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THE UNITED STATESSTATE DEPARTMENTOF THE INTERIOR WAS DESIGNATED BY THE OUTER
CONTINENTAL SHELF OCS LANDSLAND ACT OF 1953 TO CARRY OUT THE MAJORITY OF
THE ACTSACT PROVISIONSPROVISION FOR ADMINISTERINGTHE MINERAL LEASING AND DEVELOP
INENT OF OFFSHORE AREASAREA OF THE UNITED STATESSTATE UNDER FEDERAL JURISDICTION
WITHIN THE DEPARTMENT THE BUREAU OF LAND ZQF HAS THE

RESPONSIBILITY TO MEET REQUIREMENTSREQUIREMENT OF THE NATIONAL ENVIRONMENTAL POLICY
ACT OF 1969 NEPA AS WELL AS OTHER LEGISLATION AND REGULATIONSREGULATION DEALING
WITH THE EFFECTSEFFECT OF OFFSHORE DEVELOPMENT IN ALASKA UNIQUE CULTURAL
DIFFERENCESDIFFERENCE AND CLIMATIC CONDITIONSCONDITION CREATE FOR DEVELOPING ADDI
TIONAL SOCIOECONOMIC AND ENVIRONMENTAL INFORMATION TO IMPROVE OCS CC
SION MAKING AT ALL GOVERNMENTALLEVELSLEVEL IN FULFILLMENT OF ITS FEDERAL

RESPONSIBILITIESRESPONSIBILITIE AND WITH AN AWARENESSAWARENES OF THESE ADDITIONAL INFORMATION

NEEDSNEED THE BLN HAS INITIATED SEVERAL INVESTIGATIVE PROGRAMSPROGRAM ONE OF
WHICH IS THE ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAMSESP

THE ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAM IS MULTIYEAR RESEARCH
EFFORT WHICH ATTEMPTSATTEMPT TO PREDICT AND EVALUATE THE EFFECTSEFFECT OF ALASKA OCS
PETROLEUM DEVELOPMENT UPON THE PHYSICAL SOCIAL AND ECONOMIC ENVIRON

MENTSMENT WITHIN THE STATE THE OVERALL METHODOLOGYIS DIVIDED INTO THREE
BROAD RESEARCH COMPONENTSCOMPONENT THE FIRST COMPONENT IDENTIFIESIDENTIFIE AN ALTERNA
TIVE SET OF ASSUMPTIONSASSUMPTION REGARDING THE LOCATION THE NATURE AND THE

TIMING OF FUTURE PETROLEUM EVENTSEVENT AND RELATED ACTIVITIESACTIVITIE IN THISTHI

COMPONENT THE PROGRAM TAKESTAKE INTO ACCOUNT THE PARTICULAR NEEDSNEED OF THE

PETROLEUMINDUSTRY AND PROJECTSPROJECT THE HUMAN TECHNOLOGICAL ECONOMIC AND

ENVIRONMENTAL OFFSHORE AND ONSHORE DEVELOPMENT REQUIREMENTSREQUIREMENT OF THE

REGIONALPETROLEUMINDUSTRY

THE SECOND COMPONENT FOCUSESFOCUSE ON DATA GATHERING THAT IDENTIFIESIDENTIFIE THOSE

QUANTIFIABLE AND QUALIFIABLE FACTSFACT BY WHICH OCSINDUCED CHANGESCHANGE CAN BE
ASSESSED THE CRITICAL COMMUNITY AND REGIONAL COMPONENTSCOMPONENT ARE IDENTIFIED
AND EVALUATED CURRENT ENDOGENOUSENDOGENOU AND EXOGENOUSEXOGENOU SOURCESSOURCE OF CHANGE AND

FUNCTIONAL ORGANIZATION AMONG DIFFERENT SECTORSSECTOR OF COMMUNITYAND REGION
AL LIFE ARE ANALYZED SUSCEPTIBLE COMMUNITY RELATIONSHIPSRELATIONSHIP VALUESVALUE
ACTIVITIESACTIVITIE AND PROCESSESPROCESSE ALSO ARE INCLUDED

THE THIRD RESEARCH COMPONENT FOCUSESFOCUSE ON AN EVALUATION OF THE CHANGESCHANGE
THAT COULD OCCUR DUE TO THE POTENTIAL OIL AND GAS DEVELOPMENT IMPACT
EVALUATION CONCENTRATESCONCENTRATE ON AN ANALYSISANALYSI OF THE IMPACTSIMPACT AT THE STATEWIDE
REGIONAL AND LOCAL LEVEL

IN GENERAL PROGRAM PRODUCTSPRODUCT ARE SEQUENTIALLY ARRANGED IN ACCORDANCE
WITH SH PROPOSED OCS LEASE SALE SCHEDULE SO THAT INFORMATION IS

TIMELY TO DECISIONMAKING REPORTSREPORT ARE AVAILABLE THROUGH THE NATIONAL
TECHNICAL INFORMATION SERVICE AND THE BLZF HAS LIMITED NUMBER OF
COPIESCOPIE AVAILABLE THROUGHTHE ALASKA OCS OFFICE INQUIRIESINQUIRIE FOR INFORMA

TION SHOULD BE DIRECTED TO PROGRAMCOORDINATOR COAR SOCIOECONOMIC
STUDIESSTUDIE PROGRAM ALASKA OCS OFFICE BOX 1159 ANCHORAGE ALASKA
99510
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10 INTRODUCTION

11

THE PRINCIPAL PURPOSE OF THISTHI STUDY IS TO IDENTIFY THE PETROLEUM

TECHNOLOGYTHAT MAY BE USED TO DEVELOP OIL AND GAS RESOURCESRESOURCE FOR THE BARROW

ARCH OCS LEASE SALE NO 85 THISTHI ANALYSISANALYSI FOCUSESFOCUSE ON BOTH THE INDIVIDUAL

FIELD DEVELOPMENTCOMPONENTSCOMPONENT TYPESTYPE OF PLATFORMSPLATFORM PIPELINESPIPELINE ETC AND THE

OVERALL FIELD DEVELOPMENTAND TRANSPORTATIONSTRATEGIESSTRATEGIE AN EVALUATION OF

THE ENVIRONMENTAL CONSTRAINTSCONSTRAINT OCEANOGRAPHY GEOLOGY ETC DEFINESDEFINE THE MOST

SUITABLE ENGINEERING STRATEGIESSTRATEGIE

THE SECOND PURPOSE OF THISTHI STUDY IS TO ASSESSASSES THE ECONOMIC VIABILITY OF

VARIOUSVARIOU DEVELOPMENTSTRATEGIESSTRATEGIE IN VIEW OF THE SEVERE ICE CONDITIONSCONDITION HARSH

ENVIRONMENT AND REMOTE LOCATION OF THE BARROW ARCH PLANNING AREA THE

ECONOMIC ANALYSISANALYSI HAS FOCUSED ON THE ECONOMIC VIABILITY OF DIFFERENT

COMBINATIONSCOMBINATION OF EXPLORATIONAND PRODUCTION CONCEPTSCONCEPT ALONG WITH VARIOUSVARIOU

TRANSPORTATIONALTERNATIVESALTERNATIVE THE THIRD PURPOSE IS TO ESTIMATE THE MANPOWER

REQUIRED TO CONSTRUCT AND OPERATE THE FACILITIESFACILITIE SELECTED FOR ANALYSISANALYSI

12 AND

THISTHI PETROLEUMTECHNOLOGYASSESSMENT IS FOR THE BARROW ARCH LEASE SALE

NO 85 SCHEDULED FOR FEBRUARY1985 IT WILL BE THE FIRST LEASE SALE IN THE

BARROW ARCH PLANNING AREA ONE OF THREE ARCTIC PLANNING AREASAREA IT WILL BE

PRECEDEDBY TWO SALESSALE IN THE DIAPIR FIELD ARCTIC PLANNING AREA DIAPIR FIELD

LEASE SALE NO 71 AND DIAPIR FIELD LEASE SALE NO 87 SCHEDULED FOR

SEPTEMBER1982 AND JUNE 1984 RESPECTIVELY PROPOSEDLEASE SALE FOR THE

THIRD ARCTIC PLANNING AREA THE HOPE BASIN WAS RECENTLY DELETED FROM THE

5YEAR OCS OIL AND GAS LEASING SCHEDULE BARROW ARCH PLANNING AREA THE

SUBJECT OF THISTHI REPORT WAS FORMERLYCALLED THE CHUKCHI SEA PLANNING AREA

UNTIL ITS BOUNDARIESBOUNDARIE WERE MODIFIED TO BETTER REPRESENTUNDERLYINGGEOLOGIC

STRUCTURESSTRUCTURE IT WAS REDUCED IN SIZE SO THAT CERTAIN GEOLOGIC FORMATIONSFORMATION

COULD BE CONSOLIDATED INTO THE DIAPIR FIELD FORMERLYCALLED THE BEAUFORT

SEA PLANNING AREA THE PRESENT BARROW ARCH PLANNING AREA ENCOMPASSESENCOMPASSE THE



AREA SHOWN IN FIGURE WHICH IS BOUNDED ON THE NORTH BY 73N LATITUDE ON

THE EAST BY THE 162W MERIDIAN RUNNING SOUTH TO 71N LATITUDE WHERE THE

BOUNDARYRUNSRUN EASTWARD UNTIL IT REACHESREACHE THE 3MILE LIMIT OF ALASKA WATERSWATER
IT ROUGHLY BOUNDED ON THE SOUTH BY LINE WESTWARD FROM POINT HOPE
ABOUT 68 15N LATITUDE AND TO THE WEST BY THE USRUSSIA CONVENTION

LINE OF 1867 ABOUT 169 LONGITUDE

THISTHI STUDY IS STRUCTURED TO PROVIDE BUILDING BLOCKSBLOCK OF THE PETROLEUM
FACILITIESFACILITIE EQUIPMENT COSTSCOST AND EMPLOYMENTTHAT CAN BE USED BY MINERALSMINERAL

MANAGEMENTSERVICE ALASKA OCS REGION STAFF TO EVALUATE NOMINATED LEASE

TRACTSTRACT SIX SCENARIOSSCENARIO INVOLVING TOTAL OF 12 FEASIBLE FIELD DEVELOPMENT
STRATEGIESSTRATEGIE FOR OIL AND GAS TYPESTYPE OF PLATFORMSPLATFORM TRANSPORTATIONOPTIONSOPTION
ETC WERE EXAMINED ALL OF THESE DEVELOPMENTSTRATEGIESSTRATEGIE WHILE TECHNICALLY
FEASIBLE ARE UNECONOMIC TO MARGINALLY SUBECONOMIC UNDER THE ASSUMPTIONSASSUMPTION
GIVEN

PETROLEUM TECHNOLOGY IN CONJUNCTION WITH THE REGULATORYFRAMEWORK AND

ANY STIPULATIONSSTIPULATION WILL INFLUENCE OR DETERMINE THE SCHEDULINGOF OFFSHORE AND

ONSHORE ACTIVITIESACTIVITIE THE LOCAL EMPLOYMENTAND INFRASTRUCTURE SUPPORT REQUIRE
MENTSMENT AND THE POTENTIAL RISKSRISK INVOLVED IN THE PRODUCTIONAND TRANSPORTATION
OF HYDROCARBONSHYDROCARBONAND RELATED POTENTIAL FOR ENVIRONMENTAL IMPACTSIMPACT THUSTHU THISTHI

PETROLEUMTECHNOLOGYASSESSMENT PROVIDESPROVIDE KEY PART OF THE NECESSARY FRAME

WORK TO ASSESSASSES THE ENVIRONMENTAL AND SOCIOECONOMIC IMPACTSIMPACT OF PETROLEUM
DEVELOPMENTIN THE BARROW ARCH PLANNINGAREA

THISTHI REPORT PROVIDESPROVIDE EARLY INFORMATION FOR THE MINERALSMINERAL MANAGEMENT
SERVICE TO INITIATE PLANNING FOR THE LEASE SALE AS SUCH THISTHI IS PART OF

THE REGULATORY PROCESSPROCES FOR OCS DEVELOPMENT BUT SPECIFIC STIPULATIONSSTIPULATION
REGARDING THISTHI LEASE SALE ARE NOT KNOWN AT THISTHI TIME THEREFORE OUR

SCHEDULING ASSUMPTIONSASSUMPTION FOR DEVELOPMENTSCENARIOSSCENARIO SPECIFICALLY SECTIONSSECTION
623 AND 72 MAKE ONLY GENERAL ALLOWANCE FOR THE PERMIT PROCESSPROCES WE

MAKE THE OPTIMISTIC ASSUMPTIONTHAT PERMITSPERMIT ARE NOT THE CRITICAL PATH TO

FIELDSFIELD DEVELOPMENT SEE DISCUSSION IN SECTION 63 IT IS BASICALLY
ASSUMED THAT PERMITSPERMIT CAN BE SUCCESSFULLYOBTAINED SIMULTANEOUSSIMULTANEOU WITH OTHER

EARLY DEVELOPMENTSTEPSSTEP THISTHI IS FEASIBLE TO POINT PRITCHARD 1982 BUT

12



IGURE
GENERAL

LOCATION
MAP

PROPOSED
BARROW
ARCH

OCS

LEASE
SALE
NO

05

IN

THE

NORTHEAST
CHLJKCHI
SEA



THE ULTIMATE COMMITMENT OF THE DECISION TO DEVELOP IS SIGNIFICANTLY AFFECTED

BY PERMITTING REQUIREMENTSREQUIREMENT

IT SHOULD BE EMPHASIZED THAT THISTHI REPORT IS SPECIFICALLY DESIGNED TO

PROVIDE PETROLEUMDEVELOPMENTDATA FOR THE ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE

PROGRAM THISTHI STUDY ALONG WITH OTHER STUDIESSTUDIE CONDUCTED BY OR FOR THE

MINERALSMINERAL MANAGEMENTSERVICE INCLUDING ENVIRONMENTAL IMPACT STATEMENTSSTATEMENT IS

REQUIRED TO USE US GEOLOGICALSURVEYESTIMATESESTIMATE OF RECOVERABLE OIL AND GAS

HOWEVER AT THE TIME THISTHI REPORT WAS PREPARED NO US GEOLOGICAL SURVEY

RESOURCESRESOURCE REPORT WAS AVAILABLE SPECIFICALLY FOR THE BARROW ARCH PLANNING

AREA THEREFORE ESTIMATESESTIMATE OF RECOVERABLE OIL AND GAS WERE OBTAINED FROM

THE RECENT NATIONAL PETROLEUM COUNCILSCOUNCIL REPORT ON US ARCTIC OIL AND GAS

1981 AND AN INDEPENDENT EVALUATION OF THE AREASAREA PETROLEUM GEOLOGY

APPENDIX THEREFORE THE ASSUMPTIONSASSUMPTION USED IN THE ANALYSISANALYSI MAY BE

SUBJECT TO REVISION AS NEW DATA BECOME AVAILABLE

THE PRINCIPAL COMPONENTSCOMPONENT OF THISTHI STUDYARE

AN EVALUATION OF THE ENVIRONMENTAL CONSTRAINTSCONSTRAINT OCEANOGRAPHY

GEOLOGY THAT WILL INFLUENCE OR DETERMINE PETROLEUMENGINEERING

FIELD DEVELOPMENTAND TRANSPORTATION STRATEGIESSTRATEGIE CHAPTER 30

REVIEW OF STATEOFTHEART AND CONCEPTUALTECHNOLOGYFOR EXPLOR

ATION PRODUCTION AND TRANSPORTATIONOF OIL AND GAS FROM ARCTIC

REGIONSREGION CHAPTER30

DESCRIPTION OF VARIOUSVARIOU FIELD DEVELOPMENTCOMPONENTSCOMPONENT STRATE

GIESGIE 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

14



AN ANALYSISANALYSI OF THE MANPOWERREQUIREMENTSREQUIREMENT TO EXPLORE DEVELOP AND

PRODUCEBARROW ARCH PETROLEUMRESOURCESRESOURCE IN THE CONTEXT OF PRO

JECTED TECHNOLOGY AND ENVIRONMENTAL AND LOGISTICAL CONSTRAINTSCONSTRAINT

THISTHI INCLUDESINCLUDE SPECIFICATION OF MANPOWER REQUIREMENTSREQUIREMENT BY INDIVIDUAL

TASKSTASK AND FACILITIESFACILITIE CHAPTER50

REVIEW OF THE PETROLEUMGEOLOGYOF THE BARROW ARCH PLANNING AREA

TO FORMULATE RESERVOIR AND PRODUCTIONASSUMPTIONSASSUMPTION NECESSARY FOR

THE ECONOMIC ANALYSISANALYSI APPENDIX

AN ECONOMIC ANALYSISANALYSI OF BARROW ARCH PETROLEUMRESOURCESRESOURCE IN THE

CONTEXT OF PROJECTEDTECHNOLOGYFACILITY AND EQUIPMENTCOSTSCOST AND

ASSUMED RESERVOIR CHARACTERISTICSCHARACTERISTIC CHAPTER60

SPECIFICATION OF THE FACILITY EQUIPMENTREQUIREMENTSREQUIREMENT AND PROBABLE

PRODUCTIONFOR HYPOTHETICALDEVELOPMENTCASE CORRESPONDINGTO THE

NATIONAL PETROLEUM COUNCILSCOUNCIL STATISTICAL MEAN OIL AND GAS RESOURCE

ESTIMATE FOR THE BASINSBASIN CENTRAL CHUKCHI SHELF CHAPTER 70

13 GAPSGAP AND

RESULTSRESULT OF THISTHI STUDY ARE PRELIMINARY AND SHOULD BE REVIEWED IN THE

CONTEXT OF THE CONSTRAINTSCONSTRAINT IMPOSEDON THE ANALYSISANALYSI BY SIGNIFICANT DATA GAPSGAP

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

THE US GEOLOGICAL SURVEY AND THE RESULTSRESULT OF THE OCEANOGRAPHICSURVEYSSURVEY

CONDUCTED BY THE NATIONAL OCEANIC AND ATMOSPHERICADMINISTRATION AND OTHER

AGENCIESAGENCIE 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 DATA ON THE SEASONAL EXTENT AND ANNUAL VARIATION

OF LANDFAST ICE AND MULTIYEAR PACK ICE COVERAGE FOR THE CHUKCHI

SEA ARE STILL LIMITED EVEN MORE LIMITED ARE DATA ON DYNAMIC ICE

15



MOVEMENT AND FORCESFORCE GENERATED CRITICAL DATA FOR PLATFORMDESIGN

AND OVERALL PRODUCTIONFEASIBILITY

PETROLEUM GEOLOGY GEOPHYSICALDATA FOR THE BARROW ARCH PLANNING

AREA ARE EXTREMELY LIMITED AND DEFICIENT SEISMIC DATA IS OF

RECONNAISSANCE NATURE AND WAS COLLECTED FROM US COAST GUARD

ICEBREAKERSICEBREAKER WITH LIMITED EQUIPMENT SEISMIC LINESLINE OBTAINED ARE

FEW AND RELATIVELY SHORT NO ATTEMPTSATTEMPT WERE MADE TO DEFINE STRUC

TURAL TRAPSTRAP IN ADDITION SEISMIC COVERAGE OF THE CHUKCHI SEA WAS

LIMITED BY ICE COVERAGE IN SEVERAL AREASAREA WHILE MORE RECENT

GEOPHYSICAL DATA HAS BEEN OBTAINED BY THE US GEOLOGICALSURVEY

IT HAD NOT BEEN ANALYZED AT THE TIME THISTHI REPORT WAS PREPARED

FACILITY COST THE PETROLEUM FACILITY COST ESTIMATESESTIMATE FOR

PLATFORMSPLATFORM PIPELINESPIPELINE TERMINALSTERMINAL ETC ARE TENTATIVE NO PETROLEUM

EXPLORATION AND PRODUCTION HAS YET TAKEN PLACE WITH THE SAME

CONDITIONSCONDITION THAT MAY PROVIDE DIRECT OPERATIONALAND COST EXPERIENCE

14 CONTENT AND

THISTHI REPORT WAS WRITTEN AS ONE OF TWO REPORTSREPORT ASSESSING OIL AND GAS

DEVELOPMENTTECHNOLOGIESTECHNOLOGIE FOR THE TWO PROPOSEDCHUKCHI SEA LEASE SALE PLAN

NING AREASAREA IN ADDITION TO THE BARROW ARCH PLANNINGAREA WHICH IS THE

SUBJECT OF THISTHI REPORT THE HOPE BASIN PLANNING AREA RECENTLYDELETED FROM

THE INTERIOR DEPARTMENTSDEPARTMENT PROPOSED5YEAR OCS OIL AND GAS LEASINGSCHEDULE

WAS ALSO STUDIED THE STUDY METHODOLOGYIS BASICALLY THE SAME AS THAT

EMPLOYEDBY DAMESDAME MOORE IN PREPARINGPREVIOUSPREVIOU PETROLEUMTECHNOLOGYASSESSASSES

MENTSMENT FOR OTHER ALASKA OCS LEASE SALE PLANNING AREASAREA HOWEVER THE REPORTSREPORT

ANALYTICAL APPROACHWAS STRUCTURED TO ACCOMMODATE BOTH CHUKCHI SEA STUDY

AREASAREA WHILE APPROPRIATESECTIONSSECTION OF PREVIOUSPREVIOU STUDIESSTUDIE IN THISTHI SERIESSERIE ARE

INCORPORATEDBY REFERENCE THE BASIC DATA SET FOR THISTHI ANALYSISANALYSI IS UNIQUE TO

THE CHUKCHI SEA AND WAS SPECIFICALLY ASSEMBLED FOR THISTHI REPORT CONTRASTSCONTRAST

BETWEEN THISTHI AREA AND OTHER ALASKA OCS LEASE SALE AREASAREA HAVE BEEN IDENTIFIED

WHERE APPROPRIATE
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THISTHI REPORT COMENCESCOMENCE WITH SUMMARY OF FINDINGSFINDING CHAPTER20 THE

RESULTSRESULT OF THE PETROLEUMTECHNOLOGYASSESSMENT ARE PRESENTEDIN CHAPTER30

ONSHORE SITESSITE FOR PETROLEUMFACILITIESFACILITIE ARE DISCUSSED IN CHAPTER40 CHAPTER

50 DETAILSDETAIL THE MANPOWER REQUIREMENTSREQUIREMENT BY TASK ACTIVITY AND FACILITIESFACILITIE FOR

THE PARTICULAR TECHNOLOGIESTECHNOLOGIE DESCRIBED IN CHAPTER30 THE RESULTSRESULT OF THE

ECONOMIC ANALYSISANALYSI ARE PRESENTEDIN CHAPTER60 CHAPTER70 BASED UPON THE

RESOURCESRESOURCE ESTIMATESESTIMATE FOR THE CENTRAL CHUKCHI SHELF ASSEMBLED BY THE NATIONAL

PETROLEUM COUNCIL 1981 CONCLUDESCONCLUDE THE MAIN BODY OF THE REPORT WITH

DESCRIPTION OF HYPOTHETICALDEVELOPMENTCASE

APPENDIX PRESENTSPRESENT DESCRIPTION OF THE BARROW ARCH PETROLEUMGEOLOGY

AND THE RESERVOIR ASSUMPTIONSASSUMPTION OF THE TECHNOLOGYASSESSMENT APPENDIX

GIVESGIVE THE ECONOMIC PARAMETERSPARAMETER PETROLEUMDEVELOPMENTCOSTSCOST AND SCHEDULING

ASSUMPTIONSASSUMPTION UPON WHICH THE ECONOMIC ANALYSISANALYSI IS BASED
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20 SUMMARY OF FINDINGSFINDING

THROUGHOUT THE COURSE OF THISTHI STUDY WE HAVE SELECTED ASSUMPTIONSASSUMPTION

REGARDING OIL PRODUCTION CHARACTERISTICSCHARACTERISTIC SCHEDULESSCHEDULE AND ECONOMIC PARAM

ETERSETER THAT ARE REALISTIC BUT FAVORABLE FOR BARROW ARCH PLANNING AREA OIL

DEVELOPMENT THEREFORE OUR FINDINGSFINDING SHOULD BE USED WITH THESE FAVORABLE

ASSUMPTIONSASSUMPTION IN MIND

21

THE BARROW ARCH PLANNING AREA COVERSCOVER VAST AREA OF OUTER CONTINENTAL

SHELF BELOW THE CHUKCHI SEA WITHIN THISTHI AREA WE HAVE IDENTIFIED THREE

ZONESZONE WITH FAVORABLE PROSPECTSPROSPECT FOR HYDROCARBONACCUMULATION THE MOST

FAVORABLE IS LOCATED IN THE GEOLOGIC SUBREGIONREFERRED TO AS THE CENTRAL

CHUKCHI SHELF FIGURE THISTHI INCLUDESINCLUDE VERY THICK SEDIMENTARYSECTION

AND MANY ANTICLINESANTICLINE IN THE OFFSHORE EXTENSION OF THE COLVILLE TROUGH THE

PROVINCE OF NORTH SLOPE OIL AND GAS THE MOST PROMISING AREA IN THE CENTRAL

CHUKCHI SHELF IS ALONGTHE NORTHERN COAST THISTHI AREA IS ALSO ATTRACTIVE

FOR PETREOLUMDEVELOPMENTBECAUSE MUCH OF IT IS NEARSHORE EXTENDING FROM

THE SHORELINE ACROSSACROS THE SHALLOWEST FEDERAL WATERSWATER WITHIN THISTHI COASTAL

STRIP THE NORTHERN SECTOR OF THE CENTRAL SHELF IS BY FAR THE MOST FAVORABLE

OF ALL THE CHUKCHI SEA

TWO OTHER ZONESZONE WITH PETROLEUMPOTENTIAL WERE CONSIDERED SECONDARY
CANDIDATESCANDIDATE FOR OIL DEVELOPMENT ONE IS THE SOUTHERN PART OF THE CENTRAL

CHUKCHI SHELF WHICH IS AN OVERTHRUST ZONE ASSOCIATED WITH THE HERALD ARCH

THE OTHER IS THE NORTH CHUKCHI SHELF WHICH IS COMPRISED OF GREAT THICK

NESSESNESSE OF INFERRED CRETACEOUSCRETACEOU AND TERTIARY ROCKSROCK CONTAINING SHALE DIAPIRSDIAPIR
THISTHI LATTER ZONE IS IN DEEPER WATER FURTHER FROM SHORE AND TO THE NORTH

OUR STUDY CONCENTRATED ON CONDITIONSCONDITION IN THE MOST FAVORABLE AREA ON THE

VALIDATED ASSUMPTIONTHAT MAJOR PETROLEUMFINDSFIND WOULD BE NEEDED TO ENCOURAGE
INITIATION OF PETROLEUMDEVELOPMENTIN THISTHI ARCTIC REGION IT DOESDOE INDEED

APPEAR GEOLOGICALLYPOSSIBLE THAT GIANT OIL FIELD ON THE ORDER OF ONE
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BILLION BARRELSBARREL COULD OCCUR IN THISTHI ZONE POTENTIAL RESERVOIR ROCKSROCK HERE

INCLUDE MAJOR NORTH SLOPE PRODUCERSPRODUCER SUCH AS THE SADLEROCHIT FORMATION AND

THE KUPARUKRIVER SANDSTONESSANDSTONE

THESE RESERVOIRSRESERVOIR SHOULD RANGE FROM 1500 TO 7500 METERSMETER 5000 TO

25000 FEET DEEP WITH AN AVERAGE WELL DEPTH OF AROUND 3000 METERSMETER 10000

FEET WHICH IS FAVORABLE FOR MAXIMUM DRAINAGE FROM SINGLE PLATFORM

USGSUSG RESOURCESRESOURCE REPORTHAS NOT BEEN PUBLISHED SPECIFICALLY FOR

BARROW ARCH PLANNING AREA AT THISTHI WRITING FROM OUR ANALYSISANALYSI OF THE PETRO

LEUM GEOLOGY INCLUDING CONVERSATIONSCONVERSATION WITH USGSUSG AND REVIEW OF THE NATIONAL

PETROLEUM COUNCIL 1981 ESTIMATESESTIMATE WE UTILIZED THE FOLLOWING TENTATIVE

VALUESVALUE FOR THE CENTRAL CHUKCHI SHELF

OIL 15 BILLION BARRELSBARREL

GAS 45 TRILLION CUBIC FEET

22

THERE ARE SEVERAL STRINGENTENVIRONMENTAL CHARACTERISTICSCHARACTERISTIC OF THE BARROW

ARCH PLANNING AREA AND THE CLEARLY DOMINATING FACTOR CONSTRAINING OFFSHORE

ACTIVITIESACTIVITIE IS SEA ICE GREAT FORCESFORCE ARE GENERATEDBY MOVING ICE AND IN

THISTHI AREA THE STRONGMULTIYEAR PACK ICE IS THE CONTROLLINGDESIGN PARAM

ETER THE SEA ICE ALSO CONSTRAINSCONSTRAIN MARINE CONSTRUCTION OPERATIONSOPERATION SINCE MOST

OF THESE REQUIRE OPENWATER CONDITIONSCONDITION THE OPENWATER SEASON IS BRIEF AND

ITS DURATION UNPREDICTABLE

WHEN THE SEA ICE HAS RETREATED THERE IS THEN THE POTENTIAL FOR LARGE
STORM WAVESWAVE FOG IS ALSO MOST COMMON DURING THE SUMMER SEASON THERE ARE

VIRTUALLY NO NATURAL HARBORSHARBOR ALONGTHISTHI ENTIRE 450MILE

COASTLINE THAT OFFER SIGNIFICANT DEPTHSDEPTH AND PROTECTION ONLY SOME SHALLOW

LAGOONSLAGOON BEHIND LOW BARRIER BEACHESBEACHE

STORMSSTORM AND EXTREMELY LOW TEMPERATURESTEMPERATURE WILL REDUCE THE EFFICIENCY AND

INCREASE ATTENTION TO SAFETY FOR ALL OPERATIONSOPERATION IN THISTHI AREA
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WATER DEPTHSDEPTH IN THE BARROW ARCH PLANNING AREA RANGE FROM 10 TO 100

