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10 INTRODUCTION

11

THE PRINCIPAL PURPOSE OF THISTHI STUDY IS TO IDENTIFY THE PETROLEUMTECHNOLOGY
THAT MAY BE USED TO DEVELOP OIL AND GAS RESOURCESRESOURCE ON THE NAVARIN BASIN OCS
LEASE SALE NO 83 THISTHI ANALYSISANALYSI FOCUSESFOCUSE ON BOTH THE INDIVIDUAL FIELD
DEVELOPMENTCOMPONENTSCOMPONENT TYPESTYPE OF PLATFORMSPLATFORM PIPELINESPIPELINE ETC AND THE OVERALL
FIELD DEVELOPMENTAND TRANSPORTATION STRATEGIESSTRATEGIE AN EVALUATION OF THE
ENVIRONMENTAL CONSTRAINTSCONSTRAINT OCEANOGRAPHYGEOLOGY ETC DEFINESDEFINE THE MOST
SUITABLE ENGINEERINGSTRATEGIESSTRATEGIE

THE SECOND PURPOSE OF THISTHI STUDYIS TO ASSESSASSES THE ECONOMIC VIABILITY OF
VARIOUSVARIOU DEVELOPMENTSTRATEGIESSTRATEGIE IN VIEW OF THE REMOTE LOCATION AND HARSH
ENVIRONMENT OF THE NAVARIN BASIN THE ECONOMIC ANALYSISANALYSI HAS FOCUSED ON

TRANSPORTATION ALTERNATIVESALTERNATIVE THE THIRD PURPOSE IS TO ESTIMATE THE MANPOWER
REQUIRED TO CONSTRUCT AND OPERATE THE FACILITIESFACILITIE

THISTHI STUDY IS STRUCTURED TO PROVIDE BUILDING BLOCKSBLOCK OF THE PETROLEUM
FACILITIESFACILITIE EQUIPMENT COSTSCOST AND EMPLOYMENTTHAT CAN BE USED BY BUREAU OF
LAND MANAGEMENTALASKA OCS OFFICE STAFF TO EVALUATE NOMINATED LEASE TRACTSTRACT
THREE FEASIBLE FIELD DEVELOPMENTSTRATEGIESSTRATEGIE TYPESTYPE OF PLATFORMSPLATFORM TRANSPOR
TATION OPTIONSOPTION ETC ARE SPECIFIED THESE DEVELOPMENTSTRATEGIESSTRATEGIE ARE

TECHNICALLYFEASIBLE AND ECONOMICALLYVIABLE UNDER THE ASSUMPTIONSASSUMPTION GIVEN

PETROLEUM TECHNOLOGYWILL DETERMINE OR INFLUENCE THE SCHEDULINGOF OFFSHORE
AND ONSHORE ACTIVITIESACTIVITIE THE LOCAL EMPLOYMENTAND INFRASTRUCTURE SUPPORT
REQUIREMENTSREQUIREMENT AND THE POTENTIAL RISKSRISK INVOLVED IN THE PRODUCTION AND TRANSTRAN

PORTATION OF HYDROCARBONSHYDROCARBONAND RELATED POTENTIAL FOR ENVIRONMENTAL IMPACTSIMPACT

THUSTHU THE PETROLEUMTECHNOLOGYASSESSMENT PROVIDESPROVIDE THE NECESSARY FRAMEWORK TO
ASSESSASSES ENVIRONMENTAL AND SOCIOECONOMIC IMPACTSIMPACT OF THE NAVARIN BASIN PETROLEUM
DEVELOPMENT



IT SHOULD BE EMPHASIZED THAT THISTHI REPORT IS SPECIFICALLY DESIGNED TO PROVIDE

PETROLEUMDEVELOPMENTDATA FOR THE ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAM

THISTHI STUDY ALONGWITH OTHER STUDIESSTUDIE CONDUCTED BY OR FOR THE BUREAU OF LAND

MANAGEMENT INCLUDING ENVIRONMENTAL IMPACT STATEMENTSSTATEMENT ARE REQUIRED TO USE

US GEOLOGICALSURVEYESTIMATESESTIMATE OF RECOVERABLE OIL AND GAS THE ASSUMPTIONSASSUMPTION

USED IN THE ANALYSISANALYSI MAY BE SUBJECT TO REVISION AS NEW DATA BECOME AVAILABLE

12

THISTHI PETROLEUMTECHNOLOGYASSESSMENT IS FOR THE PROPOSEDNAVARIN BASIN LEASE

SALE NO 83 SCHEDULED FOR MARCH 1984 IT WILL BE THE THIRD BERING SEA OCS

LEASE SALE FOLLOWING THE NORTON SOUND SALE NO 57 AND ST GEORGEBASIN SALE

NO 70 SCHEDULEDFOR NOVEMBER 1982 AND FEBRUARY 1983 RESPECTIVELY THE

NORTH ALEUTIAN SHELF SALE NO 75 PREVIOUSLY SCHEDULED FOR APRIL 1983 WAS

DELETED IN THE MARCH 1982 REVISED SCHEDULE THISTHI REPORT ENCOMPASSESENCOMPASSE THE

AREA SHOWN IN FIGURE WHICH IS BOUNDED ON THE NORTH BY 63 LATITUDE ON

THE EAST BY THE 174 MERIDIAN ON THE SOUTH BY 58 LATITUDE AND ON THE

SOUTHWEST BY THE 2400METER 7900FOOT ISOBATH AND ON THE WEST BY THE

USRUSSIA CONVENTION LINE OF 1867

THE PRINCIPAL COMPONENTSCOMPONENT OF THISTHI STUDY ARE

AN EVALUATION OF THE ENVIRONMENTAL CONSTRAINTSCONSTRAINT OCEANOGRAPHYGEO

LOGY THAT WILL INFLUENCE OR DETERMINE PETROLEUM ENGINEERINGAND

FIELD DEVELOPMENT AND TRANSPORTATION STRATEGIESSTRATEGIE CHAPTER 30

DESCRIPTION OF VARIOUSVARIOU FIELD DEVELOPMENTCOMPONENTSCOMPONENT AND STRATEGIESSTRATEGIE
AND RELATED TECHNICAL PROBLEMSPROBLEM CHAPTER30

DISCUSSION OF FACILITIESFACILITIE SITING TO IDENTIFY SUITABLE SHORE SITESSITE

FOR PETROLEUMFACILITIESFACILITIE SUCH AS CRUDE OIL TERMINALSTERMINAL LNG PLANTSPLANT AND

SUPPORTBASESBASE CHAPTER40

AN ANALYSISANALYSI OF THE MANPOWER REQUIREMENTSREQUIREMENT TO EXPLORE DEVELOP AND

PRODUCENAVARIN BASIN PETROLEUMRESOURCESRESOURCE IN THE CONTEXT OF PROJECTED

12



LOCATION OF PROPOSEDNAVARIN OCSLEASE SALE

NO 83 IN THE NORTHERNBERING SEA ALBERSALBER

EQUALAREA PROJECTION

FIGURE 11



TECHNOLOGY AND ENVIRONMENTAL AND LOGISTICAL CONSTRAINTSCONSTRAINT CHAPTER

50 THISTHI INCLUDESINCLUDE SPECIFICATION OF MANPOWER REQUIREMENTSREQUIREMENT BY

INDIVIDUAL TASKSTASK AND FACILITIESFACILITIE

REVIEW OF THE PETROLEUMGEOLOGYOF NAVARIN BASIN TO FORMULATE

RESERVOIR AND PRODUCTIONASSUMPTIONSASSUMPTION NECESSARY FOR THE ECONOMIC

ANALYSISANALYSI APPENDIX

AN ECONOMIC ANALYSISANALYSI OF NAVARIN BASIN PETROLEUMRESOURCESRESOURCE IN THE

CONTEXT OF PROJECTEDTECHNOLOGYFACILITY AND EQUIPMENTCOSTSCOST AND

ASSUMED RESERVOIR CHARACTERISTICSCHARACTERISTIC CHAPTER60

SPECIFICATIONOF THE FACILITY AND EQUIPMENT REQUIREMENTSREQUIREMENT AND PROBABLE

PRODUCTIONFOR HYPOTHETICALDEVELOPMENTCASE CORRESPONDINGTO THE

US GEOLOGICALSURVEY STATISTICAL MEAN OIL AND GAS RESOURCE ESTIMATE

FOR THE BASIN CHAPTER70

13 GAPSGAP AND

RESULTSRESULT OF THISTHI STUDY ARE PRELIMINARYAND SHOULD BE REVIEWED IN THE CONTEXT

OF THE CONSTRAINTSCONSTRAINT IMPOSED ON THE ANALYSISANALYSI BY SIGNIFICANT DATA GAPSGAP THISTHI

STUDY IS BASED UPON AVAILABLE DATA SUCH AS THE GEOPHYSICALRECORDSRECORD OF THE

US GEOLOGICALSURVEY AND THE RESULTSRESULT OF THE OCEANOGRAPHICSURVEYSSURVEY CONDUCTED

BY THE NATIONAL OCEANIC AND ATMOSPHERICADMINISTRATION NO PROPRIETARYDATA

WERE AVAILABLE TO THISTHI STUDY ALTHOUGHBOTH AGENCY AND INDUSTRY REVIEWSREVIEW OF

IMPORTANTTECHNICAL GEOLOGIC AND ECONOMIC ASSUMPTIONSASSUMPTION WERE MADE

THE PRINCIPAL DATA GAPSGAP INCLUDE

OCEANOGRAPHY SEA ICE WAVE AND CURRENT DATA REQUIRED FOR PLATFORM

DESIGN ARE LIMITED

PETROLEUM GEOLOGY INSUFFICIENT GEOPHYSICALDATA WERE AVAILABLE TO

IDENTIFY ALL STRUCTURESSTRUCTURE ESTIMATE AREA OF STRUCTURAL CLOSURE AND

ESTIMATE THICKNESSTHICKNES OF RESERVOIR ROCK SECTIONSSECTION



FACILITY COST THE PETROLEUM FACILITY COST ESTIMATESESTIMATE FOR PLAT
FORMSFORM PIPELINESPIPELINE TERMINALSTERMINAL ETC ARE TENTATIVE NO PETROLEUM
EXPLORATION AND PRODUCTIONHAS YET TAKEN PLACE IN AREASAREA WITH THE SAME
CONDITIONSCONDITION THAT MAY PROVIDE OPERATIONAL AND COST EXPERIENCE

14 CONTENT AND

THISTHI REPORT IS WRITTEN AS COMPANION REPORT TO TWO EARLIER BERING SEA
STUDIESSTUDIE ST GEORGEBASIN PETROLEUM TECHNOLOGYASSESSMENT OCS LEASE SALE NO
70 DAMESDAME MOORE AUGUST1980 AND NORTH ALEUTIAN SHELF PETROLEUM TECHNOLOGY
ASSESSMENT OCS LEASE SALE NO 75 DAMESDAME MOORE DECEMBER 1980 THE
ANALYTICAL APPROACH WAS STRUCTURED TO ACCOMMODATE ALL THREE STUDIESSTUDIE HOW
EVER THE NAVARIN BASIN PROVED TO PRESENT UNIQUE ENGINEERINGAND LOGISTIC
CONSIDERATIONSCONSIDERATION HENCE THE BASIC DATA SET OF THISTHI ANALYSISANALYSI IS UNIQUETO THE
NAVARIN BASIN WE HAVE CROSSREFERENCED RELEVANT SECTIONSSECTION IN THE EARLIER
REPORTSREPORT CONTRASTSCONTRAST BETWEEN THE LEASE SALE AREASAREA HAVE BEEN IDENTIFIED WHERE
APPROPRIATE

THISTHI REPORT COMMENCESCOMMENCE WITH SUMMARY OF FINDINGSFINDING CHAPTER20 THE RESULTSRESULT
OF THE PETROLEUM TECHNOLOGYASSESSMENT ARE PRESENTED IN CHAPTER30 ONSHORE
SITESSITE FOR PETROLEUM FACILITIESFACILITIE ARE DISCUSSED IN CHAPTER40 CHAPTER50
DETAILSDETAIL THE MANPOWER REQUIREMENTSREQUIREMENT BY TASK ACTIVITY AND FACILITIESFACILITIE FOR
THE PARTICULAR TECHNOLOGIESTECHNOLOGIE DESCRIBED IN CHAPTER30 THE RESULTSRESULT OF THE
ECONOMIC ANALYSISANALYSI ARE PRESENTED IN CHAPTER 60 CHAPTER 70 BASED UPON THE
RESOURCESRESOURCE ESTIMATED BY THE US GEOLOGICALSURVEY CONCLUDESCONCLUDE THE MAIN BODY OF
THE REPORT WITH DESCRIPTIONOF HYPOTHETICAL DEVELOPMENTCASE

APPENDIX PRESENTSPRESENT DESCRIPTIONOF THE NAVARIN BASIN PETROLEUM GEOLOGYAND
THE METHODSMETHOD AND ASSUMPTIONSASSUMPTION OF THE TECHNOLOGYASSESSMENT

APPENDIX GIVESGIVE THE PETROLEUMDEVELOPMENTCOSTSCOST AND SCHEDULINGASSUMPTIONSASSUMPTION
UPON WHICH THE ECONOMIC ANALYSISANALYSI IS BASED

15



20 SUMMARY OF FINDINGSFINDING

THROUGHOUTTHE COURSE OF THISTHI STUDY WE HAVE SELECTED ASSUMPTIONSASSUMPTION REGARDING

OIL PRODUCTIONCHARACTERISTICSCHARACTERISTIC SCHEDULESSCHEDULE AND ECONOMIC PARAMETERSPARAMETER THAT ARE

OPTIMISTIC YET POSSIBLE FOR NAVARIN BASIN THEREFORE THE DEGREEOF FAVOR

ABLENESSABLENES OF OUR FINDINGSFINDING SHOULD BE JUDGED WITH THESE OPTIMISTIC ASSUMPTIONSASSUMPTION

IN MIND

21

THE NAVARIN BASIN PROVINCE INCLUDESINCLUDE THREE MAJOR SEDIMENTARY BASINSBASIN AND

SIGNIFICANT THICKNESSESTHICKNESSE OF DEPOSITSDEPOSIT ON SIZE AND VOLUME OF ROCK CONSIDERA

TIONSTION ALONE THE AREA PROMISESPROMISE GOODCHANCE FOR HYDROCARBONACCUMULATIONSACCUMULATION

THE US GEOLOGICAL SURVEY HAS PREPARED REVISED BLM DECEMBER 28 1981

MEAN ESTIMATE OF RECOVERABLE RESOURCESRESOURCE AS FOLLOWSFOLLOW

OIL 174 LION BARRELSBARREL

GAS 5426 TRILLION CUBIC FEET

OUR EVALUATION OF THE GEOLOGIC INFORMATION AVAILABLE TO US SUGGESTSSUGGEST THAT

THERE IS DEFINITE POTENTIAL IN NAVARIN FOR GIANT DISCOVERIESDISCOVERIE THERE ARE

SEVERAL LARGEANTICLINAL STRUCTURESSTRUCTURE AND ALSO INDICATIONSINDICATION OF NUMEROUSNUMEROU SMALLER

FOLDSFOLD DIAPIRSDIAPIR AND STRATIGRAPHIC TRAP CONDITIONSCONDITION

BECAUSE OF THE GREAT THICKNESSESTHICKNESSE OF SEDIMENTARY DEPOSITSDEPOSIT IT APPEARSAPPEAR THAT

RESERVOIRSRESERVOIR COULD OCCUR AT SEVERAL DEPTHSDEPTH STRUCTURESSTRUCTURE ARE SEEN FROM SHALLOW

TO VERY DEEP BELOW THE SEAFLOOR THERE ARE INDICATIONSINDICATION THAT SINGLE WELLSWELL

MIGHT BE ABLE TO TAP MORE THAN ONE PRODUCINGHORIZON SUCH MULTIPLE COMPLE

TIONSTION IF POSSIBLE WOULD INCREASE WELL PRODUCTIVITY RATESRATE IT IS REASONABLE

TO ASSUME FOR NAVARIN THAT THE DEPTHSDEPTH OF POTENTIAL RESERVOIRSRESERVOIR OCCUR IN

RANGE THAT WILL NOT IMPOSE TECHNICAL OR ECONOMIC CONSTRAINT ON THEIR

DEVELOPMENTFROM SINGLE PLATFORM

AN ASSUMPTION REGARDINGTHE PHYSICAL PROPERTIESPROPERTIE OF THE CRUDE OIL WAS NEEDED

IN ORDER TO ASSESSASSES THE VIABILITY OF VERY LONGPIPELINESPIPELINE IN THE ABSENCE OF

21



ANY SUCH DATA EVEN NEAR NAVARIN ANALOGSANALOG OF OTHER ALASKA CRUDESCRUDE MACARTHUR

RIVER AND KUPARUK WERE ASSUMED

22

WEATHERRELATED FACTORSFACTOR WAVESWAVE ICE FOG ARE SIGNIFICANT DESIGN PARAM

ETERSETER IN NAVARIN AS WOULD BE EXPECTED FOR HIGHLATITUDE OPENOCEAN AREA

HOWEVER NAVARINSNAVARIN CONSTRAINTSCONSTRAINT DUE TO NATURAL PHENOMENAARE ADDED TO BY ITS

REMOTENESSREMOTENES LARGE GEOGRAPHICDISTANCESDISTANCE MAINLY OVERWATER NEGLIGIBLE

INFRASTRUCTURE SUPPORT IN THE REGION AND LIMITED ONSHORE SITESSITE ALL IMPOSE

TECHNOLOGICALAND ECONOMIC CONSTRAINTSCONSTRAINT ON NAVARIN DEVELOPMENT

THE NEAREST LANDFALL IS ST MATTHEW ISLAND 250 KILOMETERSKILOMETER 150 MILESMILE

DISTANT WHICH IS CURRENTLY NATIONAL WILDLIFE REFUGE AND HAS NO FACILITIESFACILITIE

OR HUMAN POPULATION

WAVE AND ICE FORCESFORCE FOR DESIGN ARE BOTH SIGNIFICANT FOR THE PLATFORMSPLATFORM EXAM

INED IN THISTHI STUDY THEIR MAGNITUDESMAGNITUDE DEPEND ON WATER DEPTH AND STRUCTURAL

CONSIDERATIONSCONSIDERATION WAVESWAVE WERE SLIGHTLY MORE DOMINANT IN THE CALCULATIONSCALCULATION BUT

SIGNIFICANT SEA ICE OCCURRENCESOCCURRENCE ARE POSSIBLE IN NAVARIN PLATFORMSPLATFORM HAVE BEEN

DESIGNED TO RESIST LARGERWAVESWAVE OR MORE SEVERE SEA ICE CONDITIONSCONDITION IN OTHER

AREASAREA BUT NAVARIN PLATFORMDESIGNSDESIGN MUST ACCOMMODATE BOTH FACTORSFACTOR WAVE

FORCESFORCE ON GRAVITY STRUCTURESSTRUCTURE TEND TO BE LARGEALTHOUGHTHEIR POINT OF ACTION

IS RELATIVELY LOW SO THAT OVERTURNINGMOMENTSMOMENT MAY NOT BE AS CRITICAL AS WHEN

INDUCED BY ICE LOADING ALTHOUGHICE AND WAVE FORCESFORCE ARE NOT EXPECTEDTO

OCCUR SIMULTANEOUSLY SIMULTANEOUSSIMULTANEOU OCCURRENCESOCCURRENCE OF ICE AND WAVE LOADINGSLOADING COULD

RESULT IN LOAD MAGNITUDESMAGNITUDE MORE CRITICAL THAN EITHER OF THE EXTREME SINGLE

LOAD EVENTSEVENT

WATER DEPTHSDEPTH DO NOT REPRESENT PARTICULARPROBLEM ALTHOUGHTHERE ARE NO

TRULY SHALLOW SITESSITE MOST OF THE BASIN AREASAREA ARE WELL ABOVE THE 200METER

660FOOT SHELF BREAK THE SEAFLOOR IS SOMEWHAT IRREGULARAROUND THE SHELF

BREAK DUE TO SUBMARINE CANYONSCANYON BUT THE SEAFLOOR ABOVE 150 METERSMETER HAS GENTLE

SMOOTH SLOPESSLOPE CHARACTERISTIC DEPTHSDEPTH OVER THE BASIN AREASAREA ARE PREDOMINATELY

IN THE 120 TO 140METER 400 TO 460FOOT RANGE
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SEAFLOOR SOILSSOIL AT THE MUDLINE ARE REPORTED TO BE SOFT NER SEDI

MENTSMENT THISTHI IS NOT FAVORABLE FOR GRAVITY PLATFORMSPLATFORM BUT DOESDOE NOT ELIMINATE

THEIR POSSIBILITY FOUNDATIONSFOUNDATION WILL HAVE TO BE SPECIALLY DESIGNED FOR

SPECIFIC SITESSITE CONDITIONSCONDITION EARTHQUAKEACCELERATION FORCESFORCE ARE POSSIBLE IN

NAVARIN BUT ARE NOT EXPECTED TO BE VERY LARGE

23 TECHNOLOGIESTECHNOLOGIE AND PRODUCTION

EXPLORATIONDRILLING WILL REQUIRE SMISUBNIERSIBLESSMISUBNIERSIBLE OR LARGEDRILISHIPSDRILISHIP IN

THE FACE OF BOTH WAVESWAVE AND LONGSUPPLY LINESLINE SEMISSEMI WILL PROBABLY BE PRE

FERRED ICE CONDITIONSCONDITION IMPOSE SEASONAL CONSTRAINT OPEN WATER SEASON IS

VARIABLE AND IS ROUGHLYMAY TO NOVEMBER ICEREINFORCED DRILLING VESSELSVESSEL

AND WORKBOATSWORKBOAT WOULD BE ADVISABLE TO PROTECT AGAINST SHORT SEASON OR TO

EXTEND THE DRILLING INTO WINTER

EXPLORATION LOGISTICAL SUPPORT WILL REQUIRE OPERATING LONGDISTANCEAIR AND

SEA SUPPLY AND CREWCHANGETRANSPORTATION ESTABLISHING SUPPORT BASESBASE AS

NEAR TO NAVARIN AS POSSIBLE WILL BE IMPORTANT TO THE ECONOMICSECONOMIC RELIABILITY

AND SAFETY OF THE OFFSHORE OPERATIONSOPERATION

PLATFORMSPLATFORM COULD BE EITHER PILED STEELJACKET OR GRAVITYTYPE PROBABLY

CONCRETE THE CHOICE OF PLATFORMCONCEPTWILL BE INTIMATELY LINKED WITH THE

SELECTION OF THE MODE OF PRODUCTIONTRANSPORTATION STEELJACKET PLATFORMSPLATFORM

WOULD BE CHEAPER STRUCTURESSTRUCTURE AND COULD PRODUCE ONTO VERY LONGPIPELINESPIPELINE TO

SHORE CONCRETE GRAVITY PLATFORMSPLATFORM PROVIDE THE STORAGENECESSARY FOR OFFSHORE

LOADINGINTO SHUTTLE TANKERSTANKER

THE LONG PIPELINE WOULD PROBABLYBE MOST FEASIBLE AND ECONOMIC IF ST MATTHEW

ISLAND IS THE LANDFALL STORAGEFACILITY AND LOADING TERMINAL WOULD BE

ESTABLISHED ON THE ISLAND OR ALTERNATIVELY PERHAPSPERHAP ST PAUL ISLAND IN THE

PRIBILOFSPRIBILOF THE TERMINAL WOULD SUPPLY ICEREINFORCED SHUTTLE TANKERSTANKER

OFFSHORE LOADING IN NAVARIN WOULD BE FROM MULTIPURPOSE DRILLINGPRODUC

TIONSTORAGE CONCRETE PLATFORMSPLATFORM PERHAPSPERHAP OF THE NORTH SEA CONDEEP TYPE

ALTERNATIVELY STEEL PLATFORMSPLATFORM WITH SEPARATE UNDERSEA STORAGE AND OFFSHORE

LOADINGFACILITIESFACILITIE MAY PROVE ADVANTAGEOUSADVANTAGEOU GRAVITY PLATFORMSPLATFORM OFFER POTEN

TIAL ADVANTAGEIN THAT THEIR OFFSHORE INSTALLATION TIME CAN BE SHORTER THAN

PILED STRUCTURESSTRUCTURE AN ADVANTAGEIN VIEW OF SH SEASONAL CONSTRAINTSCONSTRAINT
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TOWINGOF ANY PLATFORM STRUCTURE TO NAVARIN WILL BE SIGNIFICANT OPERATION

SHARED TRANSPORTATION FACILITIESFACILITIE TRUNK PIPELINESPIPELINE OR SHUTTLE TANKERSTANKER AND

TERMINALSTERMINAL WILL BE FAVORED IN DEVELOPINGNAVARIN FINDSFIND IN ANY CASE

INITIAL DEVELOPMENT IN NAVARIN WILL REQUIRE LARGETHROUGHPUTSTHROUGHPUTAND RESERVESRESERVE

TO OVERCOME THE ECONOMIC CONSTRAINTSCONSTRAINT

SEVERAL IMPORTANT QUALIFICATIONSQUALIFICATION NEED TO BE KEPT IN MIND IN RESPECT TO

ESTIMATINGPETROLEUMFACILITY AND EQUIPMENTCOSTSCOST FOR FRONTIER AREASAREA SUCH AS

THE NAVARIN BASIN PREDICTIONSPREDICTION ABOUT THE COSTSCOST OF PETROLEUMDEVELOPMENTIN

FRONTIER AREASAREA RELY ON EXTRAPOLATION OF COSTSCOST FROM KNOWN PRODUCING AREASAREA

SUITABLY MODIFIED FOR LOCAL GEOGRAPHIC ECONOMIC AND ENVIRONMENTAL

CONDITIONSCONDITION NO OFFSHORE AREA DEVELOPED TO DATE HAS THE PARTICULAR COMBIN

ATION OF WAVESWAVE SEAICE WATER DEPTHSDEPTH SEISMICITY AND REMOTENESSREMOTENES THAT

CHARACTERIZE THE NAVARIN AS SUCH THERE IS LITTLE OR NO ENGINEERINGAND

DIRECT COST EXPERIENCE UPON WHICH TO MAKE THESE COST ESTIMATESESTIMATE

24

MANPOWERNEEDSNEED FOR NAVARIN OFFSHORE EXPLORATION CONSTRUCTION AND PRODUCTION

TASKSTASK HAVE BEEN IDENTIFIED SIGNIFICANT CONSIDERATIONSCONSIDERATION ARE THE LACK OF ANY

REGIONAL LABOR FORCE AND INFRASTRUCTURE AND THE GREAT CREW TRANSPORTATION

DISTANCESDISTANCE NAVARIN EMPLOYMENTMAY REQUIRE SOME SPECIAL DEMANDSDEMAND IN TERMSTERM OF

ROTATIONSROTATION AND LENGTHSLENGTH OF TOUR SEASONAL CONSTRAINTSCONSTRAINT ON NAVARIN DEVELOPMENT

MAY MAKE HIGHPREMIUM PAY FOR TOTALSEASON COMMITMENTSCOMMITMENT COMMON OPERATING

BASISBASI

25 OF OIL AND GAS

THREE ALTERNATIVE PRODUCTIONTRANSPORTA SYSTEMSSYSTEM WERE ANALYZEDAND COM

PARED FOR OIL DEVELOPMENTIN NAVARIN THESE INCLUDE

SCENARIO 240KILOMETER 150MILE TRUNK PIPELINE TO

ST MATTHEW ISLAND

SCENARIO 480KILOMETER 300MILE TRUNK PIPELINE TO

ST PAUL ISLAND

SCENARIO OFFSHORE LOADINGINTO ICESTRENGTHENED TANKERSTANKER
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IN ORDER TO PERMIT COMPARISONOF THESE THREE SCENARIOSSCENARIO THE RESERVOIR

CONDITIONSCONDITION ARE ASSUMED TO BE IDENTICAL THESE CHARACTERISTICSCHARACTERISTIC FOR MAXIMUM

PRODUCTIONFROM SINGLEPLATFORMFIELD ARE

RECOVERABLE OIL OVER PLATFORRIILIFE

AMOUNT OF RECOVERY BEFORE DECLINE

RESERVOIR DEPTH

WATER DEPTH

INITIAL PRODUCTIVITYIP

RECOVERABLE RESERVESRESERVE PER ACRE

GASOIL RATIO

NUMBER OF PRODUCINGWELLSWELL

NUMBER OF SERVICE WELLSWELL

PEAK PLATFORMPRODUCTION

PLATFORM EFFICIENCY

365 MILLION BARRELSBARREL

45 PERCENT

3000 METERSMETER 10000 FEET

125 METERSMETER 400 FEET

2500 BOPD PER WELL

60000 BARRELSBARREL PER ACRE

500 REINJECTED

40

100000 OP

96 PERCENT

RECOVERABLE RESERVESRESERVE OF 365 MILLION BARRELSBARREL PER PLATFORMIMPLY OPTIMISTIC

ASSUMPTIONSASSUMPTION ABOUT RESERVOIR SHAPE RESERVOIR CONDITIONSCONDITION AND RESERVOIR ENGI

NEERING ALTHOUGH FEASIBLE THESE ASSUMPTIONSASSUMPTION IMPLY THAT OUR ECONOMIC

RESULTSRESULT SHOULD BE CONSIDERED OPTIMISTIC

OIL ONCE DISCOVERED CAN BE COMMERCIALLY DEVELOPED IN THE NAVARIN BASIN

ASSUMING THAT FIELD IN THE 300MILLIONBARREL RANGE IS DISCOVERED OFF

SHORE LOADING APPEARSAPPEAR TO OFFER SOME ADVANTAGEOVER PIPELINESPIPELINE TO EITHER ST

MATTHEW OR ST PAUL ISLANDSISLAND FOR SMALLER FIELDSFIELD MORE PESSIMISTIC ASSUMP

TIONSTION REGARDINGOPERATINGEFFICIENCIESEFFICIENCIE THE SCENARIO ASSUMESASSUME 96 PERCENT

PRODUCTIVITY FOR OFFSHORE LOADING SYSTEMSSYSTEM WOULD DECREASE THE APPARENT

ADVANTAGE

LARGE FIELDSFIELD THAT CAN SHARE COMMON TRANSPORTATIONSYSTEM ARE MORE ECONOM

ICALLY DEVELOPEDWITH PIPELINE SYSTEMTO SHORE TERMINAL

BETWEEN THE TWO PIPELINE SYSTEMSSYSTEM THE PIPELINE TO ST MATTHEW IS CONSIDERABLY

MORE ECONOMIC THAN THE PIPELINE TO ST PAUL THE HIGH COST OF THE LONGER

MARINE PIPELINE TO ST PAUL MORE THAN OFFSETSOFFSET THE SHORTER SHUTTLE TANKER

DISTANCE TO AN ALEUTIAN TERMINAL FROM ST PAUL
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MOST OF THE ECONOMIESECONOMIE OF SCALE ARE EXHAUSTED AT AROUND ONE BILLION BARRELSBARREL

EXCEPT IN THE ST PAUL VERY LONG PIPELINE SCENARIO EQUIVALENT AMORTIZED

COST EAC PER BARREL DROPSDROP FOR ALL THREE SCENARIOSSCENARIO BETWEEN 365 MILLION

BARRELSBARREL RECOVERABLE RESERVESRESERVE AND 10 BILLION BARRELSBARREL FOR THE ST MATTHEW

AND OFFSHORE LOADING SCENARIOSSCENARIO EAC ESSENTIALLY REMAINSREMAIN CONSTANT BEYOND
BILLION BARRELSBARREL THE VERY HIGH COST OF THE LONGST PAUL PIPELINE HOWEVER
ALLOWSALLOW THAT SCENARIO TO EXHIBIT DECREASINGUNIT COSTSCOST OUT TO 18 BILLION

BARRELSBARREL OF RECOVERABLE RESERVESRESERVE

RATESRATE OF RETURN FOR THE ONEBILLIONBARREL CASESCASE OF THE THREE SCENARIOSSCENARIO RANGE
BETWEEN 162 PERCENT FOR THE ST PAUL PIPELINE TO 189 PERCENT FOR THE ST

MATTHEW PIPELINE OFFSHORE LOADING SHOWSSHOW 177 PERCENT RETURN THESE

RATESRATE ARE ASSOCIATED WITH 3200 VALUE OF OIL FOB THE ALEUTIAN TERMINAL

EACH 200 CHANGE IN REAL 1981 CRUDE OIL PRICESPRICE CHANGESCHANGE THE RETURN ABOUT

ONE PERCENT

TWO GAS SCENARIOSSCENARIO WERE ANALYZED SHARED TRUNKLINE TO ST MATTHEW

ISLAND AND OFFSHORE LOADINGALTHOUGHTHE LATTER HAS NOT YET BEEN DONE
AS IN THE OIL CASESCASE RESERVOIR CONDITIONSCONDITION WERE ASSUMED CONSTANT THE FOL

LOWINGPARAMETERSPARAMETER ARE ASSUMED

FIELD SIZE 14 TRILLION CUBIC FEET

INITIAL PRODUCTIVITY 15 MMCFD PER WELL

RECOVERABLE RESERVESRESERVE PER ACRE 200 MMCF

PRODUCTION SYSTEM STEELJACKETED PLATFORM

THESE CONDITIONSCONDITION TOGETHERWITH ASSUMED RESERVOIR ENGINEERINGALLOWED RECOVER

ABLE RESERVESRESERVE TO BE CAPTURED IN TWENTY YEARSYEAR ASSUMING GAS IS PRICED AT

615 MCF RELATIVE TO THE BTU EQUIVALENT OF NO DIESEL OIL DELIVERED AS LNG

TO CALIFORNIA NEITHER SCENARIO IS ECONOMIC EACH YIELDSYIELD AN 80 PERCENT RATE

OF RETURN

HIGHER PRICESPRICE IN THE RANGE WOULD YIELD THE ASSUMED 12 PERCENT
REAL HURDLE RATE OF RETURN
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PEAK YEAR RECOVERY OF ABOUT PERCENT OF RESERVESRESERVE WAS ASSUMED IF THE RATE

OF RECOVERY COULD BE INCREASED WITHOUT DAMAGINGTHE FORMATION OR CAUSINGWELL

INTERFERENCE RATESRATE OF RETURN WOULD INCREASE FOR EXAMPLE 30 PERCENT

INCREASE IN PEAK YEAR PRODUCTIVITYYIELDSYIELD 25 PERCENTINCREASE IN THE RATE

OF RETURN LARGER FIELDSFIELD WOULD ALSO INCREASE THE RATE OF RETURN DOUBLING

THE TOTAL RESERVESRESERVE AND THE RESERVESRESERVE PER PLATFORM INCREASESINCREASE THE RATE OF RETURN

BY ABOUT PERCENT



30 RESULTSRESULT OF THE PETROLEUM TECHNOLOGY ASSESSMENT

31

THE TECHNOLOGYASSESSMENT HAS FOUR MAJOR ELEMENTSELEMENT

AN ASSESSMENT OF THE ENVIRONMENTAL FORCESFORCE AND OPERATINGCONDITIONSCONDITION

THAT WILL INFLUENCE THE DESIGN SELECTION AND LOCATION OF OFFSHORE

FACILITIESFACILITIE INCLUDING PLATFORMSPLATFORM AND PIPELINESPIPELINE AND THE OVERALL

FIELD DEVELOPMENTAND TRANSPORTATIONSTRATEGY

DESCRIPTION OF INDIVIDUAL FIELD DEVELOPMENTCOMPONENTSCOMPONENT IN PAR

TICULAR PLATFORMSPLATFORM THEIR DESIGN PARAMETERSPARAMETER AND INSTALLATION

TECHNIQUESTECHNIQUE

IDENTIFICATION OF FIELD DEVELOPMENTSTRATEGIESSTRATEGIE THAT MAY BE ADOPTED
TO DEVELOP THE OIL AND GAS RESOURCESRESOURCE OF THE NAVARIN BASIN THE

FIELD DEVELOPMENTSTRATEGYINVOLVESINVOLVE THE SUM OF THE VARIOUSVARIOU FIELD

DEVELOPMENTCOMPONENTSCOMPONENT PLATFORMSPLATFORM WELLSWELL PROCESSPROCES EQUIPMENT PIPE

LINESLINE TERMINALSTERMINAL ETC AND THE TRANSPORTATIONSYSTEM FOR EITHER OIL

OR GAS INCLUDED IN THISTHI EVALUATION ARE DISCUSSIONSDISCUSSION OF OFFSHORE

LOADINGVERSUSVERSU PIPELINE TRANSPORT BERINGSEA TERMINAL REQUIREMENTSREQUIREMENT
AND THE APPLICATIONOF SUBSEA SYSTEMSSYSTEM

IDENTIFICATION AND SELECTION OF FIELD DEVELOPMENTCOMPONENTSCOMPONENT AND

STRATEGIESSTRATEGIE TO BE EVALUATED IN THE ECONOMIC ANALYSISANALYSI

THESE ARE DESCRIBED IN MORE DETAIL IN APPENDIX OF THE ST GEORGE BASIN

REPORT DAMESDAME MOORE 198OC THISTHI APPENDIX DESCRIBESDESCRIBE THE GENERALAPPROACH
TO DAMESDAME QTSSQTS PETROLEUMTECHNOLOGYASSESSMENT

IN PREVIOUSPREVIOU STUDIESSTUDIE OF THE GULF OF ALASKA DAMESDAME MOORE 1979A 198OC
DETAILED DESCRIPTION OF PETROLEUMTECHNOLOGYSUITABLE FOR DEEP WATER STORM

STRESSED ENVIRONMENTSENVIRONMENT WAS PRESENTED INCLUDED WITHIN THAT DESCRIPTION
WAS EXTENSIVE DISCUSSION OF STEEL JACKET PLATFORMSPLATFORM AND GRAVITY STRUCTURESSTRUCTURE
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INCLUDING DESIGN PARAMETERSPARAMETER FABRICATION AND INSTALLATION TECHNIQUESTECHNIQUE

FLOATING PRODUCTIONSYSTEMSSYSTEM OFFSHORE LOADING AND MANY DEVELOPMENTISSUESISSUE

PERTINENT TO THISTHI STUDY THE STATEOFTHEART IN ARCTIC AND SUBARCTIC

PETROLEUMTECHNOLOGYWAS EXTENSIVELY DESCRIBED IN OUR NORTON SOUND REPORT

DAMESDAME MOORE 0A THAT REPORT PRESENTEDDESCRIPTIONSDESCRIPTION OF UPPER COOK

INLET PLATFORMSPLATFORM CONESCONE AND MONOCONESMONOCONE THAT ARE RELEVANT TO THISTHI STUDY

MOST IMPORTANTQUALIFICATIONWITH RESPECT TO THISTHI STUDY IS THAT THE PUB

LICLY AVAILABLE DATA METEOROLOGYOCEANOGRAPHYMARINE GEOLOGY PETROLEUM

GEOLOGYUPON WHICH OUR ANALYSISANALYSI IS BASED ARE LIMITED IN PARTICULAR DATA

ON ICE CHARACTERISTICSCHARACTERISTIC AND MARINE SEDIMENTSSEDIMENT INFORMATIONESSENTIAL TO ASSESSASSES

THE FEASIBILITY OF VARIOUSVARIOU PLATFORMDESIGNSDESIGN OR CONCEPTUALIZEON NEW DESIGNSDESIGN

ARE SPARSE THEREFORE OUR APPROACHWITH RESPECT TO PLATFORMDESIGN AND

OPERATIONALCONSTRAINTSCONSTRAINT IS CONSERVATIVE EXXON AND SEVERAL OTHER OPERATORSOPERATOR

HAVE RECENTLY INITIATED THE BERING SEA COMPREHENSIVEMEASUREMENT PROGRAM

BSCOMP TO REMEDY OCEANOGRAPHICAND METEOROLOGICALDATA DEFICIENCIESDEFICIENCIE

THISTHI CHAPTER BEGINSBEGIN WITH AN EVALUATION OF ENVIRONMENTALCONSTRAINTSCONSTRAINT OCEAN

OGRAPHYAND GEOLOGY AND IS FOLLOWED BY DESCRIPTION OF VARIOUSVARIOU FIELD

DEVELOPMENTCOMPONENTSCOMPONENT THE CHAPTER CONCLUDESCONCLUDE WITH DISCUSSION OF FIELD

DEVELOPMENTSTRATEGIESSTRATEGIE APPLICABLETO THE NAVARIN BASIN THAT WARRANT ECONOMIC

EVALUATION

32 CONSTRAINTSCONSTRAINT TO PETROLEUM

321 AND OCEANOGRAPJ
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THE NAVARIN BASIN PROVINCE IS LOCATED IN THE BERING SEA ON THE WESTERN

MARGIN OF THE BERING SHELF IT IS REMOTE AND HARSH ENVIRONMENT AS

CONSEQUENCE ENGINEERINGAND ENVIRONMENTALDATA ARE SPARSE THE NEAREST LAND

IS ST MATTHEW LAN LYING ABOUT 250 KFLOMETERSKFLOMETER 150 MILESMILE EAST OF THE

LEASE SALE AREA ROUGHLYTWICE AS FAR AWAY ST LAWRENCE ISLAND LIESLIE TO THE

NORTHEAST CAPE NAVARIN IN SIBERIA TO THE NORTHWEST THE PRIBILOF ISLANDSISLAND

TO THE SOUTHEAST
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THE US COAST PILOT FOR THE BERING SEA AREA US DEPT COMMERCE1964
DESCRIBESDESCRIBE THE WEATHER AS FOLLOWSFOLLOW

THE WEATHER OVER THE BERINGSEA IS GENERALLY BAD AND VERY CHANGE
ABLE GOOD WEATHER IS THE EXCEPTION AND IT DOESDOE NOT LAST WHEN IT
DOESDOE OCCUR WIND SHIFTSSHIFT ARE BOTH FREQUENTAND RAPID THE LATE
SPRING AND SUMMER SEASONSSEASON HAVE MUCH FOG AND CONSIDERABLE RAIN IN
EARLY FALL THE GALESGALE INCREASE THE FOGSFOG LESSEN AND SNOW IS LIKELY
ANY TIME AFTER MIDSEPTEMBER LATE FALL AND EARLY WINTER IS THE
TIME OF ALMOST CONTINUOUSCONTINUOU STORMINESSSTORMINES

THE NAVARIN BASIN AREA LIESLIE FAR OFFSHORE IN REGION SELDOM TRAVERSED BY
SHIPPING WIND OBSERVATIONSOBSERVATION ARE SPARSE TO NONEXISTENT AND GENERAL CONDITIONSCONDITION
MUST BE EXTRAPOLATEA FROM SHORE STATIONSSTATION MARLOW ET AL 1981 EXAMINED
WEATHER DATA FROM LLH AN ESKIMO VILLAGEON ST LAWRENCE ISLAND AND
EXTRAPOLATEDTHE FOLLOWINGCHARACTERISTICSCHARACTERISTIC FOR NAVARIN BASIN

AIR TEMPERATURE EXTREMESEXTREME 333 TO 317

MONTHLYMEANSMEAN 162 TO 96

RELATIVE HUMIDITY GENERALLYHIGH 80 TO 90 PERCENT

PRECIPITATION 275 TO 300 DAYSDAY PER YEAR ANNUAL TOTAL 375 CM

WINDSWIND WINTER WINDSWIND AVERAGE 32 KMHOUR

PEAK WINTER WINDSWIND 129 KMHOUR

SUMMER AVERAGE 19 KMHOUR

CLOUD COVER CLEAR SKIESSKIE OCCUR TO DAYSMONTH
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THE NAVARIN BASIN PROVINCELIESLIE ALMOST TOTALLY ON THE BERING SHELF WHICH

IS CHARACTERIZED BY RELATIVELY SHALLOW WATER DEPTHSDEPTH AND VERY LITTLE BOTTOM

RELIEF THERE IS VERY GRADUALGRADIENTFROM THE SHALLOWER NORTHEAST CORNER

OF THE LEASE AREA TO THE SOUTHWEST SIDE WHERE THE SHELF DROPSDROP STEEPLY TO

DEPTHSDEPTH OF SEVERAL THOUSAND METERSMETER FIGURE 31 THE DEPTHSDEPTH RANGE FROM ABOUT

70 METERSMETER 230 FEET ON THE SHALLOWER SIDE AND SLOPE GRADUALLYTO 200 METERSMETER

660 FEET ALONGTHE SOUTHWEST EDGE THE BOTTOM DROPSDROP STEEPLYTO THE SOUTH

WEST TO THE 2400METER 7900FOOT ISOBATH WHICH HAS BEEN DESIGNATED AS

THE BOUNDARYOF THE NAVARIN LEASE AREA

SLOPESSLOPE STEEPEN DRAMATICALLY BELOW THE 200METER 600FOOT DEPTH AND ARE

VERY GENTLE ABOVE 140 METERSMETER 460 FEET THE SEAFLOOR IS VERY REGULAR

AWAY FROM THE CONTINENTAL SHELF SUBMARINE CANYONSCANYON ABOVE ABOUT 130 METERSMETER

425 FEET

3214

THE BERING SEA IS SEPARATED FROM THE NORTH PACIFIC OCEAN BY THE ALEUTIAN

ISLAND CHAIN AND FROM THE ARCTIC OCEAN BY THE BERING STRAIT ALTHOUGH THE

BERING SEA EXCHANGESEXCHANGE WATER WITH BOTH THE NET FLOW IS NORTHWARD THROUGHTHE

ALEUTIANSALEUTIAN AND BERING STRAIT SHARMA 1974 THE CURRENTSCURRENT NORTHWARD THROUGH

THE ALEUTIAN PASSESPASSE CAN ATTAIN SPEEDSSPEED OF SEVERAL KNOTSKNOT IN THE OPEN SEA

HOWEVER WELL NORTH OF THE PASSESPASSE THE NORTHWARD VELOCITY IS PROBABLY NOT

MORE THAN 05 KNOTSKNOT US DEPT OF COMMERCE 1964 BASED ON THE SPARSE

MEASUREMENTSMEASUREMENT IN THE LITERATURE AND ON AN ASSESSMENT OF THE CURRENT FORCING

FUNCTIONSFUNCTION DAMESDAME MOORE HAS POSTULATED THE GENERALDEPTHDEPENDENT CURRENT

DESIGNPROFILE TO BE AS SHOWN IN FIGURE 32

3215

BROWER ET AL 1977 ESTIMATED ANNUAL MAXIMUM WINDSWIND AND WAVE HEIGHTSHEIGHT FOR

PORTIONSPORTION OF THE BERINGSEA THESE DATA SUGGESTTHAT THE 10YEAR STORM IE

STORM WITH AN AVERAGE RECURRENCE INTERVAL OF ONCE VERY 10 YEARSYEAR WILL HAVE
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SUSTAINED WINDSWIND OF OVER 80 KNOTSKNOT AND EXTREME WAVE HEIGHTSHEIGHT OF ABOUT 28 METERSMETER

90 FEET THE 50 AND 100YEAR STORMSSTORM WILL HAVE CORRESPONDINGVALUESVALUE OF 102

KNOTSKNOT AND 36 METERSMETER 120 FEET AND 110 KNOTSKNOT AND 4212 METERSMETER 140 FEET
RESPECTIVELY MARLOW ET AL 1981 BELIEVE THAT THESE ESTIMATESESTIMATE OF WAVE

HEIGHT ARE EXCESSIVE AND SUGGEST THAT HEIGHTSHEIGHT CLOSER TO HALF OF THOSE

FIGURESFIGURE WOULD BE MORE REASONABLE

PRELIMINARYCALCULATIONSCALCULATION OF 100YEAR WIND AND WAVE ESTIMATESESTIMATE BY DAMESDAME MOORE

FOR THISTHI STUDY PRODUCEDTHE FOLLOWING

100YEAR STORM WINDSWIND 1MINUTE SUSTAINED SPEED OF 100 KNOTSKNOT

100YEAR WAVE HEIGHTSHEIGHT

UH MAXIMUM
UH UH UH

OF 60 LAT 15M 1517 SEC 27M 1617 SEC

OF 60 LAT 18M 1517 SEC 30M 1617 SEC

SIGNIFICANT WAVESWAVE ARE THE AVERAGE OF THE HIGHEST13 OF ALL WAVESWAVE

PRELIMINARY ESTIMATE WAS ALSO MADE OF THE SEASONAL VARIATION IN WAVE

CONDITIONSCONDITION FOR THREE EQUAL SEGMENTSSEGMENT OF THE NAVARIN BASIN THE FOLLOWING
TABLE SHOWSSHOW ESTIMATED PERCENT OCCURRENCESOCCURRENCE FOR SEVERAL WAVE CLASSESCLASSE BY ZONE

