTOWN OF BROOKHAVEN NEW YORK
3132006 HARD COPY

CORAL ENERGY RESOURCES LP 3102006

3102006
TOWN OF SOUTHOLD NEW YORK

AMENDED ON 3102006

LONG ISLAND POWER AUTHORITY 3102006

3102006 ELECTRONICTOWN OF HUNTINGTON NEW YORK
3132006 HARD COPY

CONSOLIDATED EDISON COMPANY OF NEW YORK INC 3102006



INTERVENER FILING DATE

IROQUOIS GAS TRANSMISSION SYSTEM LP 3102006

3102006

CONNECTICUT FUND FOR THE ENVIRONMENT SAVE THE SOUND RESUBMITTED ON

3142006

NEW YORK STATE PUBLIC SERVICE COMMISSION 3102006

TOWN OF EAST HAMPTON NEW YORK 11222006

CROSSSOUND CABLE COMPANY LLC 1232007
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