METERSMETER 30 TO 300 FEET NOT GREAT BY WORLD STANDARDSSTANDARD OF OFFSHORE OIL

OPERATIONSOPERATION HOWEVER EVEN SHALLOW DEPTHSDEPTH ARE COSTLY TO DEVELOPBECAUSE

OF THE SEA ICE THE SEAFLOOR IS GENERALLYOF LOW RELIEF IT CAN BE CHAR

ACTERIZED AS HAVING NARROW NEARSHORE STRIP ABOUT 15 METERSMETER 50 FEET

DEEP ALONG THE 3MILE STATEFEDERAL OFFSHORE BOUNDARYAND LARGE AREA

BEYOND THAT AVERAGINGCLOSE TO 37 METERSMETER 120 FEET OF WATER THE TRANSITION

ZONE BETWEEN THESE TYPICAL DEPTHSDEPTH OCCURSOCCUR OVER RELATIVELY SHORT DISTANCE 27

METERSMETER 90 FEET IS REPRESENTATIVEDEPTHFOR THISTHI THIN ZONE THIRTY METERSMETER

100 FEET MAY BE CONSIDERED THE START OF DEEP CONDITIONSCONDITION FOR OFF

SHORE DEVELOPMENTIN THE CHUKCHI SEA

SEAFLOOR CONDITIONSCONDITION ARE BELIEVED TO CONSIST OF GENERALLYSTABLE CLASTIC

SEDIMENTSSEDIMENT SOME AREASAREA OF SANDSSAND AND GRAVELSGRAVEL DESIRABLE AS CONSTRUCTION

MATERIALSMATERIAL OCCUR IN THE AREA PARTICULARLY NEARSHORE SEISMIC ACTIVITY IS

NOT UNKNOWNBUT IS LOW

ENVIRONMENTAL HAZARDSHAZARD IN THE AREA INCLUDE BOTTOM SCOUR FROM PRESSURE

RIDGESRIDGE AND TABULAR ICEBERGSICEBERG RIVER FLOODING OF SHOREFAST ICE STRUDEL

SCOURING HIGH STORM TIDESTIDE RAPID CURRENTSCURRENT IN TIDAL PASSESPASSE RAPID COASTAL

EROSION ICE RIDEUP AND OVERRIDE EVENTSEVENT

REMOTENESSREMOTENES AND THE COMPLETELACK OF INFRASTRUCTURE WILL ALSO CONSTRAIN

EXPLORATIONOPERATIONSOPERATION AND PRODUCTIONDEVELOPMENTSDEVELOPMENT THISTHI AND OTHER ENVIRON

MENTAL CONDITIONSCONDITION REQUIRE THAT IF ANY OIL IS DELIVERED FROM THISTHI AREA IT

WILL ENTAIL MAJORPROJECTSPROJECT

23 TECHNOLOGIESTECHNOLOGIE AND PRODUCTION

UNLIKE NONARCTIC OCS AREASAREA THE BARROW ARCH PLANNING AREA WILL INCLUDE

EXPLORATIONTECHNOLOGIESTECHNOLOGIEOF SCALE AND MAGNITUDE APPROACHINGTHAT OF THE

PRODUCTION PLATFORMSPLATFORM ELSEWHERE EXPLORATION TECHNIQUESTECHNIQUE APPROPRIATE TO

CHUKCHI SEA CONDITIONSCONDITION HAVE BEGUN TO BE APPLIED IN THE CANADIAN AND ALASKA

BEAUFORT SEA EXPLORATIONDRILLING AT SHALLOWER SITESSITE WILL RELY MAINLY ON

ARTIFICIAL FILL ISLANDSISLAND WITH CAISSONRETAINED DESIGNSDESIGN BEING MORE FAVORED AS
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DEPTHSDEPTH INCREASE AND SPECIAL ARCTIC DRILLING PLATFORMSPLATFORM THAT ARE BOTTOM

FOUNDED ESPECIALLY TOWARDSTOWARD THE NORTH MORE CONVENTIONAL EXPLORATION

FROM ICEDESIGNED FLOATING DRILLING PLATFORMSPLATFORM WILL BE CONSIDERED ESPECIALLY

TOWARDSTOWARD THE SOUTH THESE WILL HAVE TO RESTRICT THEIR SCHEDULESSCHEDULE AROUND THE

SHORT OPENWATER SEASON AND ARE LIMITED BY SHALLOW WATERSWATER SINCE MINIMUM

DEPTH IS NECESSARY FOR FLOATING DRILLING BASED ON INFORMATION PUBLISHED BY

THE NATIONAL PETROLEUM COUNCIL 1981 OIL AND GAS RESOURCESRESOURCE ARE NOT CON

SIDERED RECOVERABLE WITH PRESENT TECHNOLOGYIN AREASAREA OF ARCTIC PACK ICE WHERE

WATER DEPTHSDEPTH ARE GREATERTHAN 60 METERSMETER 200 FEET

MARINE SUPPORT BASESBASE WILL HAVE TO BE BUILT FROM SCRATCH AT REMOTE

SITESSITE DREDGINGMAY BE NEEDED TO PROVIDE SUITABLE HARBOR FACILITIESFACILITIE

PRODUCTION PLATFORMSPLATFORM WILL BE EITHER ARTIFICIAL FILL CONSTRUCTION

OR CONCRETE OR STEEL MONOCONE DESIGN THE LATTER WOULD BE CONSTRUCTED

IN DEEPWATER SHIPYARD AND TOWED TO THE SITE FOR INSTALLATION THESE

DESIGNSDESIGN PROVIDE ICE RESISTANCE BY BREAKING THE FLOESFLOE IN FLEXURE RATHER THAN

CRUSHING ICELIKE COOK INLETTYPE DESIGNSDESIGN

ARTIFICIAL FILL ISLANDSISLAND WILL MOST LIKELY BE CONSTRUCTED BY DREDGING

METHODSMETHOD USING COARSER SEDIMENTSSEDIMENT FROM NEARBY SEAFLOOR SOURCESSOURCE UNRETAINED

NATURAL ANGLEOFREPOSE SLOPESSLOPE MUST BE PROVIDED PROTECTION FROM ICE AND

WAVE ATTACK AND THESE ISLANDSISLAND WILL BE USED MAINLY IN SHALLOWER SITESSITE

CAISSONRETAINED FILL ISLANDSISLAND MAY BE USED FOR SHALLOW OR DEEP SITESSITE AND WILL

BE THE FAVORED DESIGN FOR DEEPER AREASAREA THISTHI CONCEPT IS INTERMEDIATE IN

CONSTRUCTION TECHNIQUESTECHNIQUE REQUIRING SHIPYARD MANUFACTURE TOWOUT AND FILL

PLACEMENT DREDGINGWILL BE NEEDED TO BOTH FILL THE CASSION AND TO PROVIDE

AN UNDERWATER BERM TO SET IT ON

THE TWO TRANSPORTATIONMODESMODE TANKERSTANKER OR PIPELINE HAVE RELATIVE

LY RESTRICTED OPTIONSOPTION IN THE CHUKCHI SEA FOR THEIR IMPLEMENTATION ICE

BREAKING TANKERSTANKER WILL REQUIRE MARINE TERMINAL CONSTRUCTED FOR SEA ICE

OPERATION IN THE BARROW ARCH PLANNING AREA THERE ARE NO IDEAL NATURAL

SITESSITE FOR SUCH FACILITY AND THE MOST FAVORABLE CONDITIONSCONDITION ARE FOUND TO

THE NORTH IN THE WAINWRIGHTVICINITY
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ICEBREAKING TANKERSTANKER WOULD BE DEDICATED FLEET TO CARRY CHUKCHI SEA

OIL TO AN ALEUTIAN ISLAND TRANSSHIPMENTTERMINAL FROM THERE THE OIL WOULD

BE MOVED TO MARKET IN VERY LARGE CRUDE CARRIERSCARRIER VLCC

MARINE PIPELINESPIPELINE MUST BE CONSTRUCTED IF THE OIL IS TO COME ASHORE FOR

TANKERSTANKER OR FOR ONSHORE PIPELINE TRANSPORTTO MARKET THESE OFFSHORE PIPE

LINESLINE MUST BE BURIED OVER MOST OF THEIR LENGTH TO PROTECTTHEM FROM MOVING

ICE KEELSKEEL NEARSHORE ROUTESROUTE AND SHORELINE CROSSINGARE NOT ONLY VULNERABLE

TO FREQUENTAND DEEP ICEGOUGING THEY MAY ALSO ENCOUNTER SUBSEA PERMAFROST

CONDITIONSCONDITION FURTHER THE MARINE PIPELINESPIPELINE CAN BE CONSTRUCTED ONLY DURING

THE OPENWATERSEASON

MAJORONSHORE ARCTIC PIPELINE TO CARRY CHUKCHI SEA OIL TO MARKET WOULD

BE SIMILAR IN CONCEPT AND EFFORT TO THE PROVEN TRANSALASKA PIPELINE SYSTEM

TAPSTAP THISTHI ANALYSISANALYSI FOCUSESFOCUSE ON THE SCENARIO OF 500KILOMETER 300MILE

PIPELINE RUNNINGEASTWARD ACROSSACROS THE NORTH SLOPE TO LINK UP WITH THE EXISTING

TAPSTAP SHORTER OVERLAND PIPELINE SOUTHWARD TO NEW MARINE TERMINAL AT CAPE

THOMPSONIS ALSO ADDRESSED IN CONNECTION WITH DISCOVERY TOWARD THE SOUTHERN

CENTRAL CHUKCHI SHEL

THE APLA FOR ARTIFICIAL ARCTIC PRODUCTION AND LOADING ATOLL

CONCEPT COMBINESCOMBINE PRODUCTION PLATFORM AND MARINE TERMINAL FUNCTIONSFUNCTION IN

SINGLE MASSIVE OFFSHORE FACILITY THISTHI CONCEPT WOULD BE CONSTRUCTED BY

NEW VERY HIGH CAPACITY DREDGING OPERATIONSOPERATION AND WOULD REQUIRE SIGNIFICANT

SEAFLOOR SOURCESSOURCE OF FILL MATERIALSMATERIAL

TANKER LOADING IN THE PRESENCE OF ICE WHETHER OFFSHORE OR AT COASTAL

SITE IS AN OPERATIONREQUIRING EXPERIENCEWITH SPECIFIC NEW DESIGNSDESIGN

24

MANPOWERNEEDSNEED FOR CHUKCHI SEA OFFSHORE EXPLORATION CONSTRUCTION AND

PRODUCTIONTASKSTASK HAVE BEEN ESTIMATED IN THISTHI STUDY SIGNIFICANT CONSIDERA

TIONSTION ARE THE HARSH ARCTIC CONDITIONSCONDITION STRONG SEASONAL CONSTRAINTSCONSTRAINT ON

CONSTRUCTION PERIOD AND THE REMOTENESSREMOTENES REQUIRING LONG TRANSIT TO THE AREA
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AND THE NEED FOR ENCLAVE LIVING THE LABOR NEEDSNEED AND CONDITIONSCONDITION ARE

GENERALLYANALOGOUSANALOGOU TO THE ESTABLISHMENT OF THE PRUDHOE BAY FIELD

ALL PHASESPHASE OF OFFSHORE PETROLEUMDEVELOPMENTWILL PROBABLYTAKE LONGER
TO ACCOMPLISHTHAN SIMILAR OPERATIONSOPERATION ELSEWHERE

25 OF OIL AND GAS

THE ECONOMIC FEASIBILITY OF DEVELOPING DISCOVERED OIL IN THE CENTRAL

CHUKCHI SHELF OF THE BARROW ARCH PLANNINGAREA IS VERY MUCH ASSOCIATED WITH

MEGACONCEPTSMEGACONCEPT MEGAFIELDSMEGAFIELD MEGADOLLARSMEGADOLLAR AND MEGAPRODUCTION AND TRANSTRAN

PORTATION HURDLESHURDLE PRODUCTION TECHNOLOGIESTECHNOLOGIE ALTHOUGHTECHNICALLY FEASIBLE
ARE EXTREMELYCOSTLY EVEN IN THE MORE FAVORABLE GEOLOGIC AND ENVIRONMENTAL
LOCATIONSLOCATION HENCE BILLIONBARREL FIELDSFIELD SHOW ONLY MARGINAL ECONOMIC RESULTSRESULT

GIVEN THE ASSUMPTIONSASSUMPTIONAND ESTIMATED VALUESVALUE USED IN THISTHI ANALYSISANALYSI

OUR ANALYSISANALYSI INDICATESINDICATE THAT DEVELOPMENTOF VERY NEARSHORE BILLION

BARREL FIELD OFFERSOFFER REAL AFTERTAX RATE OF RETURN ROR OF ABOUT 10

PERCENT AND WOULD COST APPROXIMATELY TO BILLION 1982 TO DEVELOP
AT THE 37METER 120FOOT WATER DEPTHSDEPTH MORE TYPICAL OF THE CENTRAL CHUK

CHI SHELF SH ARE ON THE ORDER OF PERCENT FOR AN INVESTMENT OF ABOUT

BILLION 1982

ASSUMING 12 PERCENT REAL AFTERTAX HURDLE RATE IS SUFFICIENT TO

ATTRACT MULTIBILLION DOLLAR OIL INDUSTRY INVESTMENTSINVESTMENT IN THE CHUKCHI SEA
MINIMUM FIELD SIZESSIZE TO JUSTIFY DEVELOPMENTWILL HAVE TO EXCEED 10 BILLION

BARRELSBARREL ABOUT 125 BILLION IN SHALLOW WATER AND 15 BILLION IN DEEPER
WATERSWATER

IN GENERAL THE CAISSONRETAINED GRAVEL ISLANDSISLAND AND CONCRETE MONO

CONESCONE APPEAR TO BE ECONOMICALLY PREFERRED OFFSHORE SYSTEMSSYSTEM UNRETAINED

GRAVEL ISLANDSISLAND ARE ATTRACTIVE IN ONLY THE SHALLOWER WATERSWATER APLASAPLA ARE SO

EXPENSIVE AS TO BE UNECONOMIC AT THISTHI TIME
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IN ORDER FOR THE DEEPER WATER PORTIONSPORTION OF THE BARROW ARCH PLANNING

AREA TO BECOME COMMERCIAL AN OFFSHORE LOADING SYSTEM MORE COSTEFFECTIVE

THAN THE APLA MUST BE DEVELOPED IF SUCH SYSTEMWERE DEVELOPED IT MIGHT

ALSO RENDER THE CENTRAL CHUKCHI SHELF MORE ECONOMIC BY OBVIATING THE NEED

FOR COSTLY SHORE TERMINALSTERMINAL AND PIPELINESPIPELINE

ASSUMING THAT OFFSHORE OIL DEVELOPMENT DOESDOE OCCUR AND BARRING

BREAKTHROUGHIN TECHNOLOGYOF OFFSHORE LOADING IN SEA ICE OUR ANALYSISANALYSI

SHOWSSHOW THAT PIPELINE TO TAPSTAP IS COMPETITIVE WITH AN ICEBREAKING CLASSCLAS

SHUTTLE TANKER FLEET FOR TRANSPORTINGCRUDE TO AN ICEFREE VLCC PORT IF

MORE DETAILED COST ANALYSESANALYSE BEAR OUT OUR ESTIMATESESTIMATE THE DECISION BETWEEN THE

TWO APPROACHESAPPROACHE MAY TURN NOT ON ECONOMICSECONOMIC BUT ON THE TRADEOFF BETWEEN THE

ENVIRONMENTAL CONSIDERATIONSCONSIDERATION OF LONG ONSHORE ARCTIC PIPELINE CONNECTING

THE BARROW ARCH PLANNING AREA TO TAPSTAP VERSUSVERSU THE RISKSRISK OF TANKER OPERATIONSOPERATION

IN THE ICEINFESTED WATERSWATER OF THE CHUKCHI AND BERING SEASSEA

EVEN GIANT NATURAL GAS FIELDSFIELD IN THE TRILLION CUBIC FEET RANGE ARE

FAR FROM COMMERCIAL UNDER CURRENT TECHNOLOGIESTECHNOLOGIE AND PRICESPRICE UNDER THE MOST

FAVORABLE CONDITIONSCONDITION OUR ANALYSISANALYSI INDICATESINDICATE REAL AFTERTAX SH IN THE

TO PERCENT RANGE EVEN SUBSTANTIALLY LARGERGAS FIELDSFIELD WOULD NOT SHOW

APPRECIABLYHIGHER RATESRATE OF RETURN BECAUSE THE LARGEST COST COMPONENTSCOMPONENT

OFFSHORE EQUIPMENTAND TANKERSTANKER OFFER ONLY LIMITED ECONOMIESECONOMIE OF SCALE

FOR GAS RESOURCE DEVELOPMENTTO BECOME ECONOMIC EITHER 50 PERCENTREAL

COST ESCALATION IN GAS PRICESPRICE OR TECHNICAL BREAK THROUGHIN GAS TRANSPOR

TATION SYSTEMSSYSTEM IS REQUIRED THISTHI MEANSMEAN GAS WOULD HAVE TO SELL IN EXCESSEXCES OF

1000 PER THOUSAND CUBIC FEET IN 1982 DOLLARSDOLLAR

IT IS ESSENTIAL TO KEEP IN MIND THE LARGENUMBER OF INTERACTIVE ASSUMP

TIONSTION AND ESTIMATED PARAMETERVALUESVALUE THAT DRIVE OUR ECONOMIC ANALYSISANALYSI

GREAT MANY GEOLOGICASSUMPTIONSASSUMPTION ESTIMATED PLATFORMAND RESERVOIR ENGINEER

ING CONSIDERATIONSCONSIDERATION AS WELL AS PRICESPRICE AND COSTSCOST ARE DERIVED IN OUR

RESEARCH IN MOST CASESCASE THE VALUESVALUE FOR THE VARIABLESVARIABLE THAT DRIVE THE ECO

NOMIC RESULTSRESULT ARE REALISTIC BUT FAVORABLE THUSTHU OUR RESULTSRESULT ARE OPTI

MISTICALLY BIASED THE ANALYSISANALYSI IS DONE IN CONSTANT 1982 DOLLARSDOLLAR THAT IS

THE RELATIONSHIP BETWEEN PRICESPRICE AND COSTSCOST IS ASSUMED TO HOLD CONSTANT THE
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OIL PRICE ASSUMED IS 3150 FOB ALEUTIANSALEUTIAN LNG VALUED AT ITS DIESEL

EQUIVALENT IS ASSUMED TO BE WORTH 675 PER THOUSAND CUBIC FEET CIF

SOUTHERN CALIFORNIA TO THE EXTENT THAT ENERGY PRICESPRICE ESCALATE FASTER THAN

DEVELOPMENTCOSTSCOST OUR RESULTSRESULT ARE CONSERVATIVE AND DEVELOPMENTWOULD BE

MORE FAVORABLE THAN INDICATED IF HOWEVER COSTSCOST INFLATE FASTER THAN

ENERGY PRICESPRICE OUR RESULTSRESULT BECOME EVEN MORE OPTIMISTIC
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30 RESULTSRESULT OF THE PETROLEUM TECHNOLOGY ASSESSMENT

31

THE TECHNOLOGYASSESSMENT FOR THE BARROW ARCH PLANNING AREA 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 SELECTED FIELD DEVELOPMENTCOMPONENTSCOMPONENT THEIR

DESIGN PARAMETERSPARAMETER AND INSTALLATION TECHNIQUESTECHNIQUE

IDENTIFICATION OF FIELD DEVELOPMENTSTRATEGIESSTRATEGIE THAT MAY BE ADOPTED
TO DEVELOPOIL AND GAS RESOURCESRESOURCE THE EASTERN CHUKCHI SEA THE

FIELD DEVELOPMENTSTRATEGYINVOLVESINVOLVE THE SUM OF THE VARIOUSVARIOU FIELD

DEVELOPMENTCOMPONENTSCOMPONENT PLATFORMSPLATFORM WELLSWELL PROCESSPROCES EQUIPMENT

PIPELINESPIPELINE TERMINALSTERMINAL ETC AND THE TRANSPORTATIONSYSTEM FOR

EITHER OIL OR GAS INCLUDED IN THISTHI EVALUATION IS DISCUSSION OF

SUCH AREASAREA AS TRADEOFFSTRADEOFF BETWEEN ARTIFICIAL ISLANDSISLAND AND OTHER

PLATFORMSPLATFORM ICEBREAKER TANKER TRANSPORTVS PIPELINESPIPELINE TO ICEFREE

PORTSPORT TECHNIQUESTECHNIQUE TO DEVELOPMARGINAL FIELDSFIELD AND THE APPLICATION
OF SUBSEA SYSTEMSSYSTEM

IDENTIFICATION AND SELECTION OF FIELD DEVELOPMENTCOMPONENTSCOMPONENT AND

STRATEGIESSTRATEGIE AS SCENARIOSSCENARIO TO BE USED FOR THE ECONOMIC ANALYSISANALYSI

IN PREVIOUSPREVIOU TECHNOLOGYASSESSMENTSASSESSMENT IN THISTHI SERIESSERIE DAMESDAME MOORE HAS

PRESENTEDMORE DETAILED DESCRIPTIONSDESCRIPTION OF DIFFERENT TYPESTYPE OF ARCTIC AND SUB

ARCTIC PETROLEUM TECHNOLOGIESTECHNOLOGIE THE REPORTSREPORT ON BEAUFORT SEA PETROLEUM

UEVELOPMENTSCENARIOSSCENARIO DAMESDAME MOORE 1978 AND BERINGNORTON PETROLEUM



DEVELOPMENTSCENARIOSSCENARIO DAMESDAME MOORE 1980A CONTAIN AN EXTENSIVE DISCUSSION

OF ARCTIC AND SUBARCTIC PETROLEUMTECHNOLOGIESTECHNOLOGIE THESE REPORTSREPORT PRESENTED

DESCRIPTIONSDESCRIPTION OF ARTIFICIAL ISLANDSISLAND CONESCONE AND MONOCONESMONOCONE THAT ARE RELEVANT

TO THISTHI STUDY RATHER THAN REITERATE THESE DESCRIPTIONSDESCRIPTION THE READER IS

REFERRED TO THESE TECHNICAL DISCUSSIONSDISCUSSION THAT PROVIDE BACKGROUNDFOR THE

CONCLUSIONSCONCLUSION IN THISTHI REPORT

FROM THISTHI BROAD EVALUATION OF ARCTIC OIL AND GAS TECHNOLOGIESTECHNOLOGIE SUBSET

OF SPECIFIC EXPLORATION PRODUCTION AND TRANSPORTATIONTECHNOLOGIESTECHNOLOGIE AND

SYSTEMSSYSTEM TAILORED TO THE ENVIRONMENT AND OPERATIONAL CONDITIONSCONDITION OF THE

CHUKCHI SEA WAS SELECTED ASSEMBLED INTO TECHNOLOGYMODEL INCORPORATING

ASSUMPTIONSASSUMPTION ABOUT FIELD SIZE LOCATION AND ALTERNATE PRODUCTIONSTRATEGIESSTRATEGIE
IT FORMED THE BASISBASI FOR THE ECONOMIC ANALYSISANALYSI CONTAINED IN CHAPTER 60

EACH OF THE TECHNOLOGICALCOMPONENTSCOMPONENT INCLUDED IN THISTHI SUBSET FOR ECONOMIC

ANALYSISANALYSI IS DISCUSSED LATER IN THISTHI CHAPTER

THISTHI CHAPTERCON WITH AN EVALUATION OF ENVIRONMENTAL CONSTRAINTSCONSTRAINT

IT IS IMPORTANTTO NOTE THAT THISTHI DISCUSSION OF ENVIRONMENTAL CONSTRAINTSCONSTRAINT IS

BASED UPON CURRENT PUBLICLY AVAILABLE DATA IN COMPARISONTO OTHER OCS

LEASE SALE PLANNING AREASAREA THISTHI DATA BASE IS VERY LIMITED IN PARTICULAR

DATA ON SEA ICE CHARACTERISTICSCHARACTERISTIC AND BEHAVIOR CRITICAL FACTORSFACTOR AFFECTING

EXPLORATION AND PRODUCTION CONCEPTSCONCEPT ARE VERY LIMITED OUR STUDY TEAM

INCLUDESINCLUDE INDUSTRY EXPERTISE IN SEA ICE ENGINEERING TO PROVIDE EXPERIENCED

JUDGMENTREGARDINGICE DESIGNPARAMETERSPARAMETER SEVERAL PROPRIETARYDATA COLLEC

TION EFFORTSEFFORT BY INDUSTRY HAVE BEEN COMPLETEDOR ARE BEING PLANNED HOWEVER

THESE WERE NOT AVAILABLE FOR THISTHI ANALYSISANALYSI HENCE OUR CONCLUSIONSCONCLUSION SHOULD BE

REGARDED AS PRELIMINARY IN PARTICULAR OUR APPROACHWITH RESPECT TO

PLATFORMDESIGN AND OPERATIONAL CONSTRAINTSCONSTRAINT IS CONSERVATIVE THE CHAPTER
CONCLUDESCONCLUDE WITH DISCUSSION OF FIELD DEVELOPMENTSTRATEGIESSTRATEGIE FOR THE CHUKCHI

SEA THAT WARRANT ECONOMIC EVALUATION

32 CONSTRAINTSCONSTRAINT TO PETROLEUM

321 AND
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THE CLIMATE OF ALASKASALASKA NORTHERN AND NORTHWESTERN COAST IS CLASSIFIED
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AS ARCTIC BY THE NATIONAL WEATHER SERVICE SUMMER WEATHER IS CHARACTERIZED

BY COOL MARINE WINDSWIND FREQUENTBUT LIGHT PRECIPITATION AND CONSIDERABLE

CLOUDINESSCLOUDINES AND FOG IN WINTER THE CLOUDINESSCLOUDINES DECREASESDECREASE AND VERY COLD WINDSWIND

PREVAIL LIGHT SNOW COVER IS ESTABLISHED BY MIDSEPTEMBERAND PERSISTSPERSIST

UNTIL JUNE OR JULY BELOW FREEZING AIR TEMPERATURESTEMPERATURE ARE THE RULE EXCEPT IN

JUNE JULY AUGUSTAND EARLY SEPTEMBER

ALTHOUGHMETEOROLOGICALINFORMATION HAS BEEN SYSTEMATICALLYCOLLECTED

IN THE ARCTIC FROM COASTAL STATIONSSTATION SINCE WORLD WAR II AVAILABLE DATA

RECORDSRECORD ARE STILL SOMEWHAT LIMITED RELATIVE TO SUBARCTIC OCS AREASAREA

PARTICULARLY LACKING ARE DATA FROM OFFSHORE AREASAREA DUE TO THE LIMITED VESSEL

TRAFFIC IN THE AREA NEVERTHELESSNEVERTHELES REASONABLE PICTURE OF THE AREASAREA

GENERALMETEOROLOGICALSETTING HAS BEEN ASSEMBLED

AIR TEMPERATURESTEMPERATURE IN THE LEASE SALE REGION TEND TO BE PERSISTENTLY LOW

FOR MOST OF THE YEAR THE US COAST PILOT FOR THE ARCTIC OCEAN AREA

PROVIDESPROVIDE GENERALDESCRIPTION OF THE REGIONSREGION WEATHER WINTERSWINTER ARE COLD

AND SUMMERSSUMMER ARE COOL IN NOVEMBER AVERAGE DAILY MAXIMUMSMAXIMUM DROP TO AROUND

14F OR BELOW WHILE AVERAGE MINIMUMSMINIMUM ARE AROUND 18C 0F

FEBRUARYIS GENERALLYTHE COLDEST MONTH AVERAGEMAXIMUMSMAXIMUM RANGE FROM JUST

ABOVE 17C 1F AT KOTZEBUE TO 25C 13F EAST OF CAPE LISBURNE LOW

TEMPERATURESTEMPERATURE IN THE 30C 22F RANGE ARE COMMON EXTREMESEXTREME OF 45C

49F OR COLDER HAVE BEEN RECORDED

TABLE 31 LISTSLIST REPRESENTATIVE TEMPERATURE INFORMATION FOR SEVERAL

COASTAL STATIONSSTATION ALONG THE NORTHERN CHUKCHI SEA COAST AIR TEMPERATURESTEMPERATURE

OVER THE ARCTIC LAND MASSMAS ARE LESSLES STABLE THAN THOSE OVER THE POLAR ICE

PACK AIR TEMPERATURESTEMPERATURE OVER THE PACK ICE ARE USUALLY UNIFORM AND DEVIATE

LITTLE FROM DAY TO DAY IN SUMMER THE TEMPERATUREOVER THE PACK ICE REMAINSREMAIN

RELATIVELY STABLE NEAR THE FREEZING POINT

ANNUAL PRECIPITATION OVER MOST OF THE ARCTIC COASTAL REGION IS VERY

LIGHT RANGING FROM 10 TO 40 CENTIMETERSCENTIMETER TO 16 INCHESINCHE ANNUALLY IN THE

NORTHERN CHUKCHI SEA ANNUAL SNOWFALL CAN RANGE FROM 30 TO 150 CENTIMETERSCENTIMETER

12 TO 59 INCHESINCHE DEPENDING UPON LOCATION AND ELEVATION SOME FORM OF

MEASURABLE PRECIPITATION FALLSFALL ON ABOUT 200 TO 300 DAYSDAY PER YEAR WITH
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HEAVIEST PRECIPITATION IN JULY AUGUST AND SEPTEMBER AVERAGING TO 10

CENTIMETERSCENTIMETER TO INCHESINCHE EACH MONTH US COAST AND GEODETIC SURVEY

1979 SNOW CAN APPEAR IN ANY MONTH AND USUALLY PREDOMINATESPREDOMINATE BEGINNING IN

SEPTEMBERARCTIC INSTITUTE OF NORTH AMERICA 1974 TABLE 32 PROVIDESPROVIDE

DATA ON PRECIPITATION MEASUREMENTSMEASUREMENT AT COASTAL STATIONSSTATION

THE RELATIVE HUMIDITY IS GENERALLYHIGH WITH VALUESVALUE AVERAGINGFROM 60

TO 90 PERCENTTHROUGHOUTTHE YEAR HOWEVER THE ABSOLUTE HUMIDITY IS VERY

LOW DUE TO THE LOW AIR TEMPERATURESTEMPERATURE WHICH PREVENTWATER VAPOR BUILDUP IN

THE ATMOSPHEREAND THE ICE COVER WHICH LIMITSLIMIT EVAPORATION OTHER TYPESTYPE OF

PRECIPITATION EXPERIENCED INCLUDE RIME OR GRANULARICE WHICH OCCURSOCCUR OVER

MOST ARCTIC COASTAL REGIONSREGION THROUGHOUTTHE YEAR AND HOARFROSTWHICH OCCURSOCCUR

IN WINTER ARCTIC INSTITUTE OF NORTH AMERICA 1974

WIND CONDITIONSCONDITION TEND TO BE FAIRLY CONSTANT ALONG THE ARCTIC COAST

YEARROUND THE ARCTIC INSTITUTE OF NORTH AMERICA 1974 REPORTSREPORT THAT

GENERALYEARLY AVERAGE FOR THE COASTAL ZONE IS 24 TO 32 KILOMETERSHOUR

15 TO 20 MILESHOUR AT RELATIVELY EXPOSEDLOCATIONSLOCATION TABLE 33 SUMMARIZESSUMMARIZE

SURFACE WIND DATA COMPILEDBY SWIFT ET AL 1974 FOR COASTAL STATIONSSTATION ALONG

THE NORTHERN CHUKCHI SEA OBSERVATIONAL DATA SUMMARIZED BY BROWER ET AL

1977 INDICATE THAT 45 PERCENT OF ALL OBSERVATIONSOBSERVATION REPORTEDWINDSWIND LESSLES

THAN 19 KILOMETERSHOUR 12 MILESHOUR AND PERCENT OF ALL OBSERVATIONSOBSERVATION

REPORTEDWINDSWIND LESSLES THAN KILOMETERSHOUR MILESHOUR

HIGH WINDSWIND MAY OCCUR AT ANY TIME OF THE YEAR ALTHOUGHMAXIMUM VELOCI

TIESTIE HAVE HISTORICALLY OCCURRED IN THE COLDEST MONTHSMONTH GALESGALE OCCUR ABOUT

PERCENTOF THE TIME IN THE NORTHERN CHUKCHI SEA US COAST AND GEODETIC

SURVEY1979

BROWER ET AL 1977 ESTIMATESESTIMATE THAT THE 100YEAR WIND SPEEDMAY EXCEED

179 KILOMETERSHOUR111 MILESHOUR IN THE NORTHERN CHUKCHI SEA SUSTAINED

WINDSWIND OF 93 TO 105 KILOMETERSHOUR 58 TO 65 MILESHOUR HAVE BEEN RECORDED

WITH GUSTSGUST GOING MUCH HIGHER SWIFT ET AL 1974 IN ADDITION TO THE DE

SIGN PARAMETERSPARAMETER AFFECTED BY SURFACE WINDSWIND AMBIENT WIND CONDITIONSCONDITION DURING

THE SUMMER OCCASIONALLY DRIVE THE PACK ICE INTO NEARSHORE AREASAREA THISTHI
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TABLE 32