AND SEASON

OCCURRENCESOCCURRENCE OF WAVE HEIGHTSHEIGHT BY ZONE

WAVE HT ZONE
MONTH METERSMETER SOUTH MIDDLE NORTH ICE COVER

LESSLES THAN 15 15 20 75
JANUARY LESSLES THAN 25 45 60 90

LESSLES THAN 35 65 80 100 58 OF THE SURFACE AREA

NORTHERN ZONE ONLY
LESSLES L5H 45 60 80

APRIL LESSLES THAN 25 70 85 100 58 OF THE SURFACE AREA

NORTHERN ZONE ONLY
LESSLES THAN 35 90 95 100 58 OF THE SURFACE AREA

NORTHERN ZONE ONLY
LESSLES THAN 50 60 70

JULY LESSLES THAN 25 90 90 90
LESSLES THAN 35 95 95 95
LESSLES THAN 15 15 20 25

OCTOBER LESSLES THAN 25 40 50 60
LESSLES THAN 35 70 80 85
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DURING THAT PERIOD OF THE YEAR WHEN THE AREA IS ICE COVERED LARGE WAVESWAVE ARE

NOT GENERATEDAND ARE MUCHREDUCED HAZARD

WAVESWAVE MAY APPROACHTHE NAVARIN BASIN AREA FROM ANY DIRECTION BROWERET AL

1977 BUT SHOW SLIGHT PREDOMINANCEFROM THE SOUTHERLYDIRECTIONSDIRECTION

3216

INFORMATION ON SEA ICE CHARACTERISTICSCHARACTERISTIC FOR THE NAVARIN BASIN AND ADJACENT

AREASAREA CAN BE FOUND IN SEVERAL REFERENCESREFERENCE THAT ARE IN THE PUBLIC DOMAIN EG

SEE FIGURE 33 SEVERAL PROPRIETARY REPORTSREPORT OF FIELD STUDIESSTUDIE CONDUCTED FOR

OIL COMPANIESCOMPANIE ALSO EXIST SEA ICE INPUTSINPUT FOR THISTHI STUDY HAVE BEEN FORMULATED

BY SEA ICE SPECIALISTSSPECIALIST WITH KNOWLEDGEAND EXPERIENCE IN WORKING WITH ALL

AVAILABLE DATA THISTHI PROVIDED SOUND BASISBASI FOR OUR ENGINEERINGANALYSESANALYSE

THE AREAL EXTENT OF PACK ICE IN THE BERING SEA IS CONTROLLED BOTH BY ATMOSATMO

PHERIC COOLINGAND FREEZING OF SEAWATER AS WELL AS BY CONTINUOUSCONTINUOU ADVECTION

OF ICE FLOESFLOE SOUTHWARD FROM THE NORTH

SEA ICE STARTSSTART GROWINGIN SITU IN THE BERINGSEA ALONGTHE COAST AND OVER ITS

NORTHERN WATERSWATER IN LATE OCTOBER OR NOVEMBER THISTHI ICE GROWTHTHEN SPREADSSPREAD TO

THE SOUTHWEST AND TO THE SOUTH AT THE SAME TIME ICE FLOESFLOE FORMED AT THE

NORTHERN LATITUDESLATITUDE ALSO MOVE SOUTHWARD UNDER THE INFLUENCE OF NORTHERLY TO

EASTERLY WINDSWIND

THE MAXIMUM PACK ICE EXTENT USUALLY OCCURSOCCUR AROUND APRIL AN ICE COVERAGE

OF TO OKTASOKTA SHOULD BE EXPECTED FOR THE NORTHERN PART OF THE NAVARIN

BASIN DATA ON THE PACK ICE EDGELOCATION SUGGESTTHAT THE SOUTHERN PART OF

NAVARIN BASIN HAS 50 PERCENTPROBABILITY OF LYING OUTSIDE THE PACK ICE EDGE

IN GIVEN YEAR HOWEVER THE ENTIRE BASIN LIESLIE WITHIN THE LIMIT OF THE

OBSERVED PACK ICE EXTENT IN HEAVY ICE YEARSYEAR

THE PACK ICE IN THE NAVARIN BASIN AREA CONSISTSCONSIST OF NUMEROUSNUMEROU SMALL FLOESFLOE

SURROUNDED BY PILESPILE OF BROKEN ICE PIECESPIECE BROKEN PIECESPIECE PROBABLY

RESULTED FROM IMPACT AND CRUSHING BETWEEN THE FLOESFLOE ALTHOUGH THESE ICE
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FEATURESFEATURE MAY BE REFERRED TO AS ICE RIDGESRIDGE THEY ARE SOMEWHAT DIFFERENT FROM

THE LARGELINEAR ICE FEATURESFEATURE FREQUENTLYFOUND IN THE ARCTIC VOELKER ET AL

1981 REPORTEDTHE FOLLOWINGDATA ON RIDGE SIZE AND FREQUENCY

SAIL UH NUMBER OF RIDGESRIDGE PER

LESSLES THAN FEET

BETWEEN AND FEET

GREATERTHAN FEET

THISTHI SHOULD BE COMPAREDWITH MAXIMUM LEVEL ICE THICKNESSTHICKNES OF ABOUT 06

METERSMETER FEET IT HAS BEEN ESTIMATED THAT THESE RIDGESRIDGE WILL HAVE CONSOLI

DATED DEPTH IE WITH ICE BONDINGOF LESSLES THAN TWO TIMESTIME THE SAIL HEIGHT

OF METERSMETER 10 FEET

THE PACK ICE IN THE BERING SEA ESPECIALLYSOUTH OF ST LAWRENCE ISLAND IS

VERY DYNAMIC MAXIMUM ICE MOVEMENT RATE OCCURSOCCUR AROUND MARCH AND APRIL AND

FLOE SPEEDSSPEED AS HIGH AS 03MSEC OR 26 KILOMETERSKILOMETER PER DAY FTSEC OR 16

MILESMILE PER DAY HAVE BEEN OBSERVED MAXIMUM CUMULATIVE FLOE EXCURSION MAY BE

AS MUCH AS 320 KILOMETERSKILOMETER 200 MILESMILE PER SEASON

THE SOUTHERN ICE EDGE HOWEVER TENDSTEND TO REMAIN RELATIVELY STATIONARY FROM

MARCH TO MAY THISTHI ICE EDGEREPRESENTSREPRESENT THE LOCATION OF DYNAMICEQUILIBRIUM

BETWEEN THE ABLATION AND MELTINGOF THE ICE FLOESFLOE NEAR THE PACK EDGE AND THE

INFLUX OF ICE FROM THE NORTH BECAUSE OF THE NEAR MELTING TEMPERATURE ICE

FEATURESFEATURE NEAR THE ICE EDGEARE EXPECTEDTO BE QUITE WEAK

BREAKUP USUALLY STARTSSTART IN MAY AS RESULT OF THE WIND SHIFTING FROM COLD

NORTHERLYTO WARM SOUTHERLY THE ENTIRE ICE PACK CAN BECOME UNIFORMLY ROTTEN

IN TO WEEKSWEEK

ACCURATE ICE LOAD PREDICTION DEPENDSDEPEND ON KNOWLEDGEOF ICE STRENGTH WHICH IS

COMPLEX FUNCTION OF SALINITY CRYSTAL TYPE AND ORIENTATION TEMPERATURE

STRAIN RATE AND DIRECTION OF LOADING API 1981 PRESENTSPRESENT SOME GUIDELINESGUIDELINE

AND REFERENCESREFERENCE ON ICE CONDITIONSCONDITION ICE STRENGTH AND ICE LOADING PREDICTION

THERE ARE HOWEVER NO PUBLISHED DATA ON THE ENGINEERINGPROPERTIESPROPERTIE OF SEA
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ICE FROM THE NAVARIN BASIN HOWEVER BRIAN WATT ASSOCIATESASSOCIATE INC BWA

EXPECTSEXPECT THAT THE ICE CONDITIONSCONDITION WILL NOT BE TOO MUCH DIFFERENT FROM THOSE IN

COOK INLET

BLENKARN 1970 PRESENTED SOME MEASUREMENTSMEASUREMENT AND LOAD ESTIMATESESTIMATE FROM TOWER

STRUCTURESSTRUCTURE IN COOK INLET HIS DATA INDICATED THAT THE LARGESTICE FORCESFORCE

RESULT FROM WARMER TEMPERATURESTEMPERATURE AND ICE RIDGESRIDGE WHEN ICE FLOESFLOE FAILED

AGAINSTTHE CYLINDRICAL LEGSLEG THE FAILURE PATTERN WAS OBSERVED TO BE DUCTILE

PLASTIC DEFORMATION WHEN THE ICE IS WARM THE FAILURE OF COLDER ICE INVOLVED

BRITTLE CRACKINGAND REDUCED FORCE LEVEL FOR ICE RIDGESRIDGE THE ESTIMATED

FAILURE FORCE LEVELSLEVEL WERE IN THE RANGE OF TO TIMESTIME THE FORCE LEVELSLEVEL

ASSOCIATED WITH THE SURROUNDINGICE FLOESFLOE

PRIME CANDIDATESCANDIDATE FOR STRUCTURESSTRUCTURE SUPPORTING DRILLING AND PRODUCTIONOPERATIONSOPERATION

YEARROUND IN THE NAVARIN BASIN INCLUDE FLOATINGAND FIXED GRAVITY PLATFORMSPLATFORM

WITH CYLINDRICAL LEGSLEG THROUGHTHE WATERLINE BWA ANTICIPATESANTICIPATE
THAT THESE STRUCTURESSTRUCTURE WILL EXPERIENCE MAXIMUM ICE LOAD OF APPROXIMATELY90

KIPSFT OF LEG DIAMETER TABLE 31 IN SOME CASESCASE IT WILL BE POSSIBLE TO

REDUCE THE TOTAL ICE LOAD BY INCORPORATINGCONESHAPED STRUCTURAL ELEMENTSELEMENT

NEAR THE WATERLINE SO AS TO FAIL THE APPROACHINGICE FEASTURESFEASTURE IN VERTICAL

FLEXURE THE MAXIMUM ICE LOAD IN THISTHI CASE DEPENDSDEPEND ON THE CONE CONFIGURATION

AND SURFACE FRICTION CHARACTERISTICSCHARACTERISTIC MAXIMUM LOAD OF ABOUT 40 KIPSKIP PER

FOOT OF WATERLINE CONE DIAMETER CAN BE EXPECTED FOR 45 DEGREE CONE WITH

SMOOTH SURFACE

IN ADDITION TO THE CONSIDERATIONSCONSIDERATION GIVEN TO THE MAXIMUM ICE LOADSLOAD ALL STRUC

TURAL ELEMENTSELEMENT IN POTENTIAL ICE CONTACT ZONESZONE WILL HAVE TO BE DESIGNED FOR

LOCALIZED AND VERY HIGH ICE PRESSURESPRESSURE THESE HIGH PRESSURESPRESSURE MAY RESULT FROM

QUASISTATIC OR IMPACT LOADINGCONDITIONSCONDITION SELECTING APPROPRIATE DESIGN ICE

PRESSURE CRITERIA FOR STRUCTURESSTRUCTURE IS HOWEVER DIFFICULT TASK DUE TO THE LACK

OF DATA AND INDUSTRYEXPERIENCE BRUEN ET AL 1982 DISCUSSED THE COMPLI

CATIONSCATION INVOLVED IN CRITERIA SELECTION AND SUGGESTEDTENTATIVE PRESSURE

VERSUSVERSU AREA CURVESCURVE FOR DESIGN FOR FIRST YEAR ICE THE SUGGESTEDDESIGN ICE

PRESSURE IS 1000 PSI FOR AREASAREA EQUAL TO OR LESSLES THAN 20 SQUARE FEET AND

REDUCESREDUCE TO 400 PSI FOR AREASAREA GREATERTHAN 300 SQUARE FEET
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TABLE

OF ICE LOAD

THICKNESSTHICKNES STRENGTH LOAD

UH ICE FE PS KI PER

VERTICAL LEVEL ICE 600 60

CYLINDRICALTOWER
RAFTED ICE 450

CONSOLI 10 120 60

DATED

RUBBLE

CONESHAPED RAFTED ICE 80 15

STRUCTURE CONSOLIDATED 10 40 40

RUBBLE

AT WATERLINE

UNCONFINED COMPRESSIVESTRENGTH

FLEXURAL STR

ALL GRANULARICE

SOURCE BRIAN WATT ASSOCIATESASSOCIATE
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3217

ALTHOUGHTHE PACIFIC AND MORE SPECIFICALLY THE ALEUTIANSALEUTIAN ARE SEISSEI

MICALLY ACTIVE AREASAREA THE WATER DEPTHSDEPTH IN THE NAVARIN BASIN SHOULD PRECLUDE

ANY PROBLEMSPROBLEM FROM SEISMICALLY GENERATED TSUNAMISTSUNAMI TSUNAMISTSUNAMI WOULD ONLY
PRESENT PROBLEM INSOFAR AS THEY AFFECT ANY SHOREBASED SUPPORT FACILITIESFACILITIE

LOCATED ALONGTHE ALASKA OR ALEUTIAN COASTSCOAST

322 AND GEOLOGIC

3221 DATA SOURCESSOURCE AND REFERENCE

THE BERING SEA SHELF AS GEOGRAPHICAND GEOLOGICUNIT HAS RECEIVED SUB

STANTIAL ATTENTION FROM NUMEROUSNUMEROU RESEARCHERSRESEARCHER IN RECENT YEARSYEAR AND LARGE
VOLUME OF KNOWLEDGEHAS BEEN ACCUMULATED ABOUT THE STRUCTURAL TECTONIC AND

ENVIRONMENTAL GEOLOGYOF THE AREA THE NAVARIN BASIN HAS RECEIVED SOMEWHAT

LESSLES ATTENTION THAN OTHER BERING SEA PETROLEUMPROVINCESPROVINCE THAT LIE NEARER TO

SHORE AND THEREFORE ARE MORE ATTRACTIVE FOR PETROLEUMDEVELOPMENTNEVER

THELESSTHELES SOME INFORMATION IS AVAILABLE PRIMARILY FROM RESEARCH CONDUCTED BY
THE US GEOLOGICALSURVEY SMALL NUMBER OF MULTICHANNEL SEISMIC REFLEC

TION PROFILESPROFILE HAVE BEEN OBTAINED BY THE USGSUSG MARLOW AND COOPER 1979

SAMPLESSAMPLE OF SEDIMENTSSEDIMENT DREDGEDFROM THE CONTINENTAL MARGIN IN THE NAVARIN

BASIN AREA HAVE BEEN BRIEFLY DESCRIBED BY MARLOW ET AL 1979 MUCH OF THE

AVAILABLE INFORMATION HAS BEEN SYNTHESIZED INTO ESTIMATESESTIMATE OF RESOURCE POTEN
TIAL TREMONT 1981 DOLTON ET AL 1981 AND MARLOW ET AL 1981 AT THE

TIME OF THISTHI WRITING EARLY 1982 NEITHER HAZARD REPORTSREPORT NOR INFRASTRUCTURE

REPORTSREPORT SPECIFIC TO THE NAVARIN BASIN HAVE BEEN RELEASED

3222

THE NAVARIN BASIN IS AN ELONGATESTRUCTURAL DEPRESSION LYING ON THE WEST

ERN MARGINOF THE BERING SEA SHELF FIGURE 34 THE BASIN IS FILLED WITH

SEDIMENTARYSTRATA AND ABOVE THE IRREGULARCONTINENTAL SHELF BREAK THERE

IS VERY LITTLE SEAFLOOR RELIEF FIGURE 31 THE PRINCIPAL AXISAXI OF THE

NAVARIN BASIN TRENDSTREND NORTHNORTHWEST BY SOUTHSOUTHEAST SUBPARALLEL TO
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NAVARIN INE ST BASIN 10 AMAK

BASIN 11 NORTHALEUTIAN SHELF BASIN

SEDIMENTARYBASINSBASIN OF THE BERING SEA SHELF

ADAPTED FROM COOPER ET 1979

FIGURE 34

IS

15



THE EDGE OF THE BERING SEA SHELF AND HAS APPROXIMATEDIMENSIONSDIMENSION OF 400 BY

180 KILOMETERSKILOMETER 250 BY 112 STATUTE MILESMILE

INTERPRETIVE SECTIONSSECTION HAVE BEEN PREPARED FOR TWO SEISMIC REFLECTION LINESLINE

RUNNINGACROSSACROS THE NAVARIN BASIN FIGURE 35 ADAPTED FROM MARLOW ET AL

1981 THESE PROFILESPROFILE SHOW CONSIDERABLE THICKNESSTHICKNES OF STRATIFIED MATERIAL

REPORTEDTO BE AS MUCH AS 15 KILOMETERSKILOMETER MILESMILE THICK OVERLYINGBASEMENT

ROCK THAT IS POSTULATEDTO BE OCEANIC CRUST OF MESOZOIC AGE THE NAVARIN

BASIN IS FLANKED TO THE EAST BY THE NUNIVAK ARCH BROAD BASEMENT HIGH THAT

IS EXPOSEDON ST LAWRENCE AND ST MATTHEW ISLANDSISLAND THE BASIN IS BOUNDED ON

THE SOUTHWESTERN MARGINBY BASEMENT RIDGE BEYONDWHICH LIESLIE THE DEEPWATER

ALEUTIAN BASIN

STRUCTURE CONTOURSCONTOUR OF THE NAVARIN BASIN FIGURE 36 HAVE BEEN MAPPED BY

COOPER ET AL 1979 AND SHOW THREE SMALLER BASINSBASIN CONTAINED IN THE

NAVARIN BASIN PROVINCE SEDIMENT ACCUMULATION WITHIN THE BASINSBASIN IS 10 TO

15 KILOMETERSKILOMETER TO MILESMILE THICK MARLOW ET AL 1981 THESE SEDIMENTSSEDIMENT

UNDERLIE MORE THAN 45000 SQUARE KILOMETERSKILOMETER ABOUT 17000 SQUARE MILESMILE OF

THE BERINGSEA SHELF SURFICIAL SEDIMENTSSEDIMENT ARE CHARACTERISTICALLY OLIVE GREY

FINE CLAYEY SILTSSILT WITH GREATER SAND CONTENT NEAR THE SHELF BREAK CARLSON
AND KARL 1981 DEPOSITION RATESRATE OF 25 CM1000 YEARSYEAR HAVE BEEN POSTULATED

ALTHOUGHNO TEST WELLSWELL HAVE YET BEEN DRILLED IN THE PROVINCE THERE IS AMPLE

EVIDENCE OF POSSIBLE HYDROCARBONTRAPSTRAP INCLUDING ANTICLINAL STRUCTURESSTRUCTURE

FAULT CLOSURESCLOSURE AND STRATIGRAPHICDISCORDANCESDISCORDANCE

3223

MARLOW ET AL 1981 CITE EVIDENCE OF POTENTIAL GEOLOGIC HAZARDSHAZARD TO PETRO

LEUM DEVELOPMENTFROM FAULTING AND EARTHQUAKESEARTHQUAKE SEAFLOOR INSTABILITY

PENETRATION OF GASCHARGED SEDIMENTSSEDIMENT SEDIMENT TRANSPORT AND EROSION AND

VOLCANISM HAZARDSHAZARD PRESENT BY SEA ICE HAVE BEEN DISCUSSED EARLIER IN THISTHI

REPORT SEE SECTION 3216

BECAUSE OF THE LIMITED AMOUNT OF DATA AVAILABLE FROM THE NAVARIN BASIN IT IS

DIFFICULT TO MAP FAULT TRENDSTREND AREASAREA OF GASCHARGED SEDIMENTSSEDIMENT AND OTHER
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LAWRENCE

MATTHEW ISLAND

300 KILOMETERSKILOMETER

STRUCTURECONTOURSCONTOUR ON ACOUSTIC BASEMENT FOR

NAVARIN BASIN PROVINCE

DEPTHSDEPTH IN KILOMETERSKILOMETER

ADAPTED FROMOPE ET AL 1979
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HAZARD FEATURESFEATURE WITH REASONABLE DEGREE OF CERTAINTY FAULTING IS NOT

UNCOMMON BUT THE LENGTH ORIENTATION AND AGE OF DISPLACEMENTCANNOT BE WELL

DEFINED NO EVIDENCE OF SEAFLOOR DISPLACEMENT BY SUBSURFACE FAULTSFAULT HAS BEEN

FOUND ALTHOUGHDEEPER FAULTSFAULT CAN BE SEEN TO DISPLACE THE BASEMENT SURFACE

AND THE DEEPER PARTSPART OF THE SEDIMENTARY SECTION FEW EARTHQUAKESEARTHQUAKE HAVE

BEEN REPORTED FOR THE NAVARIN BASIN AND ALL WERE LESSLES THAN MAGNITUDE

MEYERSMEYER ET AL 1976

SEAFLOOR INSTABILITY MAY DERIVE FROM MASSMAS MOVEMENT OF SEAFLOOR SEDIMENTSSEDIMENT

SUBMARINE LANDSLIDESLANDSLIDE FROM OTHER SEDIMENTARY TRANSPORT AND EROSION PRO

CESSESCESSE AND FROM GASCHARGED SEDIMENTSSEDIMENT ALL OF WHICH ARE SEEN TO SOME EXTENT

WITHIN THE NAVARIN BASIN MARLOW ET AL 1981 THE CONTINENTAL MARGIN IN

THE NAVARIN BASIN AREA IS CUT BY THREE LARGE SUBMARINE CANYON SYSTEMSSYSTEM

SUBMARINE LANDSLIDESLANDSLIDE HAVE BEEN MAPPED IN ALL THREE LARGE SEDIMENT WAVESWAVE

HAVING HEIGHTSHEIGHT OF ABOUT METERSMETER 25 FEET HAVE BEEN OBSERVED AT THE HEADSHEAD

OF EACH OF THE THREE CANYON SYSTEMSSYSTEM IT IS NOT KNOWN WHETHER THESE SEDIMENT

WAVESWAVE ARE RELICT FEATURESFEATURE OR ACTIVE FEATURESFEATURE IF THE LATTER THEY MAY REPRE

SENT SIGNIFICANT GEOLOGICHAZARDSHAZARD LASTLY NUMEROUSNUMEROU AREASAREA OF GASCHARGED

SEDIMENT HAVE BEEN MAPPED IN THE NAVARIN BASIN THE FREQUENCYOF OCCURRENCE

OF GASCHARGED SEDIMENT APPEARSAPPEAR HIGHER IN THE NORTHERN PART OF THE PROVINCE

NO EVIDENCE OF VOLCANIC ACTIVITY HAS BEEN FOUND IN THE NAVARIN BASIN

NONETHELESSNONETHELES VERY RECENT VOLCANISM HAS OCCURRED IN THE PRIBILOF ISLANDSISLAND

LOCATED APPROXIMATELY 500 KILOMETERSKILOMETER 300 MILESMILE SOUTHEAST OF THE NAVARIN

BASIN SOME HAZARD MAY BE PRESENT FROM ERUPTION OF LAVA AND ASH AND FROM

ASSOCIATED EARTHQUAKESEARTHQUAKE BUT IS JUDGED TO BE OF LOW PROBABILITY

33 DEVELOPMENT

331 PLATFORMSPLATFORM AND

TWO CONSTRAINTSCONSTRAINT WILL STRONGLYINFLUENCE THE PLANNING AND OPERATIONSOPERATION FOR

NAVARIN OIL EXPLORATION DISTANCE AND TIME ANOTHER IMPORTANT AND RELATED

CONSIDERATION AS ALWAYSALWAY IS WEATHER
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SUPPLY LINE DISTANCESDISTANCE TO NAVARIN ARE GREAT TO SUPPORT OFFSHORE DRILLING
ACTIVITIESACTIVITIE THISTHI WILL MAKE CREW ROTATIONSROTATION AND RESUPPLY MORE DIFFICULT AND

COSTLY SO THE EXPLORATION VESSELSVESSEL MUST BE AS SELFSUFFICIENT AS POSSIBLE
THISTHI MAY PUSH THE SELECTION OF VESSELSVESSEL TOWARDSTOWARD LARGER SIZESSIZE THAN MIGHT

OTHERWISE BE NEEDED TO OPERATE IN THE ANTICIPATEDWEATHER CONDITIONSCONDITION

TIME FOR EXPLORATION IS LIMITED BY THE DURATION OF THE OPENWATER SEASON ON

THE ORDER OF SIX OR SEVEN MONTHSMONTH THISTHI PERIOD VARIESVARIE EACH YEAR AND MAY BE

FULLY UTILIZED BY ADDING ICEREINFORCED SUPPORT BOATSBOAT FOLLOWINGTHE EXAMPLE

OF DOME PETROLEUM IN THE CANADIAN BEAUFORT SEA WHERE ICEREINFORCED DRILL

SHIPSSHIP SUPPORTEDBY ICEBREAKERSICEBREAKER DRILL WELL INTO THE FALL SIMILAR EQUIPMENT
AND TECHNIQUESTECHNIQUE COULD EXTEND THE DRILLING WINDOW INTO THE WINTER SEASON IN

NAVARIN WHICH HAS SIGNIFICANTLY LESSLES SEVERE ICE CONDITIONSCONDITION ALTHOUGHNOT

CURRENTLY AVAILABLE ICESTRENGTHENED DYNAMICALLY POSITIONED SEMISUB

MERSIBLESMERSIBLE OR DRILLSHIPSDRILLSHIP POSSIBLY SUPPORTEDBY ICE BREAKERSBREAKER MAY ALSO BE AN

OPTION FOR WINTER DRILLING

EVEN THE OPENWATER CONDITIONSCONDITION ARE SEVERE THOUGH WAVESWAVE ARE NOT EXPECTED

TO BE AS BAD AS IN THE NORTH SEA OR GULF OF ALASKA THE DEMANDSDEMAND IMPOSED BY

EXTENDED SELFSUFFICENCY LIMITED DRILLING SEASON AND WAVESWAVE MAY FAVOR USE

OF LARGE SEMISUBMERSIBLESSEMISUBMERSIBLE ALTHOUGHDRILLSHIPSDRILLSHIP CANNOT BE EXCLUDED

SEMISUBMERSIBLE RIG IS PROPOSEDFOR THE PLANNED COST WELL PROGRAM

CREW ROTATIONSROTATION AND CRITICAL SPARESSPARE WILL BE TRANSPORTEDBY AIR AN AIRSTRIP

AND FORWARD BASE AT ST MATTHEW ISLAND WOULD BE THE MOST EFFECTIVE ROUTE

ALTERNATIVESALTERNATIVE ARE ST LAWRENCE ISLAND OR THE PRIBILOFSPRIBILOF WHICH ARE MORE DISTANT

AND THUSTHU LESSLES FAVORABLE IN TERMSTERM OF COST AND SAFETY

RESUPPLY OF BULKY MATERIALSMATERIAL SUCH AS MUD AND WATER WOULD PROBABLY BE BY

VESSELSVESSEL FROM DUTCH HARBORUNALASKAOR ANOTHER ESTABLISHED FACILITY IN THE

REGION KODIAK AND ANCHORAGEMIGHT BE WORKABLE FOR NEEDSNEED ANTICIPATED WELL IN

ADVANCE BUT GREATLY INCREASE THE TRANSIT TIME AND COSTSCOST SMALL HARBOR

FACILITIESFACILITIE FOR FISHING ARE BEING PLANNED FOR THE PRIBILOFSPRIBILOF
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OTHER PROBLEMSPROBLEM FACING EXPLORATORY DRILLING IN THISTHI AREA INCLUDE THE HIGH

FREQUENCYOF SUMMER FOGSFOG AND POTENTIALLY SEVERE STRUCTURAL ICING IN THE

WINTER THAT WOULD POSE HAZARDSHAZARD FOR RIGSRIG AND SUPPORTVESSELSVESSEL

WITH THE EXCEPTION OF THE LIMITED FACILITIESFACILITIE AT DUTCH HARBOR AND COLD

BAY THE BERING SEA LACKSLACK INPLACE SHORE FACILITIESFACILITIE CAPABLE OF SUPPORTING

MAJOR EXPLORATIONPROGRAM DEVELOPMENTOF SUCH FACILITIESFACILITIE MAY HAVE TO

COMPETEWITH THE REQUIREMENTSREQUIREMENT OF AN EXPANDINGFISHING INDUSTRY

ANOTHER FACTOR THAT WILL INFLUENCE THE TECHNOLOGYAND SCHEDULE OF EXPLORATION

OPERATIONSOPERATION IN NAVARIN BASIN WILL BE THE DOMESTIC AND WORLDWIDE AVAILABILITY

OF DRILLING RIGSRIG AND SUPPORT EQUIPMENT SUPPLY VESSELSVESSEL ETC THE NUMBER

TIMING AND SUCCESSSUCCES RELATED TO THE US OCS LEASE SALESSALE SCHEDULED FOR THE

EARLY WILL INFLUENCE THISTHI AND MIGHT MAKE SOME RIGSRIG AVAILABLE IN THE

BERINGSEA

332
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DEPENDINGUPON RESERVOIR CHARACTERISTICSCHARACTERISTIC ENVIRONMENTAL CONDITIONSCONDITION WATER

DEPTHSDEPTH ETC AND ECONOMICSECONOMIC OFFSHORE PLATFORMSPLATFORM MAY SERVE AS INTEGRATED

DRILLING AND PRODUCTIONUNITSUNIT OR AS SINGLE FUNCTION FACILITIESFACILITIE DRILLING

PROCESSING PUMP STATION COMPRESSOR STATION CREW ACCOMMODATION IN THE

LATTER CASE SEVERAL PLATFORMSPLATFORM WOULD BE REQUIRED TO PRODUCE FIELD IN

DEEP WATER ECONOMIC CONSTRAINTSCONSTRAINT FAVOR OIL FIELD DEVELOPMENTWITH AS FEW

PLATFORMSPLATFORM AS POSSIBLE AND BY INTEGRATEDDRILLINGPRODUCTIONUNITSUNIT THISTHI

HAS BEEN THE TREND IN THE NORTH SEA PILED STEELJACKET STRUCTURESSTRUCTURE HAVE

DOMINATED SINCE OFFSHORE OIL AND GAS PRODUCTION COMMENCED IN THE GULF OF

MEXICO IN THE LATE 0S CONCRETE GRAVITY PLATFORMSPLATFORM FOR OIL AND GAS PRO

DUCTION HAVE BEEN DEVELOPED MAINLY FOR THE NORTH SEA AND WERE PIONEERED BY

THE EKOFISK OIL STORAGETANK THAT WAS INSTALLED IN THE NORWEGIANSECTOR OF

THE NORTH SEA IN 1973

ALTERNATIVESALTERNATIVE TO THE STEELJACKET AND CONCRETE GRAVITY STRUCTURESSTRUCTURE ARE

NUMBER OF DESIGNSDESIGN COMBININGFACETSFACET OF THE STEELJACKET CONCRETE
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GRAVITY AND FLOATING SEMISUBMERSIBLE PLATFORMSPLATFORM THESE INCLUDE THE GUYED

TOWER ARTICULATED PLATFORMTENSION LEG PLATFORM AND STEEL GRAVITY PLATFORM

DEVELOPED IN RESPONSE TO THE INCREASINGCOSTSCOST OF PLATFORMSPLATFORM

WITH INCREASINGWATER DEPTHSDEPTH AND CONCOMITANTLYTHE NEED TO DEVELOPMARGINAL

FIELDSFIELD THESE DESIGNSDESIGN MINIMIZE THE AMOUNT OF OFFSHORE CONSTRUCTION WORK ARE

COMPARATIVELYINEXPENSIVE AND MAY SPEED FIELD DEVELOPMENT THISTHI RESULTSRESULT

IN EARLIER PRODUCTION AND CASH FLOW TO THE OPERATOR SUCH ALTERNATIVESALTERNATIVE ARE

UNLIKELY TO BE VIABLE IN NAVARIN HOWEVER QUICKDISCONNECT FLOATINGPRODUC

TION PLATFORMSPLATFORM MAY BE FEASIBLE

ICERESISTANT STEEL PLATFORMTECHNOLOGYWAS PIONEERED IN UPPER COOK INLET IN

THE EARLY AND 0SH WHERE TOTAL OF 14 PRODUCTION PLATFORMSPLATFORM HAVE BEEN

INSTALLED OF THESE MOST ARE FOURLEGGEDSTRUCTURESSTRUCTURE TWO HAVE THREE LEGSLEG

AND UNION INSTALLED SINGLELEGGED MONOPODPLATFORM VISSER 1969 THE

ENVIRONMENTAL FORCESFORCE FOR WHICH THESE PLATFORMSPLATFORM HAVE BEEN DESIGNEDINCLUDE

LATERAL LOAD OF 10000 KIPSKIP AND VERTICAL LOAD OF 10500 KIPSKIP FIGURE 37

IN THEIR FINAL DESIGN WIND WAVE AND EARTHQUAKEFORCESFORCE WERE FOUND TO BE

SMALL COMPAREDTO ICE FORCESFORCE TIDAL VARIATIONSVARIATION IN UPPER COOK INLET ARE IN

EXCESSEXCES OF METERSMETER 30 FEET AND RESULT IN CURRENTSCURRENT IN EXCESSEXCES OF KNOTSKNOT

TO ACCOMMODATE THESE ENVIRONMENTAL FORCESFORCE COOK INLET PLATFORMSPLATFORM INCOR

PORATE THESE DESIGN PRINCIPLESPRINCIPLE

COLUMNAR LEGSLEG WITHOUT CROSSBRACING IN THE TIDAL ZONE REINFORCED

WITH CONCRETE INSIDE

CONDUCTORSCONDUCTOR LOCATED WITHIN THE LEGSLEG

SPECIAL WITHIN THE PLATFORM STRUCTURE TO REDUCE DEPEND

ENCE ON DIVER ASSISTANCE IN PIPELINE HOOKUPSHOOKUP

SUCH ICE DESIGN PRINCIPLESPRINCIPLE SHOULD BE READILY ADAPTABLETO NAVARIN
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3322 NAVARIN

THE WATER DEPTHSDEPTH OVER THE SEDIMENTARYBASINSBASIN WITHIN THE LEASE SALE AREA

DO NOT PRECLUDE EITHER JACKET OR GRAVITY PLATFORMSPLATFORM STEEL JACKET PLATFORMSPLATFORM

GENERALLYARE MORE ECONOMICAL RELATIVE TO GRAVITYTYPE AS WATER DEPTH IN

CREASESCREASE THE RANGE OF DEPTHSDEPTH OVER AREASAREA OF INTEREST IS FAIRLY NARROW AND NOT

DEEP

PLATFORM SELECTION FOR NAVARIN IS INTIMATELY TIED TO THE TYPE OF TRANSTRAN

PORTATION CHOSEN TO SEND OIL PRODUCTION TO MARKET LONGPIPELINE IS

PLANNED THEN EITHER STEEL JACKET OR GRAVITYTYPE PLATFORMWOULD WORK

HOWEVER THE JACKETTYPE WOULD BE FAVORED BECAUSE PIPELINESPIPELINE WOULD ELIMINATE

THE NEED FOR PLATFORM GRAVITYTYPE PLATFORMSPLATFORM WOULD BE FAVORED FOR OFFSHORE

LOADING TRANSPORTATIONBECAUSE OF THEIR INHERENT STORAGECAPACITY ALTHOUGH

GRAVITY PLATFORMSPLATFORM MAY ALSO BE SELECTED INDEPENDENTON THEIR STORAGE CAPA

BILITIESBILITIE

GRAVITY PLATFORMSPLATFORM OFFER AN IMPORTANT ADVANTAGEFOR NAVARIN ENVIRONMENTAL

CONDITIONSCONDITION FASTER OFFSHORE INSTALLATION MORE OF THE CONSTRUCTION IN

CLUDING DECK EQUIPMENT CAN BE ACCOMPLISHEDAT AN ONSHORE FACILITY THE

PLATFORM IS THEREFORE NEARER COMPLETION WHEN IT IS TOWED TO THE LEASE AREA

INSTALLATON IS PRIMARILY SETDOWN ONTO THE SEAFLOORWHEREUPONTHE STRUCTURE

IS ESSENTIALLYSTABLE FROM THE START ALTHOUGHSOME SPECIAL BALLASTINGMIGHT
BE INCLUDED IN THE DESIGN THERE IS NO PROTRACTEDPERIOD OF PILE DRIVING TO

ACHIEVE DESIGN STABILITY THISTHI IS VALUABLE ASSET IN REMOTE AREA WITH

LIMITED CONSTRUCTION SEASON AND SHORT WEATHER WINDOWSWINDOW

WAVE AND ICE LOADINGFORCESFORCE ON HYPOTHETICAL PLATFORMSPLATFORM FOR NAVARIN WERE NEARLY

EQUAL TO EACH OTHER BASED ON PRELIMINARYROUGHORDEROFMAGNITUDENGINEERING

ANALYSISANALYSI THEREFORE THE ACTUAL CONTROLLINGDESIGN FACTOR WILL DEPEND UPON

DESIGN DETAILSDETAIL AND SITESPECIFIC PARAMETERSPARAMETER MAXIMUM ICE AND WAVE LOADSLOAD ARE

NOT EXPECTED TO OCCUR TOGETHERSEA ICE INHIBITSINHIBIT WAVE GROWTHAND WAVESWAVE BREAK

UP ICE ALTHOUGHSIMULTANEOUSSIMULTANEOU ICE AND WAVE LOADINGSLOADING ARE POSSIBLE

THE PRINCIPAL DESIGN CRITERIA FOR NAVARIN BASIN STRUCTURE ARE LISTED

BELOW
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WAVE LOADING

ICE LOADING

COMPETENTSEAFLOOR SOILSSOIL FOR GRAVITY BASE STRUCTURESSTRUCTURE

OIL STORAGECAPACITY IF APPROPRIATE

INSTALLATION AND FABRICATION CAPABILITIESCAPABILITIE

NUMBER OF CONDUCTORSCONDUCTOR AND SPACING

CRUDE TRANSPORTATIONMEANSMEAN PIPELINE OR TANKER

SEISMIC LOADING

TOPSIDE FACILITIESFACILITIE

WAVE AND ICE FORCESFORCE ON THE LARGEDIAMETER COLUMNSCOLUMN 20 FT OR 60 FT RESULT IN

ABOUT THE SAME OVERTURNINGMOMENTSMOMENT AND SHEARSSHEAR ON THESE STRUCTURESSTRUCTURE PROPOSED

FOR THE NAVARIN BASIN THE PLATFORMDECK ELEVATION WILL BE SET BY THE WAVE

HEIGHTSHEIGHT DESIGN OF THE PLATFORM THROUGH THE ICE ZONE WILL REQUIRE LARGE

DIAMETERSDIAMETER WITH NO DIAGONALOR INTERSECTINGMEMBERSMEMBER

IF OFFSHORE LOADINGIS SELECTED THEN THE ICE FORCESFORCE MAY DICTATE THAT TANKER

LOADING BE ACCOMPLISHED DIRECTLY FROM THE PLATFORM WHICH MAY REQUIRE

UNIQUE DESIGN TO ACHIEVE SHIP WEATHERVANING ALTERNATELY IT MAY BE MORE

FEASIBLE TO INSTALL SEPARATE STORAGEFACILITY AWAY FROM THE DRILLINGPRO

DUCTION PLATFORMTHAT WOULD ALSO LOAD THE SHIPSSHIP

THE PRIMARY CONSTRAINT ON THE NUMBER OF WELL SLOTSSLOT FOR THESE NAVARIN BASIN

PLATFORMSPLATFORM IS THE SPACE PROVIDED WITHIN THE PLATFORM LEG THERE IS ANOTHER

CONSTRAINT WHICH IS THE MAXIMUM NUMBER OF WELLSWELL THAT CAN BE DIRECTIONALLY

DRILLED FROM ONE PLATFORM INTO THE RESERVOIR WE HAVE ASSUMED 48 WELLSWELL

OF WHICH WELLSWELL ARE RESERVED FOR WATER AND GAS REINJECTION FEWER THAN

EIGHT SERVICE WELLSWELL MAY SUFFICE FOR GAS REINJECTION ONLY AND MORE THAN EIGHT

WOULD PROBABLY BE NEEDED FOR COMPLETE WATERFLOOD PROGRAM BASED ON

48 WELLSWELL RNONOPODOF 60FOOT DIAMETER OR FOURLEGGED STRUCTURE WITH

20FOOT DIAMETER LEGSLEG WOULD BE NEEDED MORE WELLSWELL WOULD REQUIRE GREATER

DIAMETER AT THE WATERLINE INCREASING ENVIRONMENTAL FORCESFORCE AND THUSTHU PLATFORM

DESIGNAND COSTSCOST

SOME ALTERNATIVESALTERNATIVE FOR INCREASING THE NUMBER OF WELLSWELL ARE
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IF MORE WELLSWELL CAN BE DRILLED INTO THE RESERVOIR FROM SINGLE
PLATFORM THE LEG DIAMETERSDIAMETER MIGHT BE INCREASED HOWEVER ALLOWANCE

MUST BE MADE IN THISTHI CASE FOR INCREASED WAVE FORCESFORCE AND ICE LOADING
ON THE STRUCTURE

SUBSEA SATELLITE WELLSWELL CAN BE DRILLED WITH FLOWLINESFLOWLINE BACK TO THE

DRILLINGPRODUCTION PLATFORM MAINTENANCE FOR THESE WELLSWELL MIGHT
INCLUDE TEL THROUGHFLOWLINE METHODSMETHOD

INDEPENDENT DRILLING ONLY PLATFORMSPLATFORM CAN BE INSTALLED AND THE

UNPROCESSED CRUDE FLOWED BACK TO THE PRODUCTION PLATFORM FOR

PROCESSING

THE WATER DEPTHSDEPTH THAT WE ARE CONSIDERINGFOR THISTHI STUDY ARE 100200

METERSMETER THISTHI WATER DEPTH RANGE IS VERY SIMILAR UP TO ABOUT 170 METERSMETER TO

THE DEPTH RANGESRANGE OF THE LARGERNORTH SEA PLATFORMSPLATFORM AS WELL AS THE PLATFORMSPLATFORM

PRESENTLY BEING DESIGNEDFOR AUSTRALISAUSTRALI NORTHWEST SHELF THE WAVE HEIGHTSHEIGHT
AND FORCESFORCE ARE SIMILAR TO THE NORTH SEA WAVE CONDITIONSCONDITION WE VISUALIZE THE

FOLLOWINGTYPESTYPE OF PRODUCTIONPLATFORMSPLATFORM AS BEING FEASIBLE FOR THE NAVARIN

BASIN IN THE WATER DEPTH RANGE

TEMPLATE TYPE

STEEL TEMPLATETYPE STRUCTURE MAY BE THE MOST ATTRACTIVE STRUCTURE

TYPE IF EITHER LONG PIPELINE OR SEPARATE STORAGE FACILITY ARE

PLANNED THE JACKET LEGSLEG WILL NEED TO BE QUITE LARGETO HOUSE THE

WELL CONDUCTORSCONDUCTOR WHICH MUST BE PROTECTEDFROM THE ICE THE 100YEAR
RETURN PERIOD WAVE HEIGHTSHEIGHT ARE VERY SIMILAR TO NORTH SEA WAVE CONDI

TIONSTION HOWEVER THE ICE CONDITIONSCONDITION WILL DICTATE THAT THE STRUCTURE

BE FREE OF JOINTSJOINT AND INTERSECTINGMEMBERSMEMBER IN THE ICE ZONE THE

JACKET MAY THEREFORE RESEMBLE NORTH SEA JACKET WITH OR LARGE

DIAMETER LEGSLEG BUT WITH NO INTERSECTINGMEMBERSMEMBER IN THE ICE ZONE THE

WELL CONDUCTORSCONDUCTOR WILL BE HOUSED WITHIN THE LEGSLEG THE LOWEST PART OF

THE SUPERSTRUCTUREWILL CLEAR THE MAXIMUM WAVE CREST BY AN APPRO

PRIATE AIR GAP EOUNDATION SUPPORT FOR THISTHI STEEL STRUCTURE WILL

MOST LIKELY BE BY EXTERNAL SKIRT PILESPILE PILESPILE DRIVEN AROUND THE
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LARGEDIAMETER MAIN LEGSLEG THE MAIN LEGSLEG MUST BE REINFORCED THROUGH

THE WATERLINE FOR ICE LOADINGCONDITIONSCONDITION IT MAY ALSO BE NECESSARY

TO EXTEND THE SKIRT PILESPILE COMPLETELY AROUND THE PERIMETER OF THE

STRUCTURE IN ORDER TO RESIST THE WAVE AND ICE FORCESFORCE

OR STEEL GRAVITYBASE

IF INTEGRAL OIL STORAGE FACILITIESFACILITIE ARE BEING CONSIDERED AS FOR

OFFSHORE LOADING FOR THE PRODUCTIONPLATFORM THEN GRAVITYBASE

STRUCTURE MAY BE APPROPRIATE THE GRAVITYBASE STRUCTURE REQUIRESREQUIRE

COMPETENT SEA FLOOR SOIL TO BE STRUCTURALLY STABLE PRELIMINARY

SOILSSOIL INFORMATION FROM NAVARIN SUGGESTSSUGGEST SOFT SEAFLOOR SOILSSOIL BUT THISTHI

DOESDOE NOT RULE OUT GRAVITY STRUCTURESSTRUCTURE COMPETENTSOILSSOIL MAY BE FOUND

AT DISCOVERYSITE OR AT SHALLOW DEPTH BELOW THE SEAFLOOR ALSO

THERE ARE POSSIBLE ALTERNATIVE FOUNDATION DESIGNSDESIGN TO DEAL WITH SOFTER

SOILSSOIL

THE PLATFORMWITHSTORAGE CONCEPT ADOPTED FOR THE NORTH SEA IS

THE GRAVITY BASE CONCRETE OR STEEL STRUCTURE IF COMPETENT SOIL

STRENGTHSSTRENGTH ARE FOUND THEN THISTHI CONCEPT SHOULD BE FEASIBLE IN THE

NAVARIN BASIN AND THE STRUCTURE WOULD LOOK VERY MUCH LIKE THE NORTH

SEA GRAVITY STRUCTURESSTRUCTURE IT COULD BE CYLINDRICAL MONOPODSUPPORTING

THE DECK AND INTERLOCKINGCYLINDRICALOIL STORAGETANKSTANK LOCATED WELL

BELOW THE MAXIMUM WAVE THE STRUCTURE MIGHT HAVE TWO OR MORE SMALLER

DIAMETER COLUMNSCOLUMN THROUGH THE WATER SURFACE BUT IN ANY CASE ALL

CONDUCTORSCONDUCTOR MUST BE HOUSED WITHIN THE LEGSLEG TO PREVENT EXPOSURE TO ICE

FORCESFORCE

PLATFORM WITH SEPARATE

ANOTHER CONCEPT WOULD BE STEEL STRUCTURE WITHOUT STORAGE CAPA

BILITY LINKED BY PIPELINESPIPELINE TO SUBMERGEDSTORAGE FACILITY THE

SUBMERGED STORAGE WOULD HAVE AN INTEGRAL TANKER LOADING TOWER

AND BOOM PROJECTINGABOVE THE WATER LINE TANKERSTANKER WOULD WEATHERVANE

ABOUT THE LOADING TOWER THISTHI CONCEPT ELIMINATESELIMINATE THE DIFFICULTY OF

WEATHERVANINGTANKER ABOUT DRILLINGPRODUCTIONPLATFORM
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ANY CONCEPT THAT DESH SUBMERGEDSTORAGE TANKSTANK WILL REQUIRETHAT

OILY BALLAST WATER BE TREATED AT THE PRODUCTION FACILITIESFACILITIE BEFORE

DISCHARGE OR ALTERNATIVELY THAT TANKERSTANKER TRANSPORT THEIR OWN BALLAST

AWAY FROM THE PLATFORM SIGNIFICANTLY REDUCINGTHEIR CRUDE CAPACITY

THERE ARE MANY DIFFERENT CONCEPTSCONCEPT OF GRAVITY PLATFORMSPLATFORM BOTH STEEL AND

CONCRETE ALTHOUGH ICE IS AN IMPORTANT DESIGN FACTOR CONESHAPED

STRUCTURE IS NOT NECESSARY IN THISTHI AREA CONETYPE ICE DEFLECTOR MAY

BE APPROPRIATEWITH SOME DESIGNSDESIGN AN ATTRACTIVE CONCEPT FOR GRAVITY

STRUCTURE WOULD BE THE MONOPOD ALTHOUGHMORE THAN ONE LEG COULD CERTAINLYBE

CONSIDERED THISTHI IS ALONG THE LINESLINE OF NORTH SEA PLATFORM WHICH

IS STATEOFTHEART

WE VISUALIZE THE FOLLOWINGTYPESTYPE OF PRODUCTIONPLATFORMSPLATFORM AS BEING FEASIBLE

FOR THESE SPECIFIC SITESSITE

JACKETED 1SU

THISTHI WOULD BE HYBRID INLET STRUCTURE THAT WOULD HAVE

MINIMAL BRACING THROUGHTHE WATER LINE AREA IT PROBABLY WOULD BE

SUPPORTED BY EXTERNAL OR SKIRT PILESPILE AND HAVE FOUR LEGSLEG ALL

CONDUCTOR WELLSWELL WOULD BE INSIDE THESE LEGSLEG

OR STEEL GRAVITY

THISTHI STRUCTURE WOULD PROBABLY BE NORTH SEA GRAVITY STRUCTURE IT

MAY HAVE SINGLE MONOPOD OR SEVERAL LEGSLEG PRELIMINARY

BOTTOM CONDITIONSCONDITION INDICATE SUCH STRUCTURE WOULD BE FEASIBLE

AGAIN ALL CONDUCTORSCONDUCTOR WOULD BE INTERNAL IN THE LEGSLEG

DETAILED DESCRIPTION OF STEEL JACKET AND NORTH SEA CONCRETE GRAVITY

PLATFORMSPLATFORM THEIR DESIGN PARAMETERSPARAMETER FABRICATION AND INSTALLATION THE

READER IS REFERRED TO DAMESDAME MOORE 1979A 4764
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3323 SLOT

ONE OF THE TECHNICAL CONSTRAINTSCONSTRAINT OF PLATFORMDESIGN WITH CONDUCTORSCONDUCTOR LOCATED

WITHIN LEGSLEG IS LIMITATION ON THE NUMBER OF WELL SLOTSSLOT THAT CAN BE HOUSED ON

PRODUCTIONPLATFORM IN CONVENTIONAL EG GULF OF MEXICO PLATFORM

THERE ARE FEW CONSTRAINTSCONSTRAINT AS TO THE NUMBER OF WELL SLOTSSLOT THAT CAN BE INCOR

PORATED INTO THE DESIGN SINCE THE CONDUCTORSCONDUCTOR ARE OPEN AND PASSPAS THROUGH

CONDUCTOR GUIDESGUIDE AT HORIZONTAL BAYSBAY IN THE JACKET HOWEVER IN AN AREA

AFFECTED BY SEAICE SUCH AS THE NAVARIN BASIN OPENWELLCONDUCTORSCONDUCTOR CANNOT

BE CONSIDERED IN THE COOK INLET DESIGNSDESIGN THE LARGERTHE LEGSLEG CAN BE MADE

THE GREATER THE NUMBER OF CONDUCTORSCONDUCTOR THAT CAN BE ACCOMMODATED HOWEVER AS

THE DIAMETER INCREASESINCREASE SO DO THE ICE FORCESFORCE THEREFORE ADDITIONAL INTERNAL

STIFFENING IS REQUIRED WHICH REDUCESREDUCE THE NUMBER OF CONDUCTORSCONDUCTOR INSIDE THE

LEGSLEG THE SAME ANALOGYIS TRUE FOR THE MONOPODGRAVITYBASE STRUCTURE

AT THISTHI TIME WE FEEL THE LARGESTLEGSLEG THAT COULD BE CONSIDERED ON STEEL

JACKET STRUCTURE WOULD BE ON THE ORDER OF MAGNITUDEOF TO METERSMETER 13 TO

17 FEET OUTSIDE DIAMETER THE DIAMETER OF MONOPODSHAFT WOULD BE ON THE

ORDER OF 10 TO 18 METERSMETER 30 TO 60 FEET

IN BOTH CASESCASE THE TOTAL NUMBER OF WELL SLOTSSLOT WOULD BE LIMITED TO ON THE

ORDER OF 32 TO 48 DEPENDING ON THE SIZE OF THE CONDUCTORSCONDUCTOR AND DESIGN

CRITERIA

BASED ON THESE ICERESISTANT DESIGN CONSIDERATIONSCONSIDERATION THE MAXIMUM NUMBER OF

WELL CONDUCTORSCONDUCTOR THAT WE HAVE ASSUMED IN CLOSED CONDUCTOR PLATFORMDESIGN IS

48 ANYTHINGOVER 48 COULD BECOME CONSIDERABLE DESIGN PROBLEM

3324 TRANSPORTATIONAND INSTALLATION

TECHNIQUESTECHNIQUE FOR INSTALLING THESE PLATFORMSPLATFORM IN THE NAVARIN ARE SENSITIVE

PART OF THE PROJECTDEVELOPMENT

THREE METHODSMETHOD THAT COULD BE EMPLOYED TO TRANSPORT THE STEEL PLATFORMTO THE

INSTALLATION SITE ARE
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SELFFLOATED TO THE SITE USING ITS OWN LEGSLEG AS PONTOONSPONTOON AND UPENDED

INTO POSITION

BARGE TRANSPORT TO THE SITE AND LAUNCHING EITHER ONE OR TWO

PIECESPIECE

FLOATED TO THE SITE ON RAFT FOUNDATION UPENDED INTO POSITION AND

THE RAFT FOUNDATION REMOVED

OF THESE THREE SCHEMESSCHEME THE LATTER IS LEAST ATTRACTIVE FOR THE NAVARIN

BASIN THE STRUCTURE WILL REQUIRE LARGEDIAMETER LEGSLEG TO HOUSE THE WELL

CONDUCTORSCONDUCTOR WHICH CAN DOUBLE AS BUOYANCYTANKSTANK FOR FLOATING THE STRUCTURE

TO THE OFFSHORE SITE OF THE THREE TRANSPORTATION METHODSMETHOD WE PREFER

METHOD OF BARGE TRANSPORTING THE STRUCTURE TO THE SITE BARGE CAN BE

MORE RAPIDLY AND SAFELY TOWED THROUGH THE ALEUTIAN CHAIN WITH PROPER

PREPLANNING THE SIZE AND CONFIGURATIONOF THE STRUCTURE CAN BE TAILORED

TO BARGETOW AND LAUNCH

THE STRUCTURE IS TOWED TO THE OFFSHORE SITE VIA BARGE AND LAUNCHED AS

ONEPIECE STRUCTURE THE INSTALLATION PROCEDUREWOULD FOLLOW THE STEPSSTEP

LISTED BELOW

UPEND AND SET ON BOTTOM BY CONTROLLED FLOODING

DRIVE PILESPILE TO REQUIRED PENETRATION

SET DECKSDECK AND MODULESMODULE WITH EITHER ONE OR TWO DERRICK BARGESBARGE

THE GRAVITY STRUCTURE WOULD BE PARTIALLY CONSTRUCTED IN DEEPWATERGRAVING

DOCK THAT IS DRY DURING CONSTRUCTION THEN FLOODED AND FLOATED OUT AND

MOORED AT SHELTERED DEEP WATER SITE FOR COMPLETIONOF CONCRETE WORK THE
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COMPLETEDSTRUCTURE WOULD THEN BE TOWED VERTICALLY AT DEEP DRAFT TO THE

SITE AND BALLASTED DOWN TO THE BOTTOM CONSTRUCTION SITE LARGE ENOUGHFOR

AN OIL PLATFORMDOESDOE NOT NOW EXIST EITHER IN ALASKA OR THE US WEST COAST

AND THEREFORE THE SELECTION AND CONSTRUCTION OF THE SITE MUST BE CONSIDERED

IN THE ECONOMICSECONOMIC AND SCHEDULINGOF SUCH PLATFORMINSTALLAION

THE DECKSDECK FOR BOTH THE STEEL AND GRAVITY PLATFORMSPLATFORM COULD BE MODULARIZED AND

LIFTED INTO PLACEWITH CRANE SHIP SIMILAR TO THE PLATFORMDECK CONSTRUCTION

IN THE NORTH SEA

TWO SUPPORT BASESBASE FOR SUCH PLATFORM INSTALLATION COULD PROBABLYBE RE

QUIRED THE FIRST COULD BE ANCHORAGE WHICH COULD SERVE AS HOME BASE

FOR DERRICK BARGECONSTRUCTIONCREWSCREW ALTHOUGHTHE WORKERSWORKER MAY BE ROTATED

FROM RESIDENCESRESIDENCE ELSEWHERE WE WOULD ASSUME THAT THE ONSHORE FACILITY POINT

WOULD SERVE AS SUPPLY BASE FOR CONSTRUCTION MATERIALSMATERIAL OFFSHORE THE SUPPLY

BASE WOULD BE SET UP PRIOR TO THE PLATFORMINSTALLATION AND ALL SUPPLIESSUPPLIE

STOCKPILED

PLATFORM INSTALLATION WOULD REQUIRE AT LEAST ONE LARGEDERRICK VESSEL AND ONE

SMALLER CRANE VESSEL IF THE PLATFORMIS PILED IN PLACE ONE VESSEL WOULD BE

REQUIRED TO OPERATE THE PILE INSTALLATION EQUIPMENT SEVERAL DECK CARGO

BARGESBARGE WORK BOATSBOAT AND TUGSTUG WOULD BE REQUIRED THE FOLLOWINGARE REPRESENTA

TIVE EQUIPMENT REQUIREMENTSREQUIREMENT AND TYPICAL DAILY RATESRATE 1981 FOR AN EQUIPMENT

SPREADREQUIRED TO INSTALL STEEL PLATFORM

UH DAILY

LARGE CRANE SHIP 160000

SMALLER DERRICK BARGE 80000

DECK CARGOBARGE 12 3500 EACH

WORK BOATSBOAT 6000 EACH

TUGSTUG 7000 EACH

ACTUAL COSTSCOST WILL DEPEND ON THE SIZE OF VESSEL REQUIRED WHERE IT ORIGI

NATESNATE MARKET DEMAND AND VARIOUSVARIOU OTHER FACTORSFACTOR THE RATESRATE DO NOT INCLUDE

MOBILIZATION OR DEMOBILIZATION
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MOST PRODUCTION WELLSWELL WILL BE DRILLED DIRECTIONALLY FROM THE PRODUCTION

PLATFORMSPLATFORM AS NOTED IN SECTION 3323 THE PLATFORM DESIGNSDESIGN SUGGESTEDFOR

NAVARIN BASIN PLACE CONSTRAINTSCONSTRAINT ON THE MAXIMUM NUMBER OF WELLSWELL THAT CAN BE

HOUSED ON THE PLATFORMSPLATFORM ABOUT 48 FURTHERMORE SLANT DRILLING IS NOT

POSSIBLE FROM THESE PLATFORMSPLATFORM IN CONTRAST THE CURRENT RECORD FOR WELL

SLOTSSLOT IN CONVENTIONAL STEEL JACKET DESIGNSDESIGN IS OVER 90

THERE ARE ALSO TECHNICAL LIMITATIONSLIMITATION AS WELL AS COST PREMIUMSPREMIUM ON DIREC

TIONAL DRILLING FOR ANGLESANGLE OF OVER 50 GRAPH SHOWING TYPICAL RATE OF

INCREASE IN DRIFT FOR THE GENER ADOPTEDMAXIMUM SLANT ANGLEOF 60 IS

SHOWN ON FIGURE 38 DEPENDINGON SEABOTTOM SOIL CONDITIONSCONDITION TYPICAL

KICKOFF Q1S WOULD BE ABOUT 150 TO 300 METERSMETER 500 TO 1000 FEET

WITH CONDUCTORSCONDUCTOR LOCATED WITHIN THE LEGSLEG OF THE STRUCTURE DIRECTIONAL

DRILLING IS PART OF THE CONSTRAINTSCONSTRAINT TO TOTAL NUMBER OF WELLSWELL FURTHER

DISCUSSION OF DIRECTIONAL DRILLING AND ITS ROLE IN THE ANALYSISANALYSI IS PRESENTED

IN APPENDIX SECTION III

DEVELOPMENT WELL DRILLING WILL BEGIN AS SOON AS FEASIBLE AFTER PLATFORM

INSTALLATION IF REGULATIONSREGULATION PERMIT THE OPERATOR MAY ELECT TO BEGIN

DRILLING WHILE OFFSHORE CONSTRUCTION IS STILL UNDERWAY ACCEPTING SOME

INTERFERENCE BETWEEN THE TWO ACTIVITIESACTIVITIE THE OPERATOR HAS TO WEIGH THE

ECONOMIC ADVANTAGESADVANTAGEOF EARLY PRODUCTIONVERSUSVERSU DELAYSDELAY AND INEFFICIENCIESINEFFICIENCIE IN

PLATFORMCOMMISSIONING DEVELOPMENTDRILLING COULD COMMENCE ABOUT 10 MONTHSMONTH

AFTER THE PLATFORM IS INSTALLED ON SITE2 DEVELOPMENT WELLSWELL MAY BE

DRILLED IN WHERE GROUP OF WELLSWELL ARE DRILLED FIRST TO THE SURFACE

CASING DEPTHSDEPTH THEN DRILLED TO THE NEXT SMALLER CASING DEPTH ETC KENNEDY

1976 THE BATCH APPROACHNOT ONLY IMPROVESIMPROVE DRILLING EFFICIENCY BUT ALSO

IMPROVESIMPROVE MATERIALSUPPLY SCHEDULING HOWEVER THISTHI DOESDOE NOT PROVIDE TIMELY

GEOLOGICAL INFORMATION FOR PLANNING THE LATER WELLSWELL

POINT THE DEPTH WHERE THE TRAVERSE DEPARTSDEPART FROM THE VERTICAL
IN THE DIRECTION OF THE TARGET

SCENARIO ASSUMESASSUME THE PLATFORM IS INSTALLED IN THE FOURTH YEAR AFTER

DECISION TO DEVELOP DECK INSTALLATION CONTINUESCONTINUE THAT YEAR AND INTO

THE FIFTH WELLSWELL ARE DRILLED BEGINNING IN THE FIFTH YEAR
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ON LARGE PLATFORMSPLATFORM TWO DRILL RIGSRIG MAY BE USED FOR DEVELOPMENTWELL DRILLING
THUSTHU ACCELERATINGTHE PRODUCTION SCHEDULE ONE RIG MAY BE REMOVED AFTER

COMPLETION OF ALL THE DEVELOPMENTWELLSWELL LEAVING THE OTHER RIG FOR DRILLING

INJECTION WELLSWELL AND PERFORMINGWELL MAINTENANCE
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LONG PIPELINESPIPELINE WILL BE REQUIRED TO TRANSPORT NAVARIN BASIN OIL AND GAS

PRODUCTIONTO SHORE TERMINALSTERMINAL FOR FURTHER PROCESSINGAND TANKER TRANSPORT TO

MARKET FOR LARGEDIAMETER PIPELINE 36 TO 42INCH HOWEVER THE PRESENT

STATEOFTHEART PIPELAYING IS AROUND 200 METERSMETER 650 FEET SANTA FE

ENGINEERINGHAS MADE PRELIMINARY CALCULATIONSCALCULATION SUGGESTINGTHAT IF CRUDE OIL

CHARACTERISTICSCHARACTERISTIC ARE FAVORABLE SIMILAR TO NORTH SLOPE CRUDE THE REQUIRED

VERY LONGPIPELINESPIPELINE CAN BE FEASIBLE THESE WOULD REQUIRE INCREASED DIAMETER

AND PUMPINGPRESSURESPRESSURE OTHERWISE BOOSTER PUMP AND COMPRESSOR STATIONSSTATION MAY BE

REQUIRED

SOME OF THE IMPORTANT ENGINEERINGDESIGN CONSIDERATIONSCONSIDERATION FOR PIPELINESPIPELINE IN THE

NAVARIN BASIN ARE

WATER DEPTH

POSSIBLE REQUIREMENTFOR BOOSTER STATIONSSTATION

DIAMETER AND WALL THICKNESSTHICKNES GIVEN THE CHARACTERISTICSCHARACTERISTIC OF THISTHI

AREA SUCH AS WATER DEPTH PIPELINE DIAMETERSDIAMETER LARGERTHAN 40 INCHESINCHE

ARE NOT RECOMMENDED IF THE THROUGHPUTREQUIRED IT SECOND LINE

MIGHT HAVE TO BE BUILT WHICH WOULD INCREASE FIELD DEVELOPMENT

COSTSCOST

WATER CRUDE AND GAS TEMPERATURESTEMPERATURE PRELIMINARY INFORMATION INDI

CATESCATE THAT PIPELINE INSULATION WOULD NOT BE EFFECTIVE HOWEVER

IF INSULATION WERE APPROPRIATE THE PIPELINE COST AND POSSIBLY THE

SCHEDULEWOULD BE AFFECTED
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FOR INSTALLING LARGEDIAMETER PIPELINESPIPELINE THE MOST SUITABLE VESSEL WOULD BE

ONE OF THE THIRD GENERATION SEMISUBMERSIBLE LAY BARGESBARGE SUCH AS

SUCH BARGE CAN LAY ABOUT 112 KILOMETERSKILOMETER MILE PER DAY OF LARGE

DIAMETER LINE AND ABOUT KILOMETERSKILOMETER MILESMILE PER DAY OF SMALL DIAMETER

16INCH OR LESSLES LINE ONE ADVANTAGE OF THE SEMISUBMERSIBLE LAY BARGE

IS THAT IT CAN OPERATE IN WAVESWAVE UP TO 412 METERSMETER 15 FEET WHILE CON

VERITIONAL LAY BARGE IS RESTRICTED TO WAVESWAVE OF ABOUT METERSMETER FEET

SMALLER DIAMETER GATHERINGAND SPUR LINESLINE COULD BE LAID BY REEL BARGESBARGE THAT

ARE NOW 1982 CAPABLE OF LAYING PIPE UP TO 16 INCHESINCHE IN DIAMETER LANDFALL

PORTIONSPORTION OF THE LINESLINE COULD BE PULLED TO SHORE SMALL PIPELINESPIPELINE STARTINGAT

THE MSH WOULD BE CONNECTED USING CONVENTIONAL TUBE BURIAL WOULD

BE REQUIRED AT LANDFALLSLANDFALL TO MAINTAIN STABILITY AT THE BEACH LINE ALTHOUGH

REGULATIONSREGULATION HAVE NOT BEEN ESTABLISHED FOR THISTHI AREA TRENCHING OR BURIAL

COULD BE REQUIRED TO THE 50METER 200FOOT CONTOUR OR FOR THE ENTIRE LENGTH

OF THE LINE COST OF PIPELINE BURIAL COULD EASILY EXCEED MILLION PER

MILE AND BE MUCH GREATERAT THE SHORELINE CROSSING

SUPPORT OF PIPELAYING OPERATIONSOPERATION REQUIRESREQUIRE SERVICE BASE WITH DOCK AND

STORAGE AREA FOR PIPELINE MATERIALSMATERIAL AT THISTHI BASE PROTECTION AND WEIGHT

COATINGSCOATING WOULD BE APPLIED TO THE PIPESPIPE TYPICAL PIPE REQUIREMENTSREQUIREMENT FOR

LAY BARGE ARE ABOUT 100 TO 200 LENGTHSLENGTH OF 12 METERSMETER 40 FEET PER DAY

WITH WEIGHT OF 1000 TO 2000 TONSTON PER DAY THE VOYAGE TO THE CENTER

OF NAVARIN BASIN FROM AN ALEUTIAN SUPPORT BASE ABOUT 1000 KILOMETERSKILOMETER OR

600 MILESMILE WOULD TAKE ABOUT TWO DAYSDAY EACH WAY ABOUT 20 SUPPLY VESSELSVESSEL WOULD

BE REQUIRED TO TRANSPORTPIPE TO ONE PIPELINE SPREAD FOR THE NAVARIN BASIN

HOWEVER SPECIALIZED PIPE SUPPLY VESSELSVESSEL CAN HANDLE UP TO 150 LENGTHSLENGTH OF PIPE

CORRESPONDINGTO DECK LOAD OF AS MUCH AS 2500 TONSTON MAJOR PROBLEM IN

PIPE RESUPPLY IS TRANSFER OF PIPE FROM THE SUPPLY BOAT TO THE LAY BARGE

THISTHI OPERATION CAN EXPERIENCE CONSIDERABLE DOWNTIME DUE TO BAD WEATHER
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AN ALTERNATIVE TO PIPELINE IS OFFSHORE LOADINGOF CRUDE DIRECTLY TO TANKERSTANKER

TIED UP AT MOORINGAND OIL TRANSFER BUOY NUMBER OF SINGLE POINT MOOR

ING AND OIL TRANSFER SYSTEMSSYSTEM HAVE BEEN DEVELOPED INCLUDING THE CATENARY
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ANCHOR LEG MOORIR CALM THE SINGLE ANCHOR LEGMOORINGSALM EXPOSED

LOCATION SINGLE BUOY MOORINGELSBM AND SPAR BUOY WHICH HAS STORAGECAPA

BILITY TWO EXAMPLESEXAMPLE OF OFFSHORE LOADINGSYSTEMSSYSTEM ARE SHOWN ON FIGURE 39

OFFSHORE LOADING SYSTEMSSYSTEM HAVE BEEN USED BOTH AS EARLY PRODUCTION SYSTEMSSYSTEM

PRIOR TO PIPELINE HOOKUP AND AS PERMANENTPARTSPART OF THE FIELD DEVELOPMENT

STRATEGY IN THE LATTER CASE OFFSHORE LOADINGMAY BE EMPLOYEDTO DEVELOP

AN ISOLATED FIELD THAT CANNOT JUSTIFY INVESTMENT IN PIPELINE THE POTEN

TIALLY LONGPIPELINE DISTANCESDISTANCE INVOLVED IN DEVELOPMENTOF NAVARIN BASIN WILL

CERTAINLYMAKE PIPELINE INVESTMENT MAJOR FACTOR IN THE ECONOMICSECONOMIC OF FIELD

DEVELOPMENT THUSTHU THE ALTERNATIVE OF OFFSHORE LOADINGBECOMESBECOME VERY ATTRAC

TIVE HOWEVER THERE ARE SOME GENERAL DISADVANTAGESDISADVANTAGE WITH OFFSHORE LOADING
AND THERE ARE SOME PROBLEMSPROBLEM SPECIFIC TO NAVARIN BASIN WITH RESPECT TO THE

FEASIBILITY OF SUCH SYSTEMSSYSTEM

FOR OFFSHORE TANKER LOADING THE VAPOR PRESSURE OF THE CRUDE MUST BE LIM

ITED TO TO 14 POUNDSPOUND REID VAPOR PRESSURE RVP SINCE TANKERSTANKER CAN ONLY

CARRY OIL WITH LIMITED VAPOR PRESSURE PENICK AND THRASHER 1977 CON

SEQUENTLY CONDENSATESCONDENSATE HAVE TO BE REMOVED AND REINJECTED INTO THE RESERVOIR

THUSTHU REDUCING THE SALESSALE VALUE OF THE PRODUCEDFLUID ON THE OTHER HAND

PIPELINE CAN BE DESIGNED AS HIGH VAPOR PRESSURE SYSTEM TO ACCOMMODATE GAS

LIQUID COMPONENTSCOMPONENT MIXED WITH THE CRUDE OIL AND THEREBY INCREASE THE VALUE

REALIZED OF PRODUCEDFLUIDSFLUID

OFFSHORE LOADING SYSTEMSSYSTEM OPERATE BEST IN GOOD TO MODERATE ENVIRONMENTAL

AREASAREA SYSTEMSSYSTEM THAT HAVE BEEN INSTALLED TO DATE IN MODERATE TO SEVERE

ENVIRONMENTAL AREASAREA SUCH AS THE NORTH SEA HAVE EXPERIENCED MUCH GREATER

DOWNTIME AND REPAIRSREPAIR THAN CALMER AREASAREA

TWO ENVIRONMENTAL ELEMENTSELEMENT IN THE NAVARIN BASIN WOULD MAKE INSTALLATION OF

SUCH SYSTEM DIFFICULT CHALLENGE SEA ICE AND FOG FOGOCCURSOCCUR IN THE

SUMMER UP TO 20 PERCENTOF THE TIME THESE FACTORSFACTOR COULD LIMIT OR SHUT DOWN

OPERATIONSOPERATION COMPLETELY IN ORDER FOR SYSTEMTO FUNCTION IN AN AREA AFFECTED

BY SEA ICE DESIGN FEATURESFEATURE THAT ARE NOT STATEOFTHEART WOULD HAVE TO BE

DEVELOPED ICE FORCESFORCE ARE MORE CONSTANT THAN TRANSITORY WAVE FORCESFORCE AND THUSTHU

REQUIRE NEW DESIGN CONSIDERATIONSCONSIDERATION ICEBREAKING TUGSTUG WOULD PROBABLY BE
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REQUIRED DURINGTHE WINTER MONTHSMONTH THE SYSTEM WOULD HAVE TO CONTEND WITH THE

SEVERE TEMPERATURESTEMPERATURE STRUCTURAL ICING IS ALSO PROBLEMIN WINTER

FLEET OF SHUTTLE TANKERSTANKER REINFORCED FOR ICE WOULD BE REQUIRED ONLY FEW

OFFSHORE LOADINGSYSTEMSSYSTEM HAVE BEEN INSTALLED IN WATER DEPTHSDEPTH OVER 100 METERSMETER

330 FEET WHICH CORRESPONDSCORRESPOND TO THE SHALLOWER WATER DEPTHSDEPTH IN AREASAREA OF

INTEREST IN THE NAVARIN BASIN

IN THE NAVARIN BASIN HIGH PRODUCTION RATE WILL BE NEEDED TO JUSTIFY THE

LARGE COST OF DEVELOPMENT LARGE AMOUNT OF OFFSHORE STORAGE WILL BE

REQUIRED IN THE FORM OF STORAGEVESSEL FACILITIESFACILITIE AS PART OF THE PLATFORM

OR AS SEPARATE SUBMERGEDSTORAGE TANK IN ORDER FOR THE SYSTEM TO BE

ECONOMIC THE THROUGHPUTEG 100000 BARRELSBARREL PER DAY LOADED INTO SHUTTLE

TANKERSTANKER WOULD HAVE TO BE DEPENDABLE AND SUBSTANTIAL THISTHI IS CHALLENGING

OPERATION DUE TO THE ICE FOG AND VARIOUSVARIOU STORM CONDITIONSCONDITION

ALTHOUGHTHE COST OF OFFSHORE LOADINGSYSTEMSSYSTEM APPEARSAPPEAR AT FIRST TO BE MUCH

LESSLES THAN THE COST OF VERY LONGPIPELINE THERE ARE ADDITIONAL COSTSCOST TO

CONSIDER THESE COSTSCOST INCLUDE EXTRA STORAGE FLEET OF SHUTTLE TANKERSTANKER

WORK BOATSBOAT AND POSSIBLY ICE BREAKERSBREAKER HIRING OF CREWSCREW AND THE CONSTRUC

TION AND MAINTENANCE OF SHORE FACILITIESFACILITIE IN ALASKA OFFSHORE LOADINGDOESDOE

NOT NECESSARILYOBVIATE THE COSTSCOST OF SHORE TERMINAL SUCH IS THE NAVARIN

CASE THISTHI IS BECAUSE SHUTTLE TANKERSTANKER WOULD OFFLOAD THEIR CARGOESCARGOE AT AN

ALEUTIAN TRANSSHIPMENTFACILITY WHERE THE CRUDE WOULD BE TRANSFERRED TO LARGE
TANKERSTANKER DESTINED FOR THE LOWER 48

THE ECONOMICSECONOMIC OF OFFSHORE LOADING ARE NOT OBVIOUSOBVIOU AND REMAIN TO BE ESTAB

LISHED BY PROVEN OPERATIONSOPERATION OUR ECONOMIC ANALYSISANALYSI CHAPTER 60 SHOWSSHOW THAT

SIZE OF FIELD IS AN IMPORTANT DETERMINANT IN OFFSHORE LOADING VIABILITY

336

SUBSEA TECHNOLOGYHAS EVOLVED IN RESPONSE TO THE INCREASING WATER DEPTHSDEPTH

AND COST OF FIXED PLATFORM PRODUCTION SYSTEMSSYSTEM THEORETICALLY SUBSEA

PRODUCTIONSYSTEM CAN EITHER BE AN ADJUNCT IN FIELD DEVELOPMENTSTRATEGY
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INVOLVING FIXED PLATFORMSPLATFORM OR COMPLETE PRODUCTION SYSTEM AS COMPLETE

SYSTEM MOST SURFACE EQUIPMENT FUNCTIONSFUNCTION OILGASOILGA SEPARATION STORAGE ETC

ARE CONDUCTED ON THE SEA FLOOR AND PRODUCTIONIS CONVEYEDDIRECTLY TO SHORE

OR TO FLOATING TERMINAL FOR OFFSHORE LOADING TO TANKERSTANKER

THE PRINCIPAL DESIGN PROBLEMSPROBLEM IN SUBSEA PRODUCTION SYSTEMSSYSTEM ARE MAINTENANCE

AND OPERATION IN THE DESIGN OF SUBSEA WELLSWELL TWO PRINCIPAL CONCEPTSCONCEPT HAVE

BEEN EMPLOYED WET CHRISTMASCHRISTMA TREESTREE AND DRY CHRISTMASCHRISTMA TREESTREE THE WET

CHRISTMASCHRISTMA TREE EXPOSESEXPOSE ALL THE COMPONENTSCOMPONENT AND REQUIRESREQUIRE DIVERSDIVER FOR INSTALLA

TION AND MAINTENANCE TYPICALLY THE WET CHRISTMASCHRISTMA TREE IS COMPLETELY

ASSEMBLED AND TESTED BEFORE INSTALLATION ON THE SEA FLOOR FROM DRILLING

RIG THE DRY CHRISTMASCHRISTMA TREE IS TOTALLY ENCLOSED IN CHAMBER AND CAN BE

SERVICED BY MEN WORKINGIN AN ATMOSPHERICENVIRONMENT ON THE SEA FLOOR

NUMBER OF SUBSEA PRODUCTIONSPRODUCTION SYSTEMSSYSTEM HAVE BEEN DEVELOPED INCLUDING THOSE BY

EXXON LOCKHEED DEEP OIL TECHNOLOGYAND SUBSEA EQUIPMENT ASSOCIATESASSOCIATE LTD

SEAL THESE SYSTEMSSYSTEM VARIOUSLY EMPLOY SINGLE WELLHEAD COMPLETIONSCOMPLETION

MULTIPLE WELL TEMPLATESTEMPLATE AND COMBINATIONSCOMBINATION OF WET AND DRY SUBSEA EQUIP

MENT

THE ADVANTAGESADVANTAGE OF SUBSEA PRODUCTION SYSTEMSSYSTEM INCLUDE OCEAN INDUSTRY 1978

EARLY PRODUCTIONCAN BE ESTABLISHED FABRICATION INSTALLATION OF

FIXED PLATFORM AND DEVELOPMENTDRILLING CAN TAKE YEARSYEAR OR MORE

WHEREASWHEREA SUBSEA EQUIPMENT CAN BE FABRICATED AND INSTALLED IN

YEARSYEAR THISTHI NOT ONLY ENABLESENABLE AN EARLY CASH FLOW BUT ALSO PERMITSPERMIT

EVALUATION OF THE RESERVOIR PRIOR TO INVESTMENT IN PERMANENTSTRUC

TURESTURE AND EQUIPMENT

EXPLORATORYAND DELINEATION WELLSWELL WHICH ARE NORMALLY PLUGGED AND

ABANDONED CAN BE TURNED INTO SATELLITE SUBSEA PRODUCERSPRODUCER

SUBSEA PRODUCTIONEQUIPMENT IN CONTRAST TO PLATFORMSPLATFORM CAN BE

INEXPENSIVELY SALVAGED AFTER PRODUCTION DIMINISHESDIMINISHE BELOW ECONOMIC

LIMITSLIMIT
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FIELDSFIELD WITH INSUFFICIENT RESERVESRESERVE TO JUSTIFY INVESTMENT IN FIXED

PLATFORMSPLATFORM CAN BE DEVELOPED RELATIVELY INEXPENSIVELY ESPECIALLY IF

EXPLORATIONDELINEATI WELLSWELL CAN BE UTILIZED BY SUBSEA SYSTEM
WITH TEMPORARYFLOATINGRIG OR JACKUP PLATFORM

IN THE CASE OF SHALLOW OR COMPLEXRESERVOIRSRESERVOIR SUBSEA WELLSWELL CAN DRAIN

THOSE PARTSPART OF THE RESERVOIR THAT CANNOT BE REACHED BY DIRECTIONAL

DRILLING FROM FIXED PLATFORM ALSO SUBSEA WELLSWELL CAN BE USED FOR

SECONDARYRECOVERY OPERATIONSOPERATION

SUBSEA SYSTEMSSYSTEM EXTEND PRODUCTION INTO WATER DEPTHSDEPTH BEYONDTHE LIMITSLIMIT

OF PLATFORMSPLATFORM

SUBSEA SYSTEMSSYSTEM CAN BE USED IN ARCTIC REGIONSREGION BELOW ICE GOUGING
WHERE SURFACE STRUCTURESSTRUCTURE ARE EXPOSED TO THE POTENTIALLY DAMAGING
FORCESFORCE OF SEA ICE

IN AREASAREA OF INCOMPETENT SEA FLOORSFLOOR UNABLE TO SUPPORT BOTTOM FOUNDED

STRUCTURESSTRUCTURE SUBSEA SYSTEMSSYSTEM PROVIDE SOLUTION

COMPLETE SUBSEA PRODUCTION SYSTEMSSYSTEM ARE NOT YET CONSIDERED STATEOFTHEART

HOWEVER SUBSEA SATELLITE WELL HEADSHEAD WITH PIPELINESPIPELINE TO MOTHER PLATFORM DO

APPEAR TO BE FEASIBLE WITH SHALLOWLOW PRODUCTIONRESERVOIRSRESERVOIR THEY ARE BEING
USED PRESENTLY IN VARIOUSVARIOU AREASAREA OF THE WORLD AND WE FEEL THEY COULD BE

APPLICABLE TO DEVELOPMENTOF THE NAVARIN BASIN

7H FIELD

WITH THE HIGH COSTSCOST OF FACILITIESFACILITIE AND EQUIPMENT SEE APPENDIX REQUIRED TO

DEVELOP OIL AND GAS RESOURCESRESOURCE IN REMOTE SUBARCTIC AREA SUCH AS NAVARIN

BASIN SOME SIGNIFICANT DISCOVERIESDISCOVERIE WILL REMAIN UNDEVELOPEDBECAUSE THEY
CANNOT ECONOMICALLYJUSTIFY PRODUCTION SUCH MARGINAL FIELDSU WILL REMAIN

SHUTIN PENDING HIGHER OIL PRICESPRICE COSTSAVING TECHNOLOGICALADVANCESADVANCE OR

FURTHER DISCOVERIESDISCOVERIE CLOSE BY WITH WHICH PIPELINESPIPELINE AND OTHER FACILITIESFACILITIE CAN BE

SHARED DELAYED DEVELOPMENTOF MARGINAL FIELDSFIELD HAS OCCURRED IN THE NORTH

SEA AS NOTED IN SERIESSERIE OF ARTICLESARTICLE ON MARGINAL FIELDSFIELD IN APRIL

1978 76
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THE FACTORSFACTOR WHICH DETERMINE WHETHER FIELD IS MARGINAL

INCLUDE THE OBVIOUSOBVIOU PRODUCING CHARACTERISTICSCHARACTERISTIC SUCH AS

RESERVOIR SIZE SHAPE AND DEPTH BELOW THE GROUND WELL

PRODUCING RATESRATE OIL ANDOR GAS QUALITY AND THE

ENCE OF PRODUCTION PROBLEMSPROBLEM SUCH AS OR CO

SAND PRODUCTIONSPRODUCTION THE STATUSSTATU OF TECHNOLOGYREQUIRED

FOR DEVELOPMENT AVAILABILITY OF COMPETENTAND EFFICIENT

CONSTRUCTION FACILITIESFACILITIE IN THE AREA NEARNESSNEARNES TO MARKET

ACCESSIBILITY FOR SUPPLIESSUPPLIE AND TRANSPORTOF PRODUCTIONTO

MARKET PLUSPLU ENVIRONMENTAL PROBLEMSPROBLEM SUCH AS EARTHQUAKESEARTHQUAKE

AND HURRICANESHURRICANE MUST ALSO BE TAKEN INTO ACCOUNT

THE SEARCH FOR MORE COSTEFFECTIVE ENGINEERINGSOLUTIONSSOLUTION IS PARTICULARLY

IMPORTANT AS OFFSHORE PETROLEUMDEVELOPMENTMOVESMOVE INTO DEEPER WATERSWATER WITH THE

COST OF FIXED PLATFORMSPLATFORM RISING EXPONENTIALLYWITH WATER DEPTH LISTED BELOW

ARE SOME POSSIBLE SOLUTIONSSOLUTION AND TRENDSTREND IN PETROLEUMTECHNOLOGYFOR MARGINAL

FIELD DEVELOPMENT NOT ALL OF THESE HOWEVER ARE APPLICABLE TO NAVARIN

BASIN THE TRENDSTREND AND SOLUTIONSSOLUTION INCLUDE

DEVELOPMENT OF SLIMMER STEELJACKET PLATFORMSPLATFORM REQUIRING LESSLES

STEEL

DEVELOPMENT OF FLOATING OR TETHERED PLATFORMSYSTEMSSYSTEM SUCH AS THE

TENSION LEG PLATFORM CONVERTED OR SPECIALLYDESIGNED SEMISUB

MERSIBLE PLATFORMSPLATFORM AND VARIOUSVARIOU FLOATING CONCRETE DESIGNSDESIGN THESE

WOULD BE UTILIZED IN COMBINATION WITH SUBSEA COMPLETED WELLSWELL

USE OF SUBSEA PRODUCTIONSYSTEMSSYSTEM EITHER AS AN ADJUNCT TO FIXED

PLATFORMSPLATFORM OR AS COMPLETE PRODUCTIONSYSTEM SEE SECTION 336

TWOSTAGE DEVELOPMENTPROGRAMSPROGRAM USING AN EARLY TEMPORARY PRODUCTION

SYSTEM WHILE FURTHER RESERVOIR EVALUATION ASSESSESASSESSE THE VIABILITY OF

DEVELOPMENT PLAN EMPLOYING FIXED PLATFORMSPLATFORM PIPELINESPIPELINE AND MAJOR

SHORE FACILITIESFACILITIE



EMPLOYMENT OF OFFSHORE LOADING IN CONJUNCTION WITH FLOATING

SYSTEM SUBSEA SYSTEM OR FIXED PLATFORM WITH STORAGE WHEN LONG

PIPELINESPIPELINE CANNOT BE ECONOMICALLYJUSTIFIED OR SHARED

34 PRODUCTION SELECTION AND FIELD DEVELOPMENT
FOR THE NAVARIN

THISTHI SECTION BRIEFLY REVIEWSREVIEW SOME OF THE PRINCIPAL CRITERIA INFLUENCING
AN OPERATORSOPERATOR SELECTION OF FIELD DEVELOPMENT PLAN IN THE NAVARIN BASIN

AND DISCUSSESDISCUSSE OUR SELECTION OF THE PRODUCTIONSYSTEMSSYSTEM AND DEVELOPMENTISSUESISSUE

EVALUATED IN THE ECONOMIC ANALYSISANALYSI

NUMBER OF FACTORSFACTOR INFLUENCE AN OPERATORSOPERATOR DECISION ON THE PRODUCTION
AND TRANSPORTATION STRATEGIESSTRATEGIE TO BE USED IN FIELD DEVELOPMENT THESE IN

CLUDE FIELD SIZE RESERVOIR AND PRODUCTION CHARACTERISTICSCHARACTERISTIC PHYSICAL

PROPERTIESPROPERTIE AND QUALITY OF OIL OR GAS LOCATION OF THE FIELD DISTANCE TO

SHORE DISTANCE TO OTHER FIELDSFIELD OCEANOGRAPHICCONDITIONSCONDITION DESTINATION OF

PRODUCTION AVAILABILITY OF EXISTING TERMINALSTERMINAL AND ECONOMICSECONOMIC

341

THE ECONOMIC ANALYSISANALYSI SEE SECTION 60 SUGGESTSSUGGEST THE NECESSARY RESERVE SIZE

THRESHOLDSTHRESHOLD TO JUSTIFY PRODUCTION UNDER ALTERNATIVE PRODUCTION SYSTEMSSYSTEM IN

CLUDING PIPELINE VERSUSVERSU OFFSHORE LOADING OTHER FACTORSFACTOR BEING EQUAL THE

MORE DISTANT FROM SHORE AND THE MORE ISOLATED THE FIELD THE MORE ATTRACTIVE

IT MAY BE TO PRODUCEDIRECTLY TO TANKERSTANKER SEA ICE AND METEOROLOGICCONDI

TIONSTION ASIDE FOR NAVARIN IT HAS BEEN ASSUMED THAT MAJOR FIELD MUST BE

DISCOVERED TO INITIATE PETROLEUMDEVELOPMENTSDEVELOPMENT

342 AND PRODUCTION

RESERVOIR AND PRODUCTION CHARACTERISTICSCHARACTERISTIC ARE MAJOR DETERMINANTSDETERMINANT OF TRANSTRAN

PORTATION PIPELINE CAPACITY STORAGE REQUIREMENTSREQUIREMENT AND PLATFORM EQUIPMENT

REQUIREMENTSREQUIREMENT FIELD DEVELOPMENTPLAN WILL IDENTIFY THE OPTIMAL PLATFORM

REQUIREMENTSREQUIREMENT AND IDENTIFY AND SCHEDULE THE DEVELOPMENT WELL PROGRAM GAS
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AND WATER REINJECTION WELLSWELL AND RATESRATE AND PLATFORM EQUIPMENT PROCESSING

REQUIREMENTSREQUIREMENT THAT ARE IN PART DETERMINED BY THE TRANSPORTATIONOPTION

SELECTED FOR NAVARIN RELATIVELY HIGH PRODUCTION RATE HAS BEEN ASSUMED

BECAUSE OF THE NEED FOR FAVORABLE ECONOMICSECONOMIC TO INITIATE DEVELOPMENTTHISTHI

RATE WAS SELECTED BASED UPON OUR REVIEW OF THE PETROLEUMGEOLOGYAS BEING

OPTIMISTIC BUT ENTIRELY POSSIBLE

343 AND PHYSICAL PROPERTIESPROPERTIE OF OIL AND

THE CHARACTERISTICSCHARACTERISTIC OF OIL PRODUCEDIN NAVARIN WILL HAVE SIGNIFICANT

INFLUENCE ON THE FEASIBILITY AND ECONOMICSECONOMIC OF THE VERY LONG PIPELINE DIS

TANCESTANCE IMPORTANT CRUDE PROPERTIESPROPERTIE TO BE CONSIDERED IN THE DESIGN OF

TRANSPORTATIONSYSTEM PIPELINE ANDOR TANKER INCLUDE

VISCOSITY THISTHI DICTATESDICTATE HOW WELL THE OIL WILL FLOW AT GIVEN

TEMPERATURE VARIATIONSVARIATION IN VISCOSITY WILL INFLUENCE THE PUMPING

POWER REQUIRED IN PIPELINE TRANSPORT COOLINGOF OIL IN PIPELINE

TRANSPORT MAY LEAD TO WAX BUILDUP IN THE PIPELINE AND REDUCE EF

FECTIVE PIPELINE DIAMETER FOR WAXY CRUDE DIRECT LOADINGTO

TANKER MAY BE FAVORED OVER PIPELINE TRANSPORT

SALT WATER SOME WATER MAY STILL BE PRESENT IN THE CRUDE OIL AFTER

TREATMENT ON THE PLATFORM IT IS COSTLY TO SEPARATE THE WATER FROM

THE OIL AND IT IS EVEN MORE COSTLY TO SEPARATE RESIDUAL OIL FROM

WATER SO THAT IT CAN BE DISCHARGEDOFFSHORE IT IS ALSO UNATTRACTIVE

ECONOMICALLY TO TRANSPORT SALT WATER WITH THE CRUDE BECAUSE OF PIPE

CORROSION AND REDUCED OIL CAPACITY ALTHOUGH REMOVAL OF THE WATER

ONSHORE MAY BE LESSLES EXPENSIVE THAN OFFSHORE

SULPHUR SULPHUR OR HYDROGENSUIPHIDE IS CONTAMINANT THAT IF

LEFT IN THE CRUDE CAN CAUSE RAPID DETERIORATION TO STEEL PIPOLINESPIPOLINE

THESE AND OTHER FACTORSFACTOR INFLUENCE PIPELINE AND PROCESSINGEQUIPMENT DESIGN

THERE ARE TRADEOFFSTRADEOFF BETWEEN THE COST ADVANTAGESADVANTAGE OF ONSHORE CRUDE STABILIZA

TION AND PROCESSING AND THE UPGRADINGREQUIREMENTSREQUIREMENT FOR OFFSHORE PLATFORM

PROCESSINGEQUIPMENT FOR PIPELINE TRANSPORTTO SHORE
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GAS PRODUCEDIN ASSOCIATION WITH THE OIL CAN EITHER BE TRANSPORTEDTO SHORE

BY PIPELINE OR REINJECTED INTO THE RESERVOIR IF THE CRUDE IS PRODUCED

DIRECTLY TO TANKERSTANKER ASSOCIATED GAS COULD BE REINJECTED OR FLARED SOME WILL

BE USED AS PLATFORM FUEL GAS REINJECTION EQUIPMENT IS MAJOR COST COMPO

NENT REINJECTED GAS CAN BE MARKETED LATER AS ECONOMIC CIRCUMSTANCESCIRCUMSTANCE CHANGE
ASSOCIATED GAS MAY BE REINJECTED INTO THE RESERVOIR TO MAINTAIN PRESSURE AND

TO PROLONGTHE LIFE OF THE FIELD FURTHER REINJECTION OF ASSOCIATED GAS IS

THE ONLYVIABLE SOLUTION TO THE FLARING BAN IMPOSEDUPON PRODUCINGFIELDSFIELD IF

NATURAL GAS PRODUCTION IS NOT ECONOMICALLYFEASIBLE

AS THE GASOIL RATIO INCREASESINCREASE THE SIZE OF THE PRESSURE OR PRODUCTION

VESSELSVESSEL AND PIPELINESPIPELINE INCREASESINCREASE LARGE AND MORE SOPHISTICATED EQUIPMENT IS

REQUIRED TO HANDLE THE GAS AT SOME POINT DEPENDINGON THE AMOUNT OF GAS

HANDLED THE AMOUNT OF ENTRAINED LIQUIDSLIQUID AND COSTSCOST IT BECOMESBECOME ECONOMICAL TO

TAKE THE NATURAL GAS LIQUIDSLIQUID STABILIZE THEM AND INJECT THISTHI STREAM INTO

THE OIL PIPELINE

ON OFFSHORE PLATFORMSPLATFORM SPACE REQUIREMENTSREQUIREMENT FOR LARGERPROCESSPROCES VESSELSVESSEL PIPE

LINESLINE AND THE INCREASED EQUIPMENT REQUIREMENTSREQUIREMENT FOR GAS PROCESSING ARE

USUALLYNOT GREAT ENOUGHTO SIGNIFICANTLY AFFECT THE PLATFORMCOSTSCOST NATURAL

GAS PIPELINESPIPELINE ARE USUALLYTRUNKLINESTRUNKLINE AS LARGEQUANTITIESQUANTITIE OF GAS RESERVESRESERVE ARE

REQUIRED TO PRODUCE SUFFICIENT REVENUE TO PAY BACK THE CAPITAL INVESTMENT

EVEN WITHOUT RETURN ON THE CAPITAL

NAVARIN BASIN SHOWSSHOW POTENTIAL FOR LARGEGAS FIELDSFIELD LNG TECHNOLOGYMUST PLAY
ROLE IN BRINGING NAVARIN GAS TO MARKET THE QUESTION OF WHAT AND WHERE THE

MARKETSMARKET ARE FOR LNG WILL INFLUENCE THE ECONOMICSECONOMIC OF LONGGAS TRUNK PIPELINE

OR OFFSHORE LNG PRODUCTION THE LATTER HAS NOT BEEN DONE FOR LARGESCALE

PRODUCTION

344 TO

OTHER FACTORSFACTOR BEING EQUAL THE CLOSER FIELD IS TO SHORE THE MORE LIKELY
THAT PRODUCTIONWILL BE TRANSPORTEDTO SHORE BY PIPELINE THAN BY TANKER THE

UNIT TRANSPORTATIONCOSTSCOST FOR OIL INCREASE WITH GREATER PIPE LENGTHWHEREASWHEREA

THE TRANSPORTATIONCOST PER BARREL IN AN OFFSHORE LOADINGSYSTEM IS SIMILAR
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FOR ALL LOCATIONSLOCATION WITH ONLY SLIGHT INCREASE WITH WATER DEPTH HOWEVER THE

ULTIMATE DESTINATION OF THE CRUDE AND THE NUMBER OF TERMINAL HANDLINGSHANDLING ARE

ALSO IMPORTANT CONSIDERATIONSCONSIDERATION

345

THE MOST IMPORTANT CONTRAST BETWEEN PIPELINE TRANSPORT AND OFFSHORE LOADING

IS THE CONTRAINTSCONTRAINT PLACEDON THE LATTER BY WEATHER OFFSHORE LOADINGONTO

TANKERSTANKER IN THE NAVARIN BASIN LIKE THE NORTH SEA WILL BE RESTRICTED BY

WEATHER CONDITIONSCONDITION THERE IS INSUFFICIENT METEOROLOGICALAND SEA STATE DATA

FOR THE NAVARIN BASIN TO ACCURATELYESTIMATE THE AMOUNT OF WEATHER DOWNTIME

WHEN TANKERSTANKER CANNOT LOAD LARGE SHUTTLE TANKERSTANKER CAN REMAIN ON STATION IN

SEASSEA UP TO METERSMETER 25 FEET IT SHOULD BE NOTED HOWEVER THAT THE TANKERSTANKER

CANNOT MOOR TO THE LOADING SYSTEM IN THESE SEA STATESSTATE IN THE NORTH SEA

TOTAL DOWNTIME INCLUDING WEATHER OF OFFSHORE LOADING PRODUCTION SYSTEMSSYSTEM

RANGESRANGE FROM 20 TO 30 PERCENT SANTA FE ENGINEERINGHAS CONCEPTUALLYDESIGNED

THE NAVARIN SYSTEMSSYSTEM WITH 15 DAYSDAY STORAGEWITH THE ASSUMPTION THAT THISTHI IS

SUFFICIENT TO ALLOW CONTINUOUSCONTINUOU PRODUCTION

IN ADDITION TO WEATHER THERE IS DOWNTIME RELATED TO MAINTENANCE AND REPAIR

THESE FACTORSFACTOR ARE CONSIDERED IN THE DESIGNOF PLATFORMTO ESTIMATE STORAGE

REQUIREMENTSREQUIREMENT WITH TECHNICAL AND COST CONSTRAINTSCONSTRAINT ON THE MAXIMUM AMOUNT OF

STORAGETHAT COULD BE PROVIDED ON PLATFORM THERE MAY STILL BE TIMESTIME WHEN

PRODUCTIONWILL HAVE TO BE CURTAILED IT IS ASSUMED IN THE ASSESSMENT OF

OFFSHORE LOADING SYSTEM ECONOMICSECONOMIC IN CHAPTER 60 THAT PRODUCTION AMOUNTSAMOUNT

TO 96 PERCENT OF CAPACITY BECAUSE LARGE AMOUNT OF OFFSHORE STORAGE IS

SPECIFIED

WITHOUT STORAGECAPABILITY AN OFFSHORE SYSTEM EXPERIENCESEXPERIENCE COSTLY PRODUC

TION INTERRUPTIONSINTERRUPTION FURTHER SOME RESERVOIRSRESERVOIR MAY BE DAMAGEDAND PRODUCTION

POTENTIAL MAY BE LIMITED BY SUCH STOPANDGO PRODUCTION THEREFORE THE

OPERATOR HAS TO COMPARE THE ECONOMIC BENEFITSBENEFIT OF STORAGE VERSUSVERSU THE
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ADDITIONAL INVESTMENT COSTSCOST OF STORAGE LH DESIGN OF OFFSHORE

STORAGE FACILITIESFACILITIE HAS TO MATCH PRODUCTION RATESRATE FREQUENCY AND SIZE OF

TANKERSTANKER AND EXPECTED WEATHER AND MAINTENANCE OF THE SINGLE POINT MOORINGSMOORING

DOWNTIME FURTHERMORE THE STORAGE AND LOADING SYSTEM MUST ALLOW FOR VERY

HIGH PUMPINGRATESRATE WHEN TANKER IS AVAILABLE TO LOAD

ANOTHER WEATHER AND SEASTATE PROBLEMCONCERNSCONCERN THE ABILITY TO REPAIR AND

MAINTAIN SINGLE POINT MOORINGSMOORING AND SUBSEA EQUIPMENT IN AN AREA SUCH AS

NAVARIN BASIN WHERE THE WAEAR AND TEAR ON SUCH OFFSHORE FACILITIESFACILITIE WILL BE

HIGH

346

BECAUSE INFORMATION ON SEA ICE IN THE NAVARIN AREA IS VERY LIMITED THE

ICE FORCESFORCE ESTIMATED AND PLATFORMDESIGNSDESIGN POSTULATED ARE TENTATIVE NEVER

THELESSTHELES SEA ICE WILL BE SIGNIFICANT FACTOR IN SELECTION OF PRODUCTION

SYSTEMSSYSTEM INCLUDING THE FEASIBILITY OF OFFSHORE LOADING IT WILL ALSO BE

FACTOR TO CONSIDER IN YEARROUND EXPLORATION OPERATIONSOPERATION AND RESUPPLY

LOGISTICSLOGISTIC ICEBREAKER SUPPORTMAY BE REQUIRED

WATER DEPTHSDEPTH IN THE NAVARIN BASIN ARE COMPARABLETO THE CENTRAL NORTH SEA

AND DO NOT PRESENT ANY SPECIAL PROBLEMSPROBLEM FOR PLATFORM DESIGN PIPELAYING OR

SUBSEA COMPLETIONSCOMPLETION
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VIRTUALLY ALL NAVARIN BASIN CRUDE WILL BE EXPORTEDTO THE LOWER 48 VERY

SMALL AMOUNT MAY BE REFINED IN ALASKA AT KENAI PENINSULA PLANTSPLANT ONE OR MORE

ONSHORE PIPELINE TERMINALSTERMINAL WILL SERVE AS TRANSSHIPMENT FACILITIESFACILITIE THE

DATE ONLY CONCRETE PLATFORMSPLATFORM HAVE PROVIDED SUFFICIENT STORAGE CAPA

BILITY TO PERMIT SUSTAINED MAXIMUM PRODUCTIONRATESRATE HOWEVER STEEL
GRAVITY STRUCTURE WITH STORAGE CAPABILITY IS UNDER CONSTRUCTION FOR

SH MAUREEN FIELD IN THE NORTH SEA STORAGECAPACITIESCAPACITIE OF CON

CRETE PLATFORMSPLATFORM IN THE NORTH SEA HAVE RANGEDFROM 800000 TO 1200000
BARRELSBARREL SHELLESSOSSHELLESSO BRENT SPAR STORAGEBUOY AN INTERIM PRODUCTION AND

BACKUP STORAGEFACILITY HAS 300000 BARRELSBARREL OF STORAGE BUT IT IS NOT
INTENDED TO HANDLE PEAK PRODUCTION SINCE THE BRENT FIELD PRODUCESPRODUCE INTO

PIPELME
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TERMINALSTERMINAL WILL STABILIZE THE CRUDE RECOVER LIQUID PETROLEUM GAS LPG

TREAT TANKER BALLAST AND PROVIDESTORAGEFOR ABOUT 10 DAYSDAY PRODUCTION AN

ALEUTIAN ISLAND OR ALASKA PENINSULA TERMINAL THAT SERVESSERVE FIELDSFIELD IN THE

NAVARIN BASIN COULD ALSO SERVE FIELDSFIELD IN OTHER BERING SEA LEASE SALE AREASAREA

SUCH AS THE ST GEORGEBASIN NORTH ALEUTIAN SHELF AND NORTON SOUND AREASAREA

IN FACT THE ALEUTIAN ISLANDSISLAND AND SOUTHWESTERN TIP OF THE ALASKA PENINSULA

ARE STRATEGICALLYPLACEDFOR SUPPORTAND TRANSSHIPMENTFUNCTIONSFUNCTION FOR MOST OF

THE BERING SEA AND CHUKCHI SEA BASINSBASIN TANKERSTANKER REINFORCED FOR ICE BREAKING

MAY SHUTTLE CRUDE FROM OFFSHORE FIELDSFIELD TO TERMINAL IN THE ALEUTIANSALEUTIAN WHERE

THE CRUDE WILL BE TRANSFERRED TO LARGER TANKERSTANKER DESTINED FOR THE US WEST

COAST

348 NAVARIN PRODUCTION STRATEGIESSTRATEGIE SELECTED
ECONOMIC ANALYSISANALYSI SUMMARY

NAVARIN BASIN GEOGRAPHYAND ENVIRONMENT OFFER FEW OPTIONSOPTION IN DEVELOPMENT

STRATEGIESSTRATEGIE FURTHER THESE SAME FACTORSFACTOR IMPLY THAT FIND OF ONLY MAJOR

FIELD WOULD PROVIDE VIABLE ECONOMIC INVESTMENT THE PETROLEUMGEOLOGY

DOESDOE IN FACT HOLD OUT PROSPECTSPROSPECT FOR GIANT FIELDSFIELD SEE APPENDIX WE

HAVE ASSUMED THAT THE INITIAL DEVELOPMENTOF NAVARIN LIKE THE NORTH SLOPE

WILL REQUIRE MAJOR FIND TO JUSTIFY THE RISKSRISK OF STARTING THE PETROLEUM

TECHNOLOGYINFRASTRUCTURE NEEDED TO BRING NAVARIN HYDROCARBONSHYDROCARBON TO MARKET

THE MAJOR ALTERNATIVESALTERNATIVE FOR NAVARIN PETROLEUMDEVELOPMENTARE TWO

VERY LONG PIPELINE TO EITHER ST MATTHEW ISLAND ABOUT 240 KILO

METERSMETER OR 150 MILESMILE OR TO ST PAUL ISLAND 480 KILOMETERSKILOMETER OR 300

MILESMILE CONSTRUCTION OF STORAGEAND TRANSSHIPMENTFACILITIESFACILITIE ON THE

ISLAND ICERESISTANT SHUTTLE TANKERSTANKER AN ALEUTIAN TRANSSHIPMENT

TERMINAL FOR VLCCSVLCC CARRYING TO MARKET

OFFSHORE LOADING SYSTEMSSYSTEM AT OR NEAR THE PRODUCTIONDRILLING

PLATFORMSPLATFORM WITH OFFSHORE STORAGEFACILITIESFACILITIE ICERESISTANT SHUTTLE

TANKERSTANKER AN ALEUTIAN TRANSSHIPMENTVLCC TERMINAL
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NOTE THAT THE BERING SEA SHUTTLE TANKERSTANKER AND ALEUTIAN ISLAND TRANSHIPPMENT
TERMINALSTERMINAL ARE COMMON TO EITHER STRATEGY THEREFORE THE TECHNOLOGICALAND

ECONOMIC TRADEOFFSTRADEOFF ARE ACTUALLYBASED ON COMPARISONBETWEEN

VS

VERY LONGPIPELINE OFFSHORE STORAGEFACILITY
ONSHORE ISLAND STORAGE

NEARSHORE TRANSSHIPMENT OFFSHORE LOADING
TERMINAL OPERATIONSOPERATION

STRATEGY PROMISESPROMISE MORE FAVORABLE OPERATIONSOPERATION CHARACTERISTICSCHARACTERISTIC ONCE FACILITIESFACILITIE

ARE INSTALLED HOWEVER THE PIPELINE COSTSCOST WILL BE HIGH AND SUCH LONG

PIPELINE MAY NOT BE FEASIBLE ADVERSE CRUDE OIL CHARACTERISTICSCHARACTERISTIC COULD

ELIMINATE THE LONGPIPELINE ALTERNATIVE THISTHI COULD BE OFFSET USING INTER

MEDIATE PUMPING PLATFORMSPLATFORM AT AN EVEN CAPITAL AND OPERATING COST

THISTHI MORE COMPLEX ALTERNATIVE MIGHT PROVE TECHNICALLY FEASIBLE BUT IS NOT

INCLUDED IN OUR ECONOMIC ANALYSISANALYSI

STRATEGY ELIMINATESELIMINATE AN INTERMEDIATE ISLAND TRANSSHIPMENTTERMINAL BUT

IMPLIESIMPLIE POTENTIAL OPERATIONAL CONSTRAINTSCONSTRAINT THESE INCLUDE SEA ICE WAVESWAVE AND

FOG ALL OF WHICH REDUCE THE EFFECTIVENESSEFFECTIVENES OF OFFSHORE LOADING ACTIVITIESACTIVITIE

ACCESSIBILITY OF THE OFFSHORE FACILITY FOR MOORINGWILL BE LESSLES AND OPERA

TIONAL COSTSCOST INCREASED MORE CREWSCREW MORE WEAR THE ECONOMIC VIABILITY OF

THISTHI OPTION DEPENDSDEPEND ON THE ASSUMED RATE OF OIL DELIVERY THAT ACTUALLYCAN BE

ACHIEVED

STRATEGY DOESDOE HAVE ANOTHER VARIATION THAT IS TO DO THE OFFSHORE LOADING
INTO LARGE TANKERSTANKER THAT WOULD GO DIRECTLY TO THE MARKET THISTHI IMPLIESIMPLIE

ICESTRENGTHENINGOF THISTHI LARGE FLEET LARGERCAPACITY OFFSHORE LOADING

FACILITY AND PERHAPSPERHAP MORE OFFSHORE STORAGE CAPACITY OFFSETTING THESE

FACTORSFACTOR ARE FEWER DOCKINGOPERATIONSOPERATION AND ELIMINATION OF TWO TRANSSHIPMENT

TERMINALSTERMINAL THE TRANSPORTATION ECONOMICSECONOMIC OF THISTHI SCENARIO ARE DEPENDENT

UPON SUCH UNKNOWN CONDITIONSCONDITION AS THE PREVAILING WORLD TANKER FLEET THE

ACTUAL WAVE ICE AND FOG CONDITIONSCONDITION AT THE OFFSHORE LOADING SITE WHERE

THE MARKET IS AND THE EXISTENCE OF TRANSSHIPMENT FACILITIESFACILITIE IN THE BERING
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SEA REGION STUDIESSTUDIE CURRENTLY UNDERWAY ARE EVALUATING THE CUMULATIVE

DEVELOPMENTSDEVELOPMENT ASSOCIATED WITH THE SEVERAL BERING SEA LEASE SALESSALE THAT WILL

PRECEDETHE NAVARIN SALE DAMESDAME MOORE 1982B IN PROGRESSPROGRES SINCE IT IS

REASONABLE ASSUMPTION THAT THE COSTSCOST OF AN ALEUTIAN ISLAND TRANSSHIPMENT

TERMINAL MAY BE BORNE IN PART BY OTHER ACTIVITIESACTIVITIE THISTHI POSSIBLEVARIATION IS

NOT ANALYZED IN THISTHI STUDY
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40 PETROLEUM FACILITIESFACILITIE ONSHORE SITING

41

SITING OF ONSHORE FACILITIESFACILITIE IS AN ESPECIALLY CRITICAL FACTOR IN ASSESSING
NAVARIN TECHNOLOGYAND ECONOMICSECONOMIC FOR THISTHI ASSESSMENT ONSHORE FACILITIESFACILITIE

HAVE BEEN ASSUMED PER BLM LETTER DATED OCTOBER 19 1981 TO BE FEASIBLE AT

ST MATTHEW ISLAND THE PRIBILOFSPRIBILOF ST PAUL ISLAND AND THE ALEUTIAN ISLANDSISLAND

SPECIFIC LOCATIONSLOCATION AND SITESSITE HAVE NOT BEEN EVALUATED FOR THISTHI STUDY HOWEVER

IT IS RELEVENT TO INCLUDE SOME COMMENTSCOMMENT ABOUT ONSHORE SITING FOR THE NAVARIN

LEASE SALE AREA

REMOTENESSREMOTENES IS PARTICULARLYCHALLENGINGCHARACTERISTIC FOR NAVARIN EVEN

BY ALASKA STANDARDSSTANDARD THE CLOSEST LANDFALL IS ST MATTHEW ISLAND AN UN

INHABITED WILDLIFE REFUGEABOUT 240 KILOMETERSKILOMETER 150 MILESMILE DISTANT SEE

FIGURE

THE NEXT CLOSEST US LAND IS ALSO ISLANDSISLAND ST LAWRENCE AND THE PRIBI

LOFSLOF ABOUT 500 KILOMETERSKILOMETER 300 MILESMILE AWAY ST LAWRENCE IS TO THE NORTH

AWAY FROM MARKETSMARKET AND INTO WORSE ICE CONDITIONSCONDITION TO THE SOUTHEAST ST PAUL

ISLAND IS THE LARGERAND MORE POPULATED OF THE PRIBILOFSPRIBILOF NEVERTHELESSNEVERTHELES IT

HAS LITTLE INFRASTRUCTURE AND NO NOTABLE NATURAL HARBOR SITESSITE THE BERING

SEA WEATHER REGULARLYBATTERSBATTER THESE ISLANDSISLAND FROM ALL DIRECTIONSDIRECTION

THE ALEUTIAN ISLANDSISLAND CHAIN TO THE SOUTH IS ESSENTIALLY ICEFREE AND HAS

SEVERAL NATURAL HARBOR SITESSITE AND SOME INFRASTRUCTUREAS AT UNALASKADUTCH

1H ALEUTIANSALEUTIAN ARE ON THE WAY TO MARKETSMARKET BUT HAVE DEEP WATER

TRENCH SEPARATINGMOST OF THEM FROM THE BERING SEA SHELF THEREFORE THE

ALEUTIANSALEUTIAN ARE NOT ATTRACTIVE FOR PIPELINE TERMINALSTERMINAL BUT MIGHT PROVIDE SITESSITE

FOR AN EXPLORATION BASE ANDOR TANKER TRANSSHIPMENTTERMINAL

ALTHOUGHST MATTHEW ISLAND FIGURE 42 IS NATIONAL WILDLIFE REFUGE BLM

REQUESTEDTHAT IT BE CONSIDERED FOR ONSHORE FACILITIESFACILITIE IN THISTHI STUDY THISTHI

DAMESDAME MOORE 1980C FOR MORE DETAILED DISCUSSION OF ALEUTIAN
ISLAND SITING CONSIDERATIONSCONSIDERATION
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IS REASONABLE REQUEST FOR NAVARIN WHICH HAS FEW VIABLE ALTERNATIVESALTERNATIVE

LANDBASED OPERATIONSOPERATION ARE ESSENTIAL DURINGEXPLORATIONFOR AIRBORNE SUPPORTOF

OFFSHORE RIGSRIG EVEN THE NEWER LONGRANGEHELICOPTERSHELICOPTER ARE LIMITED CONSIDER

ING THE BERING SEA WEATHER AND THE LACK OF ALTERNATIVESALTERNATIVE IN AN EMERGENCY

FORWARD BASE AT ST MATTHEW FOR WORKBOAT SUPPORTWOULD ALSO BE ADVANTAGEOUSADVANTAGEOU

IN VIEW OF THE LONGTRANSIT TO OFFSHORE DRILLING AREASAREA FROM THE DEVELOPED

ALTERNATIVESALTERNATIVE THE FLAT AREA AT THE SOUTHEASTERN END OF ST MATTHEW ISLAND

IS CONSIDERED ATTRACTIVE FOR SUPPORTFACILITIESFACILITIE

ASSUMINGTHAT ST MATTHEW ISLAND IS AVAILABLE GREATLYENHANCESENHANCE THE DEVELOP

ABILITY OF NAVARIN IN TERMSTERM OF ECONOMICSECONOMIC AND SAFETY IT ALSO REDUCESREDUCE RISKSRISK

ASSOCIATED WITH THE LIMITED WEATHER SEASON FOR DRILLING OPERATIONSOPERATION

THE PRIBILOFSPRIBILOF ARE ASSUMED AS BACKUP CASE AND TO PROVIDE COMPARATIVE

ECONOMIC CASE WHILE THEY ARE ABOUT TWICE THE DISTANCE THERE ARE FEW

OPTIONSOPTION FOR LANDBASED SUPPORTTO NAVARIN DEVELOPMENT HOWEVER THISTHI OPTION

IS NOT WITHOUT SOME POSSIBLE INSTITUTIONAL CONSTRAINTSCONSTRAINT OF ITS OWN THE ISLAND

COMMUNITY HAS NOT ENCOURAGEDLOCAL PETROLEUMACTIVITIESACTIVITIE AS OF THISTHI WRITING

OTHER ALTERNATIVESALTERNATIVE ARE THE MAINLANDSMAINLAND OF THE USSR AND THE WEST COAST OF

ALASKA THE FORMER HAS BEEN MENTIONED BY BLM THE WEST COAST OF ALASKA HAS

DISADVANTAGESDISADVANTAGE OF MUCH LONGER DISTANCESDISTANCE TO NAVARIN AND FEW DEEPWATERSITESSITE

IT OFFERSOFFER LITTLE MORE THAN THE ISLAND OPTIONSOPTION IN TERMSTERM OF INFRASTRUCTURESINFRASTRUCTURE
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50 MANPOWER REQUIREMENTSREQUIREMENT

51

THE PURPOSE OF THISTHI CHAPTER IS TO PROVIDE GENERAL DISCUSSION OF THE MAN

POWER REQUIREMENTSREQUIREMENT OF PETROLEUM DEVELOPMENTIN THE NAVARIN BASIN AND TO

ESTIMATE THE NUMBER OF THAT ARE LIKELY TO BE REQUIRED FOR EACH OF

SEVERAL MAJOR EXPLORATION DEVELOPMENT AND PRODUCTION TASKSTASK UNLIKE PRE

VIOUSVIOU REPORTSREPORT IN THE SERIESSERIE OF OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAMTECHNOLOGY

ASSESSMENTSASSESSMENT THISTHI REPORT DOESDOE NOT PROJECT TOTAL PATTERN OF MANPOWER DEMAND

FOR INDIVIDUAL DEVELOPMENTSCENARIOSSCENARIO

52 OF ACTIVITIESACTIVITIE SIMILAR TO THAT OF NORTH SEA

MANPOWERREQUIREMENTSREQUIREMENT FOR OFFSHORE ACTIVITIESACTIVITIE IN THE NAVARIN BASIN WILL BE

GENERALLYCOMPARABLETO THOSE FOR SIMILAR ACTIVITIESACTIVITIE IN THE NORTHERN SECTOR

OF THE BRITISH NORTH SEA FOR EXAMPLE EXPLORATION DRILLING VESSELSVESSEL PIPE

LAYING BARGESBARGE AND DERRICK BARGESBARGE THAT WILL BE REQUIRED IN THE NAVARIN BASIN

ARE THE LARGE THIRDGENERATIONSEMISUBMERSIBLE TYPE DEVELOPEDFOR THE HARSH

CLIMATE AND DEEP WATER OF THE NORTH SEA AS IN THE NORTH SEA DISTANCESDISTANCE

FROM SHORE WILL BE GREAT IN THE NAVARIN BASIN SEASONAL CONSIDERATIONSCONSIDERATION FOR

DEVELOPMENTAND MAINTENANCE WORK WILL BE CRITICAL THE LOGISTICSLOGISTIC OF RESUPPLY
AND CREW CHANGESCHANGE WILL REQUIRE MAJOR EFFORT PLATFORMSPLATFORM WILL BE LARGEAND

FUNCTIONALLYCOMPLEX THUSTHU MANPOWER LEVELSLEVEL ASSOCIATED WITH REPRESENTATIVE

OFFSHORE PROJECTSPROJECT IN THE NORTH SEA ARE GENERAL INDICATION OF THE MANPOWER

LEVELSLEVEL THAT CAN BE EXPECTED IN THE NAVARIN BASIN

53 CHARACTERISTICSCHARACTERISTIC OF MANPOWERUTILIZATION IN THE NAVARIN

WHILE THE SCALE OF OFFSHORE STRUCTURESSTRUCTURE IN THE NAVARIN BASIN MAY BE CONSIDERED

GENERALLYCOMPARABLETO THOSE FOUND IN THE NORTH SEA AND THEREFORE THE LABOR

DEMAND FOR INDIVIDUAL PROJECTSPROJECT IS ALSO COMPARABLE PETROLEUMDEVELOPMENTIN
THE NAVARIN BASIN WILL HAVE UNIQUE ASPECTSASPECT OF MANPOWER UTILIZATION THESE

SPECIAL CHARACTERISTICSCHARACTERISTIC STEM FROM THE PRESENCE OF SEA ICE FOR MUCH OF THE

YEAR AND FROM THE EXTREME DISTANCE OF THE PRODUCINGAREASAREA FROM CITIESCITIE AND

INDUSTRIALSERVICE CENTERSCENTER
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531 OF

EXPLORATION FIELD DEVELOPMENTWORK AND MAINTENANCE OF PRODUCTIONFACILITIESFACILITIE

WILL BE REGULATEDBY SEASONAL SCHEDULE BECAUSE OF WINTER ICE SEMISUBMER

SIBLE DRILLING VESSELSVESSEL LAY BARGESBARGE AND DERRICK BARGESBARGE AS WELL AS GENERAL

PURPOSE CONSTRUCTION VESSELSVESSEL AND MAINTENANCE BOATSBOAT WILL HAVE TO LEAVE

THE OFFSHORE FIELDSFIELD WITH THE APPEARANCE OF WINTER ICE OFFSHORE CONSTRUCTION

AND MAINTENANCE WORK IN THE NORTH SEA IS ALSO CONCENTRATED IN THE SUMMER

MONTHSMONTH BUT THERE THELARGEST VESSELSVESSEL CONTINUE TO OPERATE DURINGTHE WINTER

STORM SEASON ALTHOUGHWITH REDUCED PRODUCTIVITY THE NAVARIN BASIN ON

THE OTHER HAND OFFSHORE WORK THAT REQUIRESREQUIRE LARGE SUPPORT VESSELSVESSEL WILL

ORDINARILY BE HALTED BY THE END OF NOVEMBER EACH YEAR ICEBREAKING WORK

BOATSBOAT COULD EXTEND THE WORKINGSEASON FOR SOME OPERATIONSOPERATION

BECAUSE OF THISTHI SEASONAL CONSTRAINT MANPOWER UTILIZATION WILL FLUCTUATE

DRAMATICALLY BETWEEN SUMMER AND WINTER EMPLOYMENT AT THE SHORE BASE

WILL OF COURSE REFLECT THE SEASONAL FLUCTUATION OF OFFSHORE WORK EXTREME

SEASONABILITYOF LABOR DEMAND WILL ALSO CHARACTERIZE THE PRODUCTIONPHASE

BECAUSE ANNUAL INSPECTION REPAIR AND MAINTENANCE WORK ON OFFSHORE STRUC

TURESTURE WILL OCCUR DURINGTHE SUMMER WELL WORKOVERSWORKOVER MAY ALSO BE SCHEDULED FOR

THE OPEN WATER MONTHSMONTH BECAUSE OF THE DIFFICULTY OF RESUPPLYINGTHE PLATFORM

DURINGTHE WINTER ALSO SCHEDULED MAINTENANCE REPAIR AND CAPITAL IMPROVE

MENTSMENT OF THE OIL TERMINALSTERMINAL AND LNG FACILITIESFACILITIE WILL OCCUR DURINGTHE MILDER

SUMMER MONTHSMONTH STOCKPILING OF MATERIAL AND EQUIPMENT AT THE FORWARD SUPPORT

BASE ON ST MATTHEW ISLAND OR THE PRIBILOFSPRIBILOF WILL TAKE PLACE BY SUBSTANTIAL

SEA LIFTSLIFT DURINGTHE OPEN WATER MONTHSMONTH

532 PF

BECAUSE OF THE DISTANCE OF THE PLATFORMSPLATFORM FROM THE SHORE BASE THE DISTANCE OF

THE SHORE BASE FROM ANCHORAGE AND THE UNCERTAINTY OF FLYING CONDITIONSCONDITION FOR

MUCH OF THE YEAR FOG IN SUMMER WIND AND BLOWING SNOW IN WINTER THE

PLATFORMSPLATFORM MAY BE ISOLATED FOR MANY DAYSDAY AT TIME THEREFORE THEY MUST BE

CAPABLEOF CONTINUOUSCONTINUOU OPERATION FOR LONGPERIODSPERIOD WITHOUT RESUPPLY HIGH

DEGREE OF REDUNDANCYIN KEY MECHANICAL AND ELECTRICAL SYSTEMSSYSTEM MUST BE BUILT

INTO THE DECK EQUIPMENT AND SKILLED TECHNICIANSTECHNICIAN MUST BE ONBOARD THE PLATFORM

52



AROUND THE CLOCK THESE PLATFORMSPLATFORM MUST ALSO HAVE LARGERINVENTORYOF SPARE

PARTSPART AND GREATEREMERGENCY EQUIPMENT REPAIR CAPABILITY THAN PLATFORMSPLATFORM THAT

ARE LOCATED WITHIN EASY REACH OF SHOREBASED SHOPSSHOP AND EQUIPMENT VENDORSVENDOR

THESE PLATFORMSPLATFORM MAY ALSO REQUIRE MORE EMERGENCY MEDICAL FACILITIESFACILITIE THAN

CONVENTIONAL PLATFORMSPLATFORM SUCH AS LARGESICK BAY AND THE CONTINUOUSCONTINUOU PRESENCE

OF PHYSICIANSPHYSICIAN ASSISTANT

533 CREW

TYPICAL CREW ROTATION AT PRUDHOE BAY IS DAYSDAY ON AND DAYSDAY OFF

TYPICAL NORTH SEA CREW ROTATION IS 14 DAYSDAY ON AND DAYSDAY OFF OPERATORSOPERATOR IN

THE NAVARIN BASIN MAY CONSIDER EVEN LONGERROTATIONSROTATION PARTICULARLYDURINGTHE

WINTER WHEN FLYING MAY BE ESPECIALLY MORE HAZARDOUSHAZARDOU ROTATIONSROTATION OF TO

WEEKSWEEK ON DUTY MAY BE POSSIBLE LONG ROTATIONSROTATION WILL REDUCE FLYING REQUIRE
MENTSMENT AND THEREBYLESSEN THE DANGEROF ACCIDENTSACCIDENT THEY WILL ALSO REDUCE THE

COST OF CHANGINGCREWSCREW FROM ANCHORAGE WHICH IN THE REMOTE NAVARIN BASIN WILL

BE SIGNIFICANT OPERATIONAL EXPENSE HOWEVER CREWSCREW WILL HAVE TO BE COMPEN

SATED FOR LONGERROTATIONSROTATION WITH HIGHERPAY

ASSUMING CREW OF 80 MEN ON PLATFORM ROTATION OF DAYSDAY ON AND DAYSDAY
OFF WOULD REQUIRE TWO LANDINGSLANDING PER WEEK WITH BOEING VERTOL CHINOOK HELI

COPTER 44PASSENGERCAPACITY WHEREASWHEREA ROTATION OF WEEKSWEEK ON AND WEEKSWEEK

OFF WOULD REQUIRE ONLY TWO LANDINGSLANDING IN THE 4WEEK PERIOD

534 SHORE FACILITIESFACILITIE ARE

DEVELOPMENTOF OIL AND GAS RESOURCESRESOURCE OF THE NAVARIN BASIN WILL REQUIRE THE

CONSTRUCTION AND OPERATION OF MAJOR SHORE INSTALLATIONSINSTALLATION THESE ARE SHORE

BASE WITH AN ALLWEATHER RUNWAY OF AT LEAST 1800 METERSMETER 6000 FEET FOR

LOCKHEED HERCULESHERCULE AND BOEING737 AIRCRAFT CRUDE OIL MARINE TERMINAL IN THE

ALEUTIAN ISLANDSISLAND AND PERHAPSPERHAP ANOTHER WITH CRUDE STABILIZATION FUNCTIOR ON

EITHER ST MATTHEW ISLAND OR ONE OF THE PRIBILOF ISLANDSISLAND THESE FACILITIESFACILITIE

WILL MAKE THE NAVARIN BASIN LABOR INTENSIVE FRONTIER AREA TO DEVELOPAND

OPERATE IN CONTRAST TO OTHER LESSLES REMOTE OFFSHORE FIELDSFIELD
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54 OF MANPOWER

ESTIMATESESTIMATE OF THE DEMAND FOR LABOR CREATED BY MAJOR DEVELOPMENTACTIVITIESACTIVITIE IN

THE NAVARIN BASIN ARE SHOWN IN TABLE TABLE 52 SHOWSSHOW THE ESTIMATED

REQUIREMENTFOR SUPPORT VESSELSVESSEL AND HELICOPTERSHELICOPTER FOR MAJOR ACTIVITIESACTIVITIE WHICH

WILL CREATE LABOR DEMAND IN ADDITION TO THAT SHOWN IN TABLE 51 THESE

TABLESTABLE ARE SIMILAR TO THOSE USED IN PREVIOUSPREVIOU REPORTSREPORT IN THE OCS TECHNOLOGY

ASSESSMENT SERIESSERIE EXCEPT THAT THE SHOREBASED COMPONENTOF OFFSHORE ACTIVI

TIESTIE IS HERE LUMPED INTO NEW GENERALCATEGORYOF BASE OPERATION

RATHER THAN IDENTIFIED AS SEPARATE ELEMENT OF EACH OFFSHORE TASK
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60 THE ECONOMICSECONOMIC OF NAVARIN BASIN PETROLEUM DEVELOPMENT

61 MODELLING

THISTHI CHAPTER PRESENTSPRESENT THE RESULTSRESULT OF AN ECONOMIC ANALYSISANALYSI OF OCS OIL AND

GAS DEVELOPMENTIN THE NAVARIN BASIN THESE RESULTSRESULT INDICATE HOW ALTERNATIVE

TRANSPORTATIONAND PRODUCTIONSYSTEMSSYSTEM AFFECT THE RATE OF RETURN AND ECONOMIC

FEASIBILITY OF DEVELOPINGPETROLEUMIN THE REMOTE NAVARIN BASIN THE DISTRI

BUTION OF COSTSCOST BETWEEN ONSHORE AND OFFSHORE FACILITIESFACILITIE IS ANALYZED BOTH IN

TERMSTERM OF TOTAL COSTSCOST AND IN TERMSTERM OF THEIR INDIVIDUAL CONTRIBUTION TO THE

COST PER BARREL OF OIL OR THOUSAND CUBIC FEET MCF OF GAS EQUIVALENT

AMORTIZED COSTSCOST EAC PER UNIT OF PRODUCTARE ALSO PRESENTED

THE ECONOMIC VIABILITY OF OCS OIL AND GAS FIELDSFIELD IN THE NAVARIN BASIN DEPENDSDEPEND

ON SEVERAL CONDITIONSCONDITION INCLUDINGLOCATION RESERVOIR SIZE DEPTH WELL PRODUC

TIVITY AND PRODUCTIONMETHOD USED TO ACCOMMODATE ICE WAVESWAVE AND DISTANCESDISTANCE

SINCE NO OFFSHORE OIL PRODUCTIONHAS TAKEN PLACE AND ONLY LIMITED ONSHORE

EXPLORATION HAS BEEN CONDUCTED IN THE REGION RESERVOIR CONDITIONSCONDITION ARE

UNCERTAIN NOT ONLY IS THE NAVARIN FRONTIER AREA WITH HOSTILE CLIMATE

IT IS ALSO LOCATED IN AN AREA WHICH IS REMOTE EVEN BY ARCTIC STANDARDSSTANDARD THE

NEAREST LANDFALL IS UNINHABITED ST MATTHEW ISLAND ABOUT 250 KILOMETERSKILOMETER 150

MILESMILE FROM THE PROBABLE PAY ZONESZONE THE NEAREST INHABITED LANDFALL IS ST

PAUL ISLAND ABOUT 500 KILOMETERSKILOMETER 300 MILESMILE FROM THE NAVARIN BASIN BOTH

THESE LOCATIONSLOCATION HAVE PROBLEMSPROBLEM THAT AFFECT THEIR USE AND ECONOMICSECONOMIC

DUE TO THE REMOTENESSREMOTENES OF THE NAVARIN ECONOMIC VIABILITY DEPENDSDEPEND AS MUCH

ON TRANSPORTATION LINKSLINK AS ON RESERVOIR CONDITIONSCONDITION FOR THISTHI REASON THE

ECONOMIC ANALYSISANALYSI OF THE BASIN FOCUSESFOCUSE ON THE ECONOMIC COMPARISONOF DIFFER

ENT TRANSPORTATIONSCENARIOSSCENARIO RATHER THAN ON ASSUMED DIFFERENCESDIFFERENCE IN RESERVOIR

CHARACTERISTICSCHARACTERISTIC AS WAS TYPICAL OF EARLIER OCS TECHNOLOGYASSESSMENTSASSESSMENT

THISTHI APPROACHWILL FACILITATE COMPARISONOF THE IMPORTANT POLICY CONSIDERA

TIONSTION INVOLVED IN LOCATION OF SHORE FACILITIESFACILITIE AND COMPARISONSCOMPARISONWITH OFFSHORE

LOADINGPRODUCTIONSYSTEMSSYSTEM
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BECAUSE TRANSPORTATION IS SUCH AN IMPORTANT CONSIDERATION TRANSPORTATION

CAPITAL INVESTMENT COSTSCOST HAVE BEEN INCLUDED WITHIN THE BOUNDRIESBOUNDRIE OF THE

ANALYSISANALYSI THE NAVARIN BASIN IS ASSUMED TO REQUIRE DEDICATED FLEET OF

ICEREINFORCED SHUTTLE TANKERSTANKER AND ICE BREAKER SUPPORT PRIOR STUDIESSTUDIE

CONSIDERED TANKERSTANKER TO BE AVAILABLE FROM THE WORLD FLEET THUSTHU IN ADDITION

TO OFFSHORE PRODUCTIONSYSTEM COSTSCOST THISTHI ANALYSISANALYSI INCLUDESINCLUDE PIPELINE RECEIV

ING AND STORAGE TERMINAL SHUTTLE TANKERSTANKER ICE BREAKERSBREAKER AND TRANSSHIPMENT

TERMINAL COSTSCOST REVENUESREVENUE REFLECT THE VALUESVALUE OF OIL F0B VLCC TERMINAL IN

THE ALEUTIANSALEUTIAN AND GAS LNG CIF CALIFORNIA

THE OIL DEVELOPMENT SCENARIOSSCENARIO ARE DISCUSSED IN SECTION 62 THE RESULTSRESULT

OF THE ECONOMIC ANALYSISANALYSI ARE PRESENTED IN SECTION 63 SECTION 64 DESCRIBESDESCRIBE

THE GAS PRODUCTIONSCENARIOSSCENARIO AND THE ECONOMIC ANALYSISANALYSI OF GAS PRODUCTION

SECTION 65 PRESENTSPRESENT THE EQUIVALENT AMORTIZED COST OF OIL AND GAS DEVELOP

MENT FINALLY HYPOTHETICALPETROLEUMDEVELOPMENTSCENARIOSSCENARIO ARE PRESENTEDIN

CHAPTER70

62 DEVELOPMENTSCENARIO

THREE ALTERNATIVE PRODUCTIONTRANSPORTA SYSTEMSSYSTEM ARE MODELLED AND COMPARED

FOR OIL DEVELOPMENTIN THE NAVARIN THESE INCLUDE

SCENARIO 240KILOMETER 150MILE TRUNK PIPELINE TO

ST MATTHEW ISLAND

SCENARIO 480KILOMETER 300MILE TRUNK PIPELINE TO

ST PAUL ISLAND

SCENARIO OFFSHORE LOADINGINTO ICESTRENGTHENEDTANKERSTANKER

IN ORDER TO PERMIT COMPARISONOF THESE THREE SCENARIOSSCENARIO THE RESERVOIR CON

DITIONSDITION ARE ASSUMED TO BE IDENTICAL THESE CHARACTERISTICSCHARACTERISTIC FOR MAXIMUM

PRODUCTIONFROM SINGLEPLATFORMFIELD ARE

RECOVERABLE OIL OVER PLATFORMLIFE 365 MILLION BARRELSBARREL

AMOUNT OF RECOVERY BEFORE DECLINE 45 PERCENT

RESERVOIR DEPTH 3000 METERSMETER 10000 FEET
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WATER DEPTH 120 METERSMETER 400 FEET
INITIAL PRODUCTIVITY IP 2500 BARRELSBARREL PER DAY BOPD

PER WELL

RECOVERABLE RESERVESRESERVE PER ACRE 60000 BARRELSBARREL PER ACRE

GASOIL RATIO 500 REINJECTED
NUMBER OF PRODUCINGWELLSWELL 40

NUMBER OF SERVICE WELLSWELL GAS INJECTION
PEAK PLATFORM PRODUCTION 100000 BID

PLATFORM EFFICIENCY 96 PERCENT

THESE ASSUMED PARAMETERSPARAMETER REPRESENT VERY OPTIMISTIC BUT POSSIBLE VALUESVALUE FOR

THE NAVARIN BASIN THUSTHU THE ECONOMICSECONOMIC RESULTSRESULT ARE LIKEWISE OPTIMISTIC

THE 365MILLION BARREL FIELD SIZE WAS SELECTED TO REPRESENTTHE MOST ECONOMIC

CASE BECAUSE THISTHI IS THE LARGESTFIELD THAT CAN BE PRODUCEDFROM SINGLE
48WELLS48WELL PLATFORM ASSUMINGMAXIMUM WITHIN TWENTYFIVE YEARSYEAR GIVEN 2500 IP

BARRELSBARREL OF OIL PER DAY OPD AND OTHER CONDITIONSCONDITION SHOWN ABOVE THE 48WELL

SPECIFICATION REPRESENTSREPRESENT THE EXISTING STATEOFTHEART ABILITY TO DRILL

CONDUCTORSCONDUCTOR WITHIN THE PLATFORM LEGSLEG WHICH IS NECESSARY IN ICEINFESTED

WATERSWATER THE SERVICE WELLSWELL ARE ASSUMED TO BE USED FOR REINJECTION OF

PRODUCEDGAS AND FORMATION WATER THISTHI WILL HELP MAINTAIN RESERVOIR PRESPRE

SURESSURE AS WELL AS SOLVE THE DISPOSAL PROBLEMSPROBLEM AN ACTUAL RATIO OF PRODUCER

TO SERVICE WELLSWELL MAY VARY CONSIDERABLY DEPENDING ON THE NEEDSNEED FOR GAS REIN

JECTION OR WATER FLOODING

THE SELECTION OF AN INITIAL WELL PRODUCTIVITY OF 2500 BOPD IS BASED ON

AN ANALYSISANALYSI OF THE PETROLEUM GEOLOGYSEE APPENDIX AII311 THE OIL

PRICE IS ASSUMED TO BE 3200 PER BARREL FOB AN ALEUTIAN ISLAND TERMINAL

AS DISCUSSED IN APPENDIX THISTHI OIL PRICE IS ALSO OPTIMISTIC THISTHI

ASSUMPTION SHOULD BE KEPT IN MIND WHEN REVIEWING THE RESULTSRESULT OF THISTHI

ANALYSISANALYSI COOK INLET OIL IS SELLING FOR NO MORE THAN 28 PER BARREL AT THISTHI

WRITING

OUR SCHEDULE OF DEVELOPMENTASSUMPTIONSASSUMPTION DO NOT INCLUDE ALLOWANCESALLOWANCE FOR UNPRE

DICTABLE DELAYSDELAY THE FOLLOWINGPARAGRAPHSPARAGRAPH DESCRIBE ELEMENTSELEMENT OF THE SCENARIOSSCENARIO
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MODELLED SPECIFICALLY FOCUSED TO THE THREE TRANSPORTATIONALTERNATIVESALTERNATIVE THE

EQUIPMENT AND CAPITAL INVESTMENT REQUIRED FOR THE ONEBILLIONBARREL CASE IN

EACH SCENARIO IS SHOWN IN TABLE 61

PIPELINE TO ST MATTHEW ISLAND

ST MATTHEW ISLAND IS CURRENTLY NATIONAL WILDLIFE REFUGE AND AS SUCH IS

NOT OPEN TO PRIVATE DEVELOPMENT HOWEVER ITS STRATEGIC LOCATION AS THE

LANDFALL NEAREST TO NAVARIN BASIN PROVIDESPROVIDE STIMULUSSTIMULU TO USE AT LEAST SMALL

AREA OF THE ISLAND SEE CHAPTER 40 FOR DISCUSSION OF THISTHI CONSIDERATION

IN ORDER TO EVALUATE ECONOMIC IMPACTSIMPACT WE ASSUME THAT THE ISLAND WILL BE

AVAILABLE TO PROVIDE TERMINAL FOR NAVARIN OIL PRODUCTION

SCENARIO TOTAL PRODUCTIONIS ASSUMED TO OCCUR IN 365MILLIONBARREL UNITSUNIT

USING STEELJACKET PRODUCTIEN PLATFORMSPLATFORM THE PLATFORMSPLATFORM ARE EMPLACED ONE PER

YEAR BEGINNING IN THE FOURTH YEAR AFTER DECISION TO DEVELOPWITH TOPSIDE

COMPLETIONOF THE FIRST PLATFORMALSO IN THE FOURTH YEAR WELL DRILLING

BEGINSBEGIN IN THE FIFTH YEAR

TWO RIGSRIG PER PLATFORM DRILL 12 WELLSWELL PER YEAR ON THE FIRST PLATFORM DURING

THE FIFTH THROUGHEIGHTH YEARSYEAR AFTER DISCOVERY IN THE SIXTH YEAR THE

PRODUCTIONIS ASSUMED TO BEGIN FROM TEN WELLSWELL ON THE FIRST PLATFORM THE

ANALYSISANALYSI FOLLOWSFOLLOW THE CONVENTION THAT PRODUCTION BEGINSBEGIN IN THE YEAR AFTER

GROUP OF 12 WELLSWELL IS DRILLED PEAK PRODUCTIONBEGINSBEGIN 100000 OP FOR THE

FIRST PLATFORM IN THE NINTH YEAR EACH SUCCESSIVE PLATFORMREACHESREACHE PEAK IN

THE TENTH AND ELEVENTH YEARSYEAR THUSTHU AFTER TEN YEARSYEAR FOLLOWING DISCOVERY

THE ENTIRE SYSTEM IS AT PEAK AND HAS BEEN PRODUCINGAT INCREASING RATESRATE SINCE

THE SIXTH YEAR PRODUCTION CONTINUESCONTINUE UNTIL 45 PERCENT OF THE RECOVERABLE

RESERVESRESERVE ARE PRODUCED DECLINE BEGINSBEGIN IN THE THIRTEEN YEAR AND CONTINUESCONTINUE AT

15PERCENT DECLINE RATE FOR 19 YEARSYEAR

OIL IS PRODUCED INTO 240KILOMETER 150MILE PIPELINE TO ST MATTHEW

STORAGELOADINGTERMINAL THE DIAMETER OF THE SHARED PIPELINE DEPENDSDEPEND ON THE

NUMBER OF PLATFORMSPLATFORM IT SERVESSERVE AS SHOWN IN TABLE 62 THREE PLATFORMSPLATFORM

REQUIRE 30INCH DIAMETER PIPELINE
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TO TABLE

PEAK THROUGHPUTFOR THE THREEPLATFORM SYSTEM IS 300000 BOPD TOTAL

RECOVERABLE OIL IS 365 MILLION BARRELSBARREL PER PLATFORM 1095 BILLION IN

TOTAL

STEELJACKET PLATFORMSPLATFORM HAVE NO STORAGE CONCRETE GRAVITY PLATFORMSPLATFORM ARE

ASSUMED TO STORE 15 MILLION BARRELSBARREL OR 15 DAYSDAY PRODUCTION

EACH PLATFORM HAS 40 PRODUCING WELLSWELL AND REINJECTIONSERVICE WELLSWELL

EACH PLATFORMPRODUCESPRODUCE 100000 BOPO AT PEAK

DECK EQUIPMENT IS SIZED FOR PEAK PRODUCTION RATESRATE ASSUMED TO BE

100000 OP THE GRAVITY STRUCTURESSTRUCTURE INCLUDE 35 MILLION EACH FOR TANKER

LOADING FACILITIESFACILITIE

PIPELINESPIPELINE ESTIMATED TO COST 25 MILLION PER MILE TO ST MATTHEW AND

26 MILLION PER MILE TO ST PAUL

150000 DWT ICEREINFORCED SHUTTLE TANKERSTANKER ARE ASSUMED TO TRADE IN THE

BERING SEA BETWEEN NAVARIN AND TRANSSHIPMENT TERMINAL THE ALEUTIANSALEUTIAN

FRACTIONAL TANKERSTANKER IMPLY THE ASSUMPTION THAT EITHER OTHER FIELDSFIELD WILL

TAKE UP THE SLACK TO OPTIMIZE TANKER USAGE OR THAT THERE IS SPACE

CAPACITYTO ALLOW FOR CONTINGENCIESCONTINGENCIE

ICEBREAKING WORKBOATSWORKBOAT ARE ASSUMED TO BE REQUIREDAT EITHER ST MATTHEW

OR ST PAUL ONE IS REQUIRED TO SERVE THE THREE STEEL PLATFORMSPLATFORM ONE

FOR EACH CONCRETE GRAVITY STRUCTURE IS REQUIRED THESE ARE 290 FEET

LONG 2000 DWT AND COST 40 MILLION EACH

TERMINALSTERMINAL ARE SIZED TO CALCULATE NAVARIN COSTSCOST ONLY COST INTERACTION

WITH OTHER BERING SEA LEASE SALE AREASAREA IS ASSUMED BOTH THE TERMINALSTERMINAL

ON EITHER ISLAND AND THE VLCC TERMINAL IN THE ALEUTIANSALEUTIAN ARE ASSUMED TO

BE CAPABLE OF THREE MILLION BARRELSBARREL OF STORAGE LOADINGUNLOADING
TANKERSTANKER AND TREATING BALLAST WATER COSTSCOST ASSUMED ARE FOR 300000
BOPD THROUGHPUTTERMINAL

TOTAL CAPITAL INVESTMENT IS THE SUM OF THE ABOVE PLUSPLU 10 PERCENT
CONTINGENCY NO WORKINGCAPITAL IS INCLUDED

THISTHI TOTAL CAPITAL INVESTMENT ESTIMATE MAY BE ON THE ORDER OF

10 PERCENT TOO OPTIMISTIC PLATFORM AND TRANSSHIPMENT COSTSCOST

LOW STORAGEAND LOADINGFACILITIESFACILITIE SLIGHTLY HIGH HOWEVER
OUR SEPARATE STUDY ON REGIONALOFFSHORE LEASE SALE ECONOMICSECONOMIC

DAMESDAME MOORE 1982 SUGGESTSSUGGEST THAT THE RATE OF RETURN IS

RELATIVELY INSENSITIVE TO CAPITAL COSTSCOST
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RELATIONSHIP OF PIPELINE DIAMETER TO

NUMBER OF PLATFORMSPLATFORM

TOTAL

RECOVERABLE MAXIMUM PIPELINE
NO OF RESERVESRESERVE THROUGHPUT DIAMETER

MI BO IN

365 100000 20

730 200000 26

1095 300000 30

1460 400000 32

1825 500000 36
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THE ST MATTHEW TERMINAL HAS STORAGE CAPACITY FOR ROUGHLY TEN DAYSDAY PRO

DUCTION AS WELL AS FACILITIESFACILITIE FOR TREATMENT OF TANKER BALLAST CRUDE STA

BILIZATION AND LPG RECOVERY AN ICEBREAKING WORKBOAT SERVESSERVE THE TERMINAL

AND ASSISTSASSIST IN DOCKINGMANEUVERSMANEUVER SECOND SUCH WORKBOAT SERVESSERVE LOGISTI
CAL AND SAFETY NEEDSNEED OF THE OFFSHORE PLATFORMSPLATFORM SINGLE POINT MOORING IS

USED TO LOAD CRUDE INTO 150000DWT 12 MMBBL ICESTRENGTHENEDSHUTTLE

TANKERSTANKER THESE TANKERSTANKER TRANSPORTTHE CRUDE 800 KILOMETERSKILOMETER 500 MILESMILE TO

TRANSSHIPMENTTERMINAL IN THE ALEUTIANSALEUTIAN

THE SHUTTLE TANKERSTANKER REQUIRE 30 HOURSHOUR OF LOADINGTIME 30 HOURSHOUR OF UNLOADING
AND 62 HOURSHOUR STEAMING ROUNDTRIP AT 14 KNOTSKNOT ASSUMING 25 PERCENT DOWN

TIME FOR WEATHER OR MAINTAINANCE 057 SHUTTLE TANKERSTANKER IS REQUIREDFOR EACH

100000 BOPD OF THROUGHPUT EACH TANKER IS ASSUMED TO COST 155 MILLION TO

PURCHASE AND 16 MILLION PER YEAR TO OPERATE EXCLUSIVE OF ANNUAL COST OF

OWNERSHIPSANTA FE ENGINEERING 1981

THE SHUTTLE TANKERSTANKER WILL DOCK AT THE ALEUTIAN TRANSSHIPMENT TERMINAL WHERE

THEY WILL UNLOAD INTO STORAGE TANKSTANK FROM THOSE TANKSTANK THE CRUDE WILL

BE LOADED THROUGH SHORT OFFSHORE PIPELINE TO SINGLE POINT MOORING IN

WATER WITH SUFFICIENT DEPTH TO ACCOMMODATE VLCC TANKERSTANKER THESE TANKERSTANKER WILL

CARRY THE CRUDE TO REFINERIESREFINERIE ON THE US WEST COAST OR OTHER PORTSPORT

THE ECONOMIC ANALYSISANALYSI TAKESTAKE INTO ACCOUNT COSTSCOST AND REVENUESREVENUE F0B VLCC IN

THE ALEUTIANSALEUTIAN TOTAL CAPITAL COSTSCOST FOR THE ONEBILLIONBARREL PRODUCTIONAND

TRANSPORTSYSTEM THROUGHST MATTHEW IS 4147 BILLION THISTHI IS THE LOWEST

COST PIPELINE ALTERNATIVE ASSUMING ST MATTHEW CAN BE USED

PIPELINE TO ST PAUL ISLAND

SCENARIO IS ESSENTIALLY IDENTICAL TO SCENARIO EXCEPT FOR THE LOCATION

OF THE PIPELINE LANDFALL IN SCENARIO CRUDE IS PIPED 480 KILOMETERSKILOMETER

300 MILESMILE TO ST PAUL ISLAND IN THE PRIBILOFSPRIBILOF ALTHOUGHTHISTHI ISLAND

IS INHABITED IT DOESDOE NOT HAVE AN INFRASTRUCTURE WHICH COULD SUPPORT OCS

DEVELOPMENT ITS PRINCIPLE ADVANTAGEOVER THE ST MATTHEW SCENARIO IS THAT
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IT IS NOT WILDLIFE REFUGE HAS SOME INFRASTRUCTURE AND SLIGHTLY MORE

FAVORABLE ICE CONDITIONSCONDITION

SANTA FE ENGINEERINGCALCULATESCALCULATE THAT BY USING PIPELINE WITH LARGEENOUGH

PRESSURESPRESSURE AND DIAMETER IMPORTANTLY ALSO ASSUMING FAVORABLE CRUDE OIL

CHARACTERISTICSCHARACTERISTIC SUCH AS VERY LOW WAX CONTENT IT IS POSSIBLE TO AVOID THE

NECESSITY FOR AN INTERMEDIATE BOOSTER PUMP STATION PIPELINE DIAMETER

DEPENDSDEPEND ON THROUGHPUTAS FUNCTION OF NUMBER OF PLATFORMSPLATFORM AS SHOWN IN TABLE

63

TERMINAL FACILITIESFACILITIE INCLUDING WORKBOATSWORKBOAT REQUIRED AT THE PIPELINE TERMINUSTERMINU

AND IN THE ALEUTIANSALEUTIAN ARE THE SAME AS IN SCENARIO THE SHUTTLE FLEET

REQUIREMENTSREQUIREMENT DIFFER SLIGHTLY BECAUSE THE DISTANCE FROM ST PAUL TO THE

ALEUTIANSALEUTIAN IS ABOUT 320 KILOMETERSKILOMETER 200 MILESMILE SHORTER IN SCENARIO THE

ROUND TRIP REQUIRESREQUIRE ABOUT 37 HOURSHOUR TRANSIT TIME PLUSPLU THE SAME 60 HOURSHOUR

FOR LOADING AND UNLOADING THISTHI RESULTSRESULT IN REQUIREMENTFOR 044 SHUTTLE

TANKERSTANKER PER UNIT FIELD 100000 BOPD OR 132 TANKERSTANKER FOR ONEBILLION

BARREL DEVELOPMENTPROJECT

TOTAL CAPITAL COST FOR THE ONEBILLIONBARREL SYSTEM IS 4558 BILLION THISTHI

IS ABOUT 10 PERCENT MORE COSTLY THAN THE ST MATTHEW ALTERNATIVE DOUBLING

THE PIPELINE DISTANCE OVERWHELMSOVERWHELM THE SMALL REDUCTION IN THE TANKER FLEET

POSSIBLEBY PIPELINING THE OIL FURTHER SOUTH

OFFSHORE LOADING

THE THIRD SCENARIO ASSUMESASSUME THAT THE OIL PRODUCEDBY 100000 OP GRAVITY

PLATFORMSPLATFORM IS STORED ON THE PLATFORMAND OFFSHORE LOADED OS DIRECTLY ONTO

SHUTTLE TANKERSTANKER BOUND FOR AN ALEUTIAN TRANSSHIPMENTTERMINAL

THE PLATFORMSPLATFORMCOULD BE SIMILAR IN DESIGNTO THE CONDEEPTYPE CONCRETE GRAVITY

STRUCTURESSTRUCTURE USED IN THE NORTH SEA IN ORDER TO PROVIDE SUFFICIENT ONPLATFORM

STORAGE TO PERMIT CONTINUOUSCONTINUOU PRODUCTIONOPERATIONSOPERATION WE ASSUME THAT 15 DAYSDAY

STORAGE 15 MILLION BARRELSBARREL COULD BE HELD IN THE BASE OF THE PLATFORM

THISTHI ALLOWSALLOW CONTINGENCYFOR CONTINUOUSCONTINUOU OPERATIONEVEN IF WEATHER OR ICE
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RELATIONSHIP OF PIPELINE DIAMETER AND NUMBER OF PLATFORMSPLATFORM

TOTAL

RECOVERABLE MAXIMUM DAILY PIPELINE
NUMBER OF RESERVESRESERVE THROUGHPUT DIAMETER

PLATFORMSPLATFORM MILLION BBLSBBL BOPD INCHESINCHE

365 100000 22 24

730 200000 28 30

1095 300000 32 34

1460 400000 36 38

1825 500000 38 40
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PREVENTED OFFLOADING FOR AN UNUSUALLY LONG PERIOD OF TIME SANTA FE

ENGINEERINGPERSONAL COMMUNICATION 1981 ESTIMATESESTIMATE 10 DAYSDAY IS THE LONGEST

LIKELY TIME SPAN DURINGWHICH THESE LARGESHUTTLE TANKERSTANKER COULD NOT MOOR FOR

LOADING THEREFORE WITH 15 DAYSDAY STORAGE THE SAME PRODUCTIONEFFICIENCY 96

PERCENT IS ASSUMED FOR BOTH PIPELINE AND OFFSHORE LOADINGOS SCENARIOSSCENARIO

THISTHI IS CRITICAL ASSUMPTION LOWER EFFECTIVE LIFTING RATESRATE DUE TO LOWER

EFFICIENCIESEFFICIENCIE COULD DRAMATICALLYIMPACTTHE ECONOMIC RESULTSRESULT

APART FROM THE DIFFERENCE IN PLATFORM TYPE THE SAME PRODUCTIONFACILI

TIESTIE ARE ASSUMED UNDER THE SCENARIO AS FOR THE PIPELINE SCENARIOSSCENARIO

THE PLATFORM HOWEVER REQUIRESREQUIRE MOORING FOR OIL PRODUCTION THISTHI

MOORINGCOULD ALSO BE SPEARATE LOCATED FAR ENOUGHFROM THE PLATFORM TO ALLOW

THE SHUTTLE TANKERSTANKER TO AROUND THE MOORING IN RESPONSE TO WIND

AND CURRENT

THE SHUTTLE TANKERSTANKER ARE ICESTRENGTHENED AND ASSUMED TO BE OF THE SAME

DESIGN DESCRIBED FOR USE BETWEEN ST MATTHEW OR ST PAUL AND THE ALEUTIAN

TERMINAL THESE TANKERSTANKER COULD MAKE THE 2000KILOMETER 1200MILE ROUND

TRIP IN 75 HOURSHOUR ALLOWINGFOR LOADINGUNLOADINGAND 25 PERCENTDOWN TIME

062 TANKERSTANKER ARE NEEDED FOR EACH 100000 OP OF PRODUCTION IN ADDITION AN

ICEBREAKING WORKBOAT IS NEEDED AT EACH PLATFORM THISTHI BOAT WOULD ASSIST

DURINGDOCKINGMANOEUVERSMANOEUVER AS WELL SERVINGNORMAL WORKBOAT FUNCTIONSFUNCTION

THE PRODUCTION SCHEDULE FOR OFFSHORE LOADING SEE APPENDIX IS LAGGED

YEAR BEHIND THAT OF THE PIPELINE CASESCASE SEE APPENDIX TABLE BLA FOR EXACT

SCHEDULINGDIFFERENCESDIFFERENCE THISTHI LAG IS DUE TO THE GREATER CONSTRUCTION AND

TOWOUT TIME FOR INSTALLING CONCRETE GRAVITY PLATFORM CONSTRUCTINGTHESE

STRUCTURESSTRUCTURE REQUIRESREQUIRE SPECIALIZED GRAVING DOCK WHICH WOULD HAVE TO BE

BUILT FOR THISTHI PURPOSE IN EITHER ALASKA OR THE WEST COAST NO SUCH FACILITY

CURRENTLYEXISTSEXIST

THE SAME ALEUTIAN TRANSSHIPMENT TERMINAL DESCRIBED UNDER SCENARIOSSCENARIO AND

IS BE USED IN SCENARIO TOTAL CAPITAL COST FOR THE 10 BILLION BARREL

PRODUCTIONSYSTEM COSTSCOST 4276 BILLION THISTHI COST IS ABOUT 10 PERCENT LOWER

THAN THE ST PAUL PIPELINE ALTERNATIVE HOWEVER PRODUCTIONSTARTSSTART YEAR

LATER
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63 RESULTSRESULT OF OIL PRODUCTION

THE DAMESDAME MOORE EAC COMPUTER MODEL ON THE SCIENTIFIC SOFTWEAR GUESSGUES

SYSTEM WAS USED TO SIMULATE THE CASH FLOW AND ECONOMIC RATESRATE OF RETURN

FOR EACH OF THE THREE OIL DEVELOPMENTSCENARIOSSCENARIO THE RESULTSRESULT OF ALL OIL

DEVELOPMENTMODEL RUNSRUN ARE SUMMARIZED IN TABLE 64 THESE MODEL RUNSRUN PERMIT

THE FOLLOWINGCOMPARISONSCOMPARISON TO BE MADE

COMPARISON OF THE ECONOMICSECONOMIC OF EACH OF THE THREE OIL DEVELOPMENT

SCENARIOSSCENARIO

COMPARISONOF THE ECONOMIC EFFECTSEFFECT OF THE NUMBER OF FIELDSFIELD SHARING

GIVEN PRODUCTIONSYSTEM

THESE COMPARISONSCOMPARISON ARE DISCUSSED IN SUBSECTIONSSUBSECTION 631 AND 632 BASED ON DATA

SHOWN IN TABLE 64 PLATFORMSPLATFORM ARE EACH ASSUMED TO PRODUCE 365 MILLION

BARRELSBARREL RESERVESRESERVE OF THISTHI SIZE CAN BE RECOVERED IN ABOUT TWENTYFIVE YEARSYEAR

ASSUMING2500 BOPO WELLSWELL 40 PRODUCINGWELLSWELL PER PLATFORM AND IDEALIZED

RESERVOIR GEOMETRYTO ALLOW 40 WELLSWELL TO REACH PAY ZONE OPTIMISTIC RESERVOIR

CONDITIONSCONDITION AND RESERVOIR ENGINEERINGARE REQUIRED FOR EACH PLATFORM TO BE

ABLE TO PRODUCE365 MILLION BARRELSBARREL ALTHOUGH FEASIBLE THESE ASSUMPTIONSASSUMPTION

IMPLY THAT OUR ECONOMIC RESULTSRESULT SHOULD BE CONSIDERED OPTIMISTIC GIVEN THE

GEOLOGICASSUMPTIONSASSUMPTION THE ANALYSISANALYSI IS BASED ON THE RECENT DROP IN WORLD OIL

PRICESPRICE HAS WEAKENED OUR ASSUMPTIONTHAT THE REAL PRICE OF OIL WILL EQUATE TO

3200 PER BARREL IN 1981 DOLLARSDOLLAR BY THE TIME NAVARIN COMESCOME ON LINE HENCE

THE 3200 OIL PRICE COULD BE CONSIDERED OPTIMISTIC AS WELL

OUR ANALYSISANALYSI HAS FOCUSED ON THE ECONOMICSECONOMIC OF PETROLEUMDEVELOPMENTOF GIANT

FIELDSFIELD AND PRODUCTIONSYSTEMSSYSTEM DEVELOPMENTSEQUENCESSEQUENCE RECOGNIZE THAT LOGISTIC

DIFFICULTIESDIFFICULTIE MAKE IT NECESSARY TO STAGGERINSTALLATION OF OFFSHORE PRODUCTION

EQUIPMENT WITHIN EACH ANALYTICAL CASE ONLY ONE PLATFORM IS INSTALLED PER

YEAR SUBSEQUENTTOPSIDE EQUIPMENT INSTALLATION AND WELL DRILLING IS ALSO

STAGGERED ACCORDINGLY TRANSPORTATION SYSTEMSSYSTEM PIPELINESPIPELINE IF ANY AND

TERMINALSTERMINAL ARE SIZED HOWEVER TO THEIR ULTIMATE CAPACITY BUT ARE PHASED TO

COME ON LINE WITH THE FIELD THUSTHU INITIALLY THEY ARE UNDERUTILIZED

612



TABLE
64

OF

ECONOMIC
ANALYSISANALYSIOF

NAVARIN
BASIN

PETROLEM
EQUIVALENT

EQUIVALENT
AMORTIZATION
EQUIVALENT

NUMBER

NET

PRESENT

AFTERTAX

AMORTIZED

CAPITAL

AMORTIZED
TOTAL

RECOVERABL
OF

VALUE
AT

DCF

RATE

TOTAL

INVESTNIERJT
OPERATING

CAPITAL

Q1SQ

PLATFORMSPLATFORM
12

PERCENT
OF

RETURN
COST

COST

COST

INVESTMENT

MM

UN

PE

MM

SCENARIO
ST

MATTHEW

PIPELINE

365

346

148

2894

1263

586

1788

13

1095

1881

2583

956

372

4147

1825

2856

188

2584

959

341

6216

SCENARIO
ST

PAUL

PIPELINE

21

365

204

132

3018

1445

593

2022

23

1095

1396

162

2142

1196

369

4558

25

1825

2611

177

2619

1036

332

6694

SCENARIO

OFFSHORE
LOADING

365

395

157

2804

1163

529

1568

33

1095

1535

177

2635

1039

361

4276

35

1825

2267

174

2639

1065

334

6870

RECOVERABLE
RESERVESRESERVE
OVER

THE

LIFETIMEOF

THE

PROJECT
ARE

ASSUMEDTO

BE

365

MILLION
BARRELSBARREL
PER

PLATFORM
THISTHI

IS

AN

OPTIMISTIC
ASSUMPTION
ABOUT

IDEALIZED
FIELD

GEOMETRYTO

ALLOW

MAXIMUM

RECOVERY
JUSTIFIEDBY

OTHER

RESERVOIR

ENGINEERING
ASSUMPTIONSASSUMPTION
HENCE

RESULTSRESULT

REPRESENT
UPPER

LIMIT

ESTIMATESESTIMATE

RECOVERABLE
RESERVESRESERVE

RANGING
BETWEEN

365

AND

1825

MILLION
BARRELSBARREL

ARE

PEGGEDTO

THE

NUMBER
OF

PLATFORMSPLATFORMIN

EACH

ANALYTICAL
CASE

THE

UPPER
LIMIT

CASE

EXCEEDSEXCEED
THE

MEAN

RESOURCE

ESTIMATE
THE

ANALYTICALCASESCASE

ARE

NOT

CONSTRAINEDBY

THE

MEAN

RESOURCE

ESTIMATE

PRICE
IS

ASSUMEDTO

BE

3200
BBL

FOB

ALEUTIAN
TERMINAL
200

CHANGEIN

OIL

PRICE
SWINGSSWING
RATE
OF

RETURN

ABOUT
10

PERCENT OVERHEADAND

ADMINISTRATION
EXPENSESEXPENSE
ARE

INCLUDED



THE FULL COSTSCOST OF THE TRANSPORTATION SYSTEM MUST BE INVESTED ONE OR MORE

YEARSYEAR SOONER RELATIVE TO PEAK PRODUCTION GOAL OF THE DESIGN OF OUR

SYSTEMSSYSTEM AND THE ECONOMIC ANALYSISANALYSI HOWEVER IS TO ASSUME PRODUCTIONAS EAR

LY AS POSSIBLE THISTHI ALLOWSALLOW EARLY CASH FLOWSFLOW EVEN THOUGHPIPELINESPIPELINE AND

TERMINALSTERMINAL ARE INITIALLY UNDERUTILIZED WITH SMALLER SYSTEMSSYSTEM THE TRANSPOR

TATION SYSTEM REACHED PEAK UTILIZATION SOONER HOWEVER THE NAVARIN BASIN

WILL REQUIRE MEGAFIELDSMEGAFIELD TO STIMULATE INITIAL DEVELOPMENTAND SEASONAL

CONSTRAINTSCONSTRAINT ARE AN ESSENTIAL ELEMENT OF THE LOGISTICSLOGISTIC

INVESTMENT SEQUENCESSEQUENCE ARE SHOWN IN APPENDIX TABLE 39 THESE APPLY TO

SINGLE PLATFORMSPLATFORM SUBSEQUENTPLATFORMSPLATFORM ARE STAGGEREDAS INDICATED

631 COMPARISONOF THE THREE OIL DEVELOPMENT

COMPARISON OF SIMILAR SIZE PRODUCTION SYSTEMSSYSTEM AMONG THE THREE DEVELOPMENT
SCENARIOSSCENARIO REVEALSREVEAL INTERESTING ECONOMIC RANKINGSRANKING REFER TO TABLE 64

FOR LARGE FIELDSFIELD 1095 AND 1825 BILLION BARRELSBARREL OF RECOVERABLE RESERVESRESERVE

SHARING COMMON PRODUCTIONSYSTEM SCENARIO ST MATTHEWIS MORE ECONOMIC

THAN SCENARIO ST PAUL AND SCENARIO OFFSHORELOADING

FOR EXAMPLE ASSUMING THAT FIVE PLATFORMSPLATFORM SHARE COMMON TERMINAL AND

PIPELINE THE AFTER TAX RATE OF RETURN IS 188 177 AND 174 PERCENT FOR

SCENARIOSSCENARIO AND

SMALL FIELDSFIELD HOWEVER ARE MORE ECONOMICALLYDEVELOPEDWITH OFFSHORE LOADING
FOR EXAMPLE ASSUMING ONE PLATFORM PRODUCESPRODUCE 365 MILLION BARRELSBARREL THE AFTER

TAX RATE OF RETURN IS 148 132 AND 157 PERCENT FOR SCENARIOSSCENARIO

THE COST OF THE PIPELINE SIGNIFICANTLY IMPACTSIMPACT THE ECONOMICSECONOMIC EVEN THOUGH
BEGINSBEGIN PRODUCTION YEAR LATER THE VAST DIFFERENCE IN TOTAL CAPITAL

COST 1568 BILLION COMPARED TO 1788 BILLION FOR ST MATTHEW ALTERNATIVE

AND 2022 BILLION FOR ST PAUL MAKESMAKE PREFERABLE

UNDER THE ANALYTICAL ASSUMPTIONSASSUMPTION THE DIFFERENCESDIFFERENCE IN THE TWO PIPELINE SCEN

ARIOSARIO REST ON THE RELATIVE COST AND CASH FLOW IMPACTSIMPACT OF MOVING OIL LONGER
DISTANCE IN PIPELINE TO ST PAUL OR LONGERDISTANCE IN TANKER FROM ST

614



MATTHEW ALL OTHER COSTSCOST PLATFORMSPLATFORM WELLSWELL EQUIPMENT TERMINALSTERMINAL ETC ARE

IDENTICAL BETWEEN THE TWO SCENARIOSSCENARIO

CONVENTIONAL WISDOM IN MOST EXISTING OFFSHORE OIL PRODUCINGREGIONSREGION INDICATESINDICATE

THAT PIPELINESPIPELINE ARE MORE ECONOMIC THAN TANKERSTANKER FOR MOVINGCRUDE ASHORE THE

RESULTSRESULT FOR THE NAVARIN SEEM TO CONTRADICT THISTHI WISDOM

IN SCENARIO CRUDE IS MOVED BY PIPELINE FOR SHORTER DISTANCE THAN IN

SCENARIO IN BOTH CASESCASE THE REMAINDER OF THE TRIP TO THE ALEUTIANSALEUTIAN

IS VIA SHUTTLE TANKER DESPITE THE FACT THAT THE TOTAL DISTANCE OVER WHICH

THE OIL IS TRANSPORTED IS SLIGHTLY LONGER IN SCENARIO VERSUSVERSU SCENARIO

650 MILESMILE VERSUSVERSU 600 MILESMILE THE LARGE COST OF THE DOUBLINGTHE PIPELINE

LENGTHAND SLIGHTLY INCREASING ITS DIAMETER OVERCOMESOVERCOME THE ADDITIONAL TANKER

COST COMPARINGTHE 1095BILLIONBARREL CASESCASE TABLE 64 SHOWSSHOW THAT THE

DISCOUNTED CAPITAL COST PER BARREL IS 956 FOR SCENARIO VERSUSVERSU 1196 FOR

SCENARIO THISTHI REFLECTSREFLECT THE HIGHERCOST OF LONGERPIPELINE OPERATING

COST DIFFERENCESDIFFERENCE 372 AND 369 APPROXIMATELY WASH THE LONGERSHUTTLE

TANKER DISTANCE AND ASSOCIATED COSTSCOST IN THE FIRST SCENARIO OFFSETSOFFSET THE LONGER

PIPELINE COSTSCOST OF THE SECOND SCENARIO

IGNORINGINFLATION AS DOESDOE OUR ANALYSISANALYSI THE VERY HIGH INITIAL COST OF MARINE

PIPELINE IN THE ARCTIC IS MORE SIGNIFICANT CONSIDERATION THAN TRANSPORTATION

OPERATING COSTSCOST

632 COMPARISONOF THE NUMBER OF FIELDSFIELD SHARING DELIVERY

AS SHOWN IN TABLE 64 THE EQUIVALENT AMORTIZED COST PER BARREL DECREASESDECREASE

AND THE RATE OF RETURN INCREASE AS THE NUMBER OF FIELDSFIELD SHARING TRANSPORTA

TION SYSTEM INCREASE THISTHI IS RESULT OF THE ECONOMIESECONOMIE OF SCALE INHERENT IN

PIPELINESPIPELINE TERMINALSTERMINAL AND SHARED WORKBOATSWORKBOAT IN PIPELINE SCENARIOSSCENARIO

ALTHOUGH THE SIZE DIAMETER OF THE PIPELINE NEEDED INCREASESINCREASE AS FUNCTION

OF THROUGHPUT THE INCREASE IS LESSLES THAN PROPORTIONAL THUSTHU THE COST PER

KILOMETER FOR TRIPLING THROUGHPUT FROM 100000 BOPO TO 300000 OP IS

ONLY ABOUT 16 RATHER THAN TIMESTIME GREATER OBVIOUSLY THISTHI CONTRIBUTESCONTRIBUTE
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SIGNIFICANTLY TO ECONOMIESECONOMIE OF SCALE IN THE PIPELINE TO ST MATTHEW AND EVEN

MORE TO THE LONGERPIPELINE TO ST PAUL

IN SCENARIOSSCENARIO AND THERE ARE TERMINALSTERMINAL BOTH AT THE END OF THE PIPELINE

AND IN THE ALEUTIANSALEUTIAN TO TRANSSHIP OIL TO CONVENTIAL VLCC TANKERSTANKER IN THE

THIRD SCENARIO OFFSHORE LOADING ONLY THE TRANSSHIPMENT TERMINAL IS RE

QUIRED LARGERTERMINALSTERMINAL OFFER SOME ECONOMIESECONOMIE OF SCALE IN INITIAL INVESTMENT

COSTSCOST AND GREATERECONOMIESECONOMIE IN OPERATINGCOSTSCOST

INITIAL INVESTMENT ECONOMIESECONOMIE REFLECT THE HIGH COST OF MOBILIZING CONSTRUC

TION EQUIPMENT IN REMOTE AREASAREA SUCH STARTUP COSTSCOST ARE FAIRLY INSENSITIVE

TO THE SIZE OF THE TERMINAL THROUGHPUT SUPPORT FACILITIESFACILITIE ARE LIKEWISE

INSENSITIVE TO THROUGHPUT THESE FACTORSFACTOR CREATE SOME ECONOMIESECONOMIE OF SCALE

OTHER FACILITIESFACILITIE SUCH AS CRUDE LOADING DOCKAGE AND STORAGE TANKSTANK ARE

ROUGHLY PROPORTIONAL TO THROUGHPUT AND OFFER LITTLE OR NO ECONOMIESECONOMIE OF

SCALE

OPERATINGCOSTSCOST DO OFFER PRONOUNCEDMIESH OF SCALE CREW REQUIREMENTSREQUIREMENT
FOR OPERATION AND MAINTAINANCE OF TERMINAL WOULD BE ALMOST AS LARGEFOR

THROUGHPUTOF 100000 BOPU AS FOR 500000 BOPO SINCE THE EQUIPMENT IS

HIGHLY AUTOMATED THE CREW IS NEEDED MAINLY FOR ROUTINE MAINTENANCE AND

EMERGENCY RESPONSE

FURTHER ECONOMY OF SCALE IS DERIVED FROM THE GREATER UTILIZATION OF THE

ICEBREAKING WORKBOAT NEEDED AT THE BERING SEA ISLAND TERMINAL UNDER SCE

NARIOSNARIO AND ONE SUCH SHIP SERVESSERVE EITHER LARGEROR SMALLER TERMINAL

ANOTHER SERVESSERVE SEVERAL AS WELL AS SINGLE PLATFORM IN THE OFFSHORE LOADING

SCENARIO THISTHI ECONOMY IS NOT MANIFEST AS ONE ICEBREAKER IS NEEDED FOR EACH

PLATFORM

AS SEEN IN TABLE 64 ALL SCENARIOSSCENARIO EXHIBIT ECONOMIESECONOMIE OF SCALE IN SC

FOR EXAMPLE AFTERTAX RATE OF RETURN RANGESRANGE FROM HIGH 188 FOR

500000 OP THROUGHPUTTO 148 PERCENT ROR FOR 100000 BOPO EQUIVALENT

AMORTIZED COST PER BARREL DROPSDROP FROM 2894 TO 2564 IN SCENARIO
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633 ECONOMIC FIELD

CASESCASE 11 21 AND 31 ON TABLE 64 INDICATE THE ECONOMIC RESULTSRESULT FOR

SINGLE FIELD PRODUCTIONSYSTEMSSYSTEM EACH FIELD IS ASSUMED TO HAVE 365 MILLION

BARREL RESERVESRESERVE AND PEAK PRODUCTIONRATE OF 100000 OP SINGLE FIELDSFIELD

OF THISTHI SIZE ARE APPARENTLYADEQUATE TO SUPPORT THE INVESTMENT IN PRODUC

TION AND TRANSPORTATION EQUIPMENT NECESSARY FOR DEVELOPMENTASSUMING THE

IDEALIZED RESERVOIR ENGINEERINGOF THE CASESCASE AND 12 PERCENT REAL HURDLE

RATESRATE

634 CONCLUSIONSCONCLUSION REGARDINGOIL DEVELOPMENTIN THE

BASED ON THE ECONOMIC ANALYSISANALYSI AND ASSUMPTIONSASSUMPTION OIL ONCE DISCOVERED CAN

BE COMMERCIALLYDEVELOPED IN THE NAVARIN BASIN ASSUMINGTHAT FIELD IN

THE 300MILLIONBARREL RANGE IS DISCOVERED OFFSHORE LOADING APPEARSAPPEAR TO

OFFER SOME ADVANTAGE OVER PIPELINESPIPELINE TO EITHER ST MATTHEW OR ST PAUL IS

LANDSLAND FOR SMALLER FIELDSFIELD MORE PESSIMISTIC ASSUMPTIONSASSUMPTION REGARDINGOPERATING

EFFICIENCIESEFFICIENCIE THE CASE ASSUMESASSUME 96 PERCENT PRODUCTIVITY FOR OSL SYSTEMSSYSTEM

COULD DECREASE THE APPARENT ADVANTAGESADVANTAGE OF OSL

BETWEEN THE TWO PIPELINE SYSTEMSSYSTEM THE PIPELINE TO ST MATTHEW IS CONSIDERABLY

MORE ECONOMIC THAN THE PIPELINE TO ST PAUL THE HIGH COST OF MARINE PIPE

LINE MORE THAN OFFSETSOFFSET THE SHORTER SHUTTLE TANKER DISTANCE TO AN ALEUTIANSALEUTIAN

TERMINAL

64 ANALYSISANALYSI OF NONASSOCIATED NATURAL GAS

641

THE PRODUCTION ASSUMPTIONSASSUMPTION USED TO ANALYZE THE ECONOMICSECONOMIC OF GAS DEVELOP

MENT ARE IDENTICAL TO THOSE USED IN ANALYZING OIL DEVELOPMENTWITH REGARDTO

WATER DEPTH RESERVOIR DEPTH AND DISTANCE FROM SHORE IN ADDITION THE

FOLLOWINGPARAMETERSPARAMETER ARE ASSUMED

617



FIELD SIZE 14 TRILLION CUBIC FEET

INITIAL PRODUCTIVITY 15 MMCFD PER WELL

RECOVERABLE RESERVESRESERVE PER ACRE 200 MMCF

PRODUCTION SYSTEM STEEL JACKETED PLATFORM

LAIDIN PRICE AS LNG 615 MCF

642 DESCRIPTION OF NONASSOCIATED GAS

TWO GAS SCENARIOSSCENARIO WERE MODELLED SHARED TRUNKLINE TO ST MATTHEW ISLAND

AND OFFSHORE LOADING THESE SCENARIOSSCENARIO ARE DESCRIBED IN THE FOLLOWING

PARAGRAPHSPARAGRAPH

PIPELINE TO ST MATTHEW

FOUR IDENTICAL 14 TCF FIELDSFIELD ARE ASSUMED TO EXIST WITHIN AN 80KILOMETER

50MILE RADIUSRADIU OF EACH OTHER THREE OF THE FIELDSFIELD PIPE THEIR GAS TO

FOURTH CENTRAL PLATFORM FROM WHICH 36INCHDIAMETER TRUNK LINE DELIVERSDELIVER

THE COMBINED PRODUCTIONTO ST MATTHEW ISLAND ON ST MATTHEW AN LNG TERMI

NAL LIQUIFIESLIQUIFIE THE GAS AND LOADSLOAD IT ONTO ICEREINFORCED LNG TANKERSTANKER WHICH GO

DIRECTLY TO HYPOTHETICALREGASSIFICATIONTERMINAL IN CALIFORNIA

OFFSHORE LOADING

THISTHI SCENARIO IS IDENTICAL TO SCENARIO EXCEPT THAT THE CENTRAL PLATFORM

HAS OFFSHORE LIQUIFACTION FACILITIESFACILITIE ONCE LIQUIFIED THE LNG IS STORED IN

FLOATING STORAGETANK WHICH HAS CAPACITY FOR 15 DAYSDAY PEAK PRODUCTION FROM

THISTHI STORAGE TANK GAS IS LOADED DIRECTLY ONTO ICEREINFORCED LNG TANKERSTANKER

THESE TANKERSTANKER SHUTTLE BETWEEN THE NAVARIN AND CALIFORNIA GASIFICATION

FACILITY

643 ANALYSISANALYSI OF GAS DEVELOPMENT

THE ECONOMICSECONOMIC OF THE TWO SCENARIOSSCENARIO MODELLED PROVED VERY SIMILAR NEITHER

SCENARIO PROVED ABLE TO MAKE THE ASSUMED 12PERCENT REAL HURDLE RATE THE

AFTERTAX RATE OF RETURNSRETURN SEE TABLE 65 ARE 81 AND 80 PERCENT FOR THE

PIPELINE AND OFFSHORE LOADINGCASESCASE RESPECTIVELY
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THE EQUIVALENT AMORTIZED COST PER MCF IS 700 AND 702 FOR THE TWO SCEN

ARIOSARIO THISTHI INDICATESINDICATE THAT OTHER THINGSTHING BEING EQUAL THE LANDED VALUE OF

THE GAS WOULD HAVE TO RISE ABOUT 085 PER MCF ABOVE ITS ASSUMED VALUE OF

615 TO PROVE VIABLE WHETHER THISTHI WILL HAPPEN DEPENDSDEPEND ON NUMBER OF

FACTORSFACTOR SUCH AS THE SPEED AND EXTENT TO WHICH DOMESTIC GAS PRICESPRICE ARE DECON

TROLLED AND THE CONSEQUENTDOMESTIC LOWER 48 SUPPLY RESPONSE

IT IS INTERESTING TO NOTE THAT THE TWO CASESCASE RESULT IN ALMOST IDENTICAL

COSTSCOST CAPITAL EXPENDITURESEXPENDITURE FOR THE TWO CASESCASE ARE WITHIN 38 MILLION OF EACH

OTHER THISTHI IS NOT TOO SURPRISINGSINCE THE PLATFORM SHIP AND WELL INVEST

MENTSMENT ARE ASSUMED TO BE IDENTICAL HOWEVER IT HAPPENSHAPPEN THAT THE COST OF

OFFSHORE PROCESSING AND LOADINGEQUIPMENT PLUSPLU THE COST OF SPUR PIPELINESPIPELINE IS

ONLY SLIGHTLY MORE COSTLY THAN THE DECK EQUIPMENT SPUR PLUSPLU TRUNKLINESTRUNKLINE AND

ONSHORE TERMINAL REQUIRED UNDER THE PIPELINE SCENARIO

IF THE COSTSCOST FOR PIPELINE TO ST PAUL WERE MODELLED THE ECONOMICSECONOMIC WOULD BE

DISTINCTLY LESSLES FAVORABLE THAN THE TWO CASESCASE ANALYZED SINCE THESE MORE

OPTIMISTIC CASESCASE PROVEDUNECONOMIC THERE DID NOT APPEAR TO BE ANY REASON FOR

CONSIDERING ST PAUL PIPELINE

TWO ADDITIONAL CASESCASE WERE MODELLED TO DETERMINE WHETHER EVEN MORE OPTIMISTIC

ASSUMPTIONSASSUMPTION REGARDINGFIELD CONDITIONSCONDITION WOULD IMPROVE THE ECONOMICSECONOMIC OF GAS

DEVELOPMENT HOWEVER THESE CASESCASE ALSO PROVED TO BE UNECONOMIC SEE TABLE

65

IN THE FIRST CASE FASTER RECOVERY IS ASSUMED PEAK ANNUAL PRODUCTION IS

ASSUMED TO BE PERCENT VERSUSVERSU PERCENT OF RESERVESRESERVE THISTHI RESULTSRESULT IN

16YEAR PRODUCTIVE LIFE FOR THE FIELD VERSUSVERSU ABOUT 20 YEARSYEAR AT PERCENT
THISTHI IS FASTER RECOVERY THAN NORMAL PRACTICE PROBLEMSPROBLEM OF WELL INTERFER

ENCE AND REDUCTION OF ULTIMATE RECOVERY WHICH COULD OCCUR AT THISTHI HIGH

RECOVERY RATE ARE ASSUMED AWAY NONETHELESSNONETHELES THE REAL AFTERTAX RATE OF

RETURN 106 PERCENT STILL FALLSFALL SHORT OF THE 12 PERCENT REAL HURDLE RATE
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IN THE SECOND CASE WE RETURN TO THE USUAL PERCENTPEAK YEAR RECOVERY BUT

DOUBLE THE RESERVESRESERVE PER PLATFORM AND THE TOTAL RESERVESRESERVE IN THE LEASE SALE

FROM 55 TO 110 TCF THE NUMBER OF WELLSWELL AND THE COST FOR THE TERMINALSTERMINAL

ALSO DOUBLE AND THUSTHU DO NOT CONTRIBUTE TO ECONOMICSECONOMIC OF SCALE SAVINGSSAVING DO

OCCUR SINCE PRODUCTIONFROM EACH PLATFORM IS DOUBLED AND ECONOMIESECONOMIE OF SCALE

ARE REALIZED ON DECK EQUIPMENTAND PIPELINESPIPELINE THESE SAVINGSSAVING INCREASE THE

AFTERTAX RATE OF RETURN TO 96 PERCENT FROM 81 PERCENT BUT ARE STILL NOT

SUFFICIENT TO REACH THE 12 PERCENTREAL HURDLE RATE

65 AMORTIZED COST OF OIL AND GAS

651 OIL

THE GUESSGUES SYSTEM AS MODIFIED BY DAMESDAME MOORE IS CAPABLEOF DISAGGREGA

TING THE DISTINCT COMPONENTSCOMPONENT COMPRISING DEVELOPMENTCOST ON PER BARREL AND

PER MCF DISCOUNTED AFTERTAX BASISBASI ALTHOUGHTHISTHI INFORMATION IS AVAILABLE

FOR EVERY CASE RUN DISPLAY OF THE EAC DISAGGREGATEDCOST IS CONFINED TO THE

THREE FIELD CASESCASE THE EAC FOR THOSE CASESCASE IS SHOWN IN TABLE 66

DEVELOPMENTCOSTSCOST PER BARREL OF THE SELECTED CASESCASE SHOWN ON TABLE 66 RANGE

FROM 2582 ST MATTHEW PIPELINE TO 2742 PIPELINE TO ST PAUL DEVELOP

MENT COSTSCOST ARE COMPRISEDOF CAPITAL CHARGE GA EXPENSESEXPENSE OPERATINGCOSTSCOST

ROYALTIESROYALTIE AND FEDERAL TAX COMPONENTSCOMPONENT BY FAR THE LARGESTCOMPONENTIS CAPITAL

CHARGE INTEREST PLUSPLU PRINCIPLE

CAPITAL COST CAPITAL RECOVERY PLUSPLU INTEREST IS SHOWN IN PARENTHESISPARENTHESI IN

TABLE 66 GENERAL AND ADMINISTRATIVE AND OPERATINGCOSTSCOST VARY WITH THE

NUMBER FIELDSFIELD IN GIVEN CASE THERE BEING PRONOUNCEDECONOMIESECONOMIE OF SCALE

ROYALTIESROYALTIE ARE UNIFORM OVER ALL CASESCASE FEDERAL TAXESTAXE VARY IN COMPLEX

MANNER BUT IN GENERALTHE TAX IS HIGHESTFOR THE MOST LUCRATIVE CASESCASE AND

LOWEST FOR MARGINALLYPROFITABLECASE WITH HIGH OPERATINGAND CAPITAL COSTSCOST

TRANSPORTATIONCOSTSCOST WERE ESTIMATED AT 265 INCLUDINGTERMINALINGCHARGEAT

WEST COAST DESTINATION THISTHI CHARGEIS BASED ON CURRENT SHIPPING CHARGESCHARGE

FROM VALDEZ TO CALIFORNIA MULTIPLIED BY FACTOR OF 15 TO REFLECT GREATER

SHIPPING DISTANCE PLUSPLU 040 TO REFLECT HIGHERCOSTSCOST OF ALEUTIAN OPERATIONSOPERATION
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TABLE 66

AMORTIZED COST OF OIL PRODUCTION IN THE NAVARIN

PER BARREL 1981

OFFSHORE

UH ST UH

SCENARIO 13 23 33

FIELD SIZE MILLION BARRELSBARREL 1095 1095 1095
PRESENT BARREL EQUIVALENTMILLION BBLSBBL 305 305 272

NUMBER OF PLATFORMSPLATFORM SHARING
TRANSPORTATIONSYSTEM

PIPELINE LENGTHKM 240 480

CAPITAL CHARGE 956 1196 1039

OF WHICH CAPITAL
COST AT 12 PERCENT 635 801 696

GENERAL AND ADMINISTRATIVE EXPENSESEXPENSE 093 093 111

OPERATINGCOSTSCOST 279 276 250

ROYALTY AT 1667 PERCENT 533 533 533

FEDERAL TAXESTAXE NET OF TAX CREDITSCREDIT UH

SUBTOTAL DEVELOPMENT COSTSCOST 2582 2742 2635

TRANSPORTTO LOS ANGELESANGELE UH

TOTAL LAIDIN COST 2847 3007 2900

OF CAPITAL

OFFSHORE PRODUCTION 501 501 797

PIPELINE TO SHORE 098 345

TERMINAL 267 267 129

SHIPSSHIP UH

TOTAL 956 1196 1039

SOURCE DAMESDAME MOORE

622



SHIPPING COSTSCOST FROM VALDEZ TO CALIFORNIA WERE 150BARREL IN MARCH 1981 1W

31681 THUSTHU THE ESTIMATED TRANSPORT CHARGE 150 15 040

265

THE BOTTOM FIVE ROWSROW OF TABLE 66 ALLOCATE THE CAPITAL CHARGE IN EACH CASE

AMONG THE FOLLOWINGCAPITAL INVESTMENT CATEGORIESCATEGORIE OFFSHORE PRODUCTION

PIPELINE TO SHORE TERMINAL AND SHIPSSHIP THE COST ARE ALLOCATED IN PROPORTION

TO THE INITIAL CAPITAL INVESTMENT IN EACH CATEGORY

THE ALLOCATION OF CAPITAL CHARGE REVEALSREVEAL VERY SIGNIFICANT INSIGHT PIPE

LINE TO SHORE MUST BE IN PLACE TO TRANSPORT THE FIRST BARREL HENCE

DOUBLING THE LENGTH DOUBLESDOUBLE THE CAPTIAL COST BUT INCREASESINCREASE 35 TIMESTIME THE

EQUIVALENT AMORTIZED COST PER BARREL THE REASON FOR THISTHI IS THAT THE

PROPORTIONATE SHARE OF EARLY CAPITAL INVESTMENT IS MORE THAN DOUBLED WHILE

FLOWSFLOW OF OIL PRODUCTION ARE IDENTICAL THE PRESENT BARREL EQUIVALENT OF

PRODUCTION IN CASESCASE 13 AND 23 ARE IDENTICAL AT 305 MILLION BBLSBBL

652 GAS

EQUIVALENT AMORTIZED COSTSCOST CALCULATED FOR THE TWO BASECASE GAS SCENARIOSSCENARIO

PIPELINE TO ST MATTHEW ISLAND TERMINAL AND OFFSHORE LIQUIFICATION AND

LOADING ARE SHOWN IN TABLE 67 THISTHI TABLE IS INTERESTING IN THAT IT SHOWSSHOW

HOW THE SAVINGSSAVING DUE TO OMITTING THE PIPELINE TO SHORE IS OFFSET BY HIGHER

OFFSHORE TERMINAL COSTSCOST

THE COST OF OFFSHORE LIQUIFICATION 259 PER MCF IS 054MCF HIGHERTHAN

ONSHORE LIQUIFICATION THISTHI ALMOST EXACTLY OFFSETSOFFSET THE 053MCF COST OF

THE PIPELINE TO SHORE IN ADDITION THE CAPITAL CHARGE DUE TO TANKERSTANKER IS

SLIGHTLY HIGHER IN THE SCENARIO SINCE IN THISTHI CASE THE LNG TANKERSTANKER

TRANSPORTTHE GAS SLIGHTLY FURTHER IE THE ADDITIONAL DISTANCE REPRESENTED

BY THE PIPELINE TO SHORE

THE COST OF UNLOADINGAND REGASIFICATION IN CALIFORNIA ESTIMATED TO ADD

070 IS NOT INCLUDED IN THISTHI ANALYSISANALYSI THISTHI COST WOULD BE THE SAME UNDER

ALL GAS SCENARIOSSCENARIO
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FIELD SIZE BCF

PRESENT MCF EQUIVALENT BCF

NUMBER OF PLATFORMSPLATFORM SHARING
TRANSPORTSYSTEM

TRUNK PIPELINE LENGTH KM 240

435 431

308 307

016 016

116 125

103 103

700 702

EQUIVALENT AMORTIZED COST OF GAS PRODUCTION IN THE NAVARIN BASIN

PER

ST MATTHEW OFFSHORE

5500 5500

1315 1325

CAPITAL CHARGE
OF WHICH CAPITAL 12 PERCENT

GENERAL ADMINISTRATIVE COST

OPERATING COSTSCOST

ROYALTIESROYALTIE 1667

FEDERAL TAXESTAXE

SUBTOTAL DEVELOPMENTCOSTSCOST

ALLOCATION OF CAPITJ CHARGE

OFFSHORE PRODUCTION2 AQ
PIPELINE SHORE 053 000
3SH 209 263

SHIPSSHIP 239 241

TOTAL 700 702

SOURCE DAMESDAME MOORE

INCLUDESINCLUDE TRANSPORTTO CALIFORNIA
INCLUDESINCLUDE WELLSWELL PLATFORMSPLATFORM AND DECK EQUIPMENT
IN OFFSHORE LOADINGSCENARIO COSTSCOST OF LIQUIFICATION FACILITIESFACILITIE ARE

INCLUDED IN ALTHOUGHTHESE FACILITIESFACILITIE ARE OFFSHORE

INCLUDESINCLUDE PIPELINESPIPELINE INTERCONNECTINGTHE PLATFORMSPLATFORM
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70 HYPOTHETICAL PETROLEUM DEVELOPMENT SCENARIOSSCENARIO
FOR THE US GEOLOGICAL SURVEY STATISTICAL MEAN
OIL AND GAS RESOURCE ESTIMATE

71

THISTHI CHAPTER PRESENTSPRESENT HYPOTHETICAL OIL AND GAS DEVELOPMENTCASE FOR

THE NAVARIN BASIN CORRESPONDINGTO THE REVISED US GEOLOGICALSURVEYCONDI

TIONAL STATISTICAL MEAN OIL AND GAS RESOURCE ESTIMATE PROVIDED BY THE ALASKA

OCS OFFICE BLM 1981 MEAN ESTIMATESESTIMATE OF UNDISCOVERED RECOVERABLE OIL AND

GAS FOR THISTHI BASIN ARE 17 MILLION BARRELSBARREL OF OIL AND 73 TCF OF GAS FOR

THE PURPOSESPURPOSE OF FORMULATING DEVELOPMENTCASE NATURAL GAS RESOURCESRESOURCE HAVE

BEEN ASSUMED TO BE ABOUT 75 PERCENTNONASSOCIATED AND 25 PERCENT ASSOCIATED

THE DEVELOPMENT CASE HYPOTHESIZED HERE ASSUMESASSUME RELATIVELY RAPID

EXPLORATION AND DEVELOPMENTSCHEDULE THE SCHEDULE IS CHARACTERIZED BY

HIGH LEVEL OF EXPLORATORYACTIVITY WITH COMMENSURATE RATE OF DISCOVERY THAT

RESULTSRESULT IN FIVE COMMERCIAL OIL FIELDSFIELD AND FOUR GAS FIELDSFIELD DISCOVERED WITHIN

SEVEN YEARSYEAR OF THE LEASE SALEI MANY FACTORSFACTOR COULD ALTER THE SPEED AND

COURSE OF EVENTSEVENT SUCH AS THE AVAILABILITY OF DRILL RIGSRIG FOLLOWINGTHE LEASE

SALE OR ENVIRONMENTAL RESTRICTIONSRESTRICTION ON DRILLING

72 STRATEGYAND PRODUCTION

IN KEEPINGWITH OUR ANALYTICAL APPROACHFOR THE NAVARIN OF FOCUSINGON

TRANSPORTATIONRATHER THAN PRODUCTIONVARIABLESVARIABLE TWO HYPOTHETICALDEVELOPMENT
SCENARIOSSCENARIO ARE HYPOTHESIZED ONE FOR PIPELINE TO SHORE ST MATTHEW ISLAND

EXPLORATION SCHEDULESSCHEDULE DISCOVERY TIMINGSTIMING FIELD DEVELOPMENT
STRATEGIESSTRATEGIE RESERVOIR CHARACTERISTICSCHARACTERISTIC AND ASSUMPTIONSASSUMPTION ON THE RATIO OF
ASSOCIATED TO NONASSOCIATED GAS RESERVESRESERVE COMPRISINGTHE US GEOLOGICAL
SURVEY ESTIMATE WERE EVALUATED TO ASSESSASSES THEIR EFFECTSEFFECT ON FACILITY AND

EQUIPMENT REQUIREMENTSREQUIREMENT AND PRODUCTION INCLUDING PEAK PRODUCTION AND
FIELD LIVESLIVE WE RECOGNIZETHAT FACILITY AND EQUIPMENT REQUIREMENTSREQUIREMENT ARE

VERY SENSITIVE TO CERTAIN ASSUMPTIONSASSUMPTION THE NUMBER OF PLATFORMSPLATFORM REQUIRED
FOR GIVEN RESERVOIR SIZE IS VERY SENSITIVE TO THE RESERVOIR DEPTH
ASSUMPTION FOR DEEPER RESERVOIRSRESERVOIR WHERE RESERVOIR DEPTH IS NOT LIMITING
FACTOR THE TECHNICAL CONSTRAINTSCONSTRAINT OF PLATFORM DESIGN ON NUMBER OF WELL
SLOTSSLOT OF THE SELECTED PLATFORMDESIGN PLACE SIMILAR PENALTY OTHER
IMPORTANT SENSITIVITIESSENSITIVITIE RELATE TO OPTIONAL ECONOMIC CONSTRAINT OF OIL OR

GAS AND INFRASTRUCTURE SHARINGARRANGEMENTSARRANGEMENT
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AND ONE FOR OFFSHORE LOADING THESE TWO HYPOTHETICALSCENARIOSSCENARIO ARE ILLUSILLU

TRATED IN TABLESTABLE 71 AND 72 RESPECTIVELY TO PROVIDE BASISBASI FOR COMPARI

SON OF ONSHORE VERSUSVERSU OFFSHORE DIFFERENCESDIFFERENCE PRODUCTION AND FIELD CONDITION

ASSUMPTIONSASSUMPTION INCLUDING LOCATION ARE BASICALLY SIMILAR TO EACH OTHER AND

FOLLOW THE SCENARIO DESCRIPTIONSDESCRIPTION DETAILED IN SECTION 62 FOR OIL AND 64 FOR

GAS

OIL IS ASSUMED TO BE DISCOVERED IN TWO CLUSTERSCLUSTER OF FIELDSFIELD THOSE

CLUSTERSCLUSTER OF OIL FIELDSFIELD ARE SEPARATEDBY BOTH DISTANCE AND TIMING OF DIS

COVERY THEREFORE TWO SEPARATE PRODUCTIONAND TRANSPORTATIONSYSTEMSSYSTEM ARE

ASSUMED TO BE DEVELOPED

THE ASSUMPTIONSASSUMPTION FOR THE HYPOTHETICALDEVELOPMENTSCENARIO FOR PIPELINE

TO ST MATTHEW ISLAND ARE AS FOLLOWSFOLLOW

PIPELINE TO

ASSUMPTION ALL FIELDSFIELD DISCOVERED ARE PRODUCEDFROM ONE OR MORE

DRILLINGPRODUCTIONPLATFORM EACH PLATFORM PRODUCESPRODUCE TOTAL OF 365

MILLION BARRELSBARREL OF ECONOMICALLYRECOVERABLE RESERVESRESERVE PEAK DAILY

THROUGHPUTFOR EACH PLATFORM IS 100000 BOPO FROM 40 PRODUCTION AND

SERVICESSERVICE WELLSWELL

THERE ARE ROUGHLY17 BILLION BARRELSBARREL OF RECOVERABLE

OIL RESERVESRESERVE IN THE NAVARIN BASIN

ALL WELLSWELL HAVE AN INITIAL PRODUCTIONOF 2500 BOPD

THE LEASE SALE IS HELD IN MARCH 1984

EXPLORATION BEGINSBEGIN IN 1985 THE FIRST YEAR INQE THE

LEASE SALE THE FIRST FIELD IS DISCOVERED ONE YEAR LATER 1986 IN

EXCEPT FOR THE LAST FIELD DISCOVERED WHICH IS SCALED DOWN UNIT FIELD

WITH 70 PERCENT OF THE RESERVESRESERVE WELLSWELL AND PEAK PRODUCTIONOF THE UNIT

FIELD THISTHI SIZE FIELD WAS ASSUMED TO CREATE HYPOTHETICALSCENARIO

WHICH EXHAUSTSEXHAUST THE MEAN RESOURCE ESTIMATE FOR THE NAVARIN
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1987 TWO FIELDSFIELD ARE DISCOVERED AND AN ADDITIONAL TWO FIELDSFIELD ARE DIS

COVERED IN 1988 AND 1989 EXPLORATIONCONTINUESCONTINUE THROUGH1991 WITH

NO NEW FIELDSFIELD DISCOVERED THE DECISION TO DEVELOP FIELD FOLLOWSFOLLOW

DISCOVERYBY TWO YEARSYEAR THUSTHU THE FIRST DECISION IS 1988

STEELJACKET PLATFORMSPLATFORM ARE EMPLACED IN THE FOURTH YEAR

FOLLOWING THE DECISION TO DEVELOP THE FIRST IN 1992 DECK LOAD

EQUIPMENT IS INSTALLED DURINGTHE FOURTH YEAR AND INTO THE FIFTH WELL

DRILLING BEGINSBEGIN IN THE FIFTH YEAR TWO RIGSRIG DRILL 12 WELLSWELL ANNUALLY
DURING THE FIFTH THROUGHEIGHT YEARSYEAR PRODUCTION BEGINSBEGIN IN THE SIXTH

YEAR 1994 TEN YEARSYEAR AFTER THE SALE

WELLSWELL ARE ASSUMED TO REACH THEIR INITIAL PEAK PRODUCTION

2500 BOPD IN THE YEAR AFTER THEY ARE DRILLED THUSTHU PRODUCTIONBEGINSBEGIN
IN 1994 PEAKSPEAK AT 163 MMBYR IN 2000 AND ENDSEND IN 2011

THE PRODUCTIONFROM THE FIRST THREE FIELDSFIELD DISCOVERED IS

ASSUMED TO FEED COMMON 150MILE 36INCH PIPELINE TO ST MATTHEW

ISLAND TWO OF THE FIRST THREE FIELDSFIELD DISCOVERED FEED THEIR PRODUCTION
TO THE THIRD FIELD THROUGH15MILE 20INCH GATHERINGSPUR LINESLINE THE

LAST TWO FIELDSFIELD DISCOVERED PRODUCETO SECOND 150MILE TRUNKLINE TO ST

MATTHEW ISLAND WITH 15 MILESMILE OF SPUR LINE JOINING THE TWO FIELDSFIELD THE

PIPELINESPIPELINE ARE LAID IN TWO YEARSYEAR 1992 AND 1993 TO BE IN PLACE FOR

PRODUCTION IN 1994 TERMINALSTERMINAL ARE DESIGNEDAND BUILT OVER FIVE YEARSYEAR TO

BE IN PLACE BY 1994

ALL FIELDSFIELD PRODUCETO COMMON TERMINAL ON ST MATTHEW

ISLAND WITH 5MILLIONBARREL STORAGECAPACITY

THE STORED OIL IS LOADED THROUGH SINGLE POINT MOORING
INTO FLEET OF THREE ICESTRENGTHENED150000 OWL 12 MMB TANKERSTANKER

THESE TANKERSTANKER SHUTTLE TO TRANSSHIPMENT TERMINAL IN THE ALEUTIAN

ISLANDSISLAND FROM THERE THE CRUDE IS TRANSPORTEDTO MARKET IN VLCC TANKERSTANKER
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PIPELINE TO

ASSUMPTION SEVENTYFIVE PERCENTOF THE 73 TCF MEAN ESTIMATED RE

SERVESSERVE ARE ASSUMED TO OCCUR AS NONASSOCIATED GAS FURTHERMORE IT IS

OPTIMISTICALLY ASSUMED THAT THESE RESERVESRESERVE 56 TCF WILL BE OCCURING IN

FOUR 14 TCF FIELDSFIELD LOCATED SUCH THAT THREE PLATFORMSPLATFORMCAN PIPE THEIR GAS

TO FOURTH CENTRAL DRILLING PRODUCTIONGATHERINGC PLATFORM

THE FIRST OF THESE FIELDSFIELD IS DISCOVERED IN 1988 WITH THE

NEXT TWO DISCOVERED IN 1990 AND THE LAST FOURTH FIELD DISCOVERED IN

1991 DECISION TO DEVELOP LAGSLAG DISCOVERY BY TWO YEARSYEAR THISTHI WOULD BE

FASTTRACK SCHEDULE AND IS AN OPTIMISTIC ASSUMPTION

STEELJACKETTYPE DRILLINGPRODUCTION PLATFORMSPLATFORM ARE

EMPLACEDIN YEARSYEAR 1994 1996 TWO AND 1997 PIPELINESPIPELINE FROM THREE

OF THE FIELDSFIELD DELIVER GAS TO THE CENTRAL PLATFORM WHERE TRUNKLINE

CARRIESCARRIE THE GAS TO ST MATTHEW ISLAND FOR LIQUEFICATION STORAGE AND

LOADING INTO DEDICATED FLEET OF ICEREINFORCED LNG TANKERSTANKER THESE

TANKERSTANKER TRAVEL DIRECTLY TO HYPOTHETICALCALIFORNIA LNG TERMINAL WHERE

IT IS REGASSIFIED

WELL DRILLING AND PRODUCTIONSCHEDULESSCHEDULE PARALLEL THOSE

DESCRIBED FOR THE OIL PRODUCTIONSCENARIOSSCENARIO EXCEPT ONE RIG DRILLSDRILL SIX

WELLSWELL PER YEAR ON GAS PLATFORMSPLATFORM AND FIVE THE THIRD YEAR 17 WELLSWELL TOTAL

PER PLATFORM DRILLING BEGINSBEGIN IN 1995 PRODUCTIONBEGINSBEGIN IN 1996 AND

ENDSEND IN 2018

OFFSHORE

THE ASSUMPTIONSASSUMPTION FOR THE OIL OFFSHORE LOADING HYPOTHETICALDEVELOPMENTSCE

NARIO ARE IDENTICAL TO THOSE FOR OIL PIPELINE TO SHORE WITH THE FOLLOWING

EXCEPTIONSEXCEPTION

CONCRETE GRAVITY PLATFORMSPLATFORM OF THE CONDEEP TYPE ARE

EMPLACED IN THE FIFTH YEAR FOLLOWINGDECISION TO DEVELOP WELL DRILLING
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BEGINSBEGIN IN THE YEAR FOLLOWINGEMPLACEMENT 1994 TWO RIGSRIG DRILL 12 HOLESHOLE

DURINGTHE SIXTH THRU NINTH YEARSYEAR AFTER DECISION TO DEVELOP

PRODUCTION BEGINSBEGIN IN 1995 PEAKSPEAK AT 163 MMB PER YEAR IN

2001 AND ENDSEND IN 2012

THE PRODUCTIONFROM ALL FIVE FIELDSFIELD ARE OFFSHORE LOADED

FROM EACH PLATFORM ONTO ICEREINFORCED 12 BBL SHUTTLE TANKERSTANKER BOUND

FOR COMMON TRANSSHIPMENTTERMINAL IN THE ALEUTIAN ISLANDSISLAND FROM THERE

THE CRUDE IS TRANSPORTEDTO MARKET IN VLCC TANKERSTANKER

DELETE

DELETE

OFFSHORE

THE ASSUMPTIONSASSUMPTION FOR THISTHI HYPOTHETICAL DEVELOPMENTSCENARIO ARE IDENTICAL TO

THOSE FOR GAS PIPELINE TO SHORE WITH THE FOLLOWINGEXCEPTION

PIPELINESPIPELINE FROM THREE OF THE FIELDSFIELD DELIVER GAS TO THE

CENTRAL PLATFORM WHICH HAS FACILITIESFACILITIE FOR LIQUEFICATION STORAGE AND

LOADING INTO DEDICATED FLEET OF ICEREINFORCED LNG TANKERSTANKER THESE

TANKERSTANKER TRAVEL DIRECTLY TO HYPOTHETICAL CALIFORNIA LNG TERMINAL

WHERE IT IS REGASSIFIED
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APPENDIX

PETROLEUM GEOLOGY AND ANALYTICAL ASSUMPTIONSASSUMPTION

INTRODUCTION

THISTHI APPENDIX DESCRIBESDESCRIBE THE RESERVOIR PRODUCTION AND TECHNICAL ASSUMPTIONSASSUMPTION
THAT ARE THE ESSENTIAL PARAMETERSPARAMETER FOR THE ECONOMIC ANALYSISANALYSI THE ROLE

OF THESE ASSUMPTIONSASSUMPTION AND THE OVERALL STUDY METHODOLOGYARE DESCRIBED IN

MORE DETAIL IN APPENDIX OF OUR FINAL REPORT ENTITLED ST GEORGEBASIN

PETROLEUM TECHNOLOGYASSESSMENT OCS LEASE SALE NO 70 DAMESDAME MOORE AUGUST
1980 MANY OF THE ASSUMPTIONSASSUMPTION OF THISTHI STUDY EXCEPT MOST OF THE ECONOMIC

ASSUMPTIONSASSUMPTION ARE UNIQUE TO THE NAVARIN BASIN THISTHI APPENDIX IS DEVOTED TO

DESCRIPTION OF THE PETROLEUM GEOLOGYOF THE NAVARIN LEASE SALE AREA AND

RELATED RESERVOIR ENGINEERINGASSUMPTIONSASSUMPTION AND TECHNICAL ASSUMPTIONSASSUMPTION THAT ARE

SPECIFIC TO THE NAVARIN ANALYSISANALYSI ECONOMIC ASSUMPTIONSASSUMPTION THAT DIFFER FROM

PRIOR STUDIESSTUDIE ARE ALSO DESCRIBED

AI



II PETROLEUM GEOLOGY RESERVOIR AND PRODUCTION ASSUMPTIONSASSUMPTION

111

THE FOLLOWING SECTION 112 REVIEWSREVIEW THE PETROLEUMGEOLOGYOF THE NAVARIN

BASIN PROVINCE TO PROVIDE THE GEOLOGICSPECIFICATIONSSPECIFICATION FOR THE RESERVOIR

AND PRODUCTIONASSUMPTIONSASSUMPTION THAT ARE ESSENTIAL PARAMETERSPARAMETER FOR THE TECHNOL

OGY ASSESSMENT AND ECONOMIC ANALYSISANALYSI THESE ASSUMPTIONSASSUMPTION ARE PRESENTEDIN

SECTION

NO COST WELLSWELL HAVE BEEN DRILLED IN THISTHI PROVINCE IT CANNOT BE OVEREMPHA

SIZED THAT THERE IS NO DATA FROM EXPLORATORYWELLSWELL AND INSUFFICIENT GEOLOGIC

AND GEOPHYSICALDATA TO SUPPORT PREDICTIONSPREDICTION ON RESERVOIR CHARACTERISTICSCHARACTERISTIC IN

THE NAVARIN BASIN PROVINCE OUR APPROACHIN THISTHI STUDY WAS TO EXPLORE THE

ECONOMIC AND ENGINEERINGIMPACTSIMPACT OF LOGISTIC ALTERNATIVESALTERNATIVE GIVEN COMPLEX

BUT NOT FIXED SET OF GEOLOGICALAND RESERVOIR CHARACTERISTICSCHARACTERISTIC THE

RESERVOIR CHARACTERISTICSCHARACTERISTIC FALL WITHIN THE RANGE OF CONDITIONSCONDITION INDICATED BY

THE AVAILABLE DATA AND DATA FROM PRODUCINGBASINSBASIN WITH SIMILAR GEOLOGIC

SETTINGSSETTING

112 OF NAVARIN BASIN PETROLEUM

1121

THE NAVARIN BASIN PROVINCEIS VERY LARGE AREA OF 45000 SQUARE KILOMETERSKILOMETER

11 MILLION ACRESACRE OR 17000 SQUARE MILESMILE LYING WEST OF ST MATTHEW ISLAND

AND SOUTHEAST OF THE USARUSSIA CONVENTION LINE OF 1867 SEISMIC STUDIESSTUDIE

INDICATE SUBPARALLEL BASINSBASIN OVERLYING THE ACOUSTIC BASEMENT FILLED WITH AS

MUCH AS 15 KILOMETERSKILOMETER 49000 FEET OF SEDIMENTSSEDIMENT ADDITIONAL PRETERTIARY

SEDIMENTSSEDIMENT MAY EXIST BELOW THE ACOUSTIC BASEMENT THE AXISAXI OF THE BASINSBASIN

TREND NORTHWESTSOUTHEAST AND WERE FILLED WITH SEDIMENTSSEDIMENT DURING THE TERTIARY

BASEMENT RIDGESRIDGE SEPARATE THE BASINSBASIN NORMAL FAULTSFAULT ALONGTHE BASIN FLANK OF

THE SOUTHERN BASIN EXHIBIT GROWTHSTRUCTURESSTRUCTURE CAUSED BY AN INCREASING AMOUNT

OF OFFSET WITH DEPTH

A2



THE NORTH BASIN IS CIRCULAR IT IS THE LARGESTOF THE THREE AND COVERSCOVER

AN AREA OF 10000 SQUARE KILOMETERSKILOMETER 2560000 ACRESACRE VERY LARGE ANTI

DINESDINE NEAR THE WESTERN LIMITSLIMIT OF THISTHI BASIN ARE OF INTEREST AS PROSPECTIVE
HYDROCARBONTRAPSTRAP

THE NAVARIN BASIN PROVINCE LIESLIE MAINLY ON THE BERING SEA CONTINENTAL SHELF
BUT DOESDOE NOT INCLUDE SMALL MARGINAL AREA LYING IN WATERSWATER DEEPER THAN

200 METERSMETER THE SOUTHWEST BOUNDARYOF THE LEASE SALE AREA IS DEFINED BY
THE 2400METER 7900FOOT BATHYMETRICCONTOUR DEFINING THE BASE OF THE

SLOPE OF THE BERING SEA CONTINENTAL MARGIN THE LEASE SALE AREA IS ABOUT

THREE TIMESTIME LARGERTHAN THE NAVARIN BASIN PROVINCE BUT VERY SMALL PORTION
PERCENT OF THISTHI PROVINCE IS NOT INCLUDED IN THE LEASE SALE AREA BECAUSE

IT LIESLIE WEST OF THE USARUSSIA CONVENTION LINE OF 1867

REGIONAL GEOLOGYOF THE WESTERN BERING SHELF IS MADE MORE DIFFICULT BECAUSE

THE MESOZOIC ROCKSROCK EXPOSED IN THE KUSKOKWIM RIVER AREA OF THE ALASKA MAINLAND
NORTH OF BRISTOL BAY EITHER DISAPPEAR TO THE SOUTHWEST BENEATH THE BERING
SHELF OR CURVE TO THE NORTHWEST AND MERGE WITH THE BELT OF SHALLOW WATER
INDURATED MESOZOIC ROCKSROCK THAT UNDERLIESUNDERLIE THE OUTER PART OF THE THE BERINGSEA

SHELF SCHOLL ET AL 1975 MARLOW AND COOPER 1980 THESE MAY FORM THE

NUNIVAK ARCH VERY BROAD BASEMENT HIGH LYING EAST OF THE NAVARIN BASIN

PROVINCE THISTHI DEEPLY ERODED ARCH SERVED AS PART OF THE SEDIMENT SOURCE

PRINCIPALLY THE EARLY TERTIARY PALEOGENE SEDIMENTSSEDIMENT FOR THE BERING SEA

BASINSBASIN DURING LATER TERTIARY TIME NEOGENE THE YUKON RIVER MAY HAVE

FLOWED SOUTHWESTERLYOVER THISTHI NOW SUBMERGEDARCH AND CONTRIBUTED SEDIMENTSSEDIMENT

TO THE NAVARIN BASIN PROVINCE

THE OUTCROPAND SUBSURFACE GEOLOGYOF THE ALASKA PENINSULA AND KORYAKREGION
OF THE USSR PROVIDE IMPORTANTCLUESCLUE WITH WHICH TO DECIPHERTHE AGE OF

FORMATION OF THE BERING SEA BASINSBASIN AND THE CHARACTER OF THE SEDIMENTSSEDIMENT CON

TAINED IN THESE OFFSHORE BASINSBASIN NINE WELLSWELL DRILLED ALONGTHE NORTHERN COAST

OF THE ALASKA PENINSULA RELATE DIRECTLY TO THE OFFSHORE BERING SEA BASINSBASIN

ALTHOUGHALL OF THESE WELLSWELL WERE ABANDONED AS DRY HOLESHOLE SHOWSSHOW OF OIL AND GAS

WERE RECORDED IN ADDITION SOVIET DRILLING IN THE ANADYR BASIN RESULTED IN

THE DISCOVERYOF THONCOMMERCIAL GAS FROM MIOCENE SANDSSAND AND THONCOMMERCIAU

QUANTITIESQUANTITIE OF OIL FROM TERTIARY SANDSSAND OIL GAS JOURNAL MARCH 1982
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THE SAME BELT OF INGNEOUSINGNEOU ROCKSROCK THAT UNDERLIESUNDERLIE ST MATTHEW ISLAND AND THE

WESTERN PART OF ST LAWRENCE ISLAND EXTENDSEXTEND TO THE NORTHWEST AND UNDERLIESUNDERLIE

THE SOUTHERN CHUKOTSK AND ANADYR RIVER REGION IN NORTHEAST SIBERIA PATTON

ET AL 1976 THE EASTERN KORYAK RANGE BETWEEN THE ANADYR BASIN ON THE

NORTH AND THE KHATYRKA BASIN ON THE SOUTH IS UNDERLAIN BY STRUCTURALLY

JUXTAPOSED BLOCKSBLOCK OF DIFFERENT AGE AND LITHOLOGY AND HAS BEEN COMPARED

TO THE MCHUGH AND UYAK COMPLEXESCOMPLEXE OF SOUTHCENTRAL AND SOUTHWESTERN ALASKA

CLARK 1973

THE KORYAK RANGEPROBABLYDEVELOPEDAS RESULT OF THE SUBDUCTION OF OCEANIC

CRUST MOVING NORTH RELATIVE TO THE CONTINENTAL CRUST OF SIBERIA DURING MUCH

OF MESOZOIC AND EARLIEST TERTIARY TIMESTIME

THE GENERALTECTONIC PATTERN AND DISTRIBUTION OF ROCK TYPESTYPE IN THE CHUKOTSK

AND KORYAK BELTSBELT ARE SIMILAR TO THE ALASKA PENINSULA KODIAK ISLAND AND

KODIAK SHELF REGIONSREGION AS FIRST NOTED BY BURK 1965 SIMILARITIESSIMILARITIE ARE TO

BE EXPECTEDBECAUSE NORTHEASTERN SIBERIA AND SOUTHWESTERN ALASKA ARE BELIEVED

TO HAVE BEEN SUBJECTED TO CONVERGENCE BY THE KULA CRUSTAL PLATE DURING THE

SAME PERIOD OF TIME SCHOLL ET AL 1975

1122

US GEOLOGICALSURVEY RECONNAISSANCE SEISMIC REFLECTION SURVEY USING

SPARKER SOUND SOURCE WAS RUN IN 1970 AND PRODUCED1000 KILOMETERSKILOMETER OF

SINGLE CHANNEL RECORDSRECORD IN THE NAVARIN PROVINCE

THISTHI SURVEY INDICATED THE ROUGHOUTLINE OF THE PROVINCE MORE SOPHISTICATED

AND HIGHERENERGY SEISMIC SURVEYSSURVEY USING FIVE AIR GUNSGUN AND 24CHANNEL INSTRU

MENTATION WERE RUN IN 1967 1977 AND 1980 BY THE GEOLOGICALSURVEY

AND ENABLED THEM TO CONSTRUCT AN ACOUSTIC BASEMENT STRUCTURAL CONTOUR MAP

SUBSEQUENTINDUSTRY SEISMIC SURVEYSSURVEY EMPLOYING 76CHANNEL EQUIPMENT PRODUCED

OVER 10 TIMESTIME THE LINE COVERAGE AS THE PREVIOUSPREVIOU 24FOLD US GEOLOGICAL

SURVEY WORK THE INDUSTRY SURVEYSSURVEY FURTHER REFINED THE STRUCTURAL PICTURE

AND PROVIDED CRITICAL INFORMATION ON DETAILSDETAIL RELATING TO THE CLOSURE OF

SUSPECTEDHYDROCARBONTRAPSTRAP
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THE NAVARIN BASIN PROVINCE CONSISTSCONSIST OF THREE FILLED BASINSBASIN SEPARATED BY
BASEMENT RIDGESRIDGE THAT TREND TO THE NORTHWEST PARALLEL TO THE ADJACENT BER

ING SEA SHELF MARGIN THE SOUTHERN BASIN IS FILLED ELONGATETROUGH

200 KILOMETERSKILOMETER LONG7700 SQUARE KILOMETERSKILOMETER 1900000 ACRESACRE IN AREA THE

SOUTHERN BASIN IS FILLED WITH MORE THAN 11 KILOMETERSKILOMETER MILESMILE OF STRATA

THAT ARE BROKEN BY NORMAL FAULTSFAULT ALONGTHE BASIN FLANK THAT EXHIBIT GROWTH

STRUCTURESSTRUCTURE MARLOWAND COOPER UNPUBLISHED DATA

THE CENTRAL BASIN IN THE NAVARIN PROVINCE LIKE THE SOUTHERN BASIN IS ALSO

AN ELONGATEAND FILLED DEPRESSION THAT TRENDSTREND TO THE NORTHWEST THE CENTRAL

BASIN IS SMALLEST OF THE THREE BASINSBASIN AND ENCOMPASSESENCOMPASSE AN AREA OF 1500 SQUARE
KILOMETERSKILOMETER 370000 ACRESACRE

LARGE CIRCULAR BASIN UNDERLIESUNDERLIE THE NORTHWESTERN NAVARIN BASIN PROVINCE

ADJACENT TO THE USARUSSIAN CONVENTION LINE OF 1867 THISTHI BASIN IS THE

LARGESTFEATURE IN THE PROVINCE COVERING AN AREA OF 10000 SQUARE KILOMETERSKILOMETER

2560000 ACRESACRE AND CONTAINING12 TO 15 KILOMETERSKILOMETER 40000 TO 50000 FEET
OF SEDIMENTARY SECTION NEAR THE CONVENTION LINE STRATA IN THE BASIN ARE

FOLDED INTO LARGE ANTICLINESANTICLINE 10 TO 15 KILOMETERSKILOMETER TO MILESMILE ACROSSACROS THAT

MAY HAVE DIAPIRIC CORESCORE MARLOW 1979

WITHIN THE ACOUSTIC BASEMENT NUMBER OF DIPPING REFLECTORSREFLECTOR WHICH STRONGLY

DIVERGE FROM THE OVERLYINGAND RELATIVELY UNDISTURBED TERTIARY REFLECTING

STRATA INDICATE THAT THE MESOZOIC BASEMENT INCLUDESINCLUDE FOLDED SEDIMENTSSEDIMENT MUCH

LIKE THAT ON THE ALASKA PENINSULA AND EASTERN SIBERIA

CLOSELY RELATED TO THE STRUCTURE OF THE NAVARIN BASIN ARE TWO EASTERN

SIBERIAN BASINSBASIN THE ANADYR AND THE KHATYRKA THE ANADYR BASIN IS LARGE

ABOUT 100000 SQUARE KILOMETERSKILOMETER 25 MILLION ACRESACRE STRUCTURAL DEPRESSION

FILLED WITH UPPER CRETACEOUSCRETACEOU AND TERTIARY SEDIMENTARYROCKSROCK LYING PARTLY
ONSHORE AND PARTLY OFFSHORE IN GENERAL WAY IT IS TWICE AS LARGEAS THE

NAVARIN PROVINCE BUT ABOUT HALF AS DEEP

OFFSHORE RECONNAISSANCE GEOPHYSICAL WORK BY THE SOVIETSSOVIET HAS DEFINED LARGE

SOUTHEASTTRENDING STRUCTURE KNOWN AS THE EAST ANADYR TROUGH SMALLER

OFFSHORE BASINSBASIN HAVE BEEN DEFINED ALONGTHE COASTAL AREA BETWEEN CAPE NAVARIN
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AND THE ANADYR BASIN THESE SMALL BASINSBASIN MAY BE INTERCONNECTED AND JOIN THE

NORTH END OF THE NAVARIN BASIN PROVINCEMCLEAN 1979

STRUCTURAL TRAPSTRAP IN THE ANADYR BASIN ARE PREDOMINANTLYANTICLINAL FOLDSFOLD THAT

EXHIBIT LOWAMPLITUDECLOSURE OVER LARGEAREASAREA STRUCTURESSTRUCTURE IN THE CENTRAL

PART OF THE BASIN ARE ASSOCIATED WITH UPLIFTED BLOCKSBLOCK OF BASEMENT ROCK AS

RESULT THE DEGREE OF FOLDING FORMED BY DRAPING OF THE UPPER CRETACEOUSCRETACEOU TO

NEOGENE SECTION DIMINISHESDIMINISHE UPWARDSO THAT PLIOCENE DEPOSITSDEPOSIT ARE ALMOST

UNDEFORMED ALONG THE SOUTHERN EDGE OF THE BASIN LINEAR ANTICLINAL STRUC

TURESTURE WERE APPARENTLYFORMED BY COMPRESSIONALFOLDING

GAS AND OIL HAVE BEEN RECOVERED FROM THE ANADYR BASIN AS DISCUSSED IN

SECTION

THE KHATYRKA BASIN IS LOCATED SOUTH OF THE KORYAK RANGE WHICH SEPARATESSEPARATE

THISTHI BASIN FROM THE ANADYR BASIN RECONNAISSANCE SEISMIC DATA INDICATESINDICATE

THAT THE AREA OF THE BASIN IS ABOUT 40000 SQUARE KILOMETERSKILOMETER 10 MILLION

ACRESACRE MOST OF WHICH IS OFFSHORE ALONGTHE BERING SEA SHELF THISTHI BASIN IS

ELONGATEDIN AN EASTWEST DIRECTION AND LIESLIE ABOUT 325 KILOMETERSKILOMETER 200 MILESMILE

FROM THE NAVARIN PROVINCE ONLY THE NORTH EDGE OF THE KHATYRKA BASIN IS

EXPOSEDONSHORE BUT THISTHI FACT MAKESMAKE THISTHI BASIN THE CLOSEST ONSHORE BASIN TO

THE NAVARIN PROVINCE OLIGOCENESANDSTONESSANDSTONE WERE REPORTED TO PRODUCEUP TO

106 MMCFDAYOF GAS FROM THREE INTERVALSINTERVAL IN WELL THE LOCATION OF WHICH IS

NOT KNOWN OTHER THAN IT WAS WITHIN THE KHATYRKA BASIN

ANTICLINAL STRUCTURESSTRUCTURE WITHIN THE CENOZOIC FILL OF THE KHATYRKABASIN ARE

GENERALLY OVAL TO BY TO KILOMETERSKILOMETER LOCALLY THE FOLD AXESAXE

STRIKE NORTHWESTWARD AND SOME OF THE STRUCTURESSTRUCTURE HAVE DIAPIRIC UPWELLINGSUPWELLING OF

PALEOGENECLAY

1123

THERE IS NO DIRECT INFORMATION ON THE STRATIGRAPHYAND NO C0ST WELL HAS

BEEN DRILLED IN THE NAVARIN BASIN PROVINCE THE CLOSEST C0ST WELL IS THE

ARCO COST WELL LOCATED 800 KILOMETERSKILOMETER 500 MILESMILE SOUTHEASTERLYIN THE
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ST GEORGEBASIN AREA LATITUDE 55 32 41 LONGITUDE116 57 20

THISTHI WELL WAS LOCATED ON SHARP MAGNETICANOMALY AND REQUIRED ONLY 90 DAYSDAY
TO DRILL TO TOTAL DEPTH OF 4196 METERSMETER 13766 FEET ALTHOUGHTHE DATA

FROM THISTHI WELL ARE CONFIDENTIAL THE RELATIVELY FAST DRILLING RATE ABOUT THE

SAME AS THE DRILLING RATESRATE OF THE ONSHORE TEST WELLSWELL DRILLED ON THE ALASKA

PENINSULA STRONGLYINDICATESINDICATE ONLYMODERATELYINDURATED SEDIMENT

THE ST GEORGEC0ST WELL REPORTEDLYBOTTOMED IN EOCENE VOLCANIC ROCKSROCK

BASED ON THE STRATIGRAPHICRELATIONSHIPSRELATIONSHIP OF THE TERTIARY OUTCROP GEOLOGY
ONSHORE IN THE ALASKA PENINSULA AND ON THE KORYAK PENINSULA IT SEEMSSEEM PROB
ABLE THAT THE MAJOR PART OF THE UNFOLDED BASIN FILL OF THE NAVARIN BASIN

PROVINCE CONSISTSCONSIST OF AN INTERBEDDED SEQUENCE OF PLIOCENE AND MIOCENE SAND AND

SHALE AND THE DEEPER PARTSPART OF THE BASINSBASIN ARE BELIEVED TO CONTAIN OLIGOCENE
AND EOCENE SEDIMENTSSEDIMENT CRETACEOUSCRETACEOU AND OLDER ROCKSROCK MAY BE NEAR THE BASE OF THE

SECTION

NEARER SUBSURFACE STRATIGRAPHIC INFORMATION IS FOUND IN THE ANADYR BASIN

LYING ON THE NORTH SIDE OF THE KORYAKRANGE IN EASTERN SIBERIA THE ANADYR

BASINSBASIN WELLSWELL LIE ABOUT 370 KILOMETERSKILOMETER 230 MILESMILE NORTHWEST FROM THE NAVARIN

BASIN PROVINCE HERE LOWER CRETACEOUSCRETACEOU STRATA CONSIST OF MODERATELYCLEAN

SANDSTONE INTERBEDDED WITH ORGANICALLYRICH SHALE AND SILTSTONE THE COM

BINATION OF PETROLEUMSOURCE ROCKSROCK AND RESERVOIR ROCKSROCK MAKESMAKE THISTHI SEQUENCE AN

EXPLORATION TARGET UPPER CRETACEOUSCRETACEOU AND EARLY TERTIARY ROCKSROCK ARE BOTH OF

NONMARINE AND MARINE ORIGIN MIOCENE AND HOLOCENE ROCKSROCK CONSIST OF THICK

CONGLOMERATESCONGLOMERATESHALESSHALE AND SILTSTONESSILTSTONE THISTHI STRATIGRAPHICSECTION IS RATHER

WELL DOCUMENTED AT LEAST 21 ONSHORE WELLSWELL HAD BEEN DRILLED BY 1975

THE NEAREST STRATIGRAPHIC INFORMATION IS FROM THE KHATYRKA BASIN LYING ON

THE SOUTH SIDE OF THE KORYAKRANGEIN EASTERN SIBERIA THISTHI BASIN IS APPROX

IMATELY 325 KILOMETERSKILOMETER 200 MILESMILE LONG THE STRATIGRAPHYAPPEARSAPPEAR TO BE

SOMEWHAT SIMILAR TO THAT OF THE ANADYR BASIN BUT FAR FEWER WELLSWELL HAVE BEEN

DRILLED MCLEAN 1975

IN THE ABSENCE OF SUBSURFACE WELL DATA WITHIN THE NAVARIN PROVINCE THE

SEISMIC LINESLINE PROVIDE IMPORTANT CLUESCLUE ABOUT THE STRATIGRAPHYOF THISTHI PRO

VINCE VISUAL FEATURE COMMON TO ALL LINESLINE IS THE DIVISION OF THE BASIN



FILL INTO TWO DIFFERENT REFLECTIVE SEQUENCESSEQUENCE AN UPPER

TIVE SEQUENCE OF PROBABLEMIOCENE TO RECENT AGE IN WHICH THERE APPEAR TO

BE REFLECTIONSREFLECTION WITH RATHER LONGLATERAL CONTINUITY AND LOWER WEAKLY

REFLECTIVE SEQUENCE OF PROBABLEEOCENE AND OLIGOCENEAGE IN WHICH THE SEISMIC

REFLECTIONSREFLECTION ARE MAINLY DISCONTINOUSDISCONTINOU AND SHORT

BASED ON REGIONAL PALEOGEOLOGICEVIDENCE POROUSPOROU CLASTIC UNITSUNIT SHOULD BE

COMMON WITHIN THE UPPER STRONGLYREFLECTIVESEQUENCE THE OUTER BERING SHELF

WAS PERODICALLY SWEPT BY MARINE TRANSGRESSIONSTRANSGRESSION AND REGRESSIONSREGRESSION THESE

FACTORSFACTOR FAVOR THE DEPOSITION OF COARSE NERITIC CLASTIC AND DELTAIC SEQUENCESSEQUENCE

AND THEREFORE THE LIKELY PRESENCE OF RESERVOIR SANDSSAND IN THE MIOCENE AND

PLIOCENE SECTION

IT ALSO SEEMSSEEM LIKELY THAT SOME COURSE CONGLOMERATEBEDSBED WOULD BE PRESENT IN

THE QQO SEQUENCE WITHIN THE DEEPER PARTSPART OF THE BASINSBASIN WHERE

LOCALLY DERIVED COARSE DEBRISDEBRI FROM THE UPTHROWNBASIN MARGINSMARGIN ARE BEING

ERODED AND DEPOSITED IN THE EARLY DEPOCENTEROF THE NAVARIN BASIN MARLOW

ET AL 1976

DREDGEDATA INDICATE THAT THE UPPER TO KILOMETERSKILOMETER 10000 TO 13000 FEET

OF THE BEDSBED IN THE PROVINCEARE YOUNGER THAN EARLY EOCENE IN AGE DEEPER

STRATA ARE POORLYREFLECTIVE DIVERGE IN DIP FROM THE OVERLYINGSTRATA AND

NEAR THE BASE OF THE SECTION MAY BE CRETACEOUSCRETACEOU AGE OR OLDER

THE ROCKSROCK CONSIDERED TO HAVE RESERVOIR POTENTIAL FOR OIL AND GAS IN THE

NAVARIN BASIN PROVINCE ARE THOSE CORRELATIVE TO THE SANDSTONE UNITSUNIT OF THE

MIDDLE TO LATE MIOCENE BEAR LAKE FORMATION SAND PERCENTAGESPERCENTAGE WITHIN THE BEAR

LAKE IN THE EIGHT SUBSURFACE PENETRATIONSPENETRATION TO THE ALASKA PENINSULA RANGE

FROM 33 TO 67 THE GREATEST AMOUNT OF NET SAND IS 1330 METERSMETER 4362 FEET

67 PERCENT WHICH WAS ENCOUNTERED IN THE PAN AM HOODOO LAKE SEC

OSR76 BEAR LAKE SANDSSAND EXHIBIT VERY GOOD RESERVOIR QUANTITIESQUANTITIE IN

MOST OF THE ALASKA PENINSULA TEST WELLSWELL IN THE DEEPEST PENETRATION GULF

SANDY RIVER SEC SONIC AND DENSITY DERIVED POROSITIESPOROSITIE
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OF 25 TO 27 PERCENT WERE CALCULATED FROM SANDSSAND AT DEPTH OF 3200 TO 3231

METERSMETER 10500 TO 10600 FEET SIDEWALL CORE PERMEABILITIESPERMEABILITIE AS HIGH AS

1165 MILLIDARCYSMILLIDARCY MDCYSMDCY WERE RECORDED AT 1995 METERSMETER 6545 FEET IN THE

GULF PORT HEIDEN SEC THE BEAR LAKE SANDSSAND ARE BOTH MARINE

AND NONMARINE AND AGE EQUIVALENT SANDSSAND COULD BE PRESENT IN THE NAVARIN

PROVINCE

SHOWSSHOW OF OIL AND GAS WERE RECORDED ON THE MUD LOG IN THE BASAL BEAR LAKE

SANDSSAND IN THE GULF SANDY RIVER

SANDSTONESSANDSTONE IN THE OLDER TERTIARY FORMATIONSFORMATION ON THE ALASKA PENINSULA NAMELY
THE OLIGOCENESTEPOVAKAND EOCENE TOLSTOI CONTAIN VERY LOW PERCENTAGEOF

GOOD RESERVOIR QUALITY SANDSSAND THE LOW POROSITY AND PERMEABILITY ARE

FUNCTION OF COMBINATION OF FACTORSFACTOR PRINCIPALLY THE ABUNDANCE OF VOLCANIC

DETRITUSDETRITU INCLUDING MATRIX CLAY AND THE RELATIVELY DENSE NATURE AND HIGH

DEGREE OF INDURATION HIGHER QUALITY RESERVOIR ROCKSROCK ARE EXPECTED IN THE

NAVARIN PROVINCE BECAUSE EARLY TERTIARY ROCKSROCK ARE EXPECTED TO CONTAIN LESSLES

VOLCANIC DERIVED MATRIX CLAYSCLAY AND ARE BELIEVED TO CONTAIN SECTIONSSECTION OF COARSE

CLASTICSCLASTIC DERIVED FROM THE RAPID EROSION OF FAULT SCARPSSCARP AND BASIN MARGINSMARGIN
COARSE CLASTICSCLASTIC COULD ALSO ORIGINATE AS FLUVIAL FANSFAN OR DELTIAC DEPOSITSDEPOSIT

SERIESSERIE OF SAMPLESSAMPLE WERE DREDGEDBY THE US GEOLOGICALSURVEYFROM THE

BERINGSEA CONTINENTAL SHELF MANY OF THE DREDGEDMIOCENE AND PLIOCENE ROCKSROCK

CONSIST OF HIGHLY POROUSPOROU DIATOMACEOUSDIATOMACEOU SILTSTONE AND SANDSTONE AND IF THE

TEXTURESTEXTURE AND LITHOLOGIESLITHOLOGIE OF THESE OUTCROPSOUTCROP ARE PARTLY REPRESENTATIVE OF

AGEEQUIVALENTUNITSUNIT WITHIN THE NAVARIN BASIN ADEQUATERESERVOIR ROCKSROCK MAY

BE ANTICIPATED

EOCENE TO PLIOCENE DIATOMACEOUSDIATOMACEOU MUDSTONESMUDSTONE EXPOSED ON THE CONTINENTAL SHELF

HAVE POROSITIESPOROSITIE RANGINGFROM 14 TO 68 PERCENT AVERAGE48 PERCENT NEOGENE

RESERVOIR BEDSBED MAY BE PRESENT IN THE ADJACENT NAVARIN PROVINCE BECAUSE

SEDIMENTATION HAS MATCHED SUBSIDENCE WHICH AVERAGED 100 TO 200 6H

DURINGCENOZOIC TIME ALSO DURING NEOGENETIME THE NAVARIN BASIN WERE FED

BY MAJOR ALASKA AND SIBERIAN RIVERSRIVER EG THE YUKON KUSKOKWIM AND ANADYR

RIVERSRIVER

A9



IN THE EASTERN SIBERIAN KHATYRKA BASIN WHICH LIESLIE RELATIVELY CLOSE 325

KILOMETERSKILOMETER 200 MILESMILE FROM THE NAVARIN PROVINCE FLOW OF UP TO 106

MMCFDAYOF GAS FROM THREE INTERVALSINTERVAL IN OLIGOCENESANDSTONE BEDSBED WAS RECENTLY

REPORTEDMARLOW 1981

IN THE ANADYR BASIN OF EASTERN SIBERIA WHICH LIESLIE 370 KILOMETERSKILOMETER 200

NAUTICAL MILESMILE NORTHWEST OF THE NAVARIN PROVINCE SIGNIFICANT OIL SHOWSSHOW HAVE

OCCURRED IN THE EOCENE AND OLIGOCENESTRATA ONE WELL PRODUCED03 TONSTON OF

OILDAY APPROXIMATELY BARRELSDAY FROM FRACTURED STRATA IN ANOTHER

WELL OIL SHOWSSHOW WERE NOTED IN UPPER EOCENE AND OLIGOCENESTRATA BETWEEN

1400 AND 2130 METERSMETER 4600 AND 7000 FEET

AN OIL STRIKE WAS RECENTLY REPORTEDOIL GAS JOURNAL MARCH 22 1982 BY

THE USSR IN THE WEST CENTRAL PORTION OF THE ANADYR BASIN NO VOLUMESVOLUME WERE

REPORTED BUT OIL WAS RECOVERED FROM DEPTH OF 1650 METERSMETER 3400 FEET

IN THE ARIADYRBASIN VALUESVALUE AS HIGH AS 26 PERCENTEFFECTIVE POROSITYAND 560

MDCYSMDCY PERMEABILITYHAVE BEEN REPORTEDFOR SOME MIOCENE SANDSTONE BEDSBED THE

NET THICKNESSTHICKNES OF POROUSPOROU SANDSTONE REPORTED IS AS MUCH AS 80 METERSMETER 260

FEET

WELLSWELL DRILLED IN THE ANADYR BASIN HAVE PRODUCEDUP TO 10000 MCFDAY OF GAS

BUT CONTINUED TESTING LED TO SHARP DROPSDROP IN PRESSURE AND VOLUME MEYERHOFF

1972 THE MIOCENE PRODUCINGSECTIONSSECTION WERE RELATIVELY SHALLOW 1470

METERSMETER 4800 FEET

SOURCE ROCK ANALYSISANALYSI OF THE ALASKA PENINSULA WELLSWELL INDICATESINDICATE THAT IN GEN

ERAL THE MIOCENE BEAR LAKE HAS ABUNDANT ORGANICCARBON BUT IS IMMATURE AND

THE KEROGENIS PREDOMINANTLYWOODYWITH MINOR AMOUNT OF AMORPHOUSAMORPHOU SAPROPEL

BEAR LAKE HAS HIGH EXTRACTABLE BITUMEN CONTENT WITH CORRESPONDINGLYLOW

HYDROCARBONFRACTION WHICH IS INTERPRETEDTO REFLECT THE COALRICH ANDOR

WOODYCHARACTER OF THE ORGANICMATERIAL IN THE FORMATION THE BEAR LAKE

THEREFORE WOULD MOST LIKELY BE GAS PRONE ON THE ALASKA PENINSULA



THE MOST FAVORABLE SOURCE ROCKSROCK EXAMINED WERE THE EOCENE TOLSTOJ IN THE PAN

AM HOODOO LAKE SEC 35T5OSR76W THISTHI UNIT WAS HIGH IN TOTAL ORGANIC
CARBON CONTENT WAS WITHIN THE OIL GENERATINGRANGE AND EXHIBITED MODEST

VITRINITE REFLECTANCE

IN THE NAVARIN PROVINCE IT IS BELIEVED THAT PLIOCENE AND MIOCENE SHALESSHALE WILL

PROBABLYBE LIGHTCOLOREDWITH POOR SOURCE ROCK POTENTIAL DUE TO THEIR OPEN
MARINE DEPOSITIONAL ENVIRONMENT HOWEVERTHE OLIOGENEAND EOCENE SHALESSHALE

WITHIN THE DEEP NAVARIN BASIN SHOULD BE DARKERCOLORED CONTAIN HIGHER
PERCENTAGEOF ORGANICMATTER AND SERVE AS ADEQUATESOURCE ROCKSROCK THE DEEPER
PORTION OF THE NAVARIN PROVINCE WAS CLOSED SILLED BASIN DURING EARLY
TERTIARY TIME AND OCEAN CIRCULATION WAS RESTRICTED THUSTHU ORGANIC MATTER

COULD HAVE BEEN PRESERVED IN MANNER FAVORABLE FOR HYDROCARBONGENERATION

THE TERTIARY KHATYRKA AND ANADYR BASIN OF EASTERN SIBERIA ARE VERY SIMILAR

IN AGE STRUCTURAL STYLE AND STRATIGRAPHYTO THE OFFSHORE BERINGSEA BASINSBASIN
SOURCE ROCK DATA FROM THE RUSSIAN BASINSBASIN COMPARESCOMPARE QUITE CLOSELYWITH THAT

DERIVED FROM THE ALASKA PENINSULA

EOCENE OLIGOCENE AND LOWER MIOCENE SHALESSHALE IN THE KHATYRKA BASIN ALL HAVE

SUFFICIENT ORGANICMATTER AND THERMAL MATURITY TO QUALIFY AS ADEQUATESOURCE

ROCKSROCK

TO OTHER PACIFIC MARGIN

THE IH PROVINCE IS THE MOST GEOLOGICALLY REMOTE SEDIMENTARY BASIN

IN ALASKA WITH AN INTERESTINGOIL AND GAS POTENTIAL THERE ARE NO ISLANDSISLAND

OR UPLAND AREASAREA IN ALASKA FROM WHICH TO DRAW OUTCROPAND SUBSURFACE GEOLOGI
CAL INFORMATION WITH REASONABLE CERTAINTY THE EASTERN SIBERIA SEDIMENTARY
BASINSBASIN ARE MUCH NEARER THAN ANY ONSHORE ALASKAN BASINSBASIN FOR EXAMPLE THE

KATYRKA BASIN IS ONLY 325 KILOMETERSKILOMETER 200 MILESMILE DISTANT COMPARED TO

DISTANCE OF 1500 KILOMETERSKILOMETER 1000 MILESMILE TO THE COOK INLET OIL PRODUCING
AREA OF SOUTHCENTRAL ALASKA THE NEAREST SEDIMENTARYBASIN TO HAVE WELL

DEVELOPED OIL AND GAS PRODUCTION HISTORY HOWEVER COMMENTSCOMMENT ABOUT POSSIBLE
COMMON FEATURESFEATURE AND DIFFERENCESDIFFERENCE ARE APPROPRIATE THE NAVARIN PROVINCE COVERSCOVER

AN AREA OF ABOUT 112 TIMESTIME AS LARGEAS THE COOK INLET BASIN AND CONTAINSCONTAIN
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ABOUT TWICE THE THICKNESSTHICKNES OF TERTIARY ROCKSROCK THE INCREASED THICKNESSTHICKNES OF THE

TERTIARY SECTION IN THE NAVARIN PROVINCE SHOULD PROVIDE MORE FAVORABLE

THERMAL GRADIENT FOR HYDROCARBONMATURATION THAN EXISTSEXIST IN THE TERTIARY

SECTION OF COOK LET

THERE MAY BE SIMILARITY BETWEEN THE OLIGOCEN HEMLOCK CONGLOMERATE

IN COOK INLET AND SOME OF THE EARLY TERTIARY ROCKSROCK OF THE NAVARIN PROVINCE

BECAUSE BOTH MAY HAVE BEEN PRODUCEDBY EROSION PRODUCTSPRODUCT FROM HIGH RELIEF

SOURCESSOURCE AREASAREA FOLLOWING THE TECTONICALLY ACTIVE CLOSE OF THE MESOZOIC ERA

SIGNIFICANT CRITERION THAT MUST BE CONSIDERED IN THE TECTONIC EVOLUTION OF

THE IH PROVINCE IS THE TIMING OF THE STRUCTURAL GROWTHAS IT RELATESRELATE

TO TIME OF DEPOSITIONOF THE HOST RESERVOIR BEDSBED GENERALLY IN THE PRODUC

TIVE PACIFIC TERTIARY BASINSBASIN EARLY STRUCTURAL GROWTH OR MENTH OF

SYNCHRONOUSSYNCHRONOUQ1H ESSENTIAL FOR ENTRAPMENTOF LARGE HYDROCARBONACCUMU

LATIONSLATION EARLY STRUCTURAL GROWTHCAN BE DEMONSTRATED SEISMICALLY IN THE

NAVARIN PROVINCE

BASED ON OUR ANALYSISANALYSI OF SEISMIC DATA NAVARIN PROVINCE TRAPSTRAP ARE VERY LARGE

AND IN SOME INSTANCESINSTANCE OVERLAPPING HOWEVER CONSIDERINGTHE VERY LARGE AREA

OF THE BASIN THE NUMBER OF TRAPSTRAP IS LOW COMPAREDTO MORE DEFORMED TERTIARY

BASINSBASIN LOW TRAP DENSITY DOESDOE TEND TO INCREASE CHANCESCHANCE FOR VERY LARGE

FILLUP AND THUSTHU VERY LARGE OIL AND GAS FIELDSFIELD ASSUMING THE PRESENCE OF

FAVORABLE SOURCE AND RESERVOIR ROCKSROCK UNFORTUNATELY THERE IS NO RELIABLE

MEANSMEAN TO RATIONALLY ESTIMATE THE PERCENTFILLUP OF NAVARIN BASIN STRUCTURESSTRUCTURE

HOWEVER BASED ON DATA FROM OTHER PACIFIC MARGINBASINSBASIN FILLUP IN EXCESSEXCES OF

50 PERCENT WOULD BE THE EXCEPTIONIN THE NAVARIN PROVINCEWITH 30 PERCENT

BEING MORE PROBABLE

1127

SEISMIC DATA OBTAINED FROM THE US GEOLOGICALSURVEY AND FROM PROPRIETARY

SOURCESSOURCE INDICATE THAT STRUCTURAL STRATIGRAPHICAND COMBINATION STRUCTURAL

AND STRATIGRAPHICTRAPSTRAP EXIST IN THE NAVARIN PROVINCE IT ALSO APPEARSAPPEAR THAT

SEVERAL DIFFERENT TYPESTYPE OF TRAPSTRAP MAY BE SUPERIMPOSEDGIVING RISE TO THE

12



POSSIBILITY OF MULTIPLE POOL COMPLETIONSCOMPLETION IF THE TRAPSTRAP PROVE CAPABLE OF OIL

OR GAS PRODUCTION IN ADDITION TO CONVENTIONAL TYPESTYPE OF TRAPSTRAP THERE IS

POSSIBILTY THAT GAS HYDRATESHYDRATE OR AN IMPERMEABLEBOUNDARYBETWEEN OVERLYING
SILICARICH DIATOMACEOUSDIATOMACEOU DEPOSITSDEPOSIT AND AN UNDERLYINGCRYSTALLINE INDURATED

MUDSTONE SILICADIAGENETIC BOUNDARY COULD FORM SEALSSEAL RESULTINGIN THE

ENTRAPMENTOF HYDROCARBONSHYDROCARBONWHICH WOULD OTHERWISE MIGRATETO THE OCEAN FLOOR

BOTH OF THESE POTENTIAL HYDROCARBONBARRIERSBARRIER HAVE BEEN NOTED TO EXIST IN

WATER DEEPER THAN 500 METERSMETER 1650 FEET IN THE NAVARIN PROVINCE BY THE US

GEOLOGICALSURVEY AND HAVE BEEN TERMED BOTTOM SIMULATING REFLECTORSREFLECTOR BSR
BECAUSE THEY MIMIC THE BATHYMETRICRELIEF OF THE SEA FLOOR AND OFTEN CROSSCROS

OTHER LAYERED ACOUSTIC REFLECTORSREFLECTOR

THE NORTHERN BASIN IN THE NAVARIN PROVINCE CONTAINSCONTAIN CLOSED ANTICLINAL STRUC

TURESTURE 10 TO 15 KILOMETERSKILOMETER TO MILESMILE ACROSSACROS FORMED EITHER BY LATERAL

COMPRESSIONOR BY DIAPIRISM THE ANTICLINESANTICLINE ARE CUT BY AN UNCONFORMITYTHAT

IS OVERLAIN BY FEW TENSTEN OF METERSMETER OF FLATLYING STRATA SHALLOW ACOUSTIC

ANOMALIESANOMALIE SOMETIMESSOMETIME CALLED BRIGHT SPOTSSPOT ARE OBSERVED WITHIN THE STRATA

ABOVE THE BALDED FOLDSFOLD IN ALL BASINSBASIN OF THE NAVARIN PROVINCE

BEDSBED IN THE TWOSOUTHERN BASINSBASIN ARE CUT BY NORMAL GROWTHFAULTSFAULT SHOWINGVERY

HIGH RELIEF

OTHER TYPESTYPE OF POTENTIAL TRAPSTRAP EXIST WHERE LOWER BEDSBED THIN TOWARD THE FLANKSFLANK

OF THE BASINSBASIN AND DIP TOWARD THE AXISAXI OF EACH BASIN POSSIBLY TRAPPING
HYDROCARBONSHYDROCARBONMIGRATINGUP DIP AGAINSTLESSLES PERMEABLEBASEMENT ROCKSROCK

DISCORDANT OVERLAP OF THE OLDER PERMEABLE STRATIGRAPHICSEQUENCESSEQUENCE BY YOUNG

ER IMPERMEABLE BEDSBED MAY GIVE RISE TO TRAPSTRAP IN ALL BASINSBASIN OF THE NAVARIN

PROVINCE

SOME BASEMENT HIGHSHIGH SHOW SEVERAL THOUSANDSTHOUSAND OF METERSMETER OF RELIEF AND THE

DRAPINGOF YOUNGER SEDIMENTSSEDIMENT OVER THESE HIGHSHIGH COULD RESULT IN TRAPSTRAP SOME

OF THESE BASEMENT HIGHSHIGH ARE TO 10 KILOMETERSKILOMETER TO MILESMILE IN LENGTH



PRODUCTION

OIL

INITIAL WELL PRODUCTIONRATE IS USED IN THE ECONOMIC ANALYSISANALYSI AS AN INDEX

OF RESERVOIR PERFORMANCEIN THE ABSENCE OF SPECIFIC DATA ABOUT RESERVOIR

CHARACTERISTICSCHARACTERISTIC PAY THICKNESSTHICKNES POROSITY PERMEABILITY DRIVE MECHANISM

ETC INITIAL PRODUCTIONRATE REFERSREFER TO THE SUSTAINED AVERAGE PRODUCTIVITY

OF WELL OVER THE FIRST 45 PERCENT OF ITS TOTAL PRODUCTION AFTER WHICH

EXPONENTIALDECLINE OCCURSOCCUR THE INITIAL PRODUCTIVITYPER WELL INFLUENCESINFLUENCE THE

NUMBER OF WELLSWELL THAT HAVE TO BE DRILLED TO EFFICIENTLY DRAIN RESERVOIR

ASSUMING STANDARD WELL SPACING80 TO 160 ACRESACRE AND THE MAXIMUM NUMBER OF

WELLSWELL THAT CAN BE DRILLED FROM SINGLE PLATFORMOR DRILLING VESSEL DICTATED

BY THE RESERVOIR DEPTH AND WELL SPACINGLIMITATIONSLIMITATION THE PEAK THROUGHPUTOF

PRODUCINGSYSTEM CAN BE ESTIMATED USING THE INITIAL WELL PRODUCTIVITY

ASSUMPTION

INITIAL PRODUCTIONRATE FOR WELLSWELL ON ANTICLINESANTICLINE IN THE NAVARIN PROVINCEIS

ASSUMED TO AVERAGE 2500 BARRELSBARREL PER DAY THISTHI VALUE IS HIGHER THAN ASSUMED

FOR THE ST GEORGESTUDY BECAUSE THICKER PRODUCINGSECTIONSSECTION ARE PREDICTEDAND

MULTIPLE COMPLETIONSCOMPLETION ARE POSSIBLEFOR NAVARIN THE ESTIMATED DEPTH OF WELLSWELL

IN THE NORTH BASIN SHOULD RANGE BETWEEN 25 AND 35 KILOMETERSKILOMETER 6500 TO

11500 FEET AND AND 412 KILOMETERSKILOMETER 3300 TO 13000 FEET IN THE SOUTH

ERN BASINSBASIN AN OVERALL AVERAGE OF 10000 FEET IS USED AS BASE CASE AS IT

SEEMSSEEM TO FIT THE TYPICAL ANTICLINE MORE CLOSELY AT THISTHI DEPTH THE MOST

FAVORABLE RATIO OF POROSITY PERMEABILITY AND PRESSURE IS ANTICIPATED TO

OCCUR IT IS NOTED THAT SINGLE ZONE COMPLETION IN THE HEMLOCK FORMATION

IN THE MCARTHUR RIVER OIL FIELD OF COOK INLET ALASKA PRODUCED3772 BARRELSBARREL

OF OIL PER DAY OF 113168 BARRELSBARREL FOR THE MONTH OF AUGUST 1981 ALASKA OIL

GAS CONVERVATION COMISSION THISTHI WELL HAS BEEN IN PRODUCTIONFOR OVER

YEARSYEAR AND PRODUCESPRODUCE FROM AN ANTICLINAL TRAP

14



THE INITIAL PRODUCTIVITY ASSUMED FOR WELLSWELL PRODUCINGFROM THE STRATIGRAPHIC
TRAPSTRAP WILL VARY WIDELY AS DEPTHSDEPTH OF THESE TRAPSTRAP RANGE FROM VERY SHALLOW TO

VERY DEEP CONSIDERINGTHAT SOME OF THE PRODUCTIVE POTENTIAL MAY ORGINATE
FROM COARSE CLASTICSCLASTIC FORMED AT THE BASESBASE OF HIGH RELIEF BASIN WALLSWALL ON FAULT

SCARPSSCARP AND ALSO THAT AN OVERLAPINGOF PRODUCINGAREASAREA MIGHT EXIST AN AVERAGE
INITIAL PRODUCTIVITYOF 2500 BARRELSBARREL OF OIL PER DAY IS ALSO ASSUMED FOR
WELLSWELL ON STRATIGRAPHICAND COMBINATION STRUCTURAL AND GRAPHI TRAPSTRAP

WITHIN CERTAIN TECHNICAL AND ECONOMIC CONSTRAINTSCONSTRAINT THE NUMBER OF WELLSWELL AND

THEIR SPACINGCAN BE VARIED DEPENDINGUPON THE INITIAL WELL PRODUCTIVITY TO

OPTIMIZE THE RECOVERY OR TAKEOFF RATE THESE ARE TRADEOFFSTRADEOFF BETWEEN THE

INVESTMENT IN ADDITIONAL WELLSWELL AND THE INCREASED REVENUE STREAMSSTREAM FROM

HIGHER OFFTAKE RATE INCREASINGTHE NUMBER OF WELLSWELL WILL DECREASE THE

WELL SPACING IN GENERAL THE DEEPER THE RESERVOIR THEMORE EXPENSIVE ARE

THE DEVELOPMENTWELLSWELL AND THE LONGERTHE DRILLING TIME THUSTHU IT IS MORE

ADVANTAGEOUSADVANTAGEOUTO INCREASE THE NUMBER OF WELLSWELL IN SHALLOW RESERVOIRSRESERVOIR 1500
METERSMETER 4500 FEET OR LESSLES TO OVERCOME LOW INITIAL WELL PRODUCTIVITIESPRODUCTIVITIE THAN

IT IS FOR DEEPER RESERVOIRSRESERVOIR

IN THISTHI STUDY WE HAVE FIXED THE OF WELLSWELL PRODUCING2500 BID TO OBTAIN

RECOVERY RATE THAT PRODUCESPRODUCE ABOUT 10 PERCENT OF TOTAL ASSUMED RESERVESRESERVE IN

THE PEAK YEARSYEAR OF PRODUCTION OUR PRODUCTIONPROFILE WHICH ASSUMESASSUME SECONDARY
RECOVERY PRODUCESPRODUCE APPROXIMATELY45 PERCENTOF RESERVESRESERVE DURINGPEAK PRODUCTION
PRIOR TO THE ONSET OF DECLINE SEE ALSO DISCUSSION OF RECOVERABLE RESERVESRESERVE

SECTION AND PRODUCTIONPROFILE SECTION 1134

11312

INITIAL PRODUCTIVITY PER WELL FOR NONASSOCIATED GAS IS ESSENTIALLYUNKNOWN

AT THISTHI TIME GEOCHEMICAL DATA ON SHALE WELL CUTTINGSCUTTING ARE NEEDED TO DETER

MINE THE ABILITY OF GIVEN POTENTIAL SOURCE ROCK UNIT TO GENERATE011 ANDOR

GAS THISTHI CRITICAL INFORMATION IS NOT AVAILABLE TO US AT THISTHI TIME FOR

ECONOMIC ANALYSISANALYSI WE WILL ASSUME GAS WELL PRODUCTIVITYOF 15 MILLION CUBIC

FEET PER DAY

AI



THE GEOPHYSICALRECORDSRECORD INDICATE RESERVOIR DEPTHSDEPTH MAY RANGE FROM VERY

SHALLOW 1000 TO 1500 METERSMETER 3300 TO 5000 FEET TO MEDIUM TO DEEP

1500 TO 3050 METERSMETER 5000 TO 10000 FEET AND TO VERY DEEP 4000 TO

6000 METERSMETER 13000 TO 19500 FEET WE THEREFORE ASSUMED RESERVOIR

DEPTHSDEPTH OF 1000 METERSMETER 3300 FEET 1500 METERSMETER 5000 FEET AND 3000

METERSMETER 10000 FEET ANALYSISANALYSI OF THE USGSUSG SEISMIC DATA COVERINGTHE NAVARIN

PROVINCEPROVIDESPROVIDE THE CONTROL FOR THE RESERVOIR DEPTH ASSUMPTIONSASSUMPTION HOWEVER

THE ECONOMIC ANALYSISANALYSI REFLECTED ONLY ONE TARGET DEPTH 3000 METERSMETER 10000

FEET

THE MOST COMMON RESERVOIR DEPTHSDEPTH SHOULD BE SHALLOW AND MEDIUM WHERE PROSPEC

TIVE SEDIMENTSSEDIMENT ARE DRAPEDOVER THE BASEMENT HIGHSHIGH LOCATED AT THE MARGINSMARGIN OF

THE BASIN DEEP RESERVOIR DEPTHSDEPTH CAN BE EXPECTEDWITHIN POSSIBLE FAULT

CLOSURESCLOSURE THAT MAY EXIST ALONGTHE WALLSWALL OF THE BASIN MARGIN AND TO DRAPESDRAPE

OVER BASEMENT HIGHSHIGH AND EARLY TERTIARY DEPOSITSDEPOSIT OF COARSE CLASTICSCLASTIC FORMED AT

THE BASESBASE OF HIGH RELIEF RIDGESRIDGE OR PLATEAUSPLATEAU

RESERVOIR DEPTH IN THISTHI ANALYSISANALYSI DEFINESDEFINE THE NUMBER OF PRODUCINGSYSTEMSSYSTEM

REQUIRED TO EFFICIENTLY PRODUCE GIVEN FIELD SIZE ARID IN COMBINATION

WITH OPTIMAL WELL SPACING THE MAXIMUM NUMBER OF PRODUCTIONWELLSWELL THAT

CAN BE HOUSED IN SINGLE PRODUCINGSYSTEM WHETHER IT BE PLATFORM GRAVITY

STRUCTURE OR SUBSEA SYSTEM ALL OTHER FACTORSFACTOR BEING EQUAL SHALLOW FIELD

WITH THIN PAY RESERVOIR COVERING MANY SQUARE KILOMETERSKILOMETER AND REQUIRING

SEVERAL SYSTEMSSYSTEM TO PRODUCE IS LESSLES ECONOMIC THAN FIELD OF EQUAL RESERVESRESERVE

WITH DEEP THICK PAY ZONE THAT CAN BE REACHED FROM SINGLE PRODUCING

SYSTEM IN THE ECONOMIC AND MANPOWER ANALYSESANALYSE RESERVOIR DEPTH DICTATESDICTATE THE

RATE OF DEVELOPMENTWELL COMPLETION THAT IN TURN AFFECTSAFFECT THE TIMING OF

PRODUCTIONSTARTUP AND PEAK PRODUCTIONAND THE SCHEDULE OF INVESTMENT

RETURN THE WELL COMPLETION RATE ALSO AFFECTSAFFECT THE DEVELOPMENTDRILLING

EMPLOYMENT
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AN ASSESSMENT OF RECOVERABLE RESERVESRESERVE IN THE VIRGIN BASINSBASIN SUCH AS THESE
IS VERY SPECULATIVE BRIEF TECHNICAL REVIEW OF ESTIMATION METHODSMETHOD FOR

RECOVERABLE RESERVESRESERVE DEMONSTRATESDEMONSTRATE THE COMPLEXITYOF THE PROBLEM AND THE

REQUIREMENTSREQUIREMENT FOR DETAILED RESERVOIR DATA

RECOVERABLE OIL FROM RESERVOIR IS CONTROLLED BY COMBINATION OF THE

FOLLOWINGPARAMETERSPARAMETER

OIL GRAVITY

OIL VISCOSITY

GAS SOLUBILITY IN THE OIL

RELATIVE PERMEABILITY

RESERVOIR PRESSURE

CONNATE WATER SATURATION

PRESENCE OF GAS CAP ITS SIZE AND METHOD OF EXPANSION
FLUID PRODUCTIONRATE

PRESSURE DROP IN THE RESERVOIR

STRUCTURAL CONFIGURATIONOF THE RESERVOIR

MANY STUDIESSTUDIE HAVE BEEN MADE OF THE RELATIONSHIPBETWEEN THESE PARAMETERSPARAMETER
MOST OF WHICH ARE STATISTICAL IN NATURE

11332 FOR

AS STATED EARLIER THE MIOCENE BEAR LAKE EQUIVALENT SANDSSAND OFFER RESERVOIR

OBJECTIVESOBJECTIVE IN THE NAVARIN PROVINCE IF THESE SANDSSAND ARE PRESENT THE POROSITY
AND PERMEABILITY OF THESE SANDSSAND AS ENCOUNTERED IN WELLSWELL AND OUTCROPON THE

ALASKA LAH COMPARE CLOSELY WITH POROSITIESPOROSITIE AND PERMEABILITIESPERMEABILITIE OF
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SIMILAR TERTIARY SANDSSAND IN PRODUCTIVEPACIFIC MARGIN BASINSBASIN THAT HAVE RECOVERY

FACTORSFACTOR AVERAGING200 BARRELSBARREL PER ACRE FOOT

ASSUMING RECOVERY FACTOR OF 200 BARRELSBARREL PER ACRE FOOT AND NET PAY THICK

NESSESNESSE OF 200 FEET RECOVERABLE RESERVESRESERVE PER ACRE APPROXIMATE40000 BARRELSBARREL

FOR PRIMARY RECOVERY

HIGHER RECOVERY FACTORSFACTOR SUCH AS THOSE FOUND IN THE JURASSIC OF THE NORTH SEA

THE PERMOTRIASSIC OF THE NORTH SLOPE OF ALASKA AND CRETACEOUSCRETACEOU SAND RESER

VOIRSVOIR OF THE MIDDLE EAST CANNOT BE USED AS BASISBASI FOR COMPARISON THE

RESERVOIRSRESERVOIR IN THESE BASINSBASIN ARE GENERALLYMINERALOGICALLYDIFFERENT THAN

THOSE IN PACIFIC MARGINTERTIARY BASINSBASIN THE TERTIARY SAND RESERVOIRSRESERVOIR ARE

TYPICALLY ARKOSIC WITH SIGNIFICANT PERCENTAGESPERCENTAGE OF UNSTABLE FELDSPAR MINERALSMINERAL

THAT DIAGENETICALLY ALTER THE CLAY MINERALSMINERAL THUSTHU RED POROSITY AND

PERMEABILITY SAND RESERVOIRSRESERVOIR IN THE NORTH SEA AND NORTH SLOPE IN CONTRAST

CONSIST OF HIGH PERCENTAGESPERCENTAGE OF STABLE MINERALSMINERAL SUCH AS QUARTZ HAVE HIGH

POROSITIESPOROSITIE AND PERMEABILITIESPERMEABILITIE AND CORRESPONDINGLYHIGH PRODUCTIVITIESPRODUCTIVITIE

THERE IS POSSIBILITY THAT DIATOMACEOUSDIATOMACEOU SEDIMENTSSEDIMENT SUCH AS HAVE BEEN DREDGED

FROM THE CONTINENTAL SLOPE OF THE BERINGSEA WILL MAINTAIN THEIR POROSITYAT

GREATERDEPTHSDEPTH THAN ORDINARY SEDIMENTSSEDIMENT

THISTHI STUDY WE ASSUME PRIMARYRECOVERY OF 40000 BARRELSBARREL PER ACRE AND

PRIMARY PLUSPLU SECONDARY RECOVERY FOR TOTAL OF 60000 BARRELSBARREL PER ACRE

TABLE AI SHOWSSHOW MAXIMUM RECOVERY PER PRODUCINGSYSTEM FOR VARIOUSVARIOU RESERVOIR

DEPTHSDEPTH FOR THESE RECOVERABLE RESERVESRESERVE WE EMPHASIZED 60000 BARRELSBARREL PER ACRE

IN THE ECONOMIC ANALYSISANALYSI TO OPTIMIZE RECOVERY WE HAVE ALSO ASSUMED THAT

SECONDARYRECOVERY PROGRAM EG WATER INJECTION IS INITIATED EARLY IN THE

DEVELOPMENTSCHEDULE THE FIELD DEVELOPMENTPLAN WOULD INCORPORATESECONDARY

RECOVERY IN THE PRODUCING SYSTEM AND PROCESSPROCES EQUIPMENT DESIGN SINCE RETRO

FITTING FOR SECONDARY RECOVERY PROGRAM COULD BE EXCEEDINGLYEXPE

OUR IDEALIZED 365 MILLION BARRELSBARREL FIELDSFIELD THEREFORE COVER 6080 ACRESACRE WELL

SPACING THEREFORE WORKSWORK OUT TO LITTLE UNDER 160 ACRESACRE PER WELL
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TABLE AI

MAXIMUM AREA REACIED WITH

WELLSWELL FROM

DEPTH OF MAXIMUM RECOVERY PER PLATFORM

RESERVOIR MAXIMUM AREA S2H 3S

SQUARE 30000 60000 90000
UH UH UH UH UH UH

763 2500 025 162 66 49 97 146
1525 5000 39 2510 1016 753 1506 2259

2286 7500 117 7503 3036 2251 4502 6753

3000 10000 20 13000 5000 390 730 1190

NOTESNOTE

MAXIMUM ANGLEOF DEVIATION ASSUMED TO BE 60 DEGREESDEGREE WITH KICKOFF POINT
AT DEPTH OF 150 METERSMETER 500 FEET THISTHI POINT IS NOT LIKELY TO BE MORE
SHALLOW THAN THISTHI

SEE DIRECTIONAL DRILLING CHART FIGURE 38 FOR GEOMETRY BELOW KICKOFF
POINT

ASSUMESASSUME SECONDARYRECOVERY

FOR SHALLOW RESERVOIRSRESERVOIR THE AREA OF COVERAGE IS VERY SENSITIVE TO THE
DEPTH OF THE KICKOFF POINT

RESERVOIR DEPTH EVALUATED IN THISTHI STUDY THISTHI IS NEAR THE LIMIT OF HORI
ZONTAL REACH FOR DIRECTIONAL DRILLING THE AREA AND RECOVERY MAXIMUMSMAXIMUM ARE

THEREFORE ONLY APPROXIMATE AND WILL NOT CHANGEWITH FURTHER INCREASESINCREASE IN
DEPTH

SOURCE DAMESDAME MOORE
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AN ASSUMPTION ON RANGE OF RECOVERABLE RESERVESRESERVE PER ACRE IS REQUIRED FOR

THISTHI STUDY AS GENERALINDICATION OF THE POTENTIAL AREAL EXTENT OF FIELD

FOR GIVEN ASSUMED RESERVE OR FIELD SIZE ASSUMING SIMPLE RESERVOIR

GEOMETRY THISTHI ASSUMPTION IN COMBINATION WITH RESERVOIR DEPTH AND WELL

PRODUCTIVITY ALLOWSALLOW AN ESTIMATE OF THE NUMBER OF PRODUCINGSYSTEMSSYSTEM AND WELLSWELL

REQUIREDTO DRAIN GIVEN FIELD CASE PRODUCINGSYSTEM IE

FEWEST PRODUCING SYSTEMSSYSTEM INSOFAR AS RESERVOIR GEOMETRYWOULD PROBABLYOCCUR

IN THE CASE OF SIMPLE ANTICLINE OBVIOUSLY COMPLEX FAULTED RESERVOIR

WITH THE SAME RESERVESRESERVE WOULD NECESSITATE DIFFERENT PRODUCINGSYSTEM CON

FIGURATION MORE SYSTEMSSYSTEM OR EVEN SUBSEA WELLSWELL IF THE INCREMENTAL RECOVERY

COULD NOT ECONOMICALLY JUSTIFY INVESTMENT IN AN ADDITIONAL SYSTEM SUBSEA

WELLSWELL MAY BE REQUIRED IN COMPLEXRESERVOIR TO DRAIN ISOLATED PORTIONSPORTION THAT

COULD NOT BE REACHED FROM DIRECTIONALLYDRILLEDWELLSWELL

11341 OIL

THE THREE BASIC PRODUCTIONPROFILE ASSUMPTIONSASSUMPTION ARE ABOUT 40 TO 45

PERCENT OF THE RESERVESRESERVE ARE CAPTURED DURING PEAK PRODUCTIONPRIOR TO THE

ONSET OF DECLINE NO MORE THAN 10 PERCENTOF TOTAL RESERVESRESERVE ARE CAPTURED

EACH YEAR OF PEAKPRODUCTIONAND DECLINE IS EXPONENTIALAT APPROXIMATELY

10 TO 15 PERCENTPER YEAR

THE TIMING OF PRODUCTIONSTARTUP AND BUILDUP TO PEAK IS GOVERNEDBY THE

NUMBER OF DEVELOPMENTWELLSWELL THE RESERVOIR DEPTH RATE OF WELL COMPLETION

AND NUMBERSNUMBER OF RIGSRIG ONE OR TWO OPERATING IN THE PLATFORM FOR THE NAVARIN

ANALYSISANALYSI PRODUCTIONIS ASSUMED TO COMMENCE IN THE SIXTH YEAR AFTER THE

DECISION TO DEVELOP AND STEPSSTEP UP TO PEAK AS FUNCTION OF WELL COMPLETION

RATE NUMBERSNUMBER OF WELLSWELL AND FIELD SIZE IN THE TENTH YEAR AFTER DECISION TO

DEVELOP OFFSHORE LOADINGPLATFORMSPLATFORMTAKE AN EXTRA YEAR TO COMPLETEAND DELAY

PRODUCTIONFOR ONE YEAR

A20



WHILE RECOGNIZINGTHE COMPLEXRESERVOIR DYNAMICSDYNAMIC RELATED TO THE PRODUCTIONOF

ASSOCIATED GAS THE ECONOMIC MODEL REQUIRESREQUIRE THE ANALYTICAL SIMPLIFICATION OF

CONSTANT RATIO OF ASSOCIATED GAS TO OIL PRODUCTION AT THE ASSUMED GASOIL
RATIO GOR THUSTHU AN INITIAL GOR OF 500 STANDARD CUBIC FEET OF GAS PER
BARREL OF OIL FOR EXAMPLE IS MAINTAINED THROUGHOUTTHE LIFE OF THE FIELD

11343

THE PRINCIPAL PRODUCTION ASSUMPTIONSASSUMPTION CONCERNINGNONASSOCIATED GAS PRODUC
TION ARE ABOUT 75 PERCENT OF THE RESERVESRESERVE ARE CAPTURED DURING PEAK
PRODUCTION AND DECLINE IS EXPONENTIAL AND RAPID THEREAFTER THE

FACTORSFACTOR AFFECTINGPRODUCTIONTIME ARE ESSENTIALLYTHE SAME AS THOSE FOR OIL
THE MAIN DIFFERENCE IS THAT PEAK GAS PRODUCTION GENERALLY OCCURSOCCUR EARLIER

BECAUSE FEWER WELLSWELL ARE REQUIRED TYPICALLY GAS FIELD PRODUCTIONCOMMENCESCOMMENCE

IN THE FIFTH YEAR AFTER THE DECISION TO DEVELOPAND PEAK COMMENCESCOMMENCE IN THE

SEVENTH OR EIGHTH YEAR

1135 SIZE AND

THREE TYPESTYPE OF TRAPSTRAP OF ECONOMIC IMPORTANCEMAY BE PRESENT IN NAVARIN PRO
VINCE THESE ARE

CLOSED ANTICLINESANTICLINE OVER BASEMENT HIGHSHIGH

DOMESDOME OR CLOSED FOLDSFOLD WITH DIAPIRIC CORESCORE AND

STRATIGRAPHIC TRAPSTRAP OF EITHER BUTTRESSING CLASTIC UNITSUNIT

AGAINST NORMAL GROWTHFAULT SCRAPSSCRAP OR BASEMENT HIGHSHIGH OR DIS

CORDANT OVERLAP OF OLDER PERMEABLE STRATIGRAPHIC SEQUENCESSEQUENCE BY

YOUNGER IMPERMEABLEBEDSBED

NOTE THISTHI IS ESSENTIALLY PLATEAU IN THE PRODUCTION PROFILE WHERE GAS IS
PRODUCEDAT CONSTANT RATE FOR NUMBER OF YEARSYEAR IE PRODUCTIONAT PEAK
IS ESSENTIALLY

A2



ALL THREE POTENTIALTRAPSTRAP ARE VISIBLE ON THE USGSUSG SEISMIC LINESLINE THAT CROSSCROS

THE NAVARIN PROVINCE

AT LEAST ONE VERY LARGE HIGH ANGLEFAULT EXISTSEXIST IN THE SOUTH BASIN

POTENTIAL STRATIGRAPHICTRAPSTRAP OF BUTTRESSINGSANDSSAND AGAINST PRETERTIARY

BASEMENT HIGHSHIGH ARE VISIBLE IN ALL BASINSBASIN OF THE NAVARIN PROVINCE

SUFFICIENT SEISMIC DATA WAS NOT AVAILABLE TO DETERMINE THE CLOSURE WHICH IS

NECESSARY TO DETERMINE FIELD SIZE

ASSUMING THAT NAVARIN PROVINCETRAPSTRAP WILL BE HYDROCARBONBEARING AND ASSUM

ING SEISMIC DATA WERE AVAILABLE TO IDENTIFY STRUCTURESSTRUCTURE AND ESTIMATE THE AREASAREA

OF CLOSURE ETC THE ALL IMPORTANT ECONOMIC PROBLEMWOULD BE THE PREDICTION

OF PERCENTFILLUP THE APPROACHUSED TO PREDICTFILLUP WOULD BE AN ANALOGY

BASED ON STATISTICAL COMPARISONSCOMPARISON WITH KNOWN PRODUCTIVEPACIFIC MARGIN BASINSBASIN

IT SHOULD BE EMPHASIZED HOWEVER THAT ANY ANALOGICALAPPROACHTO PREDICTION

OF PETROLEUMRESOURCESRESOURCE IS EXTREMELY HAZARDOUSHAZARDOU EACH BASIN IS UNIQUE ONE

CRITICAL DIFFERENCE IN GEOLOGICPARAMETERSPARAMETER CAN COMPLETELYNEGATE THE EFFECT

OF MANY SIMILARITIESSIMILARITIE

FACTORSFACTOR AFFECTING PERCENT FILLUP ARE THE RICHNESSRICHNES OF THE SOURCE ROCK AND

QUALITY OF RESERVOIR ROCK IN ADDITION TRAP DENSITY IS ALSO AN IMPORTANT

FACTOR GENERALLY THE GREATER THE TRAP DENSITY THE SMALLER THE FILLUP

AS EXAMPLESEXAMPLE THE AVERAGE PERCENT FILLUP OF PRODUCTIVE CLOSURESCLOSURE IN THE

PACIFIC MARGIN LOS ANGELESANGELE AND VENTURA BASINSBASIN ARE 40 AND 15 PERCENT FULL

RESPECTIVELY

UNFORTUNATELY THERE IS NO RELIABLE WAY TO ESTIMATE PERCENT FILLUP IN THE

NAVARIN PROVINCE BASED ON DATA FROM AROUND THE PACIFIC MARGIN WE ASSUME

THAT FILLUP IN EXCESSEXCES OF 50 PERCENT WOULD BE THE EXCEPTION IN THE NAVARIN

BASIN IN ESTIMATING POTENTIAL RESERVESRESERVE OF THISTHI BASIN ONLY THOSE AREASAREA

LYING WITHIN THE 50 PERCENT FILL CONTOUR SHOULD BE CONSIDERED WITH 30

PERCENTFILLUP CONSIDERED AS AVERAGE
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THE FIELD SIZESSIZE SELECTED FOR ECONOMIC SCREENINGWERE CONSISTENT WITH OR

REFLECT THE FOLLOWINGFACTORSFACTOR

US GEOLOGICALSURVEY RESOURCESRESOURCE ESTIMATESESTIMATE

GEOLOGYDISCUSSED ABOVE WHICH INDICATESINDICATE THAT GIANT FIELDSFIELD

BILLION BARRELSBARREL OR MORE ARE POSSIBILITY AND

ANTICIPATED ECONOMIC CONDITIONSCONDITION AND THE REQUIREMENT TO EXAMINE

REASONABLE RANGE OF ECONOMIC SENSITIVITIESSENSITIVITIE

THE FIELD SIZESSIZE EVALUATED IN THISTHI STUDY THEREFORERANGEDFROM 365 MILLION
BARRELSBARREL TO 18 BILLION BARRELSBARREL FOR OIL AND 14 TRILLION CUBIC FEET FOR
NONASSOCIATED GAS IT SHOULD BE NOTED THAT ONCE NUMBER OF FIELD SIZESSIZE

WITH CERTAIN RESERVOIR CHARACTERISTIC AND MATCHED ENGINEERING HAVE BEEN

EVALUATED MINIMUM ECONOMIC FIELD SIZESSIZE CAN BE CALCULATED BY THE MODEL

THEREFORE REASONABLE RANGE OF FIELD SIZESSIZE TO BE SCREENED IS IMPORTANT
RATHER THAN THE ACTUAL FIELD SIZE DISTRIBUTION

ALLOCATION OF THE US GEOLOGICALSURVEYGAS RESOURCE
ESTIMATE BETWEEN ASSOCIATED AND NONASSOCIATED AND
GASOIL RATIO GOR

TO DEVELOPMANPOWER AND FACILITY REQUIREMENTSREQUIREMENT CORRESPONDINGTO THE US

GEOLOGICALSURVEYMEAN GAS ESTIMATESESTIMATE WE FOLLOWED THE USGSUSG ASSUMPTION ABOUT

THE ALLOCATION OF THE GAS RESOURCE BETWEEN ASSOCIATED AND NONASSOCIATED FOR

THE STATISTICAL MEAN RESOURCE ESTIMATE OF 75 PERCENT NONASSOCIATED25

PERCENT ASSOCIATED MARLOWET AL 1979
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IQ TECHNOLOGY AND TECHNICAL ASSUMPTIONSASSUMPTION

1111

THISTHI SECTION OUTLINESOUTLINE THE TECHNICAL AND TECHNOLOGYASSUMPTIONSASSUMPTION BEHIND THE

ECONOMIC ANALYSISANALYSI THE PRINCIPAL AIM OF WHICH WAS TO EVALUATE THE RELATION

SHIPSSHIP AMONG THE ENGINEERING STRATEGIESSTRATEGIE THAT MAY BE ADOPTED TO DEVELOP

NAVARIN BASIN OIL AND GAS RESOURCESRESOURCE AND THE MINIMUM FIELD SIZESSIZE REQUIREDTO

JUSTIFY EACH TECHNOLOGYAS FUNCTION OF GEOLOGICCONDITIONSCONDITION IN THE SALE

AREA

SYSTEMSSYSTEM SELECTED FOR ECONOMIC

BASED UPON THE RESULTSRESULT OF THE PETROLEUMTECHNOLOGYASSESSMENT CHAPTER 30

THE FOLLOWING PRODUCTIONSYSTEMSSYSTEM WERE SELECTED FOR ECONOMIC SCREENING

SINGLE STEEL PLATFORMSPLATFORM WITH SHARED OR UNSHARED PIPELINESPIPELINE TO AND

TERMINALSTERMINAL ON ST MATTHEW ISLAND ANDOR GAS OIL PRODUCTION

CONCRETE GRAVITY PLATFORMWITH ONPLATFORM OIL STORAGE OFFSHORE

LOADING TO TANKERSTANKER SHUTTLING TO AN ALEUTIAN TRANSSHIPMENTTERMINAL

OIL PRODUCTION

SINGLE STEEL PLATFORMWITH ONPLATFORMGAS LIQUIFICATION FACILITIESFACILITIE

OFFSHORE LOADING TO LNG TANKERSTANKER BOUND FOR THE WEST COAST GAS

PRODUCTION

11 DISTANCESDISTANCE AND TRANSPORTATION

DISTANCESDISTANCE FROM POTENTIAL DISCOVERY SITESSITE TO THE POTENTIAL SHORE TERMINAL

SITESSITE ARE DESCRIBED IN CHAPTER40 BASED ON THESE DISTANCESDISTANCE THE FOLLOWING

PIPELINE DISTANCESDISTANCE WERE SELECTED FOR ECONOMIC EVALUATION ST MATTHEW

TERMINAL 240 KILOMETERSKILOMETER 150 MILESMILE AND ST PAUL TERMINAL 480 KILO

METERSMETER 300 MILESMILE
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1114 TECHNICAL

11

CONSIDERATIONSCONSIDERATION AND

BASED ON RESERVOIR DEPTHSDEPTH INITIAL WELL PRODUCTIVITY AND RECOVERABLE

RESERVESRESERVE PER ACRE THERE WILL HAVE TO BE ENOUGHWELLSWELL TO MEET THESE PRODUC
TION CRITERIA

PRODUCE ABOUT 10 PERCENTOF RESERVESRESERVE EACH YEAR FOR PEAK PRODUCTIONAT

SPACINGGENERALLYBETWEEN 80 AND 160 ACRESACRE

ALLOW EXHAUSTION OF RECOVERABLE RESERVESRESERVE WITHIN 20 25 YEARSYEAR

WELL SPACINGSSPACING CONSISTENT WITH INDUSTRYPRACTICE REFLECTINGMAXIMUM EFFI

CIENCY RATESRATE AND VARYING AS FUNCTION OF INITIAL WELL PRODUCTIVITY
RECOVERABLE RESERVESRESERVE PER ACRE RESERVOIR DEPTH AND NUMBERSNUMBER OF WELLSWELL ARE

IMPLICIT IN TABLE AI TABLE AI INDICATESINDICATE THE MAXIMUM NUMBER OF PRODUCTION
WELLSWELL THAT CAN BE HOUSED ON PLATFORM FOR WELL SPACINGSSPACING OF 80 AND 160 ACRESACRE

BASED ON INDUSTRYPRACTICESPRACTICE IN THE UPPER COOK INLET WELL SPACING FOR THE

NAVARIN BASIN OIL FIELDSFIELD COULD RANGE BETWEEN 40 160 ACRESACRE PER WELL

IN SHALLOW RESERVOIRSRESERVOIR WITH LOW IP WELLSWELL SPACINGMAY BE AS LOW AS 40 ACRESACRE

THE OIL WELLSWELL IN MCARTHUR RIVER FIELD IN UPPER COOK INLET FOR EXAMPLE ARE

NOW COMPLETEDWITH 80ACRE SPACING ALTHOUGHTHE ORIGINAL SPACING WAS 160

ACRESACRE THISTHI WAS REDUCED BY INFILLING AS FIELD DEVELOPMENT PROCEEDED

AT PRUDHOE BAY HIGH PRODUCTION IS CURRENTLY COMINGFROM WELLSWELL ON MODERATE

SPACINGIN THISTHI UNITIZED FIELD ULTIMATE WELL SPACINGAT PRUDHOE BAY MAY BE

LESSLES ALTHOUGHTHE ACTUAL RESERVOIR MANAGEMENTSTRATEGY WILL DEPEND UPON

RESERVOIR PERFORMANCE REASONABLE ASSUMPTION THEREFORE IS THAT STANDARD

INDUSTRYWELL SPACINGBETWEEN 80 AND 160 ACRE SPACING WILL BE ADOPTED FOR

NAVARIN BASIN OIL FIELDSFIELD OIL FIELDSFIELD MAY BE DEVELOPEDINITIALLY ON 160ACRE

SPACINGBUT SUBSEQUENTLYREDUCED BY INFILLING TO 80ACRE SPACING
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AS NOTED IN PREVIOUSPREVIOU SCENARIO STUDIESSTUDIE WELL SPACINGIN ALASKA FRONTIER AREASAREA

IS LIKELY TO BE SET BY THE MARKET DEMAND FOR GAS OR FRONTIER CONSTRAINTSCONSTRAINT ON

THE ABILITY TO CONVERT GAS TO LNG RATHER THAN BY INDUSTRY DESIRE TO MAXIMIZE

RECOVERY CONSISTENT WITH RESERVOIR ENGINEERINGAND PETROLEUMGEOLOGY

WELL SPACING UP TO 1200 ACRESACRE MAY ALLOW SUFFICIENT GAS PRODUCTIONTO RUN

POTENTIAL LNG CAPACITY WELL SPACING IN THE USUAL US RANGE OF 160 320

ACRESACRE MAY HAVE LITTLE RELEVANCE TO GAS PRODUCERSPRODUCER IN THE NAVARIN BASIN IF

THERE IS LIMITED MARKET FOR GAS

111413

CERTAIN NUMBER OF WELLSWELL IN FIELD ARE NONPRODUCINGWELLSWELL THESE WELLSWELL MAY

BE WATER INJECTION WELLSWELL REQUIRED AS PART OF SECONDARYRECOVERY PROGRAM

ABANDONED WELLSWELL AND GAS INJECTION WELLSWELL DRILLED EITHER AS PART OF

PRESSURE MAINTENANCE PROGRAM OR BECAUSE THERE WAS NO MARKET FOR ASSOCIATED

GAS AS IN PREVIOUSPREVIOU STUDIESSTUDIE WE HAVE ASSUMED THAT WELL ALLOWANCESALLOWANCE WILL BE

ONE IN FIVE WELLSWELL THISTHI IS CONSISTENT WITH EXPERIENCE IN PRODUCING FIELDSFIELD

ALTHOUGHTHE RATIO MAY BE AS HIGH AS 13 IN OUR ANALYSISANALYSI WE HAVE ASSUMED

EARLY INITIATION OF SECONDARYRECOVERY PROGRAM HOWEVER IT SHOULD BE

EMPHASIZED THAT THE NUMBER OF NONPRODUCINGWELLSWELL WILL VARY CONSIDERABLYWITH

RESERVOIR CHARACTERISTICSCHARACTERISTIC AND RESERVOIR MANAGEMENTPROGRAM WELL ALLOWANCESALLOWANCE

ARE FACTORED INTO THE ECONOMIC AND MANPOWER ANALYSESANALYSE

11142 COMPLETION

111421

AS INDICATED IN THE PETROLEUMGEOLOGYREVIEW THE DEPTH TO BASEMENT VARIESVARIE

CONSIDERABLY ACROSSACROS THE NAVARIN AREA FROM LESSLES THAN 1500 METERSMETER 5000 FEET

ON THE FLANKSFLANK OF THE BASIN TO WELL OVER 10000 METERSMETER 33000 FEET IN THE

INTERIOR PORTIONSPORTION PROSPECTIVE RESERVOIRSRESERVOIR PROBABLYLIE AT DEPTHSDEPTH RANGING

FROM LESSLES THAN 1500 METERSMETER 5000 FEET TO ABOUT 7500 METERSMETER 25000 FEET

CONSEQUENTLYOTHER FACTORSFACTOR APART THERE WILL BE CONSIDERABLE VARIATION
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IN THE COMPLETION SCHEDULESSCHEDULE OF EXPLORATORYWELLSWELL BASED UPON DRILLING
EXPERIENCE IN THE OTHER OCS AREASAREA MEDIUM TO DEEP EXPLORATORYWELLSWELL CAN BE

EXPECTEDTO TAKE TO MONTHSMONTH TO DRILL ACTUAL SCHEDULESSCHEDULE WILL VARY
ING TO GEOLOGICCONDITIONSCONDITION TESTING REQUIREMENTSREQUIREMENT AND TECHNICAL DIFFICULTIESDIFFICULTIE
FOR THE PURPOSESPURPOSE OF MANPOWER ESTIMATION AND ANALYTICAL SIMPLIFICATION WE

HAVE ASSUMED THAT EXPLORATORYAND DELINEATION DRILLING AVERAGESAVERAGE MONTHSMONTH PER

WELL

POTENTIAL RESERVOIR DEPTHSDEPTH RANGE FROM 917 4572 METERSMETER 3000 15000
FEET SINCE MOST OF THE DEVELOPMENTWELLSWELL WILL BE DRILLED DIRECTIONALLY
FROM PLATFORMSPLATFORM THEIR ACTUAL LENGTH MEASURED DEPTH WILL BE GREATER
DIRECTIONAL WELLSWELL DRILLED INTO THE SADLEROCHIT RESERVOIR 2400 2800
METERSMETER OR 8000 9000 FEET AT PRUDHOE BAY TAKE AN AVERAGE OF 30 DAYSDAY TO

DRILL WE WILL ASSUME 60 DAYSDAY FOR THE 3000METER 10000FOOT RESERVOIRSRESERVOIR

ASSUMED IN THE NAVARIN BASIN ANALYSISANALYSI WELLSWELL DRILLED FROM OFFSHORE PLATFORMSPLATFORM
MAY BE DRILLED ON THE BATCH PRINCIPLE
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IV ECONOMIC ANALYSISANALYSI

WE HAVE ADOPTED THE SAME ECONOMIC ASSUMPTIONSASSUMPTION MADE FOR OUR RECENTLY

COMPLETEDST GEORGEBASIN STUDY AS DESCRIBED IN APPENDIX SECTION IV OF

THAT FINAL REPORT EXCEPT FOR CHANGESCHANGE IN PRICESPRICE AND COSTSCOST NO FACTORSFACTOR HAVE

CHANGEDSINCE COMPLETIONOF THAT STUDY THAT WOULD WARRANT ANY CHANGESCHANGE IN OUR

ECONOMIC ASSUMPTIONSASSUMPTION

IN KEEPING WITH OUR EARLIER ANALYSESANALYSE OF ST GEORGEAND NORTH ALEUTIAN

BASINSBASIN THE NAVARIN ECONOMIC ANALYSISANALYSI DOESDOE NOT REFLECT THE SIGNIFICANT COST

INFLATION THAT COULD OCCUR AS RESULT OF EQUIPMENTBOTTLENECKSBOTTLENECK RESULTING

FROM THE PROLIFERATIONOF OCS LEASE SALE ACTIVITY IN THE BERING SEA OUR

STUDIESSTUDIE HAVE BEEN MANDATED TO EVALUATE EACH SALE INDIVIDUALLY AND IN ISOLA

TION THE COMBINED OR CUMULATIVE ECONOMIC SOCIOECONOMIC AND INFRASTRUCTURE

AFFECTSAFFECT OF SEVERAL CLOSELYSPACED CHRONOLOGICALLY LEASE SALESSALE ARE NOT

REFLECTED

OUR ECONOMIC ASSUMPTIONSASSUMPTION FOR NAVARIN MORE DETAILED BACKGROUNDFOR

THESE ARE DISCUSSED IN APPENDIX OF THE FINAL ST GEORGEBASIN REPORT ARE

SUMMARIZED BELOW

VALUESVALUE OF WE HAVE ASSUMED AN TO 12 PERCENT DISCOUNT

RATE BRACKET AFTERTAX REAL HURDLE RATESRATE CONSTANT 1981 DOLLAR

PRICESPRICE AND COSTSCOST ARE USED

THE VALUE OF OIL IN THE ALEUTIAN IS 3200

WHICH IS 450 HIGHER THAN THE PRICESPRICE USED FOR EARLIER 1980

STUDIESSTUDIE OF BERING SEA LEASESLEASE THISTHI ASSUMESASSUME EXISTING LOW 1982 CRUDE

OIL PRICESPRICE WILL RECOVER IN REAL TERMSTERM BY THE TIME THE NAVARIN

DEVELOPMENTBEGINSBEGIN

GAS THE VALUE OF GAS IS ASSUMED TO BE 615 PER

MCF LAIDIN AT CALIFORNIA PORT THISTHI PRICE IS BASED ON AN EQUI

VALENT VALUE PER BTU OF DIESEL OIL 35 PER BARREL UNLIKE EARLIER
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ANALYSESANALYSE THE CALIFORNIA RATHER THAN THE NETBACK ALASKA VALUE

IS USED IN THISTHI STUDY THISTHI WAS DONE BECAUSE THE GAS IS ASSUMED TO

BE LIQUIFIED OFFSHORE IN THE NAVARIN AND TRANSPORTEDBY DEDICATED

TANKERSTANKER DIRECT TO MARKET

INCOME TAX WE HAVE ASSUMED RATIO OF 46 PERCENT OF

TAXABLE INCOME AFTER VARIOUSVARIOU DEDUCTIONSDEDUCTION

WE HAVE ASSUMED 1623 PERCENTOF THE VALUE OF PRODUCTION

CREDITSCREDIT DEPRECIATION AND INVESTMENT TAX CREDITSCREDIT OF

10 PERCENT APPLY TO TANGIBLE INVESTMENTSINVESTMENT DEPRECIATION OF TANGIBLE
INVESTMENTSINVESTMENT ARE CALCULATED BY THE UNITSOFPRODUCTION METHOD NO

DEPLETION IS ALLOWED OVER THE PRODUCTION LIFE OF THE FIELD BONUSBONU

AND LEASE EXPENSESEXPENSE ARE TREATED AS SUNK COSTSCOST AND ASSUMED AWAY FOR

THE DEVELOPMENTDECISION ANALYSISANALYSI

OF INVESTMENT AS INTANGIBLE EXPENSESEXPENSE ARE WRITTEN OFF

AS INTANGIBLE DRILLING COSTSCOST TO THE MAXIMUM EXTENT PERMISSIBLE BY
LAW EXPENSESEXPENSE INCURRED BEFORE PRODUCTIONARE ASSUMED TO BE EXPENSED

AGAINST OTHER CASH FLOWSFLOW OF THE PRODUCER

THE ALLOCATION OF TANGIBLE INVESTMENT COSTSCOST VARIESVARIE WITH THE COM

PONENT PARTSPART OF OFFSHORE DEVELOPMENT 5050 SPLIT BETWEEN TANG
IBLE AND INTANGIBLE OFFSHORE DEVELOPMENTCOSTSCOST IS USED IN THISTHI

ANALYSISANALYSI

CONTINUOUSCONTINUOU DISCOUNTINGOF CASH FLOW IS ASSUMED

TO BEGIN WHEN THE FIRST DEVELOPMENT INVESTMENT IS MADE THISTHI

ASSUMESASSUME THAT TIME LAGSLAG AND COSTSCOST FOR PERMITSPERMIT ETC FROM THE TIME OF

FIELD DISCOVERY TO INITIAL DEVELOPMENT INVESTMENT ARE EXPENSED

AGAINST CORPORATE OVERHEAD THISTHI IS CRITICAL ASSUMPTIONTHAT

REMOVESREMOVE 12 TO 36 MONTHSMONTH OF DISCOUNTINGFROM THE ULTIMATE CASH FLOW

AND MAKESMAKE MINIMUM FIELD SIZESSIZE CALCULATED SMALLER THAN IF THE LAGSLAG

WERE INCLUDED INVESTMENT SCHEDULESSCHEDULE ARE FURTHER DISCUSSED IN

APPENDIX OF THISTHI REPORT
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APPENDIX

FIELD DEVELOPMENT COMPONENT COSTSCOST AND SCHEDULESSCHEDULE

DATA BASE

THISTHI APPENDIX PRESENTSPRESENT COST ESTIMATESESTIMATE FOR THE FIELD DEVELOPMENTAND OPERATING
USED IN THE ECONOMIC ANALYSISANALYSI EXPLORATIONCOSTSCOST ARE NOT INCLUDED SEE
DISCUSSION IN APPENDIX THE COST ESTIMATESESTIMATE GIVEN IN THISTHI APPENDIX WERE

DEVELOPEDBY ENGINEERINGSTAFF OF SANTA FE ENGINEERINGSERVICESSERVICE CO AND

SUPPLEMENTEDBY DAMESDAME MOORE

SEVERAL IMPORTANT QUALIFICATIONSQUALIFICATION NEED TO BE DISCUSSED WITH RESPECT TO ESTI

MATING PETROLEUMFACILITY AND EQUIPMENT COSTSCOST FOR FRONTIER AREASAREA SUCH AS THE

NAVARIN BASIN PREDICTIONSPREDICTION ABOUT THE COSTSCOST OF PETROLEUM DEVELOPMENTIN
FRONTIER AREASAREA WHERE NO EXPLORATIONHAS YET OCCURREDCAN BE RISKY OR EVEN

SPURIOUSSPURIOU SUCH PREDICTIONSPREDICTION RELY ON EXTRAPOLATION OF COSTSCOST FROM KNOWN PRO

DUCING AREASAREA SUITABLY MODIFIED FOR LOCAL GEOGRAPHICECONOMIC AND ENVIRON

MENTAL CONDITIONSCONDITION FURTHER COST PREDICTIONSPREDICTION REQUIRE IDENTIFICATION OF

PROBABLETECHNOLOGIESTECHNOLOGIETO DEVELOP PRODUCE AND TRANSPORTOCS OIL AND GAS NO

OFFSHORE AREA DEVELOPED TO DATE HAS THE PARTICULAR COMBINATION OF WAVESWAVE

SEAICE WATER DEPTHSDEPTH SEISMICITY AND REMOTENESSREMOTENES THAT CHARACTERIZE THE

NAVARIN AS SUCH THERE IS LITTLE OR NO ENGINEERINGAND DIRECT COST EX

PERIENCE UPON WHICH TO MAKE THESE COST ESTIMATESESTIMATE

PETROLEUM DEVELOPMENTCOST DATA ARE BASED ON EITHER DIRECT COST EXPERIENCE OF

PROJECTSPROJECT IN CURRENT PRODUCINGAREASAREA SUCH AS THE GULF OF MEXICO AND NORTH SEA
OR PROJECTIONSPROJECTION BASED UPON EXPERIENCE ELSEWHERE MODIFIED FOR THE TECHNICAL AND

ENVIRONMENTAL CONSTRAINTSCONSTRAINT OF THE FRONTIER AREA FOR SUBARCTIC AND ARCTIC

AREASAREA FACILITY COST PROJECTIONSPROJECTION MAY INVOLVE ESTIMATESESTIMATE FOR NEW TECHNOLOGIESTECHNOLOGIE
CONSTRUCTION TECHNIQUESTECHNIQUE ETC THAT HAVE NO BASE OF PREVIOUSPREVIOU EXPERIENCE EG
OFFSHORE LNG IT SHOULD BE EMPHASIZED THAT INDEPTH RESEARCH ON PRODUCTION

TECHNOLOGIESTECHNOLOGIE AND RELATED COSTSCOST FOR THE BERING SEA BASINSBASIN HAS BEGUNONLY IN

RECENT YEARSYEAR
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THE APPROACH IN THISTHI STUDY INVOLVED COST ESTIMATING BY PETROLEUM DRILLING

PIPELINE AND MARINE ENGINEERSENGINEER IN THE COURSE OF EARLIER ALASKA OCS STUDIESSTUDIE

ON THE GULF OF ALASKA DAMESDAME MOORE 1979A AND LOWER COOK INLET DAMESDAME

MOORE 1979C AND NORTON SOUND DAMESDAME MOORE 1980 CONSIDERABLE DATA

BASE ON PETROLEUMFACILITY COSTSCOST FOR OFFSHORE AREASAREA WAS OBTAINED THAT PRO

VIDED SUPPLEMENTALINFORMATION FOR THISTHI STUDY THOSE DATA WERE BASED ON

PUBLISHED LITERATURE INTERVIEWSINTERVIEW WITH OIL COMPANIESCOMPANIE CONSTRUCTION COMPANIESCOMPANIE

AND GOVERNMENTAGENCIESAGENCIE INVOLVED IN OCS RESEARCH

IN ADDITION TO THE DIFFICULTIESDIFFICULTIE IN OBTAINING RELEVANT AND COMPARABLECOST

DATA WHICH APPLIED AS WELL TO OUR EARLIER BERING SEA STUDIESSTUDIE LEASE SALESSALE

THE EXTREME REMOTENESSREMOTENES OF THE NAVARIN FROM SHORE FACILITIESFACILITIE IMPOSED EVEN

GREATER COST ESTIMATION UNCERTAINTIESUNCERTAINTIE AS RESULT NAVARIN COST ESTIMATESESTIMATE

ARE EVEN MORE SPECULATIVETHAN THE EARLIER STUDIESSTUDIE WHERE PRIMARYSOURCE

DATA WERE UNAVAILABLE PARTICULARLY IN THE CASE OF GAS PRODUCTION COST

ESTIMATESESTIMATE WERE OBTAINED FROM RECENT PUBLICATIONOF THE NATIONAL PETROLEUM

COUNCIL ENTITLED ARCTIC OIL AND DECEMBER1981

B2



COST AND FIELD DEVELOPMENT SCHEDULE UNCERTAINTIESUNCERTAINTIE

AS EXPLAINED IN CHAPTERSCHAPTER 10 AND 60 OF THISTHI REPORT THE PURPOSE OF THE

ECONOMIC ANALYSISANALYSI IS NOT TO EVALUATE SITESPECIFIC PROSPECT WITH RELA

TIVELY WELLKNOWN RESERVOIR AND HYDROCARBONCHARACTERISTICSCHARACTERISTIC BUT TO BRACKET

THE DEVELOPMENT ECONOMICSECONOMIC OF THE LEASE AREA WHICH COMPRISESCOMPRISE NUMBER OF

PROSPECTSPROSPECT THAT WILL HAVE RANGE OF RESERVOIR AND HYDROCARBON

TICSTIC THISTHI REQUIRESREQUIRE SET OF ASSUMPTIONSASSUMPTION ON RESERVOIR AND HYDROCARBON

CHARACTERISTICSCHARACTERISTIC AND TECHNOLOGY SEE APPENDIX THE FACILITIESFACILITIE COST

DATA PRESENTED IN TABLESTABLE BI THROUGHB9 PRESENT THESE ASSUMPTIONSASSUMPTION

IT SHOULD BE EMPHASIZED THAT FIELD DEVELOPMENTCOSTSCOST ACTUALLY VARY CONSIDER

ABLY EVEN FOR FIELDSFIELD WITH SIMILAR RECOVERABLE RESERVESRESERVE PRODUCTION SYSTEMSSYSTEM

AND ENVIRONMENTAL SETTING SOME OF THE IMPORTANTFACTORSFACTOR IN THISTHI VARIABILITY

ARE RESERVOIR CHARACTERISTICSCHARACTERISTIC QUALITY OF THE HYDROCARBONSTREAM DISTANCE TO

SHORE PROXIMITY OF OTHER FIELDSFIELD AND LEAD TIME FROM DISCOVERY TO FIRST

PRODUCTION FOR EXAMPLE PLATFORM PROCESSINGEQUIPMENT COSTSCOST VARY SIGNIFI

CANTLYWITH RESERVOIR CHARACTERISTICSCHARACTERISTIC INCLUDINGDRIVE MECHANISM HYDROCARBON

PROPERTIESPROPERTIE AND ANTICIPATED PRODUCTION PERFORMANCE ANALYTICAL SIMPLIFICA

TION HOWEVER REQUIRESREQUIRE THAT COSTSCOST VARY WITH THROUGHPUTWHILE THE OTHER

PARAMETERSPARAMETER ARE FIXED BY ASSUMPTION IN ORDER TO FOCUSFOCU ON THE KEY DEVELOPMENT

ISSUESISSUE AND KEEP THE ANALYSISANALYSI MANAGEABLENOT ALL THESE ECONOMIC SENSITIVITIESSENSITIVITIE

CAN BE ACCOMMODATED

OTHER FACTORSFACTOR SUCH AS MARKET CONDITIONSCONDITION ALSO PLAY ROLE IN FIELD DEVELOP

MENT COSTSCOST THE PRICE AN OPERATORPAYSPAY FOR STEEL PLATFORM FOR EXAMPLE

WILL BE INFLUENCED BY NATIONAL OR INTERNATIONAL DEMAND FOR STEEL PLATFORMSPLATFORM AT

THE TIME HE PLACESPLACE HIS ORDER AND WHETHER HE IS IN BUYERSBUYER OR

MARKET SIMILARLY OFFSHORE CONSTRUCTION COSTSCOST WILL BE INFLUENCED BY LEASE

RATESRATE FOR CONSTRUCTION AND SUPPORT EQUIPMENT LAY BARGESBARGE DERRICK BARGESBARGE

TUGSTUG ETC WHICH WILL VARY ACCORDINGTO THE LEVEL OF OFFSHORE ACTIVITY

NATIONALLY OR INTERNATIONALLY THERE MAY ALSO BE SIGNIFICANT DIFFERENCESDIFFERENCE IN

THE COST OF PLATFORMSPLATFORM FABRICATED IN THE UNITED STATESSTATE VERSUSVERSU OTHER COUNTRIESCOUNTRIE

SUCH AS JAPAN CURRENTLY ON THE US WEST COAST THE COST SAVINGSSAVING OF PLAT

FORMSFORM FABRICATED IN JAPAN MORE THAN OFFSET ADDITIONAL TRANSPORTATIONCOSTSCOST
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THE COSTSCOST PRESENTED IN TABLESTABLE BI THROUGH89 REFLECT OUR ESTIMATESESTIMATE OF THE

FACILITY AND EQUIPMENTCOSTSCOST BASED ON THE STATED SIMPLIFYING ASSUMPTIONSASSUMPTION

ALL THE COST FIGURESFIGURE ARE GIVEN IN I981 DOLLARSDOLLAR

BRIEFLY DISCUSSED BELOW ARE THE PRINCIPAL UNCERTAINTIESUNCERTAINTIE RELATINGTO THE COST

ESTIMATESESTIMATE FOR THE VARIOUSVARIOU FACILITY COMPONENTSCOMPONENT IMPORTANT ASSUMPTIONSASSUMPTION ARE

NOTED IN THE TABLESTABLE

111 FABRICATION AND INSTALLATION TABLE

COST ESTIMATESESTIMATE ARE PRESENTEDFOR TWO TYPESTYPE OF PLATFORMSPLATFORM STEEL JACKET AND

CONCRETE GRAVITY STRUCTURE IN WATER DEPTH REPRESENTATIVEOF THE HIGH

INTEREST AREASAREA OF NAVARIN BASIN THESE COSTSCOST INCLUDE DESIGN MANUFACTURE

TOWOUT AND INSTALLATION

IN ADDITION TO THE WATER DEPTH FOR STEEL PLATFORMSPLATFORM FACTORSFACTOR SUCH AS DESIGN

DECK LOAD AND NUMBER OF WELL SLOTSSLOT ALSO AFFECT COST FEWER THAN 32 WELLSWELL

MAY BE DIFFICULT TO JUSTIFY ECONOMICALLY WHILE GREATER THAN 48 BECOMESBECOME

DESIGN CONSTRAINT FOR THESE PLATFORMSPLATFORM FOR THISTHI GENERALESTIMATE WE FEEL

THAT THE DIFFERENCE IN COST ESTIMATESESTIMATE IS NOT THAT GREAT BETWEEN PLATFORMSPLATFORM

CONTAINING BETWEEN 32 AND 48 CONDUCTORSCONDUCTOR IN ESTIMATING PLATFORM COSTSCOST

PROCESSPROCES EQUIPMENT SPECIFICATIONSSPECIFICATION COULD HAVE BEEN CONSIDERED AS MORE APPROP

RIATE SIZEDECK LOAD INDEX THISTHI IS TRUE IN MANY CASESCASE HOWEVER FOR THE

PLATFORMSPLATFORM AND VARIOUSVARIOU DESIGN CRITERIA CONSIDERED THE DECK LOAD DOESDOE NOT

APPEAR TO BE PRINCIPAL COST FACTOR

112 PROCESSPROCES EQUIPMENT TABLESTABLE B2 AND

AS NOTED ABOVE OUR PLATFORM PROCESSINGEQUIPMENT COSTSCOST TABLESTABLE B2 AND B3

VARY WITH THROUGHPUTAND ASSUME THAT OTHER PARAMETERSPARAMETER ARE FIXED AS NOTED IN

THE TABLESTABLE

ALTHOUGHTHERE IS LITTLE DIFFERENCE IN COST RELATED TO THE DECISION TO PRODUCE

OR REINJECT ASSOCIATED GAS FOR THE RANGE OF FIGURESFIGURE AND TYPE OF CONSTRUCTION

WE HAVE ASSUMED THE MAJOR COST IS EQUIPMENT INSTALLATION NOT THE COST OF

HARDWARE
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AS THE GASOIL RATIO INCREASESINCREASE THE SIZE OF THE PRESSURE OR PRODUCTION
VESSELSVESSEL AND PIPELINESPIPELINE INCREASE LARGER MORE SOPHISTICATED EQUIPMENT IS

REQUIRED TO HANDLE THE GAS AT SOME POINT DEPENDINGON THE AMOUNT OF GAS

HANDLED THE AMOUNT OF ENTRAINED LIQUIDSLIQUID AND COSTSCOST IT BECOMESBECOME ECONOMICAL TO

TAKE THE NATURAL GAS LIQUIDSLIQUID STABILIZE THEM AND INJECT THISTHI STREAM INTO THE

OIL PIPELINE ASSOCIATED GAS MAY BE REINJECTED INTO THE RESERVOIR TO

MAINTAIN PRESSURE AND TO PROLONGTHE FLOWINGLIFE OF THE WELL IF NATURAL

GAS PRODUCTION IS NOT ECONOMICALLYFEASIBLE REINJECTION OF ASSOCIATED GAS IS

THE ONLY VIABLE SOLUTION TO THE FLARING BAN IMPOSEDUPON PRODUCINGFIELDSFIELD

ON OFFSHORE PLATFORMSPLATFORM SPACE REQUIREMENTSREQUIREMENTFOR LARGERPROCESSPROCES VESSELSVESSEL PIPE
LINESLINE AND THE INCREASED EQUIPMENT REQUIREMENTSREQUIREMENT FOR GAS PROCESSING USUALLY
WILL NOT DRAMATICALLY AFFECT THE PLATFORMCOSTSCOST

IN THE ECONOMIC ANALYSISANALYSI WE HAVE EVALUATED THE ECONOMICSECONOMIC OF ASSOCIATED GAS

PRODUCTIONASSUMINGTHE FIELDSFIELD HAVE HIGH GOR SEE CHAPTER60

THE COSTSCOST FOR PLATFORM PROCESSPROCES EQUIPMENT FOR SECONDARYRECOVERY PROGRAM

EG WATER INJECTION ARE MUCH REDUCED IF PLANNED FROM THE BEGINNING WHEN

WATER IS INJECTED SOME OF THE DRILLING SLOTSSLOT MUST BE USED THUSTHU REDUCINGTHE

NUMBER AVAILABLE FOR PRODUCTION AND IN TURN REDUCINGTHE PRODUCTION RATE

AND REVENUE FLOW ALSO MORE SPACE IS REQUIRED FOR EQUIPMENT HOWEVER

GIVEN THE PLATFORM DESIGNSDESIGN CONSIDERED THISTHI WOULD HAVE LITTLE EFFECT ON

OVERALL INSTALLED PLATFORMCOSTSCOST

WELLSWELL TABLE

PRODUCTION WELLSWELL ARE ASSUMED TO BE DRILLED FROM PLATFORMMOUNTED RIGSRIG
TWO RIGSRIG WOULD BE USED INTIALLY IN DEVELOPINGTHE SPECIFIED 365MILLION

BARREL OIL FIELDSFIELD THESE RIGSRIG ARE ABLE TO DRILL WELL EVERY 60 DAYSDAY FOR

TOTAL OF 12 WELLSWELL PER PLATFORM PER YEAR DURINGPRODUCTIONSTEPUP ONCE THE

INITAL DRILLING PERIOD IS OVER ONE RIG WOULD BE REMOVED WHILE THE SECOND

WOULD REMAIN ON THE PLATFORM FOR WORKOVERSWORKOVER
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GAS WELLSWELL ARE SIMILAR DESIGN AND COST TO OIL WELLSWELL SINCE FEWER WELLSWELL

ARE ASSUMED DRILLED FROM EACH PLATFORMONLY SINGLE RIG WOULD BE INSTALLED

ON EACH GAS PLATFORM

PIPELINESPIPELINE TABLE

THE COSTSCOST OF PIPELINESPIPELINE ARE PRESENTEDFOR 150 AND 300MILE LENGTHSLENGTH WHICH ARE

REPRESENTATIVEOF THE DISTANCE FROM THE CENTER OF THE NAVARIN BASIN TO ST

MATTHEW AND ST PAUL ISLANDSISLAND RESPECTIVELY THE COST PER MILE IS LOWER FOR

GIVEN DIAMETER FOR THE LONGER LINE SINCE THE MOBILIZATIONDEMOBILI

COST ARE AMORTIZED OVER MORE MILESMILE THE COST PER UNIT THROUGHPUTWILL BE

GREATER FOR THE LONGER ST PAUL PIPELINE HOWEVER SINCE LARGERDIAMETER

WOULD BE REQUIRED TO MINIMIZE PRESSURE LOSSESLOSSE SEE DISCUSSION IN SECTION

62 THE COSTSCOST IN TABLE ASSUME AN AVERAGE DEPTH OF 120 METERSMETER 400

FEET IF THE AVERAGE DEPTH WERE 90 OR 150 METERSMETER 300 OR 500 FEET THE

ABOVE COSTSCOST WOULD BE AFFECTED BY FACTOR OF APPROXIMATELY10 PERCENT PLUSPLU

OR MINUSMINU NO ONSHORE PIPELINESPIPELINE ARE ASSUMED TO BE REQUIRED

NATURAL GAS PIPELINESPIPELINE ARE USUALLY TRUNKLINESTRUNKLINE AS LARGE QUANTITIESQUANTITIE OF GAS

RESERVESRESERVE ARE REQUIRED TO PRODUCESUFFICIENT REVENUE TO PAY BACK THE CAPITAL

INVESTMENT

115 TERMINAL COSTSCOST TABLE

PARTICULAR UNCERTAINTY EXISTSEXIST REGARDINGCRUDE OIL TERMINAL COSTSCOST IN THE

MORE REMOTE AREASAREA OF ALASKA OIL TERMINAL COSTSCOST WILL VARY AS FUNCTION OF

THROUGHPUT QUALITY OF CRUDE UPGRADINGREQUIREMENTSREQUIREMENT OF CRUDE FOR TANKER

TRANSPORT TERRAIN AND HYDROGRAPHICCHARACTERISTICSCHARACTERISTIC OF THE SITE TYPE SIZE

AND FREQUENCYOF TANKERSTANKER AND MANY OTHER FACTORSFACTOR RUGGEDTERRAIN AND REMOTE

LOCATION WILL IMPOSE SIGNIFICANTLY GREATER COSTSCOST ON TERMINAL CONSTRUCTION

THAN SIMILAR PROJECT IN THE COOK INLET AREA OR LOWER 48 THERE IS

COST EXPERIENCE TO PROJECT TERMINAL COSTSCOST IN ALASKA EXCEPT COOK INLET AND

LY VALDEZ TERMINAL FURTHER AFIELD THERE IS THE NORTH SEA EXPERIENCE

OF THE RELATIVELY REMOTE FLOTTA AND SULLOM VOE TERMINALSTERMINAL LOCATED IN THE



ORKNEY AND SHETLAND ISLANDSISLAND RESPECTIVELY CONSEQUENTLYTHESE COSTSCOST ARE

MORE SPECULATIVE THAN MOST PRESENTED IN THISTHI REPORT

TWO STUDIESSTUDIE HAVE ADDRESSED THE ECONOMICSECONOMIC OF TERMINAL SITING AND MARINE TRANSTRAN

PORTATION OPTIONSOPTION IN THE BERING SEA GLOBAL MARINE ENGINEERING1977 AND

ENGINEERINGCOMPUTERSCOMPUTER OPTECONOMICSOPTECONOMIC 1977 THIRD STUDY ADDRESSINGTHESE

PROBLEMSPROBLEM WAS CONDUCTED FOR THE ALASKA OIL AND GAS ASSOCIATION AOGA AND IS

CURRENTLYPROPRIETARY

AS INDICATED IN TABLE B6 IT IS ASSUMED THAT THE BERINGSEA MARINE TERMINAL

COMBINESCOMBINE THE FUNCTIONSFUNCTION OF PARTIAL PROCESSINGFACILITY TO UPGRADECRUDE FOR

TANKER TRANSPORTAND STORAGEAND LOADINGTERMINAL IT IS ASSUMED THAT AN

ALEUTIAN ISLAND TERMINAL WOULD SERVE AS CI TRANSSHIPMENTFACILITY FOR

FIELDSFIELD THAT MAY EMPLOYOFFSHORE LOADING ANDOR TRANSSHIPMENT TERMI

NAL WHERE CRUDE FROM THE NORTHERN BERING SEA WOULD BE TRANSFERRED FROM

ICEREINFORCED TANKERSTANKER TO CONVENTIONAL TANKERSTANKER BOUND FOR THE LOWER 48 STATESSTATE

THE ALEUTIANSALEUTIAN TERMINAL INCLUDESINCLUDE THE COST OF DEEP WATER MOORINGFOR LOADING
VLCC TANKERSTANKER

116 ESTIMATESESTIMATE FOR TANKERSTANKER AND WORKBOATSWORKBOAT TABLE

PRODUCTION OF NAVARINSNAVARIN OIL AND GAS RESOURCESRESOURCE REQUIRESREQUIRE ICEREINFORCED OIL AND

LNG TANKERSTANKER AND ICEBREAKING WORKBOATSWORKBOAT TO REFLECT ECONOMICSECONOMIC OF SCALE

INHERENT IN OIL TANKER OPERATION COST FOR TWO SIZESSIZE OF TANKERSTANKER ARE ESTI

MATED THE 100000 TANKER IS USED FOR SINGLE FIELD CASESCASE WHILE THE

COSTSCOST FOR THE LARGER150000 DWT ARE USED FOR THE LARGERCASESCASE

ICEREINFORCED LNG TANKERSTANKER DO NOT YET EXIST ALTHOUGHTHEY ARE BEING DE

SIGNED THE DESIGN CONFIGURATIONAND COST FOR THOSE VESSELSVESSEL IS TAKEN FROM

THE NPC ARCTIC OIL AND STUDYSECTION OF THE 1981 DRAFT

WORKBOATSWORKBOAT WITH ICEBREAKING CAPABILITY WOULD BE REQUIRED AT BERING SEA

TERMINAL AND TO SERVE THE OFFSHORE PLATFORMSPLATFORM COSTSCOST ON TABLE B7 ARE BASED

ON 290 FOOT 2000OWL VESSEL DEVELOPING18000 HORSEPOWER THESE ESTI

MATESMATE WERE PROVIDED BY SANTA FE ENGINEERING

B7



FUEL OPERATING COSTSCOST TABLE

THE COSTSCOST FOR OWNINGAND OPERATINGMARINE TERMINALSTERMINAL AND SHIPSSHIP ARE SHOWN

ON TABLESTABLE 36 AND 37 RESPECTIVELY THE COST OF OPERATINGOFFSHORE PLAT

FORMSFORM PIPELINESPIPELINE AND GENERALAND ADMINISTRATIVE SUPPORT ACTIVITIESACTIVITIE ARE SHOWN

ON TABLE 38 GENERAL AND ADMINISTRATIVE OPERATING COSTSCOST FOR PLATFORMDECLINE

SIGNIFICANTLY AS THE NUMBER OF PLATFORMSPLATFORM INCREASE DISTINCTION IS MADE

BETWEEN THE HIGH LEVEL OF ADMINISTRATIVE SUPPORTREQUIRED DURINGCONSTRUCTION

AND THE LOWER LEVEL OF ADMINISTRATIVE ACTIVITY NEEDED ONCE THE PRODUCTION

ROUTINE IS ESTABLISHED

118 COSTSCOST

IN THE ECONOMIC ANALYSISANALYSI 10 PERCENT OF THE TOTAL FIELD DEVELOPMENTCOSTSCOST

INCLUDING PIPELINESPIPELINE AND TERMINALSTERMINAL HAS BEEN ADDED TO THE TOTAL CAPITAL

EXPENDITURESEXPENDITUREFOR COSTSCOST THAT CANNOT BE READILYCLASSIFIED EG FLARE BOOMSBOOM

THISTHI COST IS BASED ON REVIEW OF THE NORTH SEA FIELD DEVELOPMENTCOSTSCOST

119 OF CAPITAL EXPENDITURESEXPENDITURE AND METHODOF ANALYSISANALYSI TABLE

THE COST TABLESTABLE PRESENTED IN THISTHI APPENDIX ARE THE BASIC INPUTSINPUT IN THE

ECONOMIC ANALYSISANALYSI EACH CASE ANALYZED IS ESSENTIALLY DEFINED BY RECOVERABLE

RESERVESRESERVE RESERVOIR CHARACTERISTICSCHARACTERISTIC AND PRODUCTIONTECHNOLOGYTYPE OF PLAT

FORM TRANSPORTATIONOPTION DISTANCE FROM SHORE TERMINAL TO COST PARTI

CULAR CASE THE ECONOMIST MATCHESMATCHE THE ENGINEERINGTO THE ASSUMED RESERVOIR

CONDITIONSCONDITION SELECTSSELECT THE PRODUCTIONTECHNOLOGYAND TAKESTAKE THE RELATED REQUIRED

COST COMPONENTSCOMPONENT FROM TABLESTABLE BI THROUGHB8 USING BUILDING BLOCK APPROACH

IN SOME CASESCASE THISTHI INVOLVESINVOLVE DELETION OR SUBSTITUTION OF FACILITY OR EQUIP

MENT ITEM THE RESERVOIR ENGINEERING OF CASESCASE IS FURTHER EXPLAINED IN

APPENDIX

38



THE COST COMPONENTSCOMPONENT OF EACH CASE ARE SCHEDULED AS INDICATED ON TABLE 39

THE SCHEDULESSCHEDULE OF CAPITAL COST EXPENDITURESEXPENDITURE ARE BASED UPON TYPICAL DEVELOPMENT
SCHEDULESSCHEDULE IN OTHER OFFSHORE AREASAREA MODIFIED FOR THE ENVIRONMENTAL CONDITIONSCONDITION

OF THE NAVARIN BASIN MAKINGCERTAIN ASSUMPTIONSASSUMPTION ON FIELD CONSTRUCTION SCHED

ULESULE

IN SCHEDULING EXPENDITURESEXPENDITURE DISTINCTION IS MADE BETWEEN PIPELINE AND

OFFSHORE LOADINGSCENARIOSSCENARIO THE OFFSHORE LOADINGSCENARIOSSCENARIO UTILIZE CONCRETE

GRAVITY PLATFORM WHICH TAKE LONGERTO BUILD AND BRING INTO PRODUCTION

EXPENDITURESEXPENDITURE ARE SCHEDULED TO REFLECT THISTHI DIFFERENCE

39



TABLE

ESTIMATESESTIMATE FOR INSTALLED

WATER INSTALLED
NUMBER OF 2S

UH UH WELL

1981

STEEL JACKETED 125 410 48 160

NO STORAGE

GRAVITY BASE 125 410 48 450

WITH MMBBL

1S

NOTESNOTE REPRESENTSREPRESENT 15DAY STORAGECAPACITY AT PRODUCTIONOF 100000
BOPO

IN ADDITION TO FABRICATION OF THE GRAVITY STRUCTURE IN LOWER 48

YARD AND FABRICATION OF THE STEEL PLATFORMIN JAPANESEYARD
THESE ESTIMATESESTIMATE INCLUDE THE COST OF PLATFORMINSTALLATION WHICH

INVOLVESINVOLVE SITE PREPARATIONTOWOUT SETDOWN AND PILE DRIVING
THE ABOVE ESTIMATESESTIMATE DO NOT INCLUDE ANY ALLOWANCE FOR THE INSTALL

ATION OR HOOKUP OF TOPSIDE FACILITIESFACILITIE SEE TABLE 83

SOURCE SANTA FE ENGINEERINGSERVICESSERVICE CO



TABLE 82

COST ESTIMATESESTIMATE FOR PLATFORM 1S
AND FACILITIESFACILITIE FOR OIL PRODUCTION

PEAK CAPACITY OIL 2S
BA PER MILLIONSMILLION

100000 TO PIPELINE 165

100000 OFFSHORE 4H

NOTESNOTE THE COST OF TOPSIDE FACILITIESFACILITIE WOULD BE ESSENTIALLYTHE SAME FOR
ALL THE PLATFORMTYPESTYPE BEING CONSIDERED

THE ABOVE COST ESTIMATESESTIMATE INCLUDE INSTALLATION HOOKUP AND

COMMISSIONING IT IS ASSUMED THAT MODULE INSTALLATION WOULD BE
CONCURRENT WITH PLATFORMINSTALLATION THUSTHU AVOIDING SECOND
MOBILIZATION AND DEMOBILIZATION OF THE EQUIPMENT

GASOIL RATIO IS ASSUMED 5001 IF SIGNIFICANTLY LOWER RATIOSRATIO
ARE ENCOUNTERED THESE COST COULD BE UP TO 20 PERCENTLOWER

THE OFFSHORE LOADINGEQUIPMENT ADDSADD AN ESTIMATED 35 MILLION
TO THE EQUIPMENTCOST

SOURCE SANTA FE ENGINEERINGSERVICESSERVICE CO

BLI



TABLE B3

COST ESTIMATESESTIMATE FOR PLATFORM EQUIPMENT
AND FACILITIESFACILITIE FOR GAS PRODUCTION

PEAK CAPACITY GAS COST

TH MCF PER MILLIONSMILLION

250 PRODUCTIONEQUIPMENT 250

1000 LIQUIFACTION AND STORAGE 259O
EQUIPMENTOFFSHORE

NOTESNOTE THE COST OF TOPSIDE FACILITIESFACILITIE WOULD BE ESSENTIALLYTHE SAME FOR
ALL THE PLATFORMTYPESTYPE BEING CONSIDERED

SEE NOTESNOTE AND ON TABLE B3

THISTHI COST ONLY APPLIESAPPLIE TO OFFSHORE LOADINGEQUIPMENT ONSHORE LNG

EQUIPMENT IS DISCUSSED UNDER TERMINALSTERMINAL TABLE 87

SOURCE NATIONAL PETROLEUM COUNCIL ARCTIC OIL AND AUGUST 1981
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TABLE B4

COST ESTIMATESESTIMATE OF PRODUCTION WELLSWELL

OIL OR GAS

COST MILLION

UH UH 19

PRODUCTION WELL

DRILLED IN 125 METER 3000 10000 66

WATER DEPTH FROM

ONPLATFORM RIG

SOURCE SANTA FE ENGINEERING

NOTESNOTE

WELL IS ASSUMED TO BE DIRECTIONALLY DRILL BELOW THE MUD LINE

INCLUDESINCLUDE RIG COST FOR TWO RIGSRIG ONE OF WHICH WILL REMAIN ON THE PLATFORM
FOR WORKOVERSWORKOVER

INCLUDESINCLUDE MOBILIZATION COSTSCOST OPERATING COST AND CONSUMABLESCONSUMABLE

B13



TABLE 85

ESTIMATESESTIMATE FOR MARINE

NOTESNOTE MAXIMUM PUMPING PRESSURESPRESSURE ARE 2000 PSI NECESSITATING USE

OF THICKWALLED PIPE NO INTERMEDIATE PUMPINGSTATIONSSTATION ARE

REQUIRED ASSUMING CRUDE PROPERTIESPROPERTIE ARE SIMILAR TO PRUDHOE BAY
CRUDESCRUDE

NO TRENCHING OR INSULATION IS ASSUMED

INCLUDESINCLUDE MOBILIZATIONDEMOBILI OF THIRD GENERATIONLAY
BARGE TWO FOR THE 300MILE PIPELINE TO ST PAUL

SOURCE SANTA FE ENGINEERING SERVICESSERVICE CO

DIAMETER

IN

PIPELINE SPREAD
MILLION 1981

PE PE

DAILY THROUGHPUT
MBOPD

20 18 15 100 75

24 21 18 250 150

30 27 22 340 250

36 34 32 500 440

38 37 34 600 500

42 43 NA 1000 NA

14



TABLE B6

ESTIMATESESTIMATE OF OIL TERMINAL 1S

PEAK THROUGHPUT CAPITAL COST OPERATING COST
TH BARRELSBARREL PER 2UH MILLIONSMILLION MILLIONSMILLION

ALEUTIAN ST MATTHEW
OR ST

100 250 23 27
200 380 25 29
300 470 27 31
400 560 29 33
500 650 31 35

NOTESNOTE THE SHORE TERMINALSTERMINAL COSTED HERE ARE ASSUMED TO PERFORMTHE

FOLLOWINGFUNCTIONSFUNCTION PIPELINE TERMINAL FOR OFFSHORE LINESLINE CRUDE
STABILIZATION LPG RECOVERY TANKER BALLAST TREATMENT CRUDE

STORAGESUFFICIENT FOR ABOUT 10 DAYSDAY PRODUCTION AND TANKER

LOADINGOF CRUDE

OPERATING COSTSCOST FOR TERMINALSTERMINAL AT ST MATTHEW OR ST PAUL INCLUDE
THE COST OF OPERATINGONE 280FOOT ICEBREAKING TUGWORKBOAT

CAPITAL COSTSCOST FOR ALEUTIAN ISLAND TERMINAL INCLUDESINCLUDE COST OF

DEEPWATERMOORINGFOR LOADINGVLCC TANKERSTANKER

SOURCE DAMESDAME MOORE ESTIMATESESTIMATE COMPILEDAND NATIONAL PETROLEUM COUNCIL
1981 AND SANTA FE ENGINEERING SERVICESSERVICE CO
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TABLE B7

ESTI OF COSTSCOST AND ANNUAL OPERATING
EXPENSESEXPENSE FOR TANKERSTANKER AND WORK BOATSBOAT

ANNUAL OPERATING
CAPITAL COST COST

MILLION MILLION

ICE REINFORCED 150000 DWT 155 16

OIL TANKER

ICE REINFORCED 100000 DWT 125 14

OIL TANKER

ICE STRENGTHENED140000 CUBIC METERSMETER 310 23

LNG TANKER

ICE BREAKING WORKBOAT 140 FEET 40

SOURCESSOURCE SANTA FE ENGINEERINGAND NATIONAL PETROLEUM COUNCIL
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TABLE B8

ESTIMATESESTIMATE OF ANNUAL FIELD GENERAL AND
ADMINISTRATIVE AND OPERATING COSTSCOST

MILLION 1981

GENERAL AND ADMINISTRATIVE
OPERATING COST COST PER PLATFORM DURING

PER UH UH

PLATFORM FIELD 1J 20 10

PLATFORM FIELD 40 18

PLATFORM LD 35 17

PLATFORM FIELD 30 16

PLATFORM FIELD 30 15

ONLY THESE VALUESVALUE WERE REQUIRED FOR THE CASESCASE INVESTIGATEDIN THISTHI STUDY

SOURCE DAMESDAME MOORE ESTIMATESESTIMATE COMPILEDFROM VARIOUSVARIOU SOURCESSOURCE INCLUDING
WOOD MACKENZIE CO 1978 GRUY FEDERAL INC 1977
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