PRECIPITATION AT ARCTIC COASTAL STATIONSSTATION

PRECIPITATION UH SNOW
ANNUAL MONTHLY 24HOUR ANNUAL MONTHLY 24HOUR

MEAN MAXIMUM UH MEAN MAXIMUM

CAPE LISBURNE 373 177 45 1524 279

AUG AUG NOV

POINT LAY 167 157 38 508

WAINWRIGHT 127 236 101 304 304

AUG JUL AUG OCT

BARROW 109 71 25 736 660 381

AUG OCT APR OCT

SOURCE SWIFT ET AL 1974

FL
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RELATIVELY RAPID SHIFT IN THE PACK ICE CAN ADVERSELYAFFECT VESSEL AND BARGE

MOVEMENTSMOVEMENT OR OTHER OFFSHORE ACTIVITY ASSOCIATED WITH OIL AND GAS EXPLORATION

AND DEVELOPMENT

FOG IS THE MAJOR RESTRICTION TO VISIBILITY IN THE ARCTIC DENSE FOG

CAN BE EXPECTEDTO OCCUR FROM 30 TO 100 DAYSDAY EACH YEAR ALONG THE COAST

OFFSHORE AND INLAND AREASAREA ARE MUCH LESSLES PRONE TO FOG ADVECTION OR SEA FOG
IS THE PRIMARY RESTRICTION TO VISIBILITY DURING THE WARMER MONTHSMONTH OF THE

YEAR IT IS MOST PREVALENTFROM JUNE THROUGHSEPTEMBERAND IS MOST DENSE

DURING THE MORNINGHOURSHOUR AREASAREA ALONGTHE COAST MAY HAVE ADVECTION FOG FOR

UP TO 15 TO 20 DAYSDAY PER MONTH IN ARCTIC INSTITUTE OF NORTH AMERICA

1974 IN JULY AND AUGUST VISIBLITIESVISIBLITIE DROPBELOW 32 KILOMETERSKILOMETER MILESMILE

10 TO 25 PERCENTOF THE TIME US COAST AND GEODETIC SURVEY1979 ADVEC

TION FOG PROVIDEDBY RELATIVELY WARM MOIST AIR MOVINGOVER COLD SURFACE

TENDSTEND TO PERSIST DUE TO STRONGTEMPERATURE INVERSIONSINVERSION THAT PREVENT TURBULENT

DISSIPATION ENERGYINTERFACE ASSOCIATESASSOCIATE 1979

DURING WINTER RADIATION FOG ICE FOG AND STEAM FOG CAN ALL REDUCE

VISIBILITY TABLE 34 PRESENTSPRESENT ANNUAL AND MONTHLYDATA ON FOG CONDITIONSCONDITION

AT COASTAL STATIONSSTATION IT IS APPARENT FROM THE DATA THAT THERE ARE WIDE

VARIATIONSVARIATION IN VISIBILITY LIMITATIONSLIMITATION IMPOSED BY FOG DUE TO BOTH SEASON AND

LOCATION IN GENERAL SUN FOG CONDITIONSCONDITION TEND TO BE ABOUT TWICE AS BAD

AS WINTER CONDITIONSCONDITION AT COASTAL STATIONSSTATION HOWEVER WINTER VISIBILITIESVISIBILITIE CAN

BE REDUCED TO LESSLES THAN 08 KILOMETERSKILOMETER 05 MILESMILE BY SNOW OR BLOWINGSNOW

US COAST AND GEODETIC SURVEY 1979 CLOUDINESSCLOUDINES IS ANOTHER PREVALENT

CONDITION ALONGTHE ENTIRE ARCTIC COAST THAT TENDSTEND TO REDUCE VISIBILITY

ENERGY INTERFACE ASSOCIATESASSOCIATE 1979 REPORT THAT OVER 60 PERCENTOF THE DAYSDAY

ARE CLOUDYON AN ANNUAL BASISBASI DURING THE IERH AND EARLY FALL CLOUDINESSCLOUDINES

OCCURSOCCUR MORE THAN 70 PERCENTOF THE TIME

3212

THE CHUKCHI SEA IS SHALLOW WITH MEAN DEPTH OF ABOUT 40 METERSMETER 130

FEET HAVINGGENTLEKNOLLSKNOLL AND SEVERAL SHALLOW TROUGHSTROUGH BUT WITH RELIEF

THAT IS SUBSTANTIAL FRACTION OF THE MEAN DEPTH PAQUETTEAND BOURKE 1981
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THE CENTRAL CHUKCHI SHELF WHICH EXTENDSEXTEND NORTHWESTWARD FROM THE COASTLINE

BETWEEN CAPE LISBURNE AND POINT BARROW TO THE 50METER 165FOOT ISOBATH

IS SHELF OF LOW RELIEF BROAD NORTHSOUTH TRENDING TROUGH50 METERSMETER

165 FEET DEEP LIESLIE BETWEEN THE MAINLAND AND HERALD SHOAL MCMANUSMCMANU ET AL

1964 IN THISTHI AREA NEARSHORE DEPTHSDEPTH ALONGTHE COAST ARE USUALLYLESSLES THAN

20 METERSMETER 66 FEET AND REMAIN LESSLES THAN 60 METERSMETER 200 FEET THROUGHOUT

MOST OF THE SHELF THE MAXIMUM RECORDED DEPTH IS 70 METERSMETER 230 FEET

THE OFFSHORE AREA BETWEEN ICY CAPE AND CAPE LISBORNE IS SHALLOW LESSLES

THAN 25 METERSMETER FEET VERY FLAT AND FEATURELESSFEATURELES GRADIENTSGRADIENT ARE EX

TREMELY GENTLE AVERAGINGLESSLES THAN METERSKILOMETER 10 FEETMILE ACROSSACROS

THE SHELF TOIMIL 1979 THE ONLY RELATIVELY STEEP NEARSHORE BOTTOM TOPOG

RAPHY OCCURSOCCUR BETWEEN POINT BELCHER AND POINT FRANKLIN WHERE DEPTHSDEPTH REACH 40

METERSMETER 130 FEET WITHIN KILOMETERSKILOMETER MILESMILE OF SHORE NEARSHORE DEPTHSDEPTH

IN THE CHUKCHI SEA ARE MAINTAINED BY CURRENTSCURRENT AND ALTERED BY SEASONAL ICE

GOUGING STORM ACTIONSACTION SHIFT SAND SPITSSPIT AND SHOALSSHOAL CONSIDERABLY BUT THERE

IS LITTLE EVIDENCE OF STORM WAVESWAVE AFFECTING DEEPER AREASAREA ALASKA DEPARTMENT

OF FISH AND GAME 1982

AS SHOWN ON FIGURE 31 HANNA SHOAL 30 TO 40 METERSMETER TO 130 FEET

LIESLIE TO THE NORTHEAST AND ANOTHER 40METER 130 FOOT SHOAL LIESLIE APPROXI

MATELY AT 71N 16 TO THE EAST THE BARROW CANYONPARALLELSPARALLEL THE NORTH

WEST COAST OF ALASKA THE NORTHERN SECTION OF THE BARROW ARCH WHICH

EXTENDSEXTEND APPROXIMATELY TO THE 100METER 330FOOT ISOBATH INCLUDESINCLUDE THE

HERALD CANYON SHALLOW TROUGHTHAT LIESLIE AT ABOUT 175W AND IS MUCH LESSLES

NOTABLE THAN THE BARROW CANYONPAQUETTEAND BOURKE 1981

3213

THE CIRCULATION WITHIN THE CHUKCHI SEA IS KNOWN ONLY IN THE MOST

GENERALFASHION HAVING BEEN INFERRED FROM WATER MASSMAS STUDIESSTUDIE REINFORCED BY

INFREQUENT SHORTTERM CURRENT METER MEASUREMENTSMEASUREMENT WITH SOME SUPPORT FROM THE

CONCEPT OF BATHYMETRICSTEERING PAQUETTEAND BOURKE 1981
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50 STATUTE LQ

KLLOMTR

FIGURE 31

BATHYMETRY OF THE NORTHEAST CHUKCHI SEA

SOURCESSOURCE ADAPTED BY DAMESDAME MOORE FROM SCHUMACHER 19

50 NAUTICAL LSI

SH IN METERSMETER
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ALTHOUGHTHE CHUKCHI SEA IS PART OF THE ARCTIC BASIN ITS CURRENTSCURRENT ARE

DOMINATED BY THE NORTHWARD FLOW OF WATER FROM THE BERING SEA DETAILED

MEASUREMENTSMEASUREMENT SHOW THAT THE FLOW IS PREDOMINATELYBAROTROPIC WITH SPEEDSSPEED
AND DIRECTIONSDIRECTION UNIFORM FROM TOP TO BOTTOM ARCTIC INSTITUTE OF NORTH AMERICA

1974 PRESSUREINDUCED NORTHSLOPING SEA SURFACE IS THOUGHTTO CAUSE

THE NORTHWARD FLOW OF WATER FROM THE BERING SEA TO THE ARCTIC BASIN WILI

MOVSKY AND WOLFE 1966 IN 1945 RUSSIAN SCIENTISTSSCIENTIST REPORTED AVERAGE

CURRENT SPEEDSSPEED OF 45 CENTIMETERSSECOND 15 FEETSECOND DURING SUMMER AND

10 CENTIMETERSSECOND 03 FEETSECOND IN WINTER THE DIRECTION OF THE

PRIMARY CURRENT IS GENERALLY PARALLEL TO THE COAST WITH EDDIESEDDIE AND REVER

SALSSAL NOTED IN NEARSHORE AREASAREA WINDSWIND HAVE BEEN OBSERVED TO SLOW THE CUR

RENT OCCASIONALLYREVERSING ITS DIRECTION THROUGHTHE BERING STRAIT ARCTIC

INSTITUTE OF NORTH AMERICA 1974

FIGURE 32 ILLUSTRATESILLUSTRATE PATTERNSPATTERN OF FLOW IN THE CHUKCHI SEA IN

GENERAL COACHMAN ET AL 1975 INDICATE THAT WARM WATERSWATER ENTERING THE

CHUKCHI SEA THROUGHTHE EASTERN SIDE OF THE BERING STRAIT AT ESTIMATED FLOW

SPEEDSSPEED FROM 30 TO 150 CENTIMETERSSECOND TO FEETSECOND FLOW NORTH

WARD AND TURN WESTNORTHWEST IN BROAD STREAM STARTING FROM SOUTH OF

POINT HOPE NEAR SHORE NORTHEASTERLYSTREAM BRANCHESBRANCHE FROM THISTHI FLOW IN

THE VICINITY OF CAPE LISBURNE THE WESTERLYBRANCH MOVING AT 15 CENTI

METERSSECOND 05 FEETSECOND ENTERSENTER THE ARCTIC OCEAN BY WAY OF HERALD

CANYON THE NORTHEASTERLYBRANCH NARROWSNARROW INTO HIGHSPEED JETLIKE STREAM

MOVING FROM 25 TO 30 CENTIMETERSSECOND FOOTSECOND APPROXIMATELYALONG
THE 40METER 130FOOT ISOBATH NORTH OF CAPE LISBURNE AND THEN CLOSE TO THE

ALASKA COAST BETWEEN WAINWRIGHTAND POINT BARROW WHERE IT FLOWSFLOW EASTWARD

INTO THE BEAUFORT SEA DUBBED THE ALASKA COASTAL CURRENT BY PAQUETTE AND

BOURKE 1974 CURRENTSCURRENT ON THE OUTER SHELF FORM REGIME THAT IS HIGHLY

ENERGETIC OVER BROAD BAND OF SUBTIDAL FREQUENCIESFREQUENCIE WITH MEAN EASTWARD

FLOW AFFECTED BY LOCAL BATHYMETRYCOACHMAN ET AL 1975

WITHIN THISTHI GENERAL PICTURE OF THE CIRCULATION REGIME SIGNIFICANT

UNCERTAINTIESUNCERTAINTIE AND VARIATIONSVARIATION EXIST INGHAM ET AL 1972 IN SET OF

OBSERVATIONSOBSERVATION IN THE FALL OF 1970 INDICATE THAT CURRENTSCURRENT WERE STRONGLY
INFLUENCED BY THE NORTHEASTERLYWINDSWIND AND SHOWED THE EXPECTEDNORTHEASTWARD
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SET ONLY WHEN WINDSWIND WERE WEAK AND VARIABLE THEIR OBSERVATIONSOBSERVATION ALSO INDI

CATED THAT RETURNING NEARSHORE SOUTHWESTERLYCURRENTSCURRENT BETWEEN CAPE LISBURNE

AND ICY CAPE WERE WEAK AND VARIABLE HUFFORD 1977 REPORTSREPORT THE EXISTENCE

OF SIGNIFICANT OFFSHORE SOUTHWESTERLYCURRENT BEYOND THE ALASKA COASTAL

CURRENT IN THE VICINITY OF POINT FRANKLIN THE US COAST AND GEODETIC

SURVEY 1979 REPORTSREPORT THAT ANOTHER CURRENT MOVESMOVE NORTHWEST OUT OF KOTZEBUE

SOUND AND JOINSJOIN THE ALASKA COASTAL CURRENT IN THE VICINITY OF CAPE KRUSEN

STERN PRODUCING RESULTANT VELOCITY OF 75 TO 100 CENTIMETERSSECOND

25 TO 33 FEETSECOND AT POINT HOPE IN JULY AND AUGUST THEY REPORT

THAT DURING SUNUIIER MONTHSMONTH THE ALASKA COASTAL CURRENT MOVESMOVE AT 50 CENTI

METERSSECOND 17 FEETSECOND AFTER ROUNDING POINT HOPE THEY ALSO

INDICATE THAT CURRENTSCURRENT ARE INFLUENCED NOT ONLY BY THE WIND BUT BY MOVING

PACK ICE WITH CURRENTSCURRENT STOPPEDCOMPLETELYBY LANDFAST ICE

3214 AND STORM

ALMOST NO WORK ON THE TIDESTIDE OF THE ALASKA ARCTIC COAST HAS BEEN PUB
LISHED ASTRONOMIC TIDESTIDE ARE VERY MUCH SMALLER THAN METEOROLOGICALTIDESTIDE

OC 1978 ALONG THE NORTHERN CHUKCHI COAST ASTRONOMIC TIDESTIDE ARE

REPORTED TO BE SMALL AVERAGING APPROXIMATELY 30 CENTIMETERSCENTIMETER FOOT

ARCTIC INSTITUTE OF NORTH AMERICA 1974 THE MEAN TIDAL RANGE AT WAIN

WRIGHT IS REPORTEDTO BE 15 CENTIMETERSCENTIMETER INCHESINCHE ACCORDINGTO BECHTEL

1979 WHILE TIDESTIDE AT KIWALIK IN KOTZEBUE SOUND ARE REPORTEDAT 80 CENTI

METERSMETER 27 FEET BY STRINGER 1978AB

DEVIATIONSDEVIATION IN SEA LEVEL PRODUCEDBY METEOROLOGICALFORCESFORCE ARE SIG

NIFICANTLY GREATER PROBLEMTHAN TIDESTIDE IN THE BARROW ARCH PLANNING AREA

THESE DEVIATIONSDEVIATION KNOWN AS STORM SURGESSURGE OR STORM TIDESTIDE ARE PRODUCEDBY WIND

STRESSESSTRESSE AND BAROMETRIC PRESSURE GRADIENTSGRADIENT ACTING ON THE WATER SURFACE

ENERGY INTERFACE ASSOCIATESASSOCIATE 1979 THE DOMINANT STORM TRACK PRODUCING

STORM SURGESSURGE IS TO THE NORTHEAST FROM STORM SYSTEMSSYSTEM ORIGINATING IN THE

ALEUTIAN CHAIN AND MOVING THROUGHTHE BERING STRAIT US NAVY 1968 AN

OCCASIONAL STORM MOVING EASTWARD FROM THE SIBERIAN SHELF MAY PRODUCESURGESSURGE

THE MOST SEVERE SURGESSURGE OFTEN ACCOMPANIED BY HIGH WAVESWAVE OCCUR DURING

SEPTEMBER AND OCTOBER WHEN STORM FREQUENCIESFREQUENCIE ARE HIGHEST AND OPEN WATER

EXISTSEXIST OCSEAP 1978
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CHUKCHI SEA IS ICECOVERED SINCE THE PACK ICE RETREATSRETREAT RELATIVELYSHORT

DISTANCE OFFSHORE DURING MOST SUMMERSSUMMER THE WAVE CLIMATE IS CHARACTERIZED BY

LOW SHORTPERIOD WAVESWAVE EXCEPT DURING STORMSSTORM WITH WINDSWIND THAT BLOW PARALLEL

TO THE COAST ENERGY ASSOCIATESASSOCIATE 1979 WAVE HEIGHTSHEIGHT OF METERSMETER

20 FEET OR MORE OCCUR LESSLES THAN PERCENT OF THE TIME DURING THE ICEFREE

SEASON BROWER ET AL 1977

THE EXTREME WAVE CONDITIONSCONDITION FOR THE CHUKCHI SEA HAVE BEEN CALCULATED

BROWER ET AL 1977 THESE DATA SUGGEST THAT THE 10YEAR STORM IE
STORM WITH LONGTERM AVERAGE RECURRENCE INTERVAL OF ONCE EVERY 10 YEARSYEAR
WILL HAVE SUSTAINED WINDSWIND OF 75 KNOTSKNOT AND EXTREME WAVE HEIGHTSHEIGHT OF 235

METERSMETER 77 FEET THE 50YEAR STORM WILL HAVE CORRESPONDINGVALUESVALUE OF 90

KNOTSKNOT AND 31 METERSMETER 102 FEET CALCULATED 100YEAR RETURN PERIOD VALUESVALUE

ARE 97KNOT WINDSWIND GENERATING SIGNIFICANT WAVE HEIGHTSHEIGHT OF 195 METERSMETER 64

FEET WITH MAXIMUM WAVESWAVE 35 METERSMETER 115 FEET HIGH HOWEVER THESE EXTREME

WAVE HEIGHTSHEIGHT FOR THE CHUKCHI SEA WERE CALCULATED BASED ON THE WORK OF THOM

1973AB AND DO NOT ALLOW FOR THE PROBABILITY THAT THE WIND FETCH AND WAVE

HEIGHT ARE REDUCED BY THE PRESENCE OF ICE COVER IN OUR JUDGMENT EXTREME

WAVESWAVE ON THE ORDER OF ONEHALF OF THESE VALUESVALUE WOULD BE CLOSER TO REALISTIC

DESIGN PARAMETERSPARAMETER FOR DEEPWATERCONDITIONSCONDITION

NEARSHORE WHERE DEPTHSDEPTH LIMIT WAVESWAVE THE VALUESVALUE WILL BE EVEN LOWER

HEIDEMAN 1979 CALCULATESCALCULATE THAT FOR 100YEAR RETURN PERIOD AT

9METER 30FOOT WATER DEPTH INSIDE BEAUFORT SEA BARRIER ISLAND
STORM SURGE OF METERSMETER 66 FEET IS ACCOMPANIED BY MAXIMUM WAVE

HEIGHT OF ONLY 82 METERSMETER 27 FEET HEIDEMANSHEIDEMAN ANALYSISANALYSI RELIED ON

TWO PROPRIETARY STORM HINDCAST STUDIESSTUDIE PREPARED BY JOY 1978 1979

FOR THE CHUKCHI SEA CONCEPTUAL DESIGN STUDY OF AN ARCTIC TERMINAL

FOR ICEBREAKING TANKERSTANKER BECHTEL 1979 ARRIVED AT WAVE OCEANOGRAPHIC

DESIGN DATA FOR 37METER 120FOOT WATER DEPTHSDEPTH OFF OF WAINWRIGHTON

THE NORTHERN CHUKCHI SEA COAST CALCULATED WAVE PARAMETERSPARAMETER WERE

STORM SURGE OF 33 METERSMETER 11 FEET SIGNIFICANT WAVE HEIGHT OF
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ALONG THE CHUKCHI SEA COAST AND KOTZEBUE SOUND COAST SURGESSURGE ARE

POSSIBLE FROM MIDJUNE THROUGHNOVEMBER THE CHUKCHI SEA COAST IS MOST

SUSCEPTIBLETO STORM SURGE DAMAGEFROM NORTHWARD MOVING STORMSSTORM FROM THE

BERING STRAIT WHILE KOTZEBUE SOUND IS AFFECTED BY STORM SURGESSURGE AND COASTAL

FLOODING FROM WESTERLYSIBERIAN STORMSSTORM WITH WINDSWIND IN EXCESSEXCES OF 75 KILO

METERSHOUR 45 MILESHOUR BROWER ET AL 1977 STORMSSTORM CAUSING THE MOST

EXTENSIVE FLOOD DAMAGEREQUIRE LONG FETCH AND LITTLE OR NO ICE COVER

STORM SURGESSURGE ARE ALSO GREATERWHEN THE AIR TEMPERATUREIS COLDER THAN THE

WATER

NEGATIVESURGESSURGE WHICH ARE USUALLY SMALLER THAN POSITIVE SURGESSURGE ALSO

OCCUR AND APPEAR TO BE MORE FREQUENTIN WINTER NEGATIVESURGESSURGE ARE POTEN

TIALLY HAZARDOUSHAZARDOU TO VESSEL TRAFFIC IN THE ARCTIC DUE TO THE RELATIVELY

SHALLOW WATER DEPTHSDEPTH THAT PROVIDELIMITED DRAFT CLEARANCE IN MANY AREASAREA

FEW OBSERVATIONSOBSERVATION OF NEGATIVESURGESSURGE INDICATE THAT THEY ARE SMALLER THAN

POSITIVE SURGESSURGE ON THE ORDER OF METER FEET OR LESSLES ENERGYINTERFACE

ASSOCIATESASSOCIATE 1979

THERE ARE NO DIRECT MEASUREMENTSMEASUREMENT OF STORM SURGE ELEVATIONSELEVATION BUT SECON

DARY OBSERVATIONSOBSERVATION OF STRANDLINESSTRANDLINE ABOVE THE COASTAL BEACHESBEACHE PROVIDEEVIDENCE

OF THEIR GENERALMAGNITUDE THE MOST SEVERE RECORDEDSTORM IN 1963 PRODUCED

STORM SURGE OF METERSMETER 10 FEET PLUSPLU WAVESWAVE OF THE SAME HEIGHT BROWERET

AL 1977 THE SURGE PRODUCEDEXTENSIVE COASTAL FLOODING ICE GROUNDINGAND

SHORELINE EROSION IN THE VICINITY OF BARROW HUNKINSHUNKIN 1965

THIRTEEN STORM SURGESSURGE HAVE BEEN DOCUMENTED IN THE CHUKCHI SEA AREA

SINCE 1960 ALTHOUGHINSUFFICIENT DATA EXIST TO DEVELOPRECURRENCE INTERVALSINTERVAL

FOR STORM SURGESSURGE RELMNITZ AND BARNESBARNE 1974 RECORD THAT LOCAL ESKIMOSESKIMO

REPORTSUCH SEVERE POSITIVE SURGESSURGE AT AROUND 25YEAR INTERVALSINTERVAL

3215

WAVE GENERATIONIN THE CHUKCHI SEA IS LIMITED TO THE SUN OPENWATER

SEASON NO SIGNIFICANT WAVE ACTIVITY EXISTSEXIST FROM NOVEMBER TO MAY WHEN THE
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CHUKCHI SEA IS ICECOVERED SINCE THE PACK ICE RETREATSRETREAT RELATIVELY SHORT

DISTANCE OFFSHORE DURING MOST SUMERSSUMER THE WAVE CLIMATE IS CHARACTERIZED BY

LOW SHORTPERIODWAVESWAVE EXCEPT DURINGSTORMSSTORM WITH WINDSWIND THAT BLOW PARALLEL

TO THE COAST ENERGY INTERFACE ASSOCIATESASSOCIATE 1979 WAVE HEIGHTSHEIGHT OF METERSMETER

20 FEET OR MORE OCCUR LESSLES THAN PERCENT OF THE TIME DURING THE ICEFREE

SEASON BROWER ET AL 1977

THE EXTREME WAVE CONDITIONSCONDITION FOR THE CHUKCHI SEA HAVE BEEN CALCULATED

BROWER ET AL 1977 THESE DATA SUGGEST THAT THE 10YEAR STORM IE

STORM WITH LONGTERM AVERAGE RECURRENCE INTERVAL OF ONCE EVERY 10 YEARSYEAR

WILL HAVE SUSTAINED WINDSWIND OF 75 KNOTSKNOT AND EXTREME WAVE HEIGHTSHEIGHT OF 235

METERSMETER 77 FEET THE 50YEAR STORM WILL HAVE CORRESPONDINGVALUESVALUE OF 90

KNOTSKNOT AND 31 METERSMETER 102 FEET CALCULATED 100YEAR RETURN PERIOD VALUESVALUE

ARE 97KNOT WINDSWIND GENERATING SIGNIFICANT WAVE HEIGHTSHEIGHT OF 195 METERSMETER 64

FEET WITH MAXIMUM WAVESWAVE 35 METERSMETER 115 FEET HIGH HOWEVER THESE EXTREME

WAVE HEIGHTSHEIGHT FOR THE CHUKCHI SEA WERE CALCULATED BASED ON THE WORK OF THOM

1973AB AND DO NOT ALLOW FOR THE PROBABILITY THAT THE WIND FETCH AND WAVE

HEIGHT ARE REDUCED BY THE PRESENCE OF ICE COVER IN OUR JUDGMENTEXTREME

WAVESWAVE ON THE ORDER OF ONEHALF OF THESE VALUESVALUE WOULD BE CLOSER TO REALISTIC

DESIGN PARAMETERSPARAMETER FOR DEEPWATERCONDITIONSCONDITION

NEARSHORE WHERE DEPTHSDEPTH LIMIT WAVESWAVE THE VALUESVALUE WILL BE EVEN LOWER

HEIDEMAN 1979 CALCULATESCALCULATE THAT FOR 100YEAR RETURN PERIOD AT 9METER

30FOOT WATER DEPTH INSIDE BEAUFORT SEA BARRIER ISLAND STORM SURGE OF

METERSMETER 66 FEET IS ACCOMPANIEDBY MAXIMUM WAVE HEIGHT OF ONLY 82

METERSMETER 27 FEET HEIDEMANSHEIDEMAN ANALYSISANALYSI RELIED ON TWO PROPRIETARYSTORM HIND

CAST STUDIESSTUDIE PREPAREDBY JOY 1978 1979 FOR THE CHUKCHI SEA CONCEPTUAL

DESIGN STUDY OF AN ARCTIC TERMINAL FOR ICEBREAKING TANKERSTANKER BECHTEL 1979

ARRIVED AT SIMILAR WAVE DATA FOR 37METER 120FOOT WATER DEPTHSDEPTH OFF OF

WAINWRIGHTON THE NORTHERN CHUKCHI SEA COAST CALCULATED WAVE PARAMETERSPARAMETER

WERE STORM SURGE OF 33 METERSMETER 11 FEET SIGNIFICANT WAVE HEIGHT OF
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54 METERSMETER 18 FEET AND MAXIMUM WAVE HEIGHT OF 103 METERSMETER 34 FEET
BASED IN PART ON OCEANOGRAPHICSURVEY DATA NEAR THE PROPOSEDTERMINAL SITE

SEASONAL WAVE ACTIVITY IS SUMMARIZED IN TABLE 35 BASED ON BROWER

ET AL 1977 SEVERAL OBSERVERSOBSERVER INCLUDINGSEILMAN ET AL 1972 AND

WISEMAN ET AL 1973 CONFIRM THE MILD WAVE CLIMATE THAT PREDOMINATESPREDOMINATE
DURING SUMMER ICEFREE PERIODSPERIOD MUCH MORE SEVERE WAVESWAVE CAN OCCUR UNDER

CERTAIN CONDITIONSCONDITION PARTICULARLYDURINGPERIODSPERIOD OF PACK ICE RETREAT ENERGY
INTERFACE ASSOCIATESASSOCIATE 1979 REPORTSREPORT THAT DURING SOME SUMMERSSUMMER THE PACK ICE

HAS RETREATED AS FAR AS 190 TO 260 KILOMETERSKILOMETER 120 TO 160 MILESMILE OFF THE

COAST UNDER THESE CONDITIONSCONDITION SEVERE AND RAPIDLY MOVINGSTORMSSTORM PROCEEDING
ACROSSACROS THE SHELF CAN GENERATE WAVESWAVE OVER LONGFETCH THEY REPORT
SHIPBOARDOBSERVATION OF AVERAGE WAVE HEIGHTSHEIGHT ON THE ORDER OF TO METERSMETER

13 TO 17 FEET DURING STORM IN THE VICINITY OF POINT BARROW IN 1951

3216

EXPECTEDICE CONDITIONSCONDITION IN THE BARROW ARCH PLANNINGAREA ARE BRIEFLY
DESCRIBED BASED ON SEVERAL PUBLIC AND PROPRIETARY SOURCESSOURCE ICE DATA FOR

THISTHI AREA REMAINSREMAIN VERY LIMITED ICE DATA FROM ONGOINGAND FUTURE SURVEIL

LANCE PROJECTSPROJECT SHOULD BE USED DIRECTLY WHEN THEY BECOME AVAILABLE TYPICAL
ICE CONDITIONSCONDITION IN THE NORTHERN CHUKCHI SEA ARE CHARACTERIZED BY

ICE COVERAGE OF CLOSE TO 100 PERCENT FOR MOST OF THE YEAR

DYNAMIC PACK ICE CONDITIONSCONDITION EXIST RELATIVE TO THOSE IN THE BEAU

FORT SEA

MULTIYEAR ICE FLOESFLOE TRANSPORTEDTO THE REGION FROM THE ARCTIC

ICE DECAYAND GROWTHPATTERNSPATTERN THAT SHOW DISTINCTIVE CLIMATOLOGICAL
PATTERNSPATTERN RELATED TO BOTTOM TOPOGRAPHY PROXIMITY TO WARM WATER

SOURCESSOURCE AND TH ICE CIRCULATION FEATURE WEBSTER

1982

ARCTIC SEA ICE HAS COMPLEXVARIETY OF FORMSFORM PROPERTIESPROPERTIE AND BE

HAVIORSHAVIOR FIGURE 33 ILLUSTRATESILLUSTRATE THE GENERAL EXTENT OF SEA ICE IN THE
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TABLE 35

SEASONAL WAVE ACTIVITY FOR BARROW ARCH PLANNING AREA

PERCENT FREQUENCYOF OBSERVED WAVE HEIGHT THRESHOLDSTHRESHOLD

NONHAZARDOUSNONHAZARDOU SEA CONDITIONSCONDITION IN CHUKCHI SEA NORTH OF LATITUDE

WAVE HEIGHT

METERSMETER 05 15 225 335 55 75

MONTH FEET 02 36 79 1012 1319 2025

JULY 76 21

AUGUST 76 21

SEPTEMBER 61 32

OCTOBER 67 25

SOURCE BROWER ET AL 1977
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FIGURE 33

ALASKA ARCTIC SEASSEA EXTENT OF SEA ICE
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ALASKAN ARCTIC AND FIGURESFIGURE 34 AND 35 ILLUSTRATE THE GENERALPATTERNSPATTERN OF

SPRINGAND LATE WINTER ICE ZONATION IN THE ARCTIC OCEAN IN THE CHUKCHI

SEA SEA ICE IS YEARROUND IN WATERSWATER NORTH OF 72N AND CAN BE SHIFTED AT

ANY TIME BY WINDSWIND AND CURRENTSCURRENT THE GENERALICE MOVEMENT IS TO THE SOUTH

THROUGHTHE BERING STRAIT UNDER INFLUENCESINFLUENCE OF WIND AND CURRENT AHINASAHINA AND

WENDER 1979 REIMER ET AL 1981

THE CHUKCHI SEA REMAINSREMAIN VIRTUALLY ICECOVERED FOR MOST OF THE YEAR

FROM THE BEGINNING OF DECEMBER THROUGHMAY 98 TO 99 PERCENT OF THE CHUKCHI

SEA IS COVERED WITH ICE WITH THE EXCEPTIONOF RELATIVELY WIDE SHORE LEAD

THAT MAY DEVELOP SEAWARD OF THE SHORE FAST ICE ALONG THE NORTHWEST COAST

WEBSTER 1982 FROM AUGUST TO OCTOBER ICE COVERAGE IS LEAST BUT STILL

AVERAGESAVERAGE 40 PERCENT FIRSTYEAR ICE FAST ICE AND SEASONAL PACK ICE FORMSFORM

42 TO 60 PERCENT OF THE WINTER ICE COVER FREEZEUP GENERALLYBEGINSBEGIN BY

LATE SEPTEMBEROR EARLY OCTOBER AND BREAKUPOCCURSOCCUR LATE THE FOLLOWINGJUNE

OR EARLY JULY THE FIRST CONTINUOUSCONTINUOU FASTICE SHEET IS USUALLY FORMED

NEARSHORE BY MID TO LATE OCTOBER THISTHI FASTICE SHEET CONTINUESCONTINUE TO EXTEND

AND THICKEN THROUGHOUTTHE WINTER IN GENERAL STABLE LANDFAST ICE IS

FORMED OUT TO THE 15METER 50FOOT ISOBATH BY DECEMBER AND OUT TO THE

30METER 100FOOT ISOBATH BY MARCH OR APRIL ALASKA DEPARTMENTOF FISH AND

GAME 1982

NORTH OF ICY CAPE THE FAST ICE FREEZESFREEZE TO THICKNESSESTHICKNESSE OF 18 TO 24

METERSMETER TO FEET SOUTH OF ICY CAPE THE NORMAL WINTER THICKNESSTHICKNES IS

06 TO 12 METERSMETER TO FEET THE FAST ICE ZONE IS GENERALLY MOST

EXTENSIVE BETWEEN CAPE LISBURNE AND POINT LAY WHERE SHALLOW WATERSWATER ARE

EXTENSIVE AND NARROWEST NORTH OF ICY CAPE WHERE BOTTOM DEPTH INCREASESINCREASE MORE

RAPIDLY AND THE SHELF IS VULNERABLE TO PACK ICE INCURSION THE PACK ICE

USUALLY LIESLIE ABOUT 16 KILOMETERSKILOMETER 10 MILESMILE OFFSHORE FROM ICY CAPE NORTH

TOWARD POINT BARROW BEYOND THISTHI POINT THE EDGE OF THE PACK ICE SWINGSSWING

NORTHWEST TOWARD WRANGELLISLAND PACK ICE INTRUSION IS FREQUENTALONGTHE

COAST AS FAR SOUTH AS ICY CAPE ALASKA DEPARTMENTOF FISH AND GAME 1982

THE MULTIYEAR PACK ICE LASTSLAST ALL YEAR UP TO 40 PERCENT OF THE ICE

COVER BETWEEN NOVEMBER AND JUNE MAY CONTAIN MULTIYEAR ICE NORMALLY POLAR

PACK ICE IS TO METERSMETER 10 TO 13 FEET THICK AT THE END OF WINTER AND

321



FIGURE
34

PRING
ICE

ZONATIONOF

THE

ALASKA

BEAUFORT
SEA

ORH

IN
OUD

IMN

IM



FIGURE
35

ATE

WINTER
ICE

ZONATIONOF

THE

ALASKA

BEAUFORT
SEA

TO

CTIVE

TIDAL

CRACKSCRACK

RACESRACE
OF

FORMER
ACTIVE
TIDAL

CRACKSCRACK

OCSEAP
978



DECREASESDECREASE TO TO METERSMETER TO 10 FEET THICK DURING THE SUNINER IN

YEARSYEAR OF MAXIMUM ICE RETREAT THE POLAR ICE PACK LIESLIE WELL NORTH AND WEST OF

THE CHUKCHI SEA COAST THE HEAVY PACK ICE BEGINSBEGIN TO CLOSE IN ON THE

COAST BY OCTOBER WITH NEW ICE FORMING ALONGITS MARGIN AND IN OPENWATER

AREASAREA BETWEEN THE PACK ICE AND THE SHOREFACT ICE IN HEAVY ICE YEARSYEAR THE

PACK ICE LIESLIE CLOSE TO THE CHUKCHI COAST AND CAN UNEXPECTEDLYBE BLOWN

INSHORE EVEN IN MIDSUNINER WHEN IT IS BLOWN ASHORE ICE KEELSKEEL WHICH CAN

EXTEND UP TO 20 METERSMETER 67 FEET DEEP SOMETIMESSOMETIME GOUGE INTO THE SEA FLOOR

ALASKA DEPARTMENTOF FISH AND GAME ICE ISLANDSISLAND WITH LATERAL DIMENSIONSDIMENSION

OF SEVERAL KILOMETERSKILOMETER ARE ALSO KNOWN TO OCCUR NATIONAL PETROLEUM COUNCIL

1981

DURING THE WINTER AND SPRING THE CHUKCHI SEA ICE IS MORE DYNAMIC THAN

BEAUFORT SEA ICE THE BEAUFORT SEA HAS LARGEAREA OF STABLE LANDFAST ICE

OFTEN WITH AN EVEN LARGERAREA OF ININOBILE PACK ICE ATTACHED TO IT ALONG

THE CHUKCHI COAST THERE AN EXTREMELYACTIVE FLAW ZONE LEAD SYSTEMBETWEEN

THE FASTICE AND THE MOVING PACK ICE THISTHI LEAD SYSTEMOFTEN EXTENDSEXTEND FROM

POINT BARROW TO CAPE LISBURNE AND NEW ICE IN THE FLAW ZONE IS CONTINUALLY

BEING FORMED DETACHED PILEDUP AND TRANSPORTEDSOUTHWARD IN SOME YEARSYEAR

THE FLAW ZONE MAY EXCEED 50 KILOMETERSKILOMETER 30 MILESMILE IN WIDTH NEAR ITS SOUTHERN

END BURNSBURN SHAPIRO AND FAY 1981 THE FLAW ZONE BECOMESBECOME PARTICULARLY

PRONOUNCEDFROM NEAR POINT LAY TO POINT BARROW DURING PERIODSPERIOD OF STRONG

EASTERLYWINDSWIND WEBSTER 1982

PACK ICE IN THE CHUKCHI SEA IS CONTINUALLY IN MOTION BECAUSE OF THE

SOUTHWARD CONVERGINGALASKA AND SIBERIAN COASTLINESCOASTLINE AND THE PRESSURE EXERTED

ON THE ICE COVER BY THE EXPANDINGPOLAR ICE PACK CHUKCHI SEA ICE IS HEAVILY

DEFORMED ANOTHER REASON FOR THISTHI DYNAMICCONDITION IS THE OPPORTUNITYFOR

ICE IN THE CHUKCHI SEA TO BE TRANSPORTEDSOUTHWARD OUT THROUGHTHE BERING

STRAIT THICKNESSESTHICKNESSE OF ANNUAL ICE RANGE FROM 100 TO 120 CENTIMETERSCENTIMETER TO

FEET WITH THICKNESSESTHICKNESSE OF MULTIYEAR PACK ICE FLOESFLOE APPROACHING METERSMETER 10

FEET WEBSTER 1982 RIDGESRIDGE CAN BE SEVERAL TIMESTIME THISTHI THICKNESSTHICKNES

SHEAR RIDGESRIDGE OR PRESSURE RIDGESRIDGE ARE FORMED WHERE BLOCKSBLOCK OF SEA ICE ARE

SLID BROKEN PUSHED AND PACKEDTOGETHER PRESSURE RIDGESRIDGE ARE FORMED IN THE

ICE FIELD DUE PRIMARILY TO WINDINDUCED STRESSESSTRESSE THERE IS AT PRESENT VERY
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LITTLE DATA ON THE SIZE SHAPEAND DISTRIBUTION OF ICE RIDGESRIDGE IN THE CHUKCHI

SEA THE SHEAR RIDGESRIDGE GENERALLYHAVE SAIL HEIGHT TO KEEL DEPTH RATIO OF

145 BUT THISTHI RATIO CAN VARY FROM 13 TO AS MUCH AS 19 THROUGHOUTTHE

WINTER AND EARLY SPRING ICE MOVEMENTSMOVEMENT CREATE LARGEAND MASSIVE SHEAR RIDGE

SYSTEMSSYSTEM THESE SHEAR RIDGESRIDGE ARE MOST COMMON ALONG THE SHOALSSHOAL THAT EXTEND

SEAWARD FROM CAPESCAPE AND HEADLANDSHEADLAND THE RIDGING IS PARTICULARLY EXTENSIVE IN

THE NEARSHORE AREA OF THE COAST NORTH OF ICY CAPE AND THE OFFSHORE NORTH OF

CAPE LISBURNE

PRESSURE RIDGESRIDGE ARE FORMED BY COMPRESSIONOF ADJACENT PACK ICE SHEETSSHEET

WHEN BLOCKSBLOCK OF ICE ACCUMULATE ABOVE AND BELOW THE ABUTTING ICE FLOESFLOE THESE

PRESSURE RIDGESRIDGE MAY BE FREEFLOATING OR GROUNDEDIF IN SHALLOW WATER BOTH

TYPESTYPE OF PRESSURE RIDGESRIDGE ARE FREQUENTIN THE CHUKCHI SEA AND SAIL HEIGHTSHEIGHT

OF TO METERSMETER 18 TO 20 FEET ARE FOUND IN THE NORTHEASTERN CHUKCHI

SEA THE FREQUENCYOF PRESSURE RIDGESRIDGE IS HIGH ABOUT OR PER KILOMETER

KOVACSKOVAC AND WEEKSWEEK 1977 AVERAGERIDGE THICKNESSTHICKNES IN INCLUDING SAIL

AND KEEL IS METERSMETER 30 FEET

PROBABLERANGE OF RIDGE SIZE AND FREQUENCYHAS BEEN EXTRAPOLATEDIN

TABLE 36 FOR THE BARROW ARCH PLANNINGAREA FROM SOME LIMITED DATA ASSEMBLED

BY THE US ARMY CORPSCORP OF ENGINEERSENGINEER 1970 JOHN MCMULLEN ASSOCIATESASSOCIATE

1980 AND VOELKER ET AL 1981 PRESSURE RIDGESRIDGE CAN CONTAIN BOTH FIRST

YEAR AND MULTIYEAR ICE BASED ON HEAT FLOW ANALYSISANALYSI FIRSTYEAR RIDGESRIDGE

ARE ESTIMATED TO HAVE CONSOLIDATED ZONE THICKNESSTHICKNES IE WITH ICE BONDING

OF LESSLES THAN 39 METERSMETER 13 FEET MULTIYEAR PRESSURE RIDGESRIDGE PROBABLYCAN

HAVE CONSOLIDATED ZONE THICKNESSTHICKNES EXCEEDING 14 METERSMETER 45 FEET BUT THE

PROBABILITY OF ENCOUNTERINGSUCH FEATURE CANNOT YET BE ESTIMATED

BREAKUPIN THE CHUKCHI SEA OCCURSOCCUR IN LATE JUNE OR JULY COMMENCINGIN

LATE MAY OR EARLY JUNE RIVER BREAKUP CAUSESCAUSE ESTUARINE FLOODING OF THE

SHOREFAST ICE CONTINUED WARMINGAND SUMER INSOLATION LEAD TO MELT POND

FORMATION ON THE ICE BY EARLY JUNE THE ICE CONTINUESCONTINUE TO DECAY AND LOOSEN

ITS ATTACHMENT TO SHORE THROUGHJUNE OPEN WATER BEGINSBEGIN TO FORM NEAR RIVER

MOUTHSMOUTH AND EMBAYMENTSEMBAYMENT EVENTUALLYWINDSWIND STORMSSTORM OR WATER CURRENTSCURRENT DISLODGE

THE FAST ICE AND BREAKUP OCCURSOCCUR USUALLY IN LATE JUNE THISTHI MARKSMARK THE



TABLE 36

EXTRAPOLATED PRESSURE RIDGE CHARACTERISTICSCHARACTERISTIC AND FREQUENCY

UH KEEL NUMBER OF RIDGESRIDGE
FE ME FE PER

0612 24 2142 714 15

0924 38 5485 1828 15

1536 512 54128 1842

2460 820 85213 2870

60 20 213 70

SOURCE BRIAN WATT ASSOCIATESASSOCIATE
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BEGINNING OF THE OPENWATERSEASON SCATTERED LEADSLEAD OPEN ALONGTHE COAST

AND THE PACK ICE RECEDESRECEDE OFFSHORE AND BEGINSBEGIN ITS GRADUALDISINTEGRATION

IT IS NOT UNTIL THE BEGINNING OF JULY THAT SIGNIFICANT REDUCTION

IN PROBABILITIESPROBABILITIE OF BOTH THE ICE LIMIT AND 50 PERCENT ICE CONCENTRATION

BOUNDARYOCCURSOCCUR IN THE SOUTHERN CHUKCHI SEA WEBSTER 1982 AS THE ICE

DECREASESDECREASE IN CONCENTRATION IT DRIFTSDRIFT NORTH TOWARD THE ARCTIC OCEAN

ACCORDINGTO WEBSTER 1982 THE DISINTEGRATIVE INFLUENCE ON THE ICE COVER

IS TONGUE OF WARM WATER FLOWING NORTHWARD THROUGHTHE BERING STRAIT

THE PROBABILITYOF CLOSE PACK ICE FALLSFALL TO LESSLES THAN 50 PERCENTSOUTH OF

CAPE LISBURNE AND IN NARROW CORRIDOR ALONG THE COAST NORTHEASTWARD TO

WAINWRIGHT THISTHI EARLY LEAD FORMATION IS LIKELY RESULT OF NORTHEASTWARD

SETTING STREAM OF WARM WATER BRANCHINGFROM GENERALLYNORTHWARD FLOW OF

WATER IN THE VICINITY OF CAPE LISBURNE REFERRED TO BY PAQUETTEAND BOURKE

1974 AS THE ALASKA COASTAL CURRENT

BY THE BEGINNINGOF AUGUST NARROW SHORE LEAD IS LIKELY TO DEVELOP

ALONG THE COAST BETWEEN WAINRIGHT AND BARROW AS THE PROBABILITIESPROBABILITIE OF

ENCOUNTERINGCLOSE PACK ICE FALL TO ABOUT 25 PERCENT HOWEVER THERE STILL

REMAINSREMAIN GOODCHANCE THAT HEAVY ICE CONCENTRATIONSCONCENTRATION WILL PREVAIL IN THE

AREA OF POINT BARROW AND OVER THE CHUKCHI SEA GENERALLYAS FAR SOUTH AS

71 LATITUDE THE LEAD INCREASESINCREASE IN WIDTH THROUGHAUGUST AUGUST AND

SEPTEMBERARE THE MONTHSMONTH WITH LEAST SEA ICE IN THE CHUKCHI SEA THESE ARE

THE BEST MONTHSMONTH FOR NAVIGATIONBECAUSE THE COASTAL AREA IS GENERALLYFREE OF

FAST ICE TO POINT BARROW THE NORTHSETTING WARMWATER ALASKA COASTAL

CURRENT USUALLY KEEPSKEEP THE CHUKCHI COAST FREE OF ICE THROUGHSEPTEMBER

HOWEVER THE PRESENCE OF DECAYING ICE FIELDSFIELD STILL ADHERING TO THE SHORE

ALONGTHE ALASKA NORTHWEST COAST MAY COMPLICATEMARINE OPERATIONSOPERATION INCLUDING

SHORE FACILITIESFACILITIE AFTER SEPTEMBERFREEZEUP AND THE INCURSION OF THE PACK

ICE PREVENTFURTHER VESSEL TRAFFIC EXCEPT FOR ICE BREAKERSBREAKER

PERMANENTCIRCULATION FEATURE IN THE ARCTIC BASIN WHICH SHUNTSSHUNT ICE

WESTWARD NORTH OF THE ALASKA MAINLAND AND THEN NORTHWESTWARDBETWEEN 155W

AND 160W LONGITUDE MAINTAINSMAINTAIN RELATIVELY HIGH ICE PROBABILITIESPROBABILITIE NORTH OF

THE MAINLAND BETWEEN WAINWRIGHTAND POINT BARROW THROUGHOUTAUGUST AND INTO
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SEPTEMBER THE WITHDRAWAL OF THE ICE PACK IS GREATEST OVER THE CHUKCHI

SEA BETWEEN 162 AND 175 DURING THISTHI PERIOD THE PERSISTENCE OF SEA

ICE WEST OF 175 SEEMSSEEM LARGELY DUE TO THE LACK OF ANY WARM WATER INFLOW

INTO THE REGION TO ACCELERATE MELTING WEBSTER 1982

THE SEASONAL WITHDRAWAL OF THE ICE PACK FROM THE CHUKCHI SEA EXHIBITSEXHIBIT
MAINLY IN AUGUST CERTAIN CLIMATOLOGICALCONFIGURATIONSCONFIGURATION THAT HAVE BEEN

RELATED TO CURRENT STEERINGBY BOTTOM TOPOGRAPHYPAQUETTEAND BOURKE 1974
THE LITERATURE ASSOCIATESASSOCIATE THESE NORTHWARD PROJECTIONSPROJECTION OF LOWER ICE PROBABIL
ITIESITIE WITH TROUGHSTROUGH IN THE SEA FLOOR THAT CONCENTRATE AND DIRECT THE CURRENT

INTO THE MARGINAL ICE ZONE THUSTHU CREATING BAYSBAY OF LOWER ICE CONCENTRATIONSCONCENTRATION

OR OPEN WATER THESE FEATURESFEATURE BECOME LESSLES DEFINABLE AS THE MELT SEASON

PROGRESSESPROGRESSE INTO SEPTEMBERAND THE ICE RECEDESRECEDE FARTHER NORTHWARD OVER THE

CONTINENTAL SHELF WEBSTER 1982

THE NORTHWARD RETREAT OF THE ICE PACK PEAKSPEAK IN MIDSEPTEMBER WHEN

THE MEDIAN ICE LIMIT MOVESMOVE NORTH OF THE CHUKCHI SEA TO ABOUT 72 LATI

TUDE AND THE MEDIAN EDGE OF CLOSE PACK ICE RECEDESRECEDE TO NEAR 730 THE

PERENNIAL POLAR PACK THE ARCTIC OCEAN BEGINSBEGIN ITS SOUTHWARD ADVANCE IN

LATE SEPTEMBER BY MIDOCTOBER IT IS LIKELY THAT SEA ICE WILL BE FOUND

IN THE PROXIMITY OF BARROW BUT WILL LIKELY BE LESSLES THAN 50 PERCENT CONCEN

TRATED CONSISTINGMAINLY OF NEW ICE DEVELOPINGIN SITU IN EXTREMELYCOLD

WEATHER NEW ICE CAN DEVELOPIN THE COASTAL AREA AS FAR SOUTH AS KOTZEBUE

SOUND WEBSTER 1982

AFTER MIDOCTOBER SEA ICE FORMSFORM MORE RAPIDLY NEXT TO THE COOLING
ALASKA LANDMASSLANDMAS THAN OVER THE CHUKCHI SEA WATERSWATER FARTHER REMOVED FROM THE

SOURCE OF COLD AIR BY NOVEMBER SEA ICE WILL LIKELY BE EXTENSIVE IN THE

COASTAL WATERSWATER FROM CAPE LISBURNE NORTHWARD AS WELL AS IN THE INTERIOR OF

KOTZEBUE SOUND FARTHER WESTWARD THE PROBABILITIESPROBABILITIE OF THE ICE LIMIT AND 50

PERCENT ICE CONCENTRATION BOUNDARYARE LOWER WITH THE CONTOUR PATTERN SIMI

LAR TO THAT OCCURRINGDURING THE ICE MELTBACK PERIOD IN AUGUST AND SEPTEM
BER PRESUMABLYDUE TO QINDUCEQCJH CURRENT STEERING PREVIOUSLY
DISCUSSED FREEZEUPIS RAPID DURING THE FIRST HALF OF NOVEMBER AND BY THE

FIFTEENTH IT IS LIKELY THAT THE WATERSWATER NORTH OF THE BERING STRAIT WILL BE

ICE COVERED BECOMINGABSOLUTELY ICE COVERED BY DECEMBER WEBSTER 1982
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ICE CONDITIONSCONDITION DURING THE OPENWATER SEASON CAN VARY CONSIDERABLYFROM

YEAR TO YEAR GOOD ICE YEARSYEAR OCCUR ABOUT YEAR IN EVERY EXCEPTIONAL

ICE YEARSYEAR ARE LESSLES FREQUENTNATIONAL PETROLEUM COUNCIL 1981 AS MENTIONED

EARLIER THE PERIOD OF LEAST ICE COVER IS TYPICALLY FROM MIDAUGUST TO

MIDOCTOBER

AT MOST SITESSITE ALONGTHE COAST THE ICE RETREATSRETREAT SOME DISTANCE OFFSHORE

DURING THE SUMMER HOWEVER HEAVY PACK ICE AND MULTIYEAR PACK ICE ARE

NEVER FAR AWAY WIND AND CURRENTSCURRENT CAN RAPIDLY MOVE THE PACK ICE BACK

ONSHORE DURING SUMMER MONTHSMONTH ICE MOVEMENTSMOVEMENT CAN BE RAPID PACK ICE IS MUCH

MORE MOBILE THAN LANDFAST ICE WITH MOVEMENTSMOVEMENT OF 10 TO 20 KILOMETERSKILOMETER TO

12 MILESMILE PER DAY BEING COMMONPLACEBOONE 1980 SHIPBOARD OBSERVERSOBSERVER

PASSING THROUGHTHE CHUKCHI SEA HAVE MADE ANECDOTAL REPORTSREPORT OF ICE MOVEMENTSMOVEMENT

ESTIMATED AT UP TO KNOTSKNOT ARCTIC INSTITUTE OF NORTH AMERICA 1974

IN THE CHUKCHI SEA THERE IS LITTLE DATA REGARDINGICE MOVEMENT EXCEPT

IN THE VICINITY OF BARROW SEVERAL FACTORSFACTOR SUGGESTTHAT RESULTSRESULT OF MOST

BEAUFORT SEA ICE STUDIESSTUDIE ARE NOT DIRECTLY APPLICABLE TO THE CHUKCHI THE

CHUKCHI SEA HAS RELATIVELY FEW BARRIER ISLANDSISLAND TO PROTECTAND STABILIZE THE

ICE SHEET EXCEPT FOR THE KUSEGALUKLAGOON FURTHERMORE THE

ICE ZONE IS MUCH NARROWER THAN IN THE BEAUFORT AND IS SUBJECT TO

CONSIDERABLY GREATER SPRING AND WINTER PACK ICE MOVEMENT OCSEAP 1978

OTHER DIFFERENCESDIFFERENCE INCLUDE SMALLER INTERANNUALFAST ICE VARIATION ALONG

THE CHUKCHI COAST AS WELL AS DECREASE IN THE INTENSITY OF RIDGING OCSEAP

1978 HOWEVER THE INCREASING ACTIVITY IN BEAUFORT SEA ICE BEYOND THE

BARRIER ISLANDSISLAND WILL PROVIDE EXPERIENCEUSEFUL FOR CHUKCHI SEA DEVELOPMENT

STRINGER 1978 IN ADDITION TO OBSERVING THAT THE MORPHOLOGYOF

CHUKCHI SEA IS CONSIDERABLYMORE DYNAMIC THAN THAT IN THE BEAUFORT SEA

INDICATESINDICATE THAT THE TWO MAJOR ICE FEATURESFEATURE IN THE CHUKCHI SEA THE EDGE OF

CONTIGUOUSCONTIGUOU PACK ICE AND THE LOCATION OF LARGE RIDGE SYSTEMSSYSTEM ARE RELATIVELY

INDEPENDENT OF EACH OTHER THE FORMER IS CONTROLLED BY SEASON BEING

FARTHER OFFSHORE DURING SUMMER AND ADVANCINGTOWARDSTOWARD SHORE WITH ADVANCING

SEASON WHILE THE LOCATION OF LARGE RIDGE SYSTEMSSYSTEM APPEARSAPPEAR TO BE CONTROLLED

INAI NLY BY BATHYMETRICCONFIGURATIONSCONFIGURATION
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IN SPITE OF THOSE STUDIESSTUDIE TO MEASURE ICE MOVEMENT THE STATISTICAL DATA

BASE REQUIREDFOR STRUCTURAL DESIGN IS STILL LIMITED LARGERDATA BASE

CONSISTINGOF MEASUREMENTSMEASUREMENT HAVINGBOTH GEOGRAPHICAND TEMPORALCONTINUITY IS

REQUIREDTO ESTIMATE POTENTIAL EXTREMESEXTREME ANY STRUCTURE DEPLOYED IN THE

OPEN ICE SHEET FOR PERIOD OF YEARSYEAR WILL BE REQUIREDTO WITHSTAND MANY ICE

INVASIONSINVASION CONTINUINGICE STUDIESSTUDIE WILL BE USEFUL TO PROVIDE ADEQUATEDATA

FOR RELIABLE PREDICTION OF EXPECTEDICE FORCESFORCE RESULTINGIN SAFER DESIGN
BY THE TIME THE FIRST EXPLORATIONSTRUCTURE IS DEPLOYED THE CHUKCHI SEA
AT LEAST FOUR MORE YEARSYEAR OF MORE DETAILED ICE DATA WILL HAVE BEEN COLLECTED
AND ANALYZED PRIOR TO EMPLACING PRODUCTIONSTRUCTURE AT LEAST EIGHT
YEARSYEAR OF MORE DETAILED ICE DATA WILL BE COLLECTED BY INDUSTRY OPERATORSOPERATOR

SEA ICE LOADSLOAD ARE FUNCTION OF SIZE AND SHAPEOF THE ICE FEATURESFEATURE ITS

STRENGTHAND DEFORMABILITYAND THE MODE OF FAILURE FIGURE 36 ILLUSTRATESILLUSTRATE
THREE MODESMODE OF ICE FAILURE THE STRENGTHOF SEA ICE IS COMPLEXFUNCTION
OF MANY FACTORSFACTOR INCLUDING CRYSTAL TYPE STRAIN RATE TEMPERATURE BRINE

VOLUME AND THE DIRECTION OF LOADING THE FLEXURAL STRENGTHOF SEA MAY
BE LESSLES THAN ONETENTH OF ITS COMPRESSIVESTRENGTH THISTHI FACTOR HAS

CONSIDERABLE INFLUENCE ON STRUCTURE DESIGN WATT 1982

THE DESIGN TOTAL ICE FORCESFORCE WILL DEPENDNOT ONLY ON THE ICE FEATURESFEATURE
BUT ALSO ON THE STRUCTURE CONFIGURATIONAND CONTACT SURFACE CHARACTERISTICSCHARACTERISTIC

FOR THE PURPOSESPURPOSE OF THISTHI PLANNINGSTUDY TABLE 37 GIVESGIVE GENERALICE LOADSLOAD

SUGGESTEDAS EXAMPLESEXAMPLE FOR FIXED STRUCTURESSTRUCTURE TO BE LOCATED IN THE ZONE OF

LARGEICE MOVEMENT AND WHERE LARGEMULTIYEAR ICE FEATURESFEATURE CAN BE EXPECTED
IN THE FLOATING LANDFAST ICE ZONE ICE MOVEMENT WILL BE SIGNIFICANTLY
LESSLES AND MULTIYEAR ICE FEATURESFEATURE WILL BE LESSLES LIKELY TO BE ENCOUNTERED IN

THISTHI ZONE LOAD OF 350 KIPSKIP PER FOOT OF WATERLINE DIAMETER FOR VERTICAL

CYLINDRICAL STRUCTURE OR GRAVEL ISLAND SEEMSSEEM APPROPRIATE

IT IS EXPECTEDTHAT ENGINEERINGSTRUCTURESSTRUCTURE FOR THE NORTHERN CHUKCHI SEA

WILL HAVE TO BE DESIGNEDFOR VERY HIGH AND LOCALIZED ICE LOADSLOAD SELECTING
APPROPRIATE DESIGN ICE PRESSURE CRITERIA FOR THESE STRUCTURESSTRUCTURE IS VERY
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FIGURE36

INTERACTION OF FLOATING ICE BEAM

WITH AN INCLINED STRUCTURE

SOURCE NATIONOL ACADEMY SCIENCESSCIENCE I8



TABLE 37

GENERALIZED ICE LOADSLOAD FOR REPRESENTATIVE

DRILLING STRUCTURESSTRUCTURE IN DEEPER WATER

UH TOTAL HORIZONTAL LOAD
1000 KIPSKIP 1000 KIPSKIP

GRAVEL ISLAND 2OO

VERTICAL CYLINDER 140 200

450 CONE 135 180 100 135

200 CONE 60 80 100 135

SEE TEXT FOR EXPLANATION

TOTAL LOAD INCLUDESINCLUDE BOTH STATIC WIDELY DISTRIBUTED AND IMPACTLOCALLY DISTRIBUTED LOADSLOAD

FOR 400FOOT ISLAND USING 500 KIPSFOOT OF WATERLINE DIAMETER

ASSUMESASSUME NO ADFREEZE PLUSPLU TIDAL MOVEMENT

SOURCE BRIAN WATT ASSOCIATESASSOCIATE
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DIFFICULT TASK DUE TO THE LACK OF DATA AND INDUSTRY EXPERIENCE BRUEN

ET AL 1981 DISCUSSDISCUS THE COMPLICATIONSCOMPLICATIONINVOLVED IN CRITERIA SELECTION AND

SUGGEST TENTATIVE RELATIONSHIP BETWEEN THE DESIGN ICE PRESSURE AND THE

CONTACT AREA UNDER CONSIDERATION THE SUGGESTEDDESIGN ICE PRESSURE STARTSSTART

AT 1600 PSI FOR SQUARE FOOT AREA DECREASINGTO 1200 PSI FOR 100 SQUARE

FOOT AREA AND 500 PSI FOR 1000 SQUARE FOOT AREA

322 AND GEOLOGIC

3221 DATA SOURCESSOURCE AND REFERENCE

THE CHUKCHI SEA SHELF AS GEOGRAPHICAND GEOLOGICUNIT HAS RECEIVED

INTERMITTENT STUDYFROM RESEARCHERSRESEARCHER OVER THE LAST TWO DECADESDECADE AND REASON

ABLE AMOUNT OF KNOWLEDGEHAS BEEN ACCUMULATED ABOUT THE STRUCTURAL TECTONIC

AND ENVIRONMENTAL GEOLOGYOF THE AREA HOWEVER THE CHUKCHI SEA HAS RE

CEIVED CONSIDERABLYLESSLES ATTENTION THAN THE BEAUFORT SEA DUE TO ITS REMOTE

NESSNES FROM EXISTING PETROLEUMDEVELOPMENTAND TRANSPORTATIONINFRASTRUCTURE

NEVERTHELESSNEVERTHELES LIMITED AMOUNT OF MAGNETIC GRAVITY AND SEISMIC DATA IS

AVAILABLE PRIMARILYFROM RESEARCH CONDUCTED BY THE US GEOLOGICALSURVEY

AT THE TIME OF THISTHI WRITING LITTLE OF THE AVAILABLE INFORMATION HAD BEEN

SYNTHESIZED ALTHOUGH GEOHAZARDSGEOHAZARDREPORTIS CURRENTLYIN PREPARATIONBY THE

US GEOLOGICALSURVEY

FURTHER INFORMATION AND ANALYSISANALYSI OF THE GEOLOGYOF THE BARROW ARCH

PLANNING AREA ARE PRESENTED IN APPENDIX EMPHASIZING PETROLEUMRELATED

CONDITIONSCONDITION

3222

THE CHUKCHI SHELF IS PENEPLAINED INFOLDED SEDIMENTARYREMNANT THE

EXTENSION OF THE COLVILLE GEOSYNCLINEBENEATH THE CHUKCHI SEA SHELF IS

COMPRISEDOF LOWER CRETACEOUSCRETACEOU AND OLDER SEDIMENTARYROCKSROCK WITH PRESUMED

AVERAGE THICKNESSTHICKNES OF KILOMETERSKILOMETER MILESMILE AND MAXIMUM THICKNESSTHICKNES SPECU

LATED AT KILOMETERSKILOMETER MILESMILE IT HAS BEEN ESTIMATED THAT AS MUCH AS
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6000 METERSMETER 20000 FEET OF CRETACEOUSCRETACEOU SEDIMENTSSEDIMENT WITH

VOLCANICSVOLCANIC MAY LIE IMMEDIATELY OFFSHORE BENEATH THE CHUKCHI SEA ARCTIC
INSTITUTE OF NORTH AMERICA 1974

THE THICKNESSTHICKNES AND STRATIGRAPHYOF THE PRECRETACEOUSPRECRETACEOU INTERVAL IS IN

QUESTION GREAT DEAL DEPENDSDEPEND ON THE NATURE AGE AND EXTENT OF APPARENT
BASEMENT HIGHSHIGH INDICATED BY GRAVITY AND MAGNETIC SURVEYSSURVEY SUBOTTOM REFLEC

TIONSTION OF THE TIGARA UPLIFT AREA OFF POINT HOPE AND CAPE LISBURNE INDICATE NO

STRATIFICATION BUT SUGGEST BURIED SEDIMENTARY ROCK BASEMENT ROCKSROCK ARE

GENERALLYBELIEVED TO BE COMPLEXLYFOLDED AND FAULTED ROCKSROCK OF DEVONIAN
CARBONIFEROUSCARBONIFEROU AND EARLY MESOZOIC AGE MOORE 1964

THE SEDIMENT CHARACTER OF THE CHUKCHI SHELF IS FAIRLY WELL KNOWN
PRIMARILY FROM THE WORK OF CREAGERAND MCMANUSMCMANU 1967 IN GENERAL THE

CHUKCHI SHELF DISPLAYSDISPLAY VERY LOW RELIEF AND IS COVERED BY THIN RELICT AND

RESIDUAL SEDIMENTSSEDIMENT WITH MINIMAL INPUT OF NEW FINE SANDSSAND SILT AND CLAY
FROM THE BERINGSTRAIT AND KOTZEBUE SOUND INGHAM ET AL 1972 EXTREME

DIVERSITY EVEN OVER SHORT DISTANCESDISTANCE IS THE MOST DISTINCTIVE CHARACTERISTIC
OF ARCTIC SHELF SEDIMENTSSEDIMENT THE SEDIMENT COVER RARELY EXCEEDSEXCEED 10 METERSMETER

33 FEET AND FREQUENTLYIS ON THE ORDER OF TO METERSMETER 10 TO 17 FEET
MOORE 1964 SEDIMENTSSEDIMENT ARE PREDOMINANTLYOVERCONSOLIDATED HOLOCENE SILTSSILT

AND CLAYSCLAY WITH WIDESPREADPLEISTOCENE GRAVEL SHEETSSHEET OCCURRINGAT DEPTHSDEPTH FROM

TO 10 METERSMETER 10 TO 33 FEET 1978 IN WATER DEPTHSDEPTH OF 30 METERSMETER

100 FEET AND MORE BEDROCK IS FREQUENTLYEXPOSEDWITH ONLY PATCHESPATCHE OF

SEDIMENT FILLING DEPRESSIONSDEPRESSION MOORE 1964

BOTTOM SEDIMENTSSEDIMENT IN THE AREA RANGE FROM SILT AND CLAY THROUGHWELL

SORTED SANDSSAND TO MUDDYOR CLEAN GRAVELSGRAVEL THE BOTTOM SEDIMENT CHARACTERISTICSCHARACTERISTIC
OF THE CHUKCHI SEA AS DESCRIBED BY CREAGERAND MCMANUSMCMANU 1967 ARE ILLU
STRATED IN FIGURE 37 IN GENERAL GRAIN SIZE DECREASESDECREASE AWAY FROM THE SHORE

OR DOWNSTREAM FROM THE SEDIMENT SOURCE COARSE GRAVEL IS ALMOST ALWAYSALWAY
FOUND NEAR CLIFFSCLIFF AND HEADLANDSHEADLAND OR WITH BEDROCK OUTCROPSOUTCROP ON THE SEAFLOOR
EXCEPT IN THE NORTHEASTERN CHUKCHI SEA BETWEEN POINT LAY AND WAINWRIGHT
WHERE GRAVEL WAS NOTED OFFSHORE IN RELATIVELYSHALLOW WATER CREAGERAND

MCMANUSMCMANU 1967
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FIGURE37

DISTRIBUTION OF BOTTOM SEDIMENTSSEDIMENT CHUKCHI SEA

SOURCE CREAGER CM 1967



IN THE NEARSHORE WATERSWATER OF THE CHUKCHI SEA AND ON THE CHUKCHI SHELF
SEDIMENTARYDEPOSITIONAL STRUCTURESSTRUCTURE ARE LARGELYABSENT COMBINATION OF
ICE BOTTOM INTERACTION AND INTENSIVE BIOTURBATION IS CONSIDERED THE PRIMARY
PROCESSPROCES REPLACINGOLDER EXPLANATIONSEXPLANATION THAT EMPHASIZED WAVE AND CURRENT
ACTION BARNESBARNE AND REIMNITZ 1974 ICE GOUGE PHENOMENAARE DISCUSSED IN

GREATER DETAIL IN SECTION 3223

TOIMIL AND GRANTZ 1976 SPECULATE THAT THE ANOMALOUSLYCOARSE SEDI
MENTSMENT REPORTEDON MANY SHOALSSHOAL OF THE CHUKCHI SHELF BY CREAGERAND MCMANUSMCMANU
1967 MAY IN PART RESULT FROM IMENTH WINNOWINGBY PROCESSESPROCESSE
RELATED TO REPEATEDMASSIVE ICE GROUNDINGSGROUNDING OR BERGFIELDSBERGFIELD THEY RECOGNIZE
HOWEVERTHAT THE COARSENESSCOARSENES OF SEDIMENTSSEDIMENT ON SOME OF THE SHOALSSHOAL CAN BE MORE

DIRECTLYATTRIBUTED TO NEARBY OUTCROPSOUTCROP OR TO WAVE AND FLUVIAL EROSION AND

DEPOSITION DURINGTIMESTIME OF EUSTATICALLYLOWERED SEA LEVEL

3223

SEVERAL TYPESTYPE OF POTENTIAL GEOLOGICHAZARDSHAZARD TO PETROLEUMDEVELOPMENT
EXIST IN THE PROPOSEDLEASE SALE AREA THESE INCLUDE ICE GOUGING SUBSEA

PERMAFROST SEISMICITY AND COASTAL EROSION BASED ON EVIDENCE REVIEWED FOR
THISTHI REPORT VOLCANISM AND SEAFLOOR INSTABILITY DO NOT APPEAR TO BE MAJOR
RISKSRISK IN THISTHI REGION

SEA ICE REWORKSREWORK SEDIMENTSSEDIMENT AND MODIFIESMODIFIE BOTTOM TOPOGRAPHYBY IMPACTION
PLOWINGAND GOUGING ICE GOUGINGOR ICE SCOUR AS IT IS ALSO CALLED MAY BE

CAUSED BY ANY TYPE OF ICE WITH SUFFICIENT DRAFT AND MOMENTUM TO PENETRATE
THE SEAFLOOR PRESSURE RIDGESRIDGE ARE PROBABLYTHE MOST COMMON TYPE OF ICE
FEATURE TO PRODUCEMAJOR DEPRESSIONSDEPRESSION IN THE SEAFLOOR ALTHOUGHICE ISLANDSISLAND
AND THEIR FRAGMENTSFRAGMENT ARE CAPABLE OF SCOUR AS WELL ACCORDINGTO BARNESBARNE AND

REIMNITZ 1974 ICE PROCESSESPROCESSE APPEAR TO DOMINATE THE ENTIRE SHELF OF THE
CHUKCHI SEA INCLUDINGTHE BEACH DURINGTHE WINTER SEASON

REIMNITZ AND BARNESBARNE 1974 STUDIESSTUDIE OF THE BEAUFORT SEA ICE GOUGESGOUGE
INDICATE THAT RELIEF TENDSTEND TO DOMINATE THE SMALLSCALE SHELF

MORPHOLOGYBETWEEN DEPTHSDEPTH OF TO 10 METERSMETER 26 TO 33 FEET AND THE GREATEST
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INTENSITY OF GOUGINGCORRESPONDSCORRESPONDTO DEPTHSDEPTH WHERE THE ZONE OF GROUNDEDRIDGESRIDGE

STAMUKHI ZONE IS FORMED IN 10 TO 20 METERSMETER 33 TO 66 FEET OF WATER ICE

GOUGINGIS ALSO ESPECIALLYINTENSE ON THE SEAWARD SLOPESSLOPE OF BATHYMETRIC

HIGHSHIGH FIGURE 38 SHOWSSHOW THE LOCATION AND DENSITY OF SEE ICE GOUGINGIN THE

CHUKCHI SEA NATIONAL ACADEMYOF SCIENCESSCIENCE 1982

TOIRNIL 1979 RECONNAISSANCE STUDYOF ICE SCOUR IN THE EASTERN CHUKCHI

SEA PRODUCEDTHE FOLLOWINGOBSERVATIONSOBSERVATION

THE DENSITY OF ICE SCOUR INCREASESINCREASE WITH INCREASING LATITUDE

INCREASING SLOPEGRADIENTSGRADIENT AND DECREASINGWATER DEPTH

SCOUR WAS OBSERVED TO OCCUR AT LEAST AS FAR SOUTH AS CAPE PRINCE OF

WALESWALE

DENSITIESDENSITIE OF OVER 200 GOUGESGOUGE PER KILOMETER 320 PER MILE WERE

ENCOUNTERED IN WATER DEPTHSDEPTH LESSLES THAN 30 METERSMETER 100 FEET

NO VALUESVALUE HIGHER THAN 50 PER KILOMETER 80 PER MILE WERE FOUND IN

WATER DEPTHSDEPTH DEEPERTHAN 50 METERSMETER 165 FEET

THE MAXIMUM DEPTH AT WHICH EVIDENCE OF SCOUR WAS OBSERVED WAS

58 METERSMETER 192 FEET AND MAXIMUM INCISION SEAFLOOR PENETRATION

DEPTHSDEPTH WERE FOUND IN WATER DEPTHSDEPTH OF 35 TO 50 METERSMETER 115 TO

165 FEET

AN EXTREME INCISION DEPTH OF 45 METERSMETER 15 FEET WAS ENCOUNTERED

AT DEPTHOF 35 TO 40 METERSMETER 115 TO 130 FEET

TOIMIL 1979 ALSO NOTED SEVERAL DIFFERENCESDIFFERENCE BETWEEN GOUGING IN THE

BEAUFORT AND CHUKCHI SEASSEA

THE MAXIMUM WATER DEPTH OF ICE GOUGINGOCCURRENCE APPEARSAPPEAR TO BE

SHALLOWER IN THE CHUKCHI SEA THAN THE BEAUFORT SEA
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IN THE CHUKCHI SEA ICE SCOUR IS ASSOCIATED WITH AND MAY BE

MODIFIED BY STRONG CURRENTSCURRENT

GOUGETRENDSTREND IN THE BEAUFORT SEA ARE GENERALLYPARALLELTO SHORE

REFLECTING THE WESTWARD DRIFT OF PACK ICE BUT THISTHI FEATURE IS

POORLYDEVELOPEDIN THE CHUKCHI SEA

IN THE CHUKCHI SEA GOUGE DENSITIESDENSITIE ARE VARIABLE AND PATCHYUNDER

OTHERWISE UNIFORM CONDITIONSCONDITION

IN SPITE OF FAIRLY LIMITED DATA BASE SEVERAL CHARACTERISTICSCHARACTERISTIC OF THE

REGIONSREGION SEISMICITY ARE KNOWN IN GENERALMOST PARTSPART OF THE ARCTIC COASTAL

PLAIN AND THE CHUKCHI SEA ARE CHARACTERIZED BY LOW SEISMICITY THE ONLY

REPORTEDSEISMIC ACTIVITY WITH RICHTER MAGNITUDEGREATERTHAN 60 OCCURRED

IN THE HOPE BASIN PORTION OF THE SOUTHERN CHUKCHI SEA WHERE FOUR EPICENTERSEPICENTER

HAVE BEEN RECORDED IN THE LAST 30 YEARSYEAR EITTREIM AND GRANTZ 1977 ACCORD

ING TO THE AMERICAN PETROLEUM INSTITUTE 1982B THE BARROW ARCH PLANNING

AREA FALLSFALL INTO EARTHQUAKEZONE

ALTHOUGHICEBONDED PERMAFROSTIS KNOWN TO BE WIDELY DISTRIBUTED ON THE

BEAUFORT SEA SHELF LITTLE IS KNOWN ABOUT CONDITIONSCONDITION ON THE CHUKCHI SHELF

WEEKSWEEK ET AL 1978 THE ARCTIC INSTITUTE OF NORTH AMERICA 1974 INDICATESINDICATE

THAT WHILE RELICT PERMAFROSTIS KNOWN TO OCCUR BENEATH THE COASTAL WATERSWATER OF

THE CHUKCHI SEA LITTLE IS KNOWN ABOUT ITS AREAL DISTRIBUTION THICKNESSTHICKNES

NATURE AND EQUILIBRIUMCONDITIONSCONDITION

ACCORDINGTO BARNESBARNE AND HOPKINSHOPKIN 1978 SUBSEA RELICT PERMAFROSTIS

MOST LIKELY TO BE ENCOUNTERED IN SHALLOW INSHORE AREASAREA WHERE ICE RESTSREST

DIRECTLY ON THE SEABED RELICT PERMAFROSTMAY BE ENCOUNTERED ON ANY PART OF

THE SHELF INSHORE OF THE 90METER 300FOOT ISOBATH LARRY PHILLIPSPHILLIP

PERSONALCOMMUNICATION 1982 OF THE US GEOLOGICALSURVEY IN MENLO PARK

CALIFORNIA INDICATESINDICATE THAT SUBSEA PERMAFROSTIS UNLIKELY TO BE FOUND EXTEN

SIVELY OFFSHORE DUE TO THE THICKNESSTHICKNES OF HOLOCENE SEDIMENTSSEDIMENT WHILE SEVERAL

INVESTIGATORSINVESTIGATOR CONTINUE TO STUDY THE PATTERN OF SUBSEA PERMAFROST

OCCURRENCE ON THE CHUKCHI SEA SHELF NO MORE RECENT DATA IS AVAILABLE
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FROZEN GAS HYDRATESHYDRATE OR CLATHRATESCLATHRATE ARE GEOLOGICALFEATURE OFTEN

ENCOUNTERED IN ASSOCIATION WITH OR BELOW ICEBONDED PERMAFROSTZONESZONE THEY
OCCUR AS LATTICEWORK OF GAS AND WATER MOLECULESMOLECULE WITH TYPICAL RATIO OF

ONE GAS MOLECULE TO SIX WATER MOLECULESMOLECULE ENERGYINTERFACE ASSOCIATESASSOCIATE 1979
WHEN HEATED CLATHRATESCLATHRATE MAY DECOMPOSE RELEASINGGAS WITH MUCH GREATER
VOLUME ANDOR PRESSURE THAN IT HAD IN THE FROZEN STATE BECAUSE OF THE HIGH
PRESSURESPRESSURE THAT MAY ACCOMPANY THAWING FROZEN HYDRATESHYDRATE ARE OF CONCERN TO

OFFSHORE DRILLING OPERATIONSOPERATION IN ARCTIC WATERSWATER

LITTLE IS KNOWN ABOUT THE DISTRIBUTION OF CLATHRATESCLATHRATE ON THE CHUKCHI SEA

SHELF INDIRECT EVIDENCE FROM SEISMIC REFLECTION RECORDSRECORD INDICATESINDICATE THAT

CLATHRATESCLATHRATE MAY BE WIDESPREAD IN THE BEAUFORT SEA WEEKSWEEK ET 1978

THE COAST ALONGTHE CHUKCHI SEA IS GENERALLY NARROW TRANSITION ZONE

BETWEEN THE TUNDRA SURFACE AND THE SEA ARCTIC INSTITUTE OF NORTH AMERICA

1974 IT RANGESRANGE FROM STEEP NEARLY CONTINUOUSCONTINUOU SEA CLIFFSCLIFF WITH GULLIESGULLIE AND

NARROW VALLEYSVALLEY TO LOW GENTLE SLOPESSLOPE WHERE THE SEA MEETSMEET THE PLAIN WITH

LITTLE DISCERNIBLE SHORELINE BREAK THE NEARSHORE REGIME IS COMPOSEDOF

BOTH SEMIENCLOSED LAGOONSLAGOON AND OPEN EMBAYMENTSEMBAYMENT WITH COMON COASTAL LANDFORM

FEATURESFEATURE SUCH AS BEACHESBEACHE BARRIER ISLANDSISLAND BARRIER BARSBAR SPITSSPIT DUNESDUNE AND

RIVER DELTASDELTA DURING THE SHORT SUMER WHEN SEA ICE MOVESMOVE OFF THE COAST
THERMAL AND WAVE EROSION FORM STEEP SEA CLIFFSCLIFF AND MARKED ANNUAL RETREAT

OF SHORELINESSHORELINE OCCURSOCCUR

STUDIESSTUDIE OF COASTAL EROSION IN THE BARROW REGION SHOW THAT ANNUAL RATESRATE

OF CLIFF RETREAT EAST OF BARROW IN ELSON LAGOONGENERALLYEXCEED METER

YEAR 35 FEETYEAR AND OCCASIONALLYEXCEED 10 METERSYEAR 33 FEETYEAR

HARPER1978 HOWEVER WEST OF BARROW ALONG THE CHUKCHI SEA COAST CLIFF

EROSION RATESRATE HAVE BEEN MEASURED AT 03 TO METERSYEAR TO 10 FEETYEAR
WITH LONGTERMRETREAT RATE OF OVER METERSYEAR FEETYEAR HARPER
1978

HARPER 1978 SPECULATESSPECULATE THAT TEMPORALVARIATIONSVARIATION IN EROSION RATESRATE MAY

RESULT FROM VARIATIONSVARIATION IN ANNUAL WAVE ENERGY LEVELSLEVEL ASSOCIATED WITH STORMSSTORM

MIGRATORY BARATTACHMENT POINTSPOINT AND LOCALIZED BEACH BORROW ACTIVITY
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AN ADDITIONAL CONCERN AFFECTING NOT ONLY COASTAL EROSION RATESRATE BUT

ALSO THE SITING OF ONSHORE SUPPORT FACILITIESFACILITIE IS ICE PILEUP OR RIDEUP

EVENTSEVENT DESCRIBED BY KOVACSKOVAC AND WEEKSWEEK 1981 SHORE ICE PILEUP AND

OVERRIDE ARE FREQUENTEVENTSEVENT ALONGARCTIC SHORELINESSHORELINE EVENTSEVENT GENERALLY

OCCUR BETWEEN MARCH AND JUNE IN THE CHUKCHI SEA ICE OVERRIDE EVENTSEVENT CAN

AFFECT STRUCTURESSTRUCTURE UP TO 25 METERSMETER 80 FEET FROM THE WATERLINE AT ELEVATIONSELEVATION

OF METERSMETER 20 FEET EVEN WITHIN BARRIER ISLANDSISLAND SHORE ICE PILEUPSPILEUP

ALONGTHE CHUKCHI SEA COAST IN 1981 WERE FOUND TO BE MASSIVE SOME REACHING

HEIGHTSHEIGHT OF 20 METERSMETER 66 FEET AND EXTENDING CONTINUOUSLYALONG SEVERAL

KILOMETERSKILOMETER OF SHORELINE ICE OVERRIDE EVENTSEVENT OF MORE THAN 30 YEARSYEAR AGO

PRODUCEDINLAND ICE MOVEMENTSMOVEMENT OF AT LEAST 125 METERSMETER 410 FEET NEAR CAMDEN

BAY IN THE BEAUFORT SEA KOVACSKOVAC AND KOVACSKOVAC 1982 ICE PILEUP EVENTSEVENT CAN

ALSO PRODUCEEXTENSIVE SOIL BERMSBERM AND TUNDRA SCARSSCAR

FINAL GEOLOGICHAZARD OVERPRESSUREDSHALESSHALE POSSIBLY OCCURRINGIN THE

NORTHERN CHUKCHI SEA BASIN MAY POSE DRILLING PROBLEMSPROBLEM THESE SHALESSHALE ARE

ASSOCIATED WITH UPTHRUSTINGSHALE DIAPIRSDIAPIR AREASAREA AND MAY CAUSE WELL CONTROL

PROBLEMSPROBLEM WHEN ENCOUNTERING FLUID POCKETSPOCKET SEE APPENDIX FOR FURTHER

DISCUSSION

323

THE BARROW ARCH PLANNING AREA IS CHARACTERIZED BY SIGNIFICANT SEASONAL

AND YEARROUND POPULATIONSPOPULATION OF MAMMALSMAMMAL BIRDSBIRD AND FISH THE AREA HAS YEAR

ROUND POPULATIONSPOPULATION OF MARINE MAMMALSMAMMAL INCLUDING RINGED SEALSSEAL AND BEARDED

SEALSSEAL POLAR BEARSBEAR ARE ALSO FOUND ON PACK ICE AND OCCASIONALLYDEN IN THE

AREA FROM POINT HOPE TO THE KUPARUK RIVER SOME BARRENGROUNDCARIBOU

OVERWINTER IN THE ICY CAPE TO POINT LAY AREA SEASONAL POPULATIONSPOPULATION OF

BOWHEAD WHALESWHALE BELUKHA WHALESWHALE SPOTTEDSEALSSEAL WALRUSESWALRUSE AND GRAY WHALESWHALE ARE

COMMON SOME 13 OTHER SPECIESSPECIE OF MARINE MAMMALSMAMMAL ARE OCCASIONAL OR RARE

INHABITANTSINHABITANT OF THE REGION THE ENDANGEREDBOWHEADSBOWHEAD MIGRATE IN THE ICE LEADSLEAD

IN THE NORTHERN CHUKCHI SEA IN APRIL AND MAY AND RETURN WESTWARD IN THE

FALL BOWHEADSBOWHEAD HAVE BEEN SIGHTED OFF BARROW AS LATE AS NOVEMBER WALRUSESWALRUSE

USE THE PACK ICE EDGE OF THE NORTHERN CHUKCHI SEA AS SUMMER HABITAT MIGRA

TING IN SPRING AND FALL WITHIN SEVERAL MILESMILE OF SHORE AND FEEDING IN MOLLUSK

BEDSBED ARCTIC INSTITUTE OF NORTH AMERICA 1974



SEA BIRD COLONIESCOLONIE ARE OF MINOR IMPORTANCEIN THE AREA NORTH OF CAPE

LISBURNE THE NORTHERNMOST NESTING SEA BIRD COLONYIN THE ARCTIC IS LOCATED

AT CAPE BEAUFORT BIRDSBIRD ARE TRANSIENT IN THE NORTHERN CHUKCHI SEA SEA

BIRDSBIRD ARE SEASONALLY PRESENT FROM MAY THROUGHSEPTEMBER THE LARGEST
CONCENTRATIONSCONCENTRATION ARE FOUND IN COASTAL AREASAREA BETWEEN JULY AND SEPTEMBER LARGE

LATE SUMMER CONCENTRATIONSCONCENTRATION ARE FOUND AT PEARD BAY AND ON SOLOVIK ISLAND NEAR

ICY CAPE NESTING SEABIRD COLONIESCOLONIE ARE FOUND AT CAPESCAPE THOMPSONAND LISBURNE

AND IN KOTZEBUE SOUND THE ENDANGEREDARCTIC PEREGRINE FALCON IS FOUND

BETWEEN CAPE LISBURNE AND POINT LAY ARCTIC INSTITUTE OF NORTH AMERICA

1974

IN THE CHUKCHI SEA WATERFOWL MAKE EXTENSIVE USE OF SHORE LEADSLEAD IN MAY

SIGNIFICANT YEARTOYEAR VARIATIONSVARIATION EXIST IN HABITAT USE BY POSTBREEDING

MIGRANTSMIGRANT MAKING DELINEATION OF CRITICAL HABITAT DIFFICULT POTENTIAL OCS

DEVELOPMENTCONFLICTSCONFLICT WITH BIRDSBIRD INCLUDE USE OF OPEN ICE LEADSLEAD BY BARGEAND

TANKER TRAFFIC AIRCRAFT OVERFLIGHTSOVERFLIGHT AND ONSHORE SUPPORTFACILITIESFACILITIE MAJOR

BIRD NESTING COLONIESCOLONIE ARE LOCATED SOUTH OF CAPE BEAUFORT OCSEAP 1978

REGULATORYMEASURESMEASURE EXIST TO MITIGATE POTENTIAL OCS CONFLICTSCONFLICT WITH BIRDSBIRD

ACCORDINGTO THEIR DEMONSTRATED SIGNIFICANCE AND LONGTERM IMPACT

THE MAJORITY OF THE FISH FOUND IN THE CHUKCHI SEA AREA FALL INTO ONE OF

FIVE SPECIESSPECIE ARCTIC COD ARCTIC CISCO LEAST IS ARCTIC CHAR AND

FOURHORN SCULPIN THE ARCTIC COD IS THE MAJOR SECONDARYCONSUMER IN THE

ARCTIC MARINE FOOD CHAIN FEW SMALL COMMERCIAL SALMON RUNSRUN ARE PRESENT IN

KOTZEBUE SOUND ARCTIC INSTITUTE OF NORTH AMERICA 1974 THE MAJOR POTEN

TIAL CONFLICT WITH FISH CONCERNSCONCERN POSSIBLE DISTURBANCE OF FISH OVERWINTERING
AREASAREA UNDER ICE THISTHI CONFLICT IS MOST LIKELY TO OCCUR IN CONNECTION WITH

ANY WINTER GRAVELDREDGINGFROM FRESH WATER LAKESLAKE OR RIVERSRIVER IN THE AREA IN

GENERAL POTENTIAL CONFLICTSCONFLICT WITH FISH ARE LIKELY TO BE LIMITED TO THE

CONSTRUCTION AND OPERATION OF SHORE BASE AND MARINE TERMINAL FACILITIESFACILITIE

DISCUSSED IN CHAPTER40

ARCTIC ECOSYSTEMSECOSYSTEM DISPLAY CONSIDERABLE RESILIENCE EFFECTIVELY COPING
WITH EXTREMESEXTREME OF TEMPERATURE LIGHT AND SALINITY AND INCONSTANCYIN ICE

COVER AND LENGTHOF THE GROWINGSEASON HOWEVER SENSITIVITIESSENSITIVITIE TO DIS
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TURBANCE DO EXIST ARCTIC SPECIESSPECIE ARE GENERALLYLONGLIVED AND SLOW TO

REPRODUCE DISTURBED CONNNUNITIESCONNNUNITIE MAY REPOPULATEBUT OVER RELATIVELY

LONG TIME PERIOD AS RECRUITMENT RATESRATE ARE GENERALLY LOW OCSEAP 1978

CONSIDERINGTHE ABOVE THE MAJORBIOLOGICAL CONCERNSCONCERN RELATED TO CHUKCHI

SEA OCS DEVELOPMENTWILL THE ENDANGEREDSPECIESSPECIE PRINCIPALLY THE BOWHEAD

WHALE AND NATIVE SUBSIST NCE ISSUESISSUE INCLUDING THE BOWHEAD OTHER MARINE

MAMMALSMAMMAL POLAR BEARSBEAR AN FOOD FISHESFISHE FUTURE LEASE STIPULATIONSSTIPULATION AND

MITIGATION MEASURESMEASURE MAY BE EXPECTEDTO AFFECT HOW THE ARCTIC OIL DEVELOPMENT

ACTIVITIESACTIVITIE PROCEED ESPECIALLYDURING THE LIMITED AND INTENSE OPEN WATER

SEASON SEE ASSUMPTIONSASSUMPTION IN THISTHI STUDY REGARDING IMPACT OF REGULATIONSREGULATION

DISCUSSED IN SECTIONSSECTION 12 45 AND 63

33 DEVELOPMENT

THE PRESENCE OF SEA ICE IN CHUKCHI SEA WATERSWATER POSESPOSE SERIOUSSERIOU CHALLENGE

IN THE DESIGN OF OFFSHORE FIELD DEVELOPMENTCOMPONENTSCOMPONENTFOR THE EXPLORATION

AND PRODUCTIONOF OIL AND GAS WATER DEPTH IS ALSO AN IMPORTANTFACTOR BUT

PRESENT TECHNOLOGICALCAPABILITIESCAPABILITIE FOR ARCTIC AREASAREA ARE ON DIFFERENT SCALE

FROM THOSE FOR ICEFREE OCS AREASAREA WATER DEPTHSDEPTH FROM TO 60 METERSMETER 10 TO

200 FEET ARE FOUND ACROSSACROS THE RELATIVELY SHALLOW CHUKCHI SEA SHELF DUE TO

INDUSTRYSINDUSTRY RELATIVELY LIMITED EXPERIENCE IN OPENCOAST SEA ICE ENVIRON

MENTSMENT THE TERM DEEP WATER MAY BE APPROPRIATEFOR ARCTIC WATER DEPTHSDEPTH

BEYOND30 METERSMETER 100 FEET

THE PROGRESSIVELYMORE SEVERE ICE CONDITIONSCONDITION FOUND AS ONE MOVESMOVE NORTH

IN THE CHUKCHI SEA SUBSTANTIALLY LIMITSLIMIT THE SUNINER SEASON DURING WHICH

CONVENTIONAL OPENWATER DRILLING AND CONSTRUCTION TECHNIQUESTECHNIQUE CAN BE USED

ICEDESIGNED VESSELSVESSEL AND OPERATIONSOPERATION PLANSPLAN CAN SOMEWHAT EXTEND THE DRILLING

CONSTRUCTION SEASON FOR FLOATING EQUIPMENT THISTHI LIMITATION IS SUCH THAT

ONLY BOTTOMFOUNDED ICERESISTANT CONCEPTSCONCEPT HAVE BEEN SERIOUSLY CONSIDERED

AS FIRSTGENERATIONTECHNOLOGIESTECHNOLOGIE FOR YEARROUND EXPLORATIONDRILLING AND OIL

FIELD DEVELOPMENTIN THE CHUKCHI SEA
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STATISTICALLY THERE IS ONLY 35 PERCENT CHANCE OF THE WORKINGTIME IN

ANY YEAR BEING AS GREAT AS THE MEAN OPEN WATER PERIOD THUSTHU CONSIDERABLE

POTENTIAL FOR SHORT WORK SEASON EXISTSEXIST IN PLANNINGAND COSTING OFFSHORE

OPERATIONSOPERATION IN THE ARCTIC IT IS UNREASONABLE TO ASSUME THAT SOMETHING
CLOSE TO THE MEAN OPENWATER PERIOD WILL BE AVAILABLE FOR SUMMERTIME CON

STRUCTION JAHNSJAHN 1980

ALL STRUCTURESSTRUCTURE EMPLACEDIN THE MULTIYEAR PACK ICE ZONE WILL HAVE TO BE

CAPABLE OF RESISTING THE DYNAMIC FORCESFORCE DEVELOPEDBY MOVING ICE BEYONDTHE

LANDFAST ICE ZONE MULTIPLE RIDGESRIDGE FORM IN THE SHEAR ZONE OF TRANSITION

BETWEEN THE STATIONARY ICE AND THE MOVING MULTIYEAR ICE OF THE POLAR GYRE

EXPLORATION AND PRODUCTION SYSTEMSSYSTEM WILL HAVE TO DEPLOY SLOPE PROTECTION
SYSTEMSSYSTEM OR EMPLOYPASSIVE DESIGN CONCEPTSCONCEPT TO SURVIVE IN THE SHEAR ZONE AND

THE MULTIYEAR ICE BEYOND BOTTOMFOUNDED SYSTEMSSYSTEM MUST BE FLEXIBLE ENOUGH
TO ABSORB THE INITIAL CONCENTRATED LOADINGFROM LARGEIRREGULAR ICE SHAPESSHAPE
WHILE SPREADINGTHE LOAD OVER LARGEENOUGHAREA TO MOBILIZE THE CONCEPTSCONCEPT
MASSMAS RESISTANCE AND THUSTHU DEVELOPTHE FORCESFORCE REQUIRED TO CAUSE FAILURE OF THE

LARGESTICE FEATURESFEATURE DOWNIE AND COULTER 1980

WEATHER WILL ALSO PLAY ROLE IN AFFECTING EXPLORATION PROGRAMSPROGRAM

LIMITED VISIBILITY DUE TO FOG AND SNOW CAN OCCUR ANYTIME AND IS MOST

PREVALENT IN THE OPENWATER SEASON HIGH WIND AND WAVESWAVE PARTICULARLY
THOSE ASSOCIATED WITH EARLY FALL STORMSSTORM MAY SHORTEN EXPLORATIONSEASONSSEASON OR

AFFECT THE CONSTRUCTION PERIOD FOR EXPLORATION CONCEPTSCONCEPT SUCH AS ARTIFICIAL

ISLANDSISLAND ANY YEARROUND EXPLORATION OPERATIONSOPERATION MAY ALSO BE ADVERSELY
AFFECTED BY THE SEVERE COLD OF WINTER AND THE LIMITED VISIBILITY DUE TO FOG
AND SNOW

THE REMOTENESSREMOTENES OF THE BARROW ARCH PLANNINGAREA FROM DEVELOPEDPORTSPORT
AND INDUSTRIAL CENTERSCENTER AND ITS LACK OF INPLACE SHORE FACILITIESFACILITIE CAPABLE OF

SUPPORTINGAN EXPLORATION PROGRAM IS ANOTHER CONSTRAINT THE GREAT SUPPLY
DISTANCESDISTANCE WILL MAKE CREW ROTATIONSROTATION AND RESUPPLY MORE DIFFICULT AND COSTLY
CREW ROTATIONSROTATION AND CRITICAL SPARESSPARE WILL BE TRANSPORTEDBY AIR AN AIRSTRIP
AND FORWARD BASE ALONG THE NORTHERN COAST PROBABLY IN THE VICINITY OF

WAINWRIGHTSEEMSSEEM PROBABLEALTHOUGHTEMPORARYFACILITIESFACILITIE COULD JUST AS EASILY
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BE ESTABLISHED IN CLOSE PROXIMITY TO THE EXPLORATIONEFFORT RESUPPLYOF

BULKY MATERIALSMATERIAL SUCH AS MUD AND WATER AND ANY MATERIAL REQUIRED FOR CON

STRUCTION OR EMPLACEMENTOF EXPLORATIONPLATFORMSPLATFORM WILL PROBABLYBE BARGED

FROM AN EXPANDEDREGIONALSUPPLY CENTER SUCH AS NOME OR KOTZEBUE DESALINA

TION UNITSUNIT MIGHTBE INSTALLED FOR WATER SUPPLY

IT SHOULD BE EMPHASIZEDTHAT ANY OF THE CONCEPTSCONCEPT TO BE EMPLOYEDFOR

EXPLORATION OF THE CHUKCHI SEA WILL BE CONSIDERABLYMORE EXPENSIVE THAN

SIMILAR EQUIPMENT FOR SUBARCTIC OR NONARCTIC OCS REGIONSREGION COMPOUNDING

THISTHI PROBLEMIS THE FACT THAT AT PRESENT LITTLE PURPOSEBUILTEQUIPMENTFOR

OPERATION IN ARCTIC REGIONSREGION IS AVAILABLE WHILE SOME CONVENTIONAL EQUIPMENT

CAN BE EMPLOYEDON SEASONAL BASISBASI THE REQUIREMENTFOR ICESURVIVABLE

PLATFORMCONCEPTSCONCEPT AND SUPPORTINGEQUIPMENTIMPLIESIMPLIE CONSIDERABLE COSTSCOST FOR

DESIGN AND CONSTRUCTION OF NEW EQUIPMENT THEREFORE EXPLORATIONPROGRAMSPROGRAM

WILL HAVE TO BE CAREFULLY PLANNEDAND EXECUTED WITH MAXIMUM OPPORTUNITIESOPPORTUNITIE

FOR COSTSAVINGSCOSTSAVING REALIZED ALSO DUE TO THE HIGH COSTSCOST OF DEVELOPINGFIELDSFIELD

IN OFFSHORE BASINSBASIN WITH SEVERE ICE CONDITIONSCONDITION MORE EXPLORATORYDELINEATION

DRILLING THAN IS NORMAL MAY BE REQUIREDTO EVALUATE THE PRODUCTIONPOTENTIAL

OF PROSPECT

3311 PLATFORMSPLATFORM

FORREPRESENTATIVEWATER

BASED ON REVIEW OF THE BARROW ARCH PLANNING AREASAREA PETROLEUMGEOLOGY

AND BATHYMETRY TWO REPRESENTATIVEWATER DEPTHSDEPTH WERE SELECTED AS THE BASISBASI

ON WHICH TO SELECT SUITABLE EXPLORATIONCONCEPTSCONCEPT THE SELECTED WATER DEPTHSDEPTH

ARE 15 METERSMETER 50 FEET AND 37 METERSMETER 120 FEET TWO ADDITIONAL WATER

DEPTHSDEPTH 27 METERSMETER 90 FEET AND 60 METERSMETER 200 FEET WERE EXAMINED LESSLES

RIGOROUSLY

THE SHALLOWER DEPTH OCCURSOCCUR ONLY OVER LIMITED AREA OF THE FEDERAL

WATERSWATER JUST BEYONDTHE STATE OF ALASKA 3MILE JURISDICTION ZONE THISTHI

COASTAL STRIP OF SEAFLOOR IS MOST LIKELY TO CONTAIN EXTENSIONSEXTENSION OF GEOLOGIC

STRUCTURESSTRUCTURE CHARACTERISTIC OF THE PROLIFIC NORTH SLOPE
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THE 37METER 120FOOT DEPTH WAS SELECTED BECAUSE IT IS MOST TYPICAL
FOR SIGNIFICANT AREASAREA OF THE RELATIVELY LEVEL CENTRAL CHUKCHI SHELF THE

OTHER TWO DEPTHSDEPTH WERE BRIEFLY EXAMINED FOR TRANSITIONAL LIMITED AREA AND

EXTREME DEEPESTWITH ANY REASONABLE INTEREST CASESCASE

THE FOLLOWINGARE THE EXPLORATIONCONCEPTSCONCEPT APPROPRIATETO EACH SELECTED

WATER DEPTH FOR THE CHUKCHI SEA

METERSMETER 50

ARTIFICIAL GRAVEL FILL DRILLING ISLAND GRAVEL S1SQ
CAISSONRETAINED GRAVEL DRILLING ISLAND

METERSMETER 90

CAISSONRETAINED GRAVEL DRILLING ISLAND

CONICAL DRILLING UNIT

METERSMETER 120

CAISSONRETAINED GRAVELDRILLING ISLAND

MOBILE CAISSON RIG

CONICAL DRILLING UNIT OTHER ICESTRENGTHENEDFLOATING PLATFORM

METERSMETER 200

CONICAL DRILLING UNITROUND DRILISHIP

ICEREINFORCED SEMISUBMERSIBLE DRILISHIP AND TURRETMOORED

DRILL SHIP

MOBILE CAISSON RIG

THE WIDELY USED TERM GRAVEL ISLAND IS USED GENERALLY IN THISTHI REPORT
TO REFER TO ANY TYPE OF ARTIFICIAL ISLAND OR UNDERWATER BERM FOR
STRUCTURAL FOUNDATION SUPPORT CONSTRUCTED FROM FILL MATERIALSMATERIAL THAT CAN

HAVE WIDE RANGE OF GRAIN SIZESSIZE



3312 TRANSPORTATIONAND INSTALLATION
FOR SELECTED EXPLORATION

AT THE SELECTED SHALLOW WATER DEPTH OF 15 METERSMETER 50 FEET SEVERAL
EXPLORATION CONCEPTSCONCEPT SEEM FEASIBLE THE MOST VIABLE TECHNOLOGIESTECHNOLOGIE FOR
EXTENDING THE EXPLORATIONDRILLING PERIOD BEYONDTHE OPENWATER SEASON ARE
ARTIFICIAL ISLANDSISLAND ARTIFICIAL ISLANDSISLAND ARE SUITABLE FOR OPERATIONSOPERATION IN WATER
DEPTHSDEPTH OUT TO 18 METERSMETER 60 FEET AND SEVERAL CANADIAN OPERATORSOPERATOR ARE EXPERI
MENTINGWITH ISLANDBUILDINGTECHNIQUESTECHNIQUEFOR 20 TO 65 TO 200FOOT
WATER DEPTHSDEPTH OCEAN INDUSTRY1982

THE COST OF CONSTRUCTINGAN ARTIFICIAL ISLAND IS VERY SENSITIVE TO THE
AVAILABILITY OF FILL MATERIAL THE TYPE OF FILL MATERIAL USED THE LOCATION
AND DEPTH OF THE FILL MATERIAL AND THE METHOD OF ISLAND CONSTRUCTION
EXPERIENCE HAS SHOWN THAT ONLY FREEDRAININGMATERIALSMATERIAL SUCH AS GRAVEL ORSANDSSAND WITH AN AVERAGE GRAIN SIZE OF 150 MICRONSMICRON OR GREATER AND WITH LESSLES
THAN 10 PERCENT SILT ARE ACCEPTABLE AS BUILDINGMATERIALSMATERIAL DE JONGAND BRUCE1978

FOR THE BARROW ARCH PLANNINGAREA TWO MAJOR TYPESTYPE OF ARTIFICIALISLANDSISLAND APPEAR MOST LIKELY FOR EXPLORATIONPURPOSESPURPOSE THEY ARE

GRAVEL ISLANDSISLAND

CAISSONRETAINEDGRAVEL ISLANDSISLAND

MANMADE ISLANDSISLAND OF GRAVEL OR OTHER DREDGEFILL OFFER THE DISTINCTADVANTAGETHAT DRILLING CAN BE CONDUCTED ESSENTIALLYTHE SAME MANNER AS
ON LAND THEY CAN BE DESIGNEDFOR YEARROUND OPERATIONSOPERATION ISLANDSISLAND AREGRAVITY STRUCTURESSTRUCTURE THAT RESIST LATERAL ICE LOADSLOAD BY THEIR LARGEWEIGHT BYADJUSTINGTHE ISLAND SIZE AND FREEBOARDTHE SLIDING RESISTANCE ON THE SEAFLOOR OR ON ANY GIVEN SHEAR PLANE THROUGHTHE ISLAND FILL CAN BE ADJUSTEDAS
NECESSARY TO ASSURE STABLE PLATFORM FOR THE ANTICIPATED ICE LOADINGCONDITIONSCONDITION JAHNSJAHN 1980 THUSTHU THISTHI TYPE OF STRUCTURE CAN BE EASILY ADAPTEDTO SITESPECIFIC DESIGNPARAMETERSPARAMETER ALSO TEMPORARYISLANDSISLAND FOR EXPLORATION
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DRILLING CAN BE ENLARGEDAND TRANSFORMEDINTO PERMANENTPRODUCTIONPLAT

FORM IF DISCOVERY IS MADE GRAVEL ISLANDSISLAND HAVE BEEN FOUND TO HAVE MINIMAL

IMPACTSIMPACT ON THE ENVIRONMENTAT THEIR LOCATION BOTH DURING CONSTRUCTIONAND

AFTER THE ISLANDSISLAND HAVE BEEN COMPLETEDWRIGHT ONCE ABANDONED THEY

DISAPPEAR GRADUALLYDUE TO NATURAL EROSION

THE DESIGN OF ARTIFICIAL ISLANDSISLAND REQUIRESREQUIRE CONSIDERATION OF ICE

FORCESFORCE STORM WAVESWAVE AND TIDESTIDE GEOTECHNICALAND SEISMIC PROPERTIESPROPERTIE OF THE

SEABED AND AIL AND ENGINEERINGCHARACTERISTICSCHARACTERISTICOF THE FILL MATE

RIAL THREE TECHNIQUESTECHNIQUE ARE AVAILABLE FOR THE CONSTRUCTIONOF GRAVELOR

OTHER FILLBASED ARTIFICIAL ISLANDSISLAND THEY ARE

DREDGINGOF GRAVELFROM ONSITE SEABED SOURCESSOURCE DURING OPENWATER

SEASON

DREDGING OF GRAVEL FROM OFFSITE SEABED SOURCESSOURCE AND BARGING

ONSITE DURING OPENWATERSEASON

DREDGINGOF GRAVELFROM ONSHORE BORROW SOURCESSOURCE AND WINTER TRANSTRAN

PORT OVER ICE ROADSROAD TO THE OFFSHORE SITE AND CONSTRUCTION

THROUGH HOLE IN THE ICE

DUE TO THE ICE CONDITIONSCONDITION AT THE SELECTEDWATER DEPTHSDEPTH IN THE CHUKCHI

SEA ONLY THE FIRST TWO TECHNIQUESTECHNIQUE ARE FEASIBLE THE TECHNIQUEOF OVERICE

WINTER CONSTRUCTIONUTILIZED IN THE BEAUFORT SEA WILL NOT BE POSSIBLESINCE

ISLAND CONSTRUCTIONWILL TAKE PLACEBEYONDTHE BOUNDARYOF THE SMOOTHAND

STATIONARY LANDFAST ICE ZONE OVER WHICH ICE ROADSROAD CAN BE CONSTRUCTED

SINCE ONLY OPENWATERCONSTRUCTION TECHNIQUESTECHNIQUE CAN BE USED IN THE

CHUKCHI SEA TO EMPLACEARTIFICIAL ISLANDSISLAND SCHEDULINGCONSTRAINTSCONSTRAINT WEATHER

AND ICE CONDITIONSCONDITION ALL BECOME CRITICAL ELEMENTSELEMENT IN SUCCESSFULISLAND COMPLE

TION THE AVAILABILITY OF SUITABLE GRAVELFILL MATERIAL IS CRITICAL FOR

SELECTING ISLAND SITESSITE GRAVEL IS THE PREFERREDFILL MATERIAL SINCE IT

OFFERSOFFER FASTER CONSOLIDATIONSTEEPER STABLE SLOPESSLOPE AND BETTER RESISTANCE TO

WAVE OR ICE EROSION OF THE CONSTRUCTEDISLAND FOR PURPOSESPURPOSE OF THISTHI STUDY



WE HAVE ASSUMED THAT SUFFICIENT GRAVEL DEPOSITSDEPOSIT TO CONSTRUCT ANY ARTIFICIAL

ISLAND CONCEPT ARE LOCATED WITHIN REASONABLE DISTANCE OF THE SITE

GRAVEL FILL DRILLING

GIVEN SUFFICIENT SUPPLY OF GRANULARBORROW MATERIAL IN THE VICINITY

OF PROPOSEDISLAND SITE GRAVEL ISLAND CAN BE CONSTRUCTED FOR EXPLORA

TION DRILLING PRIOR TO INITIATING DREDGING AN EXTENSIVE BORROW RESEARCH

PROGRAM IS CONDUCTED EMPLOYING CORING HIGH RESOLUTION SEISMIC DATA AND

DREDGETESTSTEST ONCE SUITABLE BORROW PITSPIT ARE IDENTIFIED DREDGEEQUIPMENT

CAN BE EMPLOYED TABLE 38 SHOWSSHOW AN EXAMPLECONSTRUCTION SPREAD FOR CON

STRUCTION OF AN EXPLORATORYGRAVEL ISLAND FIGURE 39 SHOWSSHOW AN ELEVATION

OF AN ARCTIC EXPLORATORY DRILLING ISLAND CONSTRUCTED ENTIRELY OF FILL

MATERIALSMATERIAL IT DEPICTSDEPICT SIDE SLOPESSLOPE OF 115 WHILE THE ISLAND DESIGNSDESIGN DEVEL

OPEDBY SFBRAUN FOR USE IN THE ECONOMIC ANALYSISANALYSI HAVE SIDE SLOPESSLOPE OF 110

REPRESENTATIVEISLAND WILL BE DESIGNEDWITH CIRCULAR WORKINGSURFACE OF

100 METERSMETER 330 FEET ACROSSACROS LARGEENOUGHTO ACCOMMODATE AN ARCTIC DRILLING

RIG DRILLING SUPPLIESSUPPLIE AND FUEL TANKSTANK DESIGN GEOMETRYIS SELECTED TO

PROTECT AGAINST WAVE AND ICE ATTACK AND IS BASED ON EXPECTEDFILL PRO

PERTIESPERTIE STANDARD DESIGN PRACTICE IS TO ESTABLISH FREEBOARD HEIGHT AS

FUNCTION OF INTENDED PLATFORMLIFE COUPLEDWITH THE PROBABILITY OF ENCOUN

TERING AN EXTREME WAVE AND STORM TIDE HEIGHT ENERGY INTERFACE ASSOCIATESASSOCIATE

1979

THE RAPID RATE OF ISLAND CONSTRUCTION UP TO 2000 CUBIC METERSMETER

CUBIC YARDSYARD PER HOUR REQUIREDBY THE SHORT OPENWATER SEASON AND

THE MAGNITUDEOF THE FILL REQUIREMENTSREQUIREMENT NECESSITATESNECESSITATE CONTROLLED DISTRIBUTION

OF MATERIAL OVER THE SITE TO REDUCE THE RISK OF SLOPE FAILURE BOONE 1980

IT IS NOT POSSIBLE TO ACCURATELY PREDICT LOSSESLOSSE DUE TO EROSION DURING

CONSTRUCTION THISTHI DEPENDSDEPEND GREATLYON WEATHER CONDITIONSCONDITION ENOUGHEX

PERIENCE HAS BEEN OBTAINED WITH ALLFILL ISLANDSISLAND CONSTRUCTED TO DATE TO

INDICATE THAT THISTHI IS SERIOUSSERIOU PROBLEM PARTICULAR PROBLEM IS THE

BUILDINGUP OF THE ISLAND THROUGHTHE WAVE ZONE
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TABLE 38

EQUIPMENT SPREAD FOR CONSTRUCTION OF GRAVEL ISLAND

IN 15METER 50FOOT WATER DEPTH

CUTTER HEAD SUCTION DREDGESDREDGE

BARGESBARGE

DERRICK BARGESBARGE

12 WORK BOATSBOAT TUGSTUG SURVEY VESSELSVESSEL ETC

ICEBREAKERSICEBREAKER

QUARTERSQUARTER BARGESBARGE WORKERACCOMMODATIONSACCOMMODATION

CATERPILLAR TRACTORSTRACTOR

ASSUMESASSUME AVAILABILITY OF GRAVEL SOURCESSOURCE WITHIN DIRECT DREDGE PUMPING
DISTANCE ON THE ORDER OF ONE KILOMETER AND THAT THE OPENWATER
CONSTRUCTION SEASON IS SHORT ABOUT 70 DAYSDAY

SOURCE SFBRAUN
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KEY CONSIDERATION IN SUCCESSFUL ISLAND CONSTRUCTION IS AVAILABILITY
ON SITE OF ENOUGHDREDGINGPOWER TO PRODUCETHE REQUIRED FILL MATERIAL

WITHIN THE TIME ALLOWED FOR CONSTRUCTION TRAILER SUCTION HOPPERDREDGESDREDGE
OFFER DISTINCT ADVANTAGESADVANTAGEOVER STATIONARYSUCTION DREDGESDREDGE BECAUSE OF THEIR

ABILITY TO WORK IN SEA STATESSTATE WITH UP TO 3METER 10FOOT WAVESWAVE AND 65

KILOMETER 40MILE PER HOUR WINDSWIND ALONGWITH RAPID MOBILIZATION AFTER

SHUTDOWN DUE TO STORMSSTORM IN ADDITION TO SEVERAL TRAILING SUCTION HOPPER
DREDGESDREDGE OF APPROXIMATELY6500CUBIC METER 8500CUBIC YARD CAPACITY
STATIONARY SUCTION DREDGERCRANEWORKBARGEWITH LARGECRANE MOUNTED IS

PREFERREDTO BUILD UP THE ISLAND OR BASE BERM FROM STOCKPILE DEPOSITED
ADJACENT TO THE ISLAND SITE BY THE TRAILING SUCTION HOPPERDREDGERSDREDGER IF
OPENWATER SEASON WEATHER CONDITIONSCONDITION PERMIT AN ALTERNATIVE TECHNIQUEIS USE

OF PONTOON FLOATINGPIPE TO MOVE THE STOCKPILE ONTO THE ISLAND SITE THE

SAME STATIONARYSUCTION DREDGERWITH MOUNTED CRANE CAN BE USED TO OVERBUILD
THE SACRIFICIAL BEACH TO PROVIDE FOR MAINTENANCE REQUIREMENTSREQUIREMENT THE SAME

UNIT CAN ALSO PROVIDE THE LIFTING CAPACITY FOR MANY MISCELLANEOUSMISCELLANEOU TASKSTASK AND

THE LOCATION OF FLOATINGCONSTRUCTION CAMP AT THE ISLAND SITE DOWNIE AND

COULTER 1980

IN ITS CONSTRUCTION OF THE ISSUNGNAKSAND ISLAND IN 20 METERSMETER 66 FEET
IN 19781979 IN THE CANADIAN BEAUFORT SEA ESSO RESOURCESRESOURCE CANADA FORMERLY
IMPERIAL OIL LTD USED TWO STATIONARY SUCTION DREDGESDREDGE TO MOVE FILL FROM

BORROW PITSPIT ON SITE ONE DREDGE THE BEAVER MACKENZIE PROVIDED THE BACK

BONE OF THE FILL MOVEMENT WITH ITS 70000CUBIC METER 90000CUBIC YARD
PER DAY CAPACITY ONE SMALLER CUTTER SUCTION DREDGEWAS EMPLOYEDTO FILL

1500CUBIC METER YARD CAPACITY SPLITBOTTOM DUMP BARGESBARGE WITH

SAND FROM REMOTE BORROWSITE THE DUMPBARGESBARGE STOCKPILEDTHISTHI MATERIAL AT

THE ISLAND SITE FOR USE IN COMPLETINGTHE ISLAND FLOATINGPIPELINESPIPELINE WITH

ALTERNATINGRUBBER AND STEEL PIPE SECTIONSSECTION WERE USED SEVERAL PIPELINE
BREAKSBREAK DID TAKE PLACE WITHOUT SIGNIFICANTLYDISRUPTINGOPERATIONSOPERATION AVERAGE
DREDGEPRODUCTIONOVER 69DAY ICEFREE SEASON WAS 23400 CUBIC METERSMETER

30600 CUBIC YARDSYARD PER DAY BOONE 1980

MARINE SUPPORTAT THE ISSUNGNAKCONSTRUCTION SITE WAS ENHANCED BY USE

OF 60MAN CAMP ONBOARD AN ICESTRENGTHENEDACCOMODATION BARGE THISTHI
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IMPROVED COMMUNICATION ALLOWED FASTER RESPONSE TIME TO POTENTIAL PROBLEMSPROBLEM

AND REDUCED DEPENDENCEON WEATHER THERE IS ALSO NEED FOR SHELTERED WATER

IN THE VICINITY OF AN ISLAND CONSTRUCTION SITE DREDGINGOF SMALL HARBOR

FOR TUGSTUG SUPPLY BARGESBARGE AND OTHER VESSELSVESSEL MAY BE REQUIRED IF MORE THAN ONE

OPENWATER CONSTRUCTION SEASON IS REQUIRED FOR ISLAND CONSTRUCTION ICE

STRENGTHENEDDREDGESDREDGE AND OTHER VESSELSVESSEL MAY BE OVERWINTERED IN HARBORAGE

DREDGEDBEHIND NEARSHORE BARRIER ISLANDSISLAND

CRITICAL POINT IN ISLAND CONSTRUCTION IS REACHED AT THE END OF THE

CONSTRUCTION SEASON WHERE THE ISLAND BREAKSBREAK THE WATER SURFACE AND IS TOPPED

OFF ACCORDINGTO BOONE 1980 PERIOD OF RELATIVELY CALM WATER AT THE

END OF THE CONSTRUCTION SEASON IS REQUIREDFOR THISTHI FINAL STEP IMPERIALSIMPERIAL

ISSUNGNAK ISLAND NEARLY FLOUNDERED AT THISTHI POINT DUE TO EROSION CAUSED BY

OVERTOPPING WAVESWAVE IN FACT THE COMPLETED 41 MILLIONCUBIC METER

53 MILLIONCUBIC YARD ISLAND HAD FINAL FREEBOARD OF ONLY 15 METERSMETER

FEET INSTEAD OF THE 5METER 16FOOT DESIGN FREEBOARD DUE TO THE

EROSION NEVERTHELESSNEVERTHELES DESPITE PROBLEMSPROBLEM ASSOCIATED WITH MOVING EQUIPMENT

ON AND OFF THE SURFACE OF ISLANDSISLAND AND PREVENTING DREDGEPIPE DAMAGE IN

BREAKING WAVESWAVE THE ISLAND WAS COMPLETED AND WINTER EXPLORATORY WELL

SUCCESSFULLYDRILLED

HYDRAULIC FILL EXPLORATORYISLANDSISLAND ARE GENERALLYFORTIFIED WITH ONE OF

NUMBER OF SLOPE PROTECTION FEATURESFEATURE TO PROVIDE SHORTTERM PROTECTION

AGAINST WAVE AND ICE EROSION OF THE ISLANDSISLAND SACRIFICIAL BEACH THESE MAY

BE ROCKSROCK GABIONSGABION SAND BAGSBAG WIRE NETTING CONCRETE MATSMAT OR SOME COMBINA

TION OF THESE FIGURE 310 ILLUSTRATESILLUSTRATE SEVERAL TYPESTYPE OF SHORE PROTECTION

FEATURESFEATURE SLOPE PROTECTION DEVICESDEVICE WILL BE INSTALLED BY DERRICK BARGE

ONCE AN ISLANDSISLAND BASIC FORM IS COMPLETED IT MAY ALSO BE NECESSARY TO ADD

DOCK BY CREATING AN ARM OR SHOULDER OF FILL ON THE ISLAND TO PROVIDE BERTH

SPACE TO LAND HEAVY EQUIPMENT AND TO EMPLACE THE EXPLORATORY DRILLING

RIG

ARTIFICIAL ISLANDSISLAND AT SHALLOWER WATER DEPTHSDEPTH HAVE SIGNIFICANT ADVAN

TAGESTAGE OVER CONVENTIONAL DRILLING PLATFORMSPLATFORM DESIGNED FOR ARCTIC CONDITIONSCONDITION

THE KEY IS USE OF EQUIPMENT WITH SUFFICIENT DREDGINGCAPACITY TO COMPLETE

THE ISLAND IN THE TIME ALLOWED FOR CONSTRUCTION ACCORDINGTO SFBRAUN
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ARTIFICIAL ISLANDSISLAND OUT TO 15METER 50FOOT WATER DEPTHSDEPTH CAN PROBABLYBE

CONSTRUCTED IN ONE SEASON ALTHOUGHANNUAL VARIATIONSVARIATION IN OPENWATER SEASONSSEASON

OR EQUIPMENTFAILURESFAILURE COULD FORCE MULTIYEAR CONSTRUCTION

CAISSONRETAINED GRAVEL

AS EXPLORATION MOVESMOVE TO DEEPER WATERSWATER AND TO AREASAREA WHERE SAND OR

GRAVEL IS NOT AVAILABLE SIMPLE DREDGEFILL ISLANDSISLAND BECOME VERY EXPENSIVE

ACCORDINGTO THE OIL AND GAS JOURNAL 1981 AS WATER DEPTH DOUBLESDOUBLE THE

VOLUME OF FILL NEEDED TO CONSTRUCT HYDRAULIC FILL ISLANDSISLAND QUADRUPLESQUADRUPLE
WHILE INDUSTRY IS EXPERIMENTINGWITH CONSTRUCTION OF ISLANDSISLAND WITH STEEPER

SLOPESSLOPE TO MINIMIZE FILL REQUIREMENTSREQUIREMENT OTHER ARTIFICIAL ISLAND CONCEPTSCONCEPT OFFER

SIGNIFICANT ADVANTAGESADVANTAGE OVER ALLFILL CONCEPTSCONCEPT

THE CAISSONRETAINED CONCEPT WAS DEVELOPEDTO REDUCE COSTSCOST BY REDUCING
FILL REQUIREMENTSREQUIREMENT SIMPLIFYINGCONSTRUCTION METHODSMETHOD AND ELIMINATINGTHE NEED

FOR ELABORATE SLOPEPROTECTION IT ALSO OFFERSOFFER SEVERAL OTHER ADVANTAGESADVANTAGE OVER

ALLGRAVEL ARTIFICIAL ISLANDSISLAND THE STEEPER SIDE SLOPESSLOPE MAKE IT EASIER TO

MANEUVER BARGESBARGE OR OTHER VESSELSVESSEL IN CLOSE FACILITATING LIFTSLIFT OF EQUIPMENT
CAISSONRETAINED ISLANDSISLAND ALSO OFFER POTENTIAL FOR REUSABILITY SINCE THE

CAISSON MIGHT BE REMOVED AND FLOATED ONTO ANOTHER SITE TABLE 39

ILLUSTRATESILLUSTRATE THE REDUCED FILL REQUIREMENTSREQUIREMENT OF CAISSON RETAINED ISLAND AT

SEVERAL DIFFERENT WATER DEPTHSDEPTH AS COMPAREDTO TWO TYPESTYPE OF ALLFILL ARTI

FICIAL ISLAND CONSTRUCTION FIGURESFIGURE 311 312 AND 313 ILLUSTRATE

CAISSONRETAINED ISLAND IN SEVERAL ASPECTSASPECT INCLUDINGTOWOUT OF THE DE

BALLASTED CAISSONSCAISSON

THE DESIGN ILLUSTRATED PROPOSED BY ESSO RESOURCESRESOURCE CANADA FORMERLY
IMPERIAL OIL LTD CONSISTSCONSIST OF EIGHT TRAPEZOIDALLYSHAPEDSTEEL CAISSONSCAISSON
EACH 43 METERSMETER 141 FEET LONG 12 METERSMETER 40 FEET HIGH WITH BASE OF 13

METERSMETER 43 FEET THE CAISSONSCAISSON ARE DESIGNED FOR BY FLEXIBLE

HINGE JOINTSJOINT AND STRESSINGCABLESCABLE THE STRUCTURAL DESIGN OF THE CAISSONSCAISSON IS

SIMILAR TO THAT OF ICEBREAKERSICEBREAKER THE CAISSONSCAISSON ARE DESIGNEDFOR FREEBOARD

OF METERSMETER 10 FEET WHICH IS INCREASED TO 76 METERSMETER 25 FEET BY AN ICE

AND WAVE DEFLECTOR DE JONG AND BRUCE 1978



TABLE 39

ISLAND FILL REQUIREMENTSREQUIREMENT

WATER SACRIFICIAL RETAINED FILL CAISSONRETAINED ISLAND

BEACH UH ISLAND UH 30 SETDOWN

YARDSYARD CUBIC YARDSYARD CUBIC YARDSYARD

20 800000 250000 150000

30 1700000 500000 150000

40 2500000 900000 300000

60 5000000 2500000 900000

SOURCE DEJONGAND BRUCE 1978
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CQE DEJONG BRUCE 978

FIGURE1H
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DE BRUCE 978

FIGURE 312

CAISSONRETAINED ISLAND

SIMPLIFIED GENERAL ARRANGEMENT

OQ
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FIGURE313

CAISSONRET
RHOMBIC CONFIGURATION

AINED ISLAND
DURING TRANSPORTATION

SOURCE DE JONG BRUCE 1978



THE CAISSON UNITSUNIT WILL PROBABLYBE CONSTRUCTED ON THE WEST COAST AND

TOWED VIA THE BERING STRAIT EITHER SINGLY OR IN RHOMBIC CONFIGURATIONIN

SETSSET OF FOUR AS ILLUSTRATED THEY COULD ALSO BE BARGEMOUNTEDFOR TRANSPORT

TO THE CHUKCHI SEA ONCE AT THE ISLAND SITE THE CAISSONSCAISSON WILL BE SET DOWN

ON PREVIOUSLY PREPAREDUNDERWATER BERM BUILT UP FROM THE SEA FLOOR TO

METERSMETER 30 FEET BELOW MEAN SEA LEVEL THE BERM WILL BE CONSTRUCTED OF

DREDGEDFILL IN FASHION SIMILAR TO THE GRAVELISLAND PREVIOUSLYDESCRIBED

ALTHOUGHWITH STEEPERSIDE SLOPESSLOPE

ONCE IN POSITION THEY ARE SECURED WITH PINSPIN AT CORNER COUPLERSCOUPLER AND

STRESSINGCABLESCABLE THEN FLOODED WITH WATER TO BALLAST THE CENTER CORE OF

THE RING IS THEN FILLED WITH DREDGEDGRAVELOR SAND FILL TO PROVIDE THE BASE

FOR THE DRILLING EQUIPMENT THE CAISSON UNITSUNIT ARE EQUIPPED WITH HYDRAULIC

STRESSING JACKSJACK GENERATORSGENERATOR ICEMELTING HEATERSHEATER MISCELLANEOUSMISCELLANEOU ELECTRICAL

EQUIPMENT OIL TANKERSTANKER IN ALTERNATE UNITSUNIT WINCHESWINCHE MOORINGFACILITIESFACILITIE FOR

SUPPLY VESSELSVESSEL LOADING AND UNLOADING RAMPSRAMP AND DETACHABLE HELIPAD

ONE OF THE INTENTIONSINTENTION OF THE CAISSON DESIGN IS REUSABILITY THE

CAISSON RING CAN BE RAISED AND TRANSFERRED TO NEW LOCATION FOR EXPLORATION

DRILLING EACH NERH AFTER REMOVAL OF THE GRAVEL FILL ONCE THE CAISSONSCAISSON

ARE DEBALLASTED AND REFLOATED THEY CAN BE DISCONNECTED REASSEMBLED FOR

TRANSPORTAND TOWED TO NEW SITE THE SYSTEM WAS DESIGNED TO ALLOW TRANSTRAN

PORT OF CAISSONSCAISSON BETWEEN SITESSITE WITH AS LITTLE EFFORT AND IN AS SHORT

PERIOD AS POSSIBLE THE CAISSONSCAISSON HAVE CONSTANT SETDOWN DEPTHOF METERSMETER

30 FEET WITH THE DEPTH VARIATION TO THE SEABED BEING MADE UP WITH DREDGED

FILL MATERIAL BUILT INTO BERM AT THE NEW SITE HOWEVER THE ONLY PROTO

TYPE CAISSONRETAINED GRAVEL ISLAND ACTUALLY CONSTRUCTED TO DATE DOMESDOME

TARSIUT ISLAND EXPERIENCEDDIFFICULTIESDIFFICULTIE IN CONSTRUCTION THAT MAY PREVENT IT

FROM BEING REUSED PERSONALCOMMUNICATION SFBRAUN 1982

ANOTHER ADVANTAGEOF THE CAISSON CONCEPTIS THAT IT ELIMINATESELIMINATE EROSION

PROBLEMSPROBLEM ENCOUNTERED IN TOPPING OUT ALLFILL ARTIFICIAL ISLANDSISLAND AS SOON AS

THE CAISSON RING IS SET DOWN IT PROVIDESPROVIDE SUFFICIENT WAVE PROTECTION TO

PREVENTEROSION LOSSESLOSSE CAUSED BY WAVE OVERTOPPINGWHILE THE CENTRAL CORE IS

BEING BUILT UP THROUGHTHE WAVE ZONE AS CONSEQUENCE OF ITS REDUCED FILL
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REQUIREMENTSREQUIREMENT AND EASE OF ASSEMBLY THE CAISSON RING CONCEPT REDUCESREDUCE THE

CONSTRUCTION TIME REQUIREDTO BUILD AN ISLAND AND THEREBYREDUCESREDUCE THE RISK

OF FAILING TO COMPLETE AN ISLAND DURING THE SHORT OPENWATER SEASON IN

ARCTIC REGIONSREGION SUCH AS THE BARROW ARCH PLANNING AREA

SFBRAUN ESTIMATESESTIMATE THAT CONSTRUCTION SPREAD FOR CAISSONRETAINED

GRAVEL ISLAND IN 15 METERSMETER 50 FEET OF WATER WOULD BE LESSLES THAN THAT FOR

GRAVEL ISLAND SINCE LESSLES FILL HAS TO BE MOVED THE CAISSONSCAISSON IN CAISSON

RETAINED ISLAND CAN BE CONSTRUCTED OF EITHER CONCRETE OR STEEL WHILE THE

DESIGN DISCUSSED HERE IS FOR CONCEPTUSING STEEL CAISSONSCAISSON DOME PETROLEUM

LTD CONSTRUCTED ITS TARSIUT CAISSONRETAINED ARTIFICIAL ISLAND IN 22 METERSMETER

72 FEET OF WATER IN TWO SEASONSSEASON OF CONSTRUCTION USING FOUR CONCRETE

CAI

AS PROTOTYPEARTIFICIAL ISLAND NOT ONLY IS TARSIUT THE DEEPEST

ARCTIC EXPLORATION ISLAND CONSTRUCTED TO DATE IT IS ALSO THE FIRST TO

ACTUALLY EMPLACEANY TYPE OF STRUCTURE ON ITS FILL BASE IN CONTRAST TO

ESSOSESSO ISSUNGNAKGRAVEL ISLAND IN 19 METERSMETER 62 FEET OF WATER WHICH WAS

DISCUSSED EARLIER TARSIUTSTARSIUT 18 MILLION CUBIC METERSMETER 23 MILLION CUBIC

YARDSYARD OF FILL IS UNDER 40 PERCENT OF THAT USED AT ISSUNGNAK COTTRELL

1981 THE TWO KEY REASONSREASON BEHIND THISTHI SUCCESSSUCCES WERE ACCURATE DREDGEPLACE

MENT TECHNIQUESTECHNIQUE THAT ALLOWED STEEP SIDE SLOPESSLOPE TO MINIMIZE THE FILL VOLUME

REQUIRED AND THE EMPLACEMENTOF THE CAISSONSCAISSON WHICH AVOIDED THE EROSION

PRONE WAVE ZONE

SH CONCRETE CAISSONSCAISSON ARE EACH 69 METERSMETER 226 FEET LONG
15 METERSMETER 49 FEET WIDE AND 115 METERSMETER 38 FEET HIGH WITH THE GRAVEL

BERM AT 65 METERSMETER 21 FEET BELOW MEAN WATER LEVEL LEAVING FREEBOARD OF

75 METERSMETER 25 FEET TO THE ISLANDSISLAND SURFACE THE CAISSONSCAISSON ARE DESIGNEDTO

FAIL ICE BY CRUSHING RATHER THAN FLEXURAL FAILURE SO STRAIN GAUGESGAUGE AND

PRESSURE CELLSCELL HAVE BEEN BUILT INTO THE CAISSONSCAISSON TO MEASURE ICE AND SOIL

LOADINGSLOADING THE CAISSONSCAISSON WERE BUILT BY FORMINGTHE BASESBASE IN DRY DOCK THEN

FLOATINGTHEM OUT AND SLIPFORMINGTO FULL HEIGHT IN THE WATER THE CAISSONSCAISSON

WERE CONSTRUCTED OF HIGH STRENGTHLIGHTWEIGHTCONCRETE USING AIR ENTRAINMENT

AND THE EXPANDEDSHALE AGGREGATEHERCULITE COTTRILL 1981
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AS THE WATER DEPTHSDEPTH OVER THE AREASAREA SLATED FOR EXPLORATIONINCREASE THE

CONSTRUCTION OF ARTIFICIAL ISLANDSISLAND BECOMESBECOME INCREASINGLY DIFFICULT AND COSTLY

DUE TO THE INCREASING FILL REQUIREMENTSREQUIREMENT AND MORE SEVERE ICE CONDITIONSCONDITION OTHER

TYPESTYPE OF DRILL PLATFORMSPLATFORM FOR EXPLORATION BEGIN TO LOOK MORE ATTRACTIVE

WHILE PRECISE BREAK POINTSPOINT BETWEEN TECHNICAL CONCEPTSCONCEPT HAVE NOT BEEN DELIN

EATED GRAVEL ISLANDSISLAND BECOME UNECONOMIC SOMEWHERE BEYOND15 METERSMETER 50 FEET

AND CAISSONRETAINED GRAVELISLANDSISLAND FALL OUT BEYOND 37 METERSMETER 120 FEET

LEAVING ONLY ONEPIECE CAISSONSCAISSON CONCRETE OR STEEL MONOCONESMONOCONE AND ICEBREAKING

DRILL SHIPSSHIP OR SEMISUBMERSIBLESSEMISUBMERSIBLE AS VIABLE DRILLING CONCEPTSCONCEPT FOR WATERSWATER OUT

TO 60 METERSMETER 200 FEET AND BEYOND ACCORDINGTO CHEVRON THE BREAKEVEN

DEPTH FOR ALLGRAVEL ISLANDSISLAND IS 18 TO 19 METERSMETER 60 TO 62 FEET DOME

BELIEVESBELIEVE THAT ITS TARSIUTTYPE CAISSONRETAINED GRAVEL ISLANDSISLAND ARE FEASIBLE

FOR EXPLORATION OUT TO 35METER 115FOOT WATER DEPTHSDEPTH COTTRILL 1981

CAISSON

HYBRIDIZATION OF SUCCESSFUL ARTIFICIAL ISLAND CONCEPTSCONCEPT WITH MORE

TRADITIONAL CONCRETE AND STEEL STRUCTURESSTRUCTURE IS EVIDENT AS TECHNICAL CONCEPTSCONCEPT

TO EXPLORE INTERMEDIATE 27 METERSMETER FEET TO DEEP 37 METERSMETER FEET

WATER DEPTHSDEPTH NOVEL HYBRID STRUCTURE DESIGNED FOR GULF CANADA IS

FLOATING ANNULAR STEEL RING TO BE PLACEDON AN ISLAND OF DREDGEDMATERIAL

AND THEN FILLED WITH SAND WEIGHING ABOUT 30000 TONSTON AND CONSTRUCTED USING

SHIPMAKING BULKHEAD TECHNIQUESTECHNIQUE THE CONCEPTIS DESIGNED TO BE USED FOR WATER

DEPTHSDEPTH TO ABOUT 35 METERSMETER 115 FEET

DESIGNED TO HAVE THE CAPABILITY TO OPERATE YEARROUND IF NECESSARY

GULFSGULF MOBILE CAISSON RIG PICTURED IN FIGURE 314 IS CURRENTLY UNDER

CONSTRUCTION IN JAPAN FOR DELIVERY IN MARCH 1984 FOR TOTAL COST APPROXI

MATING 140 MILLION CORNITIUSCORNITIU 1981 THE TAPERED FLOATING STEEL CYLINDER

WILL BE PLACED ON SUBSURFACE DREDGEBERM BEFORE ITS CENTER CORE IS FILLED

WITH SAND TO PROVIDE MOST OF THE RESISTANCE TO THE FORCESFORCE FROM THE HORI

ZONTAL MOVEMENT OF ICE THE RIG IS DESIGNED TO BE INSTALLED ON SIMPLE

SEAFLOOR FOUNDATION DEPENDINGUPON FILL MATERIAL AVAILABLE THE TOP OF THE

SUBMARINE MOUND WILL BE BROUGHTTO 21 METERSMETER 69 FEET BELOW SEA LEVEL SO
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FIGURE

GULF CANADA BEAUFORT SEA MOBILE ARCTIC CAISSON

SOURCE CORNITIUSCORNITIU



THAT THE DECK OF THE 29METER 95FOOT HIGH CAISSON WILL STAND METERSMETER

26 FEET ABOVE THE WATER

AFTER THE STRUCTURE IS TOWED TO LOCATION AND ON ITS FILL BASE

BY WATER BALLASTING THE SPACE INSIDE THE ANNULUSANNULU IS FILLED WITH CLEAN

SAND WHICH IS THEN DENSIFIED TO HELP RESIST THE ICE FORCE APPLIED TO THE

OUTER HULL THE 86BY 86METER 282 FEET EIGHTSIDED TOP WILL BE THE BASE

FOR THE DRILLING RIG AND SUPPORT FACILITIESFACILITIE THE INSULATED DECK WILL RETAIN

HEAT PUMPEDUNDER THE DECK TO KEEPTHE SAND CORE IN AN UNFROZEN STATE CORE

FILL WILL BE AT OR BELOW WATER LEVEL WITH VOLUME OF 115000 CUBIC METERSMETER

125000 CUBIC YARDSYARD

THE HULL CONFIGURATIONIS SIMILAR TO TANKER CONSTRUCTION WITH OUTER

PLATE MAIN FRAMESFRAME AND BULKHEADSBULKHEAD WITH INTERMEDIATE STIFFENERSSTIFFENER WATT 1982
THE COMPARTMENTSCOMPARTMENT IN THE EXTERNAL SECTION OF THE MOBILE CAISSON SYSTEM WILL

BE FILLED PRIMARILYWITH SEAWATER FOR BALLAST HOWEVER THE UPPER SECTIONSSECTION
WILL BE USED FOR STORAGEOF FUEL AND POTABLEWATER

AFTER COMPLETIONOF DRILLING OPERATIONSOPERATION THE SAND INSIDE THE ANNULUSANNULU

WILL BE REMOVED BY SUCTION HEADSHEAD TO LEVEL THAT WILL PERMIT REFLOATINGAND

REMOVAL OF THE CAISSON TO NEW LOCATION OPERATIONSOPERATION OF THE ARCTIC MOBILE

CAISSON RIG ARE SUPPORTEDAS NECESSARY BY ONE OR MORE PURPOSEBUILT CLASSCLAS

ICE BREAKERSBREAKER AND SUPPLY VESSELSVESSEL OFFSHORE 1981

DRILLING

DESPITE THE OBVIOUSOBVIOU DIFFICULTY INHERENT IN OPERATINGFLOATINGPLATFORMSPLATFORM
FOR ARCTIC EXPLORATIONDRILLING TWO CANADIAN OPERATORSOPERATOR ARE PROCEEDINGWITH

PLANSPLAN TO CONSTRUCT CONICAL FLOATING DRILLING UNITSUNIT FOR USE IN DEEPERARCTIC

WATERSWATER IN THE BEAUFORT SEA THE MAIN PURPOSE OF MOVINGTO FLOATINGDRILLING
PLATFORMSPLATFORM OTHER THAN ICESTRENGTHENEDOR ICEBREAKER DRILLSHIPSDRILLSHIP IS TO

EXTEND THE TIME PERIOD AVAILABLE FOR EXPLORATORYDRILLING IN DEEPER MORE

ICEINFESTED AREASAREA DOME PETROLEUMSPETROLEUM ROUND DRILLSHIP AND GULF CANADASCANADA

CONICAL DRILLING UNIT WILL EACH BE DESIGNED TO WITHSTAND THE FORCESFORCE OF

MOVING ICE THEREBYEXTENDING THE FLOATERSFLOATER WORK PERIOD FOR THE EXPLORATION
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AND DELINEATION PHASE OF DEVELOPMENT SUCH NEW CONFIGURATIONSCONFIGURATION MUST ALSO

INCLUDE MOORINGAND RISER DESIGNSDESIGN TO COPE WITH THE GENERALLYSHALLOW WATERSWATER

OF THE ARCTIC SEE DRILISHIPSDRILISHIP PAGE 368

DOME PETROLEUM HAS REPLACEDITS EARLIER PROPOSALSPROPOSALFOR SWIVEL DRILL

SHIP WHICH WOULD HAVE WEATHERVANED INTO ONCOMINGICE BY SWIVELLING AROUND

CENTRAL TURRET WITH PROPOSALFOR ROUND DRILLSHIP THE ROUND DRILISHIP

INTENDED FOR YEARROUNDDRILLING IN THE TRANSITION ICE WITH ICEBREAKER

SUPPORT IS ESTIMATED TO COST AROUND 125 MILLION IT IS PROPOSEDAS AN

ARCTIC CLASSCLAS VI MOORED BARGE ITS 65METER 213FOOT DIAMETER HULL WILL

CONTAIN 10000 TONSTON OF STEEL AND WILL BE SHALLOW AND SAUCERSHAPEDTO OFFER

THE SMALLEST POSSIBLE RESISTANCE TO ICE APPROACHINGFROM ANY DIRECTION

BELOW THE WATERLINE IT WILL DRAW INTO CENTRAL CONE FROM WHICH THE ANCHOR

LINESLINE RADIATE OUTWARD WELL BELOW THE ICE COTTRILL 1981 IT WILL PROBABLY

BE IN PLACE BY 1984 OPERATINGWITH SUPPORT FROM DOMESDOME ARCTIC MARINE

LOCOMOTIVE AML ICEBREAKER KIGORIAK AND THE NEW AML X1O

GULF CANADASCANADA CONICAL DRILLING UNIT DESIGNED FOR ICE CLASSCLAS IV CONDI

TIONSTION WILL BE CAPABLEOF OPERATINGFROM THE BEGINNING OF JUNE TO THE END OF

THE FOLLOWINGJANUARY ICE CONDITIONSCONDITION PERMITTING THE MAIN HULL ANGLE

SLOPESSLOPE AT 31 TO DEFLECT ICE DOWNWARD AND BREAK IT THE DOWNBREAKINGCONE

SHAPE WAS SELECTED BECAUSE TOTAL HORIZONTAL FORCESFORCE ON IT ARE ONLY 20 TO

25 PERCENT OF WHAT THEY WOULD BE ON AN UPBREAKINGCONE OFFSHORE 1981

THE UNIT IS NONSELFPROPELLED AND WILL BE MOORED ON LOCATION WITH 12

ANCHOR CABLESCABLE AS PICTURED IN FIGURE 315 TRANSPONDERSTRANSPONDER MOUNTED IN THE

SEABED AND HULL WILL MONITOR THE RIGSRIG POSITIONOVER THE WELL LOCATION THE

CONTROL CONSOLE WHICH IS UNDER THE CAPTAINSCAPTAIN DIRECTION WILL MANAGE THE

POSITION AND LINE LOAD USING DECKMOUNTED WINCHESWINCHE

THE HULL IS OF DOUBLE BOTTOM DESIGN CONVENTIONAL WELDEDSTEEL SHIP

CONSTRUCTION THE BALLASTING SYSTEM USESUSE STRUCTURAL COMPARTMENTSCOMPARTMENT FOR

BALLAST CHAMBERSCHAMBER THE CIRCULAR HULL IS TOPPEDBY AN EIGHTSIDED DECK

80 METERSMETER 262 FEET ACROSSACROS ON WHICH STANDARD DRILLING EQUIPMENT IS

EMPLACED
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FIGURE315

GULF CANADA BEAUFORT SEA DRILLING BARGE

SPECIFICATION
ID OFOCTAGONALDECK265 FT

DEPTHOF HULL61 FT

FROMKNEH TODECKLIGHTSHIP35 FT

FULLLOAD20 FT

DRAFT 26
FULLLOAD41 FT

LACEM 18000 TONSTON
FULLLOAD 27500 TONSTON

HEIGHTFROMDECKTO LQ LO 68 FT

HEIGHTFROMDECKTO ICKH TOP FT

RISERDIAMETER21 IN
RA BOOM LENGTH120 FT

ION

106 PERSONSPERSON

OFFSHORE



THE CONICAL DRILL UNIT WILL HAVE HELIPORT CAPABLE OF HANDLING

SIKORSKY HELICOPTERAS WELL AS RADAR AND RADIO LINKSLINK FOR COMMUNICATIONSCOMMUNICATION

WITH SHORE MARINE TRAFFIC AND AIRCRAFT INSTRUMENTATION WILL RECORD VESSEL

MOVEMENT AND ICE LOADING ON THE HULL AND MOORINGSYSTEM CLASSCLAS ICE

BREAKERSBREAKER AND SUPPLY VESSELSVESSEL WILL BE AVAILABLE TO PERFORMICE MANAGEMENT

DUTIESDUTIE TO PROTECTTHE DRILLING SYSTEM AS IT MOVESMOVE TO NEW LOCATIONSLOCATION TO

SUPPLY BULK MATERIALSMATERIAL AND EQUIPMENT TO THE BARGE AND TO PERFORMOTHER

OPERATIONALFUNCTIONSFUNCTION SUCH AS ANCHOR HANDLING

OR ICEBREAKER

ALTHOUGHICEBREAKER DRILISHIPSDRILISHIP OR ICEREINFORCED DRILLSHIPSDRILLSHIP SUPPORTED

BY ICEBREAKERSICEBREAKER CAN EXTEND THE OPENWATERDRILLING SEASON SOMEWHAT THERE IS

MINIMUM WATER DEPTHAT WHICH DRILISHIPSDRILISHIP CAN OPERATEDUE TO LIMITATIONSLIMITATION ON

LATERAL MOTION OR VESSEL EXCURSION WHICH ARE DICTATED BY THE RISER ANGLE

THISTHI DEPTH LIMITATION LIESLIE BETWEEN 15 METERSMETER 50 FEET AND 20 METERSMETER 66

FEET DOME PETROLEUM HAS BEEN SUCCESSFUL IN EXTENDING THE OPENWATER

DRILLING SEASON WITH ITS ICEREINFORCED CANMAR FLEET AND THISTHI CANADIAN

APPROACHMAY BE APPLICABLEIN THE CHUKCHI SEA DESPITE THE MORE SEVERE AND

DYNAMIC ICE CONDITIONSCONDITION OCCURRINGIN THE DEEPER WATERSWATER IN WHICH DRILLSHIP

OPERATIONSOPERATION APPEAR DESIRABLE

SECOND GENERATIONOF ARCTIC DRILISHIPSDRILISHIP INCORPORATINGSPECIAL HULL

FORMSFORM AND MOORINGFEATURESFEATURE TO MINIMIZE HULL FORCESFORCE IN MOVING PACK ICE

INCLUDINGSPECIAL FEATURESFEATURE TO REDUCE ICE RESISTANCE BETWEEN ICE MASSESMASSE AND

THE HULL OF THE SHIP ONCE APPEAREDLIKELY HOWEVER THE DECISION OF GULF

CANADA AND DOME PETROLEUM TO ORDER MORE ICERESISTANT CONSERVATIVE DESIGNSDESIGN

INDICATESINDICATE THE DIRECTION IN WHICH MOBILE EXPLORATORYDRILLING CONCEPTSCONCEPT ARE

LIKELY TO MOVE IN YEARSYEAR AHEAD

SEMISUBMERSIBLE AND JACKUP

RECENTLY SEVERAL ARCTIC SEMISUBMERSIBLE DESIGN CONCEPTSCONCEPT HAVE SUR

FACED WHILE NO OPERATORSOPERATOR ARE KNOWN TO BE CONSIDERING ORDERING SUCH

SYSTEM FOR EXPLORATORYDRILLING IN THE NEAR FUTURE IT IS SIGNIFICANT THAT
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DESIGNSDESIGN ARE BEING DEVELOPED SUCH RIGSRIG WOULD APPEAR TO BE PARTICULARLY

APPLICABLE IN DEEPERWATERSWATER OF THE CHUKCHI SEA PROVIDEDTHAT SUCH CONCEPTSCONCEPT

WERE CAPABLE OF BEING MAINTAINED ON STATION IN THE DYNAMIC ICE CONDITIONSCONDITION

FOUND IN SUCH WATERSWATER

FIGURE 316 ILLUSTRATESILLUSTRATE AN ARCTIC DRILLING BARGE CONCEPTDEVELOPED

BY SFBRAUN THE HULL DIAMETER IS ABOUT 90 METERSMETER 300 FEET AND EACH LEG
HAS DIAMETER OF APPROXIMATELY12 METERSMETER 40 FEET THE JACKUP WILL BE

DESIGNED TO DRILL IN ICEINFESTED WATERSWATER IN UP TO 55METER 180FOOT WATER

DEPTHSDEPTH WITH VARIABLE DECK LOAD OF 10000 SHORT TONSTON

332

3321

PRODUCTION PLATFORMSPLATFORM WILL BE POSITIONED OVER RESERVOIRSRESERVOIR TO MOST

EFFICIENTLYDEVELOPHYDROCARBONRESOURCESRESOURCE THE NUMBER OF PLATFORMSPLATFORMNEEDED TO

TAP RESERVOIR DEPENDSDEPEND ON MANY FACTORSFACTOR INCLUDING THE AREA SHAPEAND DEPTH
OF THE RESERVOIR AND HOW MUCH OF IT CAN BE DRAINED BY SINGLE PLATFORM
USING DIRECTIONALLY DRILLED WELLSWELL DRILLING AND PRODUCTIONSYSTEMSSYSTEM WILL BE

CONCENTRATED INTO THE FEWEST NUMBER OF LOCATIONSLOCATION POSSIBLE

SELECTION OF PRODUCTIONPLATFORMSPLATFORM FOR BARROW ARCH OIL AND GAS FIELDSFIELD

WILL ALSO DEPEND ON SEVERAL FACTORSFACTOR IN ORDER TO RESIST THE SEVERE ICE

FORCESFORCE THAT CHARACTERIZE THE CHUKCHI SEA OVER THE 10 TO 20YEAR LIFE OF AN

AVERAGE FIELD BOTTOMFOUNDED PLATFORMSPLATFORMWILL BE SELECTED AS PERMANENTPRO

DUCTION SYSTEMSSYSTEM ARTIFICIAL ISLANDSISLAND WILL PREDOMINATEAS PRODUCTIONCONCEPTSCONCEPT

POSSIBLY OUT TO WATER DEPTHSDEPTH AS GREAT AS 45 METERSMETER 150 FEET HARRISON 1979

IN DEEPER WATERSWATER BEGINNINGAT 37 METERSMETER 120 FEET STIFF GRAVITYTYPE
STRUCTURESSTRUCTURE OF STEEL OR CONCRETE ARE THE EXPECTEDCONCEPTSCONCEPT SUCH PRODUCTION

PLATFORMSPLATFORM WOULD INCLUDE CONESHAPED FORM AT AND BELOW THE WATERLINE TO

BREAK ADVANCINGICE THROUGHFLEXURAL FAILURE AND TO PROMOTERIDGE CLEARING
WITHOUT ICE PILEUP HARRISON 1979
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FIGURE316

MOBIL ARCTIC DRILL BARGE JACKUP CONCEPT

SOURCE AUNH 982
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ANOTHER PRODUCTIONRELATEDFACTOR THAT MAY BE OF IMPORTANCEIN LATER

DEVELOPMENTOF CHUKCHI SEA HYDROCARBONSHYDROCARBONWILL BE ESTABLISHINGTHE FEASIBILITY
OF EARLYPRODUCTIONSYSTEMSSYSTEM FOR ARCTIC CONDITIONSCONDITION EARLY PRODUCTIONSYSTEMSSYSTEM
HAVE BEEN USED IN OTHER PARTSPART OF THE WORLD TO SHORTEN THE LEADTIME IN

BRINGING PRODUCTIONONSTREAM AND TO ALLOW EXTENDED RESERVOIR EVALUATIONSEVALUATION

PRIOR TO COMITMENT OF CAPITAL FOR PERMANENTPRODUCTION SYSTEMSSYSTEM SUCH

SYSTEMSSYSTEM ASSUME THE EXISTENCE OF SUITABLE TRANSPORTATIONINFRASTRUCTURE

THE PRODUCTION TECHNOLOGIESTECHNOLOGIE SELECTED IN THE BARROW ARCH PLANNING

AREA WILL BE INFLUENCED TO LARGE EXTENT BY THE EXPLORATORYTECHNIQUEUSED

TO DISCOVER THE FIELD WHEN GRAVELISLANDSISLAND OR UNDERWATERBERMSBERM ARE PART OF

THE DISCOVERYTECHNIQUE AT THE PRESENTTIME EXPLORATIONTECHNOLOGYFOR

OFFSHORE ARCTIC AREASAREA IS SIGNIFICANTLY MORE ADVANCED THAN PRODUCTION

TECHNOLOGYREFLECTING THE FACT THAT IT IS EASIER TO EXPLOREFOR OIL THAN IT

IS TO PRODUCEIT

NO PRODUCTIONHAS AT THISTHI WRITING YET OCCURRED FROM AN OFFSHORE ARCTIC

FIND ANYWHEREIN THE WORLD ALTHOUGHSEVERAL CANADIAN OPERATORSOPERATOR ARE CUR

RENTLY DESIGNING PRODUCTION SYSTEMSSYSTEM FOR OIL AND GAS FINDSFIND THAT MAY BE

PRODUCEDBY 1985 OR 1986 THERE IS NOT THE RESERVOIR OF EXPERIENCETO DRAW

UPON AS EXISTSEXIST FOR ARCTIC EXPLORATORYDRILLING TECHNOLOGIESTECHNOLOGIE THE DESIGN

CONCEPTSCONCEPT PRESENTEDHERE ARE BASED ON CURRENT KNOWLEDGEAND EXPERTISE AS

MORE RESEARCH FIELD DATA AND OPERATIONAL EXPERIENCE ACCUMULATESACCUMULATE DESIGN

CONCEPTSCONCEPT WILL UNDOUBTEDLYBE MODIFIED AS NECESSARY BY INDUSTRY OPERATORSOPERATOR

TO IMPROVE THE FINAL INSTALLED TECHNOLOGIESTECHNOLOGIE NEVERTHELESSNEVERTHELES THISTHI REPORT

ACCURATELYREFLECTSREFLECT THE CURRENT STATEOFTHEART AND CONCEPTUALTECHNOLOGIESTECHNOLOGIE

FOR PRODUCTIONPLATFORMSPLATFORM IN THE ARCTIC AND THOSE CONCEPTSCONCEPT SELECTED REPRE

SENT IN OUR BEST JUDGEMENTSYSTEMSSYSTEM APPROPRIATETO THE ENVIRONMENTAL CONDI

TIONSTION OF THE CHUKCHI SEA

3322 FOR THE BARROW ARCH PLANNING

SELECTION OF PRODUCTIONPLATFORMSPLATFORMFOR BARROW ARCH REFLECTSREFLECT COMBINA

TION OF FACTORSFACTOR INCLUDING GEOGRAPHICLOCATION FIELD SIZE WATER DEPTH

DISTANCE FROM SHORE ICE CONDITIONSCONDITION AND TRANSPORTATIONSYSTEMSSYSTEM SELECTED FOR
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MOVING PRODUCEDOIL OR GAS TO MARKET ANY PRODUCTIONPLATFORMMUST PROVIDE

ADEQUATESPACE NOT ONLY FOR DEVELOPMENTDRILLING BUT ALSO FOR PROCESSING

FACILITIESFACILITIE AND CREW ACCOMMODATIONSACCOMMODATION

THE TRADEOFFSTRADEOFF BETWEEN ARTIFICIAL ISLAND CONCEPTSCONCEPT AND STEEL OR CONCRETE

STRUCTURESSTRUCTURE ARE NOT WELL UNDERSTOODFOR PRODUCTIONAS OPPOSEDTO EXPLORATION

CONCEPTSCONCEPT WHILE ARTIFICIAL ISLANDSISLAND APPEAR MUCH MORE FAVORABLE AT SHALLOW

AND INTERMEDIATE WATER DEPTHSDEPTH THE POINT AT WHICH THE ECONOMICSECONOMIC OF STEEL OR

CONCRETE STRUCTURESSTRUCTURE BEGIN TO IMPROVE IS NOT WELLDOCUMENTED WHILE EARLY

DESIGNSDESIGN FOR ARCTIC PRODUCTIONSYSTEMSSYSTEM PROMINENTLYFEATURED MONOCONESMONOCONE OR

INONOPODSINONOPOD EVEN FOR WATER DEPTHSDEPTH AS SHALLOW AS 15 METERSMETER 50 FEET OR LESSLES

THESE STRUCTURE DESIGNSDESIGN WERE SHELVED DUE TO THE SUCCESSSUCCES OF ARTIFICIAL ISLAND

CONCEPTSCONCEPT IN THE SHALLOWER WATERSWATER CONSEQUENTLYINONOCONE DESIGNSDESIGN HAVE ONLY

BEGUN TO REAPPEAR AS ECONOMIC STRUCTURAL CONFIGURATIONSCONFIGURATION IN WATER DEPTHSDEPTH

APPROACHING 60 METERSMETER 200 FEET JAHNSJAHN 1980 ECONOMIC TRADEOFFSTRADEOFF OF

ARTIFICIAL ISLANDSISLAND WITH OTHER STRUCTURE TYPESTYPE DEPENDON THE PHYSICALLOCA

TION OF SUITABLE FILL SOURCESSOURCE AND ON THE OPERATIONALREQUIREMENTSREQUIREMENT THERE

FORE NO DEFINITE WATER DEPTH LIMIT CAN BE GIVEN FOR PRODUCTIONPLATFORM

TYPESTYPE THE CHUKCHI SEA DURATION OF THE CONSTRUCTION SEASON WILL PLAY

SIGNIFICANT ROLE IN DETERMINING THE ECONOMIC WATER DEPTH LIMIT FOR ISLAND

CONCEPTSCONCEPT NATIONAL PETROLEUM COUNCIL 1981 OFFSHORE STORAGE CAN BE MAJOR

DETERMINANT IN PRODUCTIONSTRUCTURE SELECTION ONE ARCTIC PRODUCTIONTECH

NOLOGYTHE ALPA SEE PAGE 310 HAS DEVELOPABLESTORAGE CAPACITY OF SIGNI

FICANT SIZE AND THE GRAVITYTYPE STRUCTURESSTRUCTURE ALSO OFFER STORAGE CAPABILITY

IN ADDITION THE COMPARATIVEADVANTAGESADVANTAGE OF VARIOUSVARIOU PRODUCTIONPLATFORMSPLATFORM

OVER OTHERSOTHER IN TERMSTERM OF OFFSHORE INSTALLATION TIMESTIME ARE NOT WELL KNOWN

WHILE THE LENGTH OF THE OPENWATER SEASON IS CRITICAL CONSTRUCTION AND

INSTALLATION CONSTRAINT NO EXPERIENCE IN SHIFTING FROM AN EXPLORATIONTO

PRODUCTIONCONCEPT IN ARCTIC AREASAREA HAS BEEN ACCUMULATED ALTHOUGHSEVERAL

CANADIAN FIELDSFIELD ARE ON THE VERGE OF SUCH CHOICESCHOICE CONCRETE OR STEEL STRUC

TURESTURE HAVE THE ADVANTAGEOF BEING FABRICATED IN AN ENVIRONMENT FREE OF ICE

CONSTRAINTSCONSTRAINT WITH TOWOUT AND INSTALLATION REQUIRINGGOODOPENWATERCONDI

TIONSTION NO EXPERIENCE IN EXPANDINGAN ARTIFICIAL ISLAND FROM AN EXPLORATION

BASE INTO PRODUCTIONMODE HAS YET BEEN OBTAINED IT IS UNCLEAR IN ADVANCE
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WHAT ADVANTAGEIF ANY HYBRID PRODUCTION CONCEPTSCONCEPT EMPLACEDON EXPLORATORY
ARTIFICIAL ISLANDSISLAND MAY HAVE SUCH TRADEOFFSTRADEOFF WILL BE SITE DESIGN AND

OPERATORSPECIFIC CLEARLY SUCCESSFUL EXPLORATION GRAVEL ISLAND AT

NEWLY DISCOVERED PRODUCIBLE RESERVIOR REPRESENTSREPRESENT VALUABLE ASSET FOR OIL

RECOVERY FROM AT LEAST PORTION OF THE FIELD

AS EXPECTED ICE LOADINGFORCESFORCE ON BARROWARCH PRODUCTIONPLATFORMSPLATFORM ARE

THE CONTROLLINGDESIGN FACTOR STRUCTURESSTRUCTURE MUST BE ABLE TO SURVIVE IN THE

SHEAR ZONE BETWEEN LANDFAST AND MOVING PACK ICE AND IMPACTSIMPACT OF THE MULTI

YEAR PACK ICE ITSELF NATURAL ICE FLOESFLOE OR ISLANDSISLAND ALSO PRESENT POTENTIAL
HAZARD IN THE CHUKCHI SEA FEASIBILITY OF DIFFERENT STRUCTURAL CONCEPTSCONCEPT IS

PRINCIPALLY PREDICATED ON THEIR ABILITY TO RESIST ICE LOADSLOAD EFFECTIVELY

THE PRINCIPALDESIGN CRITERIA FOR BARROW ARCH STRUCTURE ARE

ICE LOADSLOAD

ADFREEZE

MULTIYEAR ICE

FIRST YEAR SHEET ICE

RUBBLE PILESPILE

IMPACT FORCESFORCE DUE TO ICE FLOESFLOE DURINGOPEN AND PARTIAL OPEN

WATER

WATER DEPTH

WAVE LOADSLOAD

CURRENTSCURRENT

TEMPERATURE

MINIMUM AIR

MAXIMUM AIR

MINIMUM WATER

ADFREEZE IS THE ADHESION OR BONDINGOF FAILED ICE RUBBLE TO AN OFFSHORE
STRUCTURE WHICH IS USUALLY COUNTERACTED BY HEATING OR TREATMENT WITH
ANTIBONDING SURFACTANTSSURFACTANT SUCH AS ZEBRON WHICH REDUCE THE FRICTION
COEFFICIENT
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COMPETENCYOF SEAFLOOR SOILSSOIL

DREDGEFILL AVAILABILITY IF DREDGEFILL IS REQUIRED

OPENWATERSEASON REQUIREMENT

SERVICE LIFE

INSTALLATION AND FABRICATION CAPABILITIESCAPABILITIE

NUMBER OF CONDUCTORSCONDUCTOR AND SPACING

SEISMIC LOADING

TOPSIDE FACILITIESFACILITIE

TRANSPORTATIONMEANSMEAN PIPELINE OR TANKER

CONSTRAINT ON THE NUMBER OF WELL SLOTSSLOT EXISTSEXIST FOR ONE TYPE OF BARROW

ARCH PRODUCTIONPLATFORMBUT NOT THE OTHERSOTHER DUE TO THE LIMITED DIAMETER OF

STEEL OR CONCRETE SH VERTICAL THROAT SPACE FOR LIMITED NUMBER

OF WELLSWELL CAN BE PROVIDED WITHIN THE PLATFORM ANOTHER CONSTRAINT IS THE

MAXIMUM NUMBER OF WELLSWELL THAT CAN BE DIRECTIONALLY DRILLED FROM ONE PLATFORM

INTO THE RESERVOIR WE HAVE ASSUMED 60 WELLSWELL OF WHICH 15 TO 20 WELLSWELL ARE

RESERVED FOR WATER AND GAS REINJECTION FEWER THAN 15 SERVICE WELLSWELL MAY

SUFFICE FOR GAS REINJECTION ONLY AND MORE THAN 20 MAY BE NEEDED FOR

COMPLETEWATERFLOOD PROGRAM BASED ON 60 WELLSWELL MONOCONE OF 17 TO 18

METER 55 TO 60FOOT DIAMETER WOULD BE NEEDED MORE WELLSWELL WOULD REQUIRE

GREATER DIAMETER AT THE WATERLINE INCREASING ENVIRONMENTAL FORCESFORCE THAT

WOULD INCREASE THE BASE WIDTH AND THUSTHU PLATFORM DESIGN AND FABRICATION

COSTSCOST

SOME ALTERNATIVESALTERNATIVE FOR INCREASING THE NUMBER OF WELLSWELL ARE

IF MORE WELLSWELL CAN BE DRILLED INTO THE RESERVOIR FROM SINGLE

PLATFORM THE CONE DIAMETER 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

DRILLINGPRODUCTIONPLATFORM MAINTENANCE FOR THESE WELLSWELL MIGHT

INCLUDE TEL THROUGHFLOWLINE METHODSMETHOD
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INDEPENDENT DRILLING ONLY PLATFORMSPLATFORM CAN BE INSTALLED AND THE

UNPROCESSED CRUDE FLOWED BACK TO THE PRODUCTION PLATFORM FOR

PROCESSING

THE WATER DEPTHSDEPTH CONSIDERED FOR THISTHI STUDY ARE RELATIVELY SHALLOW AND

RANGE FROM 15 TO 60 METERSMETER 50 TO 200 FEET THISTHI WATER DEPTHRANGE IS VERY

SIMILAR TO THE DEPTH RANGESRANGE OF PROPOSEDALASKA BEAUFORT SEA PLATFORMSPLATFORM AS

WELL AS SOME OF THE PLATFORMSPLATFORM PRESENTLYBEINGDESIGNEDFOR CANADASCANADA BEAUFORT

SEA FINDSFIND THE FOLLOWINGTYPESTYPE OF PRODUCTIONPLATFORMSPLATFORM APPEAR FEASIBLE FOR

THE BARROW ARCH PLANNINGAREA AT THE FOLLOWINGWATER DEPTHSDEPTH

METERSMETER 50

GRAVELFILL PRODUCTIONISLAND

CAISSONRETAINED GRAVEL PRODUCTIONISLAND

METERSMETER 90

CAISSONRETAINED GRAVELPRODUCTIONISLAND

STEEL OR CONCRETE MONOCONEGRAVITYISLAND

ARCTIC PRODUCTIONAND LOADINGATOLL APLA

METERSMETER 120

CAISSONRETAINED GRAVELPRODUCTIONISLAND

MOBILE CAISSON PRODUCTIONRIG

CONCRETE GRAVITY ISLAND

STEEL OR CONCRETE MONOCONEGRAVITYISLAND

ARCTIC PRODUCTIONAND LOADINGATOLL APLA

METERSMETER 200

STEEL OR CONCRETE NIONOCONEGRAVITYISLAND

ARCTIC PRODUCTIONAND LOADINGATOLL APLA



3323 SLOT

ONE OF THE TECHNICAL CONSTRAINTSCONSTRAINT OF THE MONOCONE PLATFORMDESIGN WITH

ITS CONDUCTORSCONDUCTOR LOCATED WITHIN THE VERTICAL THROAT OR SHAFT 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 INCORPORATEDINTO THE DESIGN SINCE

THE CONDUCTORSCONDUCTOR ARE OPEN AND PASSPAS THROUGHCONDUCTOR GUIDESGUIDE AT HORIZONTAL BAYSBAY
IN THE JACKET HOWEVER IN AN AREA AFFECTED BY SEA ICE SUCH AS THE BARROW

ARCH OPENWELL CONDUCTORSCONDUCTOR 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 PRINCIPLE APPLIESAPPLIE TO

MONOCONE GRAVITYBASE STRUCTURESSTRUCTURE

FOR THISTHI ANALYSISANALYSI THE DIAMETER OF MONOCONE SHAFT IS ASSUMED TO

BE ON THE ORDER OF 16 TO 18 METERSMETER 55 TO 65 FEET IN THISTHI RANGE THE

TOTAL NUMBER OF WELL SLOTSSLOT WOULD BE LIMITED TO ON THE ORDER OF 48 TO 60

DEPENDINGON 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 60 ANYTHING
OVER 60 COULD BECOME CONSIDERABLE DESIGN PROBLEMIN ORDER TO RESIST VERY

HIGH ICE LOADSLOAD

3324 CONSTRUCTION TRANSPORTATION
AND INSTALLATION

TECHNIQUESTECHNIQUE FOR INSTALLING THESE PLATFORMSPLATFORM IN THE BARROW ARCH ARE

SENSITIVE PART OF THE PROJECTDEVELOPMENT

ISLAND

BECAUSE OF THEIR LARGERSIZE AND PERMANENTSLOPEPROTECTION PRODUCTION

ISLANDSISLAND WILL BE SUBSTANTIALLY MORE EXPENSIVE THAN TEMPORARY ISLANDSISLAND FOR



EXPLORATIONDRILLING THE COST IS FUNCTION OF WATER DEPTH ISLAND SIZE

SOIL CONDITIONSCONDITION UNDERWATER SLOPE FREEBOARD CONSTRUCTION SEASON FILL

AVAILABILITY DISTANCE FROM SHORE AND THE TYPE OF ARMOR UNITSUNIT USED IN SLOPE

PROTECTION FINDING THE MOST COSTEFFECTIVE SLOPEANGLEAND CONSTRUCTION

METHOD WITH LOCALLY AVAILABLE MATERIALSMATERIAL WILL BE MAJOR OBJECTIVE OF SITE

SPECIFICDESIGN EFFORTSEFFORT NATIONAL PETROLEUM COUNCIL 1981

FOR PERMANENTPRODUCTIONISLANDSISLAND PASSIVE DESIGN AGAINST LATERAL ICE

LOADSLOAD WILL BE REQUIRED JAHNSJAHN 1980 ACTIVE DEFENSE MEASURESMEASURE OTHER THAN

MONITORING OF ICE CONDITIONSCONDITION WILL NOT BE ECONOMICALLYOR OPERATIONALLY

ATTRACTIVE FOR LONGTERM YEARROUNDPRODUCTIONOPERATIONSOPERATION THUSTHU THE DESIGN

OF PRODUCTIONISLANDSISLAND WILL HAVE TO ACCOMMODATEMORE EXTREME ICE EVENTSEVENT THAN

IS THE CASE FOR TEMPORARYISLANDSISLAND THISTHI IS ACCOMPLISHEDBY INCREASING THE

SIZE AND FREEBOARD OF THE ISLAND

PRODUCTION CONSTRUCTION PROCEDURESIMILAR

TO THAT DESCRIBED FOR AN EXPLORATIONISLAND WILL BE REQUIRED

ASSUMING THAT AN EXPLORATIONISLAND IS EXPANDEDINTO PRODUCTION

ISLAND DREDGESDREDGE ARE EMPLOYEDTO EXPANDTHE ISLANDSISLAND BASE AND FILL

PROFILE ONCE OPENWATER SEASON ARRIVESARRIVE THE ISLANDSISLAND DIAMETER

ABOVE WATER MIGHT BE EXPANDEDFROM 90 TO 150 METERSMETER 300 TO 500

FEET IT IS LIKELY THAT DRILLING PRODUCTIONAND PROCESSING

EQUIPMENT WILL BE MODULARIZED BARGEMOUNTEDAND FLOATED IN

ONCE THE STRUCTURE IS COMPLETE EXPANSION OF AN EXPLORATION

ISLAND INTO PRODUCTIONISLAND CAN BE ACCOMPLISHEDIN ONE AVERAGE

OPENWATER SEASON ALTHOUGH IF LARGER PRODUCTIONISLAND IS

CONSTRUCTED FROM SCRATCH TWO SEASONSSEASON WILL BE REQUIRED FIGURE

317 ILLUSTRATESILLUSTRATE AN EXPANDEDARCTIC PRODUCTIONGRAVEL ISLAND

GRAVEL PRODUCTION ALTHOUGHONLY EXPLOR

ATION DESIGNED CAISSON ISLANDSISLAND HAVE BEEN BUILT TO DATE IT IS

ASSUMED THAT LARGER CAISSONSCAISSON AND LARGER FILL BERM ARE ALL

THAT ARE REQUIRED TO EXPAND THISTHI EXPLORATIONCONCEPT FOR DEVEL

OPMENT CONSTRUCTION PROCEDUREWILL BE THE SAME AS FOR THE

EXPLORATIONCONCEPTDESCRIBED EARLIER AND PRODUCTIONAND DRILLING
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DECK

SOURCE NOTIONAL PETROLEUM COUNCIL

ILL ISLAND

EXPANDEDEXPANDED PRODUCTION

FIGURE 317

ARCTIC EXPLORATION DRILLING

EXPANDED PRODUCTION ISLAND

PLAN VIEW

IVEH BERM

BASE IA

ELEVATION VIEW

SECTION AA



EQUIPMENT IS LIKELY TO BE BARGEMOUNTEDAND MODULARIZED FOR EASY

INSTALLATION

CAISSON PRODUCTION LARGER CAISSON WILL HAVE TO

BE DESIGNED CONSTRUCTED AND FLOATED OUT IN ORDER TO DEVELOP

THISTHI PRODUCTION CONFIGURATION ONCE THE EXPLORATORY RIG IS

DEBALLASTED AND FLOATED AWAY DREDGESDREDGE CAN EXPANDTHE FILL BERM TO

ACCEPT THE PRODUCTIONSTRUCTURE IT IS NOT SURE WHAT DECKLOAD IF

ANY THISTHI CONCEPTCOULD HANDLE DURING TOWOUT

OR CONCRETE MONOCONEGRAVITY MONOCONE AND OTHER

GRAVITY ISLAND CONCEPTSCONCEPT HAVE BEEN STUDIED BY SEVERAL OPERATORSOPERATOR

INCLUDING ESSO RESOURCESRESOURCE CANADA DOME PETROLEUM AND EXXON THE

MAIN PRINCIPLE OF THE CONCEPT IS TO EXPOSE CONICAL SUFACE TO

INVADING ICE SO THAT IT IS BROKEN UP BY FLEXURE RATHER THAN BY

CRUSHING THUSTHU REDUCING ICE FORCESFORCE BOTH CONCRETE AND STEEL

STRUCTURESSTRUCTURE HAVE BEEN PROPOSED STEEL OFFERSOFFER THE ADVANTAGE

OF HIGH STRENGTHAND LOW WEIGHT BUT IN DEEPERWATERSWATER CONCRETE

STRUCTURESSTRUCTURE DRAFT LIMITATIONSLIMITATION ARE EASED MASSIVE CONCRETE

GRAVITY ISLAND OFFERSOFFER POTENTIAL FOR STORAGECAPACITY SERVING AS

AN OFFSHORE LOADING STRUCTURE

FIGURE 318 ILLUSTRATESILLUSTRATE CONCEPTDEVELOPEDBY ESSO RESOURCESRESOURCE CANADA

THE STRUCTURE CONSISTSCONSIST OF LARGE DIAMETER CIRCULAR HULL CONE SECTION

WITH 45 CONE ANGLEAND 12METER 40FOOT DIAMETER AT THE TOP AND

MULTISTORYDECK SECTION THE HULL IS DESIGNEDFOR IMPACT BY DEEPHEELED ICE

FEATURESFEATURE AND SERVESSERVE TWO MAIN FUNCTIONSFUNCTION THE FIRST IS TO PROVIDE RESISTANCE

AGAINST SLIDING AND OVERTURNINGWHEN THE STRUCTURE RESTSREST ON THE BOTTOM THE

SECOND IS TO PROVIDE BUOYANCYWHEN DEBALLASTED SO THAT THE STRUCTURE CAN BE

TOWED WHILE FLOATINGON ITS HULL IN STABLE CONFIGURATIONAND WITH MINIMUM

DRAFT THE PARTICULAR STRUCTURE ILLUSTRATED AN EXPLORATORYCONCEPT WAS

DESIGNEDFOR WATER DEPTHSDEPTH FROM 20 TO 40 METERSMETER 70 TO 135 FEET JAHNSJAHN 1980

OTHER DESIGNSDESIGN DEVELOPEDBY ESSO RESOURCESRESOURCE CANADA ARE FOR WATER DEPTHSDEPTH TO 60

METERSMETER 200 FEET
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CONE AND MONOCONE DESIGNSDESIGN DEVELOPEDTO DATE ARE DESIGNED TO RESIST

LARGE MULTIYEAR ICE PRESSURE RIDGESRIDGE UP TO 14 METERSMETER 45 FEET THICK IF

MORE SEVERE ICE LOADINGSLOADING ARE ANTICIPATED CONE ANGLESANGLE OF LESSLES THAN 450 MAY

BE CONSIDERED EXTENSIVE MODEL STUDIESSTUDIE HAVE BEEN CONDUCTED TO DETERMINE THE

RIDGE LOADSLOAD THAT ARE DEVELOPEDON CONESCONE WITH DIFFERENT SLOPE ANGLESANGLE OTHER

MODEL TESTSTEST HAVE BEEN CONDUCTED TO DETERMINE WAVE LOADSLOAD AND TO OBSERVE THE

FLOATING STABILITY OF CONE STRUCTURESSTRUCTURE DURING TOW AND INSTALLATION LEASE

SALESSALE HELD PRIOR TO THE BARROW ARCH SALE WILL PROVIDE STRONGINCENTIVESINCENTIVE FOR

INDUSTRY TO FURTHER DEVELOP AND FIELD TEST SUCH ADVANCED DEVELOPMENTCON

CEPTSCEPT FOR THE ARCTIC

ANOTHER MONOCONE DESIGN DEVELOPEDFOR DOME PETROLEUM LTD IS ILLUSILLU

TRATED IN FIGURE 319 WHICH ALSO SHOWSSHOW ITS TOWOUT AND INSTALLATION THE

STRUCTURE IS DESIGNED TO CAUSE FAILURE AND PERMIT CLEARING OF SHEET AND

RIDGE FORMATIONSFORMATION AND HAS CAPABILITY TO DISCONNECT AT THE CONEBASE INTER

FACE CASE OF IMPENDING ICE ISLAND COLLISION FOR DESIGN LOAD RESISTANCE

THE ROTATIONAL INCLINED PLANE FORMED BY THE CONE SERVESSERVE TO FAIL ICE RIDGESRIDGE

IN FLEXURE WHILE THE SLENDER THROAT MINIMIZESMINIMIZE ICE SHEET CRUSHING FAILURE

AND CLEARINGFORCESFORCE THE IMPACT OF SMALL ICE ISLAND OF AVERAGE DRAFT AND

PROPERTIESPROPERTIE CAN ALSO BE ABSORBED BERCHA AND STENNING1979

ALTHOUGHIT IS UNLIKELY THAT STRUCTURE INSTALLED ON THE CENTRAL

CHUKCHI SHELF WOULD BE ENDANGEREDBY AN ICE FLOE OR ISLAND THE STRUCTURE

ILLUSTRATED HAS THE DESIGN CAPABILITY TO BE DISCONNECTED FROM ITS BASE AND

FLOATED OUT OF THE PATH OF ONCOMINGICE ISLANDSISLAND THE BOTTLE MIDSTRUCTURE

CAN BE DISCONNECTED FROM THE BASE BY UNLOCKINGANCHOR PINSPIN JACKING DOWN THE

DECK AND FLOATING THE ASSEMBLYOUT OF THE ICE ISLANDSISLAND WAY

DIFFERENT OPINIONSOPINION EXIST REGARDINGTHE SELECTION OF STEEL OR CONCRETE

FOR MONOCONE DESIGN SFBRAUN SELECTED CONCRETE AS THE PREFERREDCON

STRUCTION MATERIAL FOR MONOCONE CONCEPTSCONCEPT TO BE INSTALLED IN THE CHUKCHI SEA

CONCRETE STRUCTURESSTRUCTURE HEAVIER WEIGHT REQUIRESREQUIRE LESSLES BALLAST THAN COM

PARABLE STEEL CONCEPT CONCRETE ALSO POSSESSESPOSSESSE LOCAL STRENGTHSUPERIORITY

TO RESIST BUCKLINGFROM LOCAL ICE LOADSLOAD IN COMPARISONTO STEEL CONCRETE

STRUCTURE ALSO HAS SUPERIOR INSULATION COEFFICIENT AND LARGERPOTENTIAL

FOR STORAGECAPACITY
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HOWEVER STEEL APPEARSAPPEAR TO BE PREFERREDBY SOME OPERATORSOPERATOR OVER CONCRETE

AS CONSTRUCTION MATERIAL FOR MONOCONESMONOCONE BECAUSE OF ITS SUPERIOR ABRASION

RESISTANCE TO SEA ICE IT CAN ALSO BE MORE EASILY TREATED WITH NONSTICK

COATINGSCOATING SUCH AS ZEBRON TO RESIST ADFREEZE OR HEATED TO ACHIEVE THE SAME

EFFECT STEELSSTEEL FOR ARCTIC APPLICATION MUST SATISFY THE USUAL CRITERIA OF

STRENGTH DUCTILITY TOUGHNESSTOUGHNES AND WELDABILITY NUMBER OF STEELSSTEEL ARE

AVAILABLE FOR LOW TEMPERATUREAPPLICATIONSAPPLICATION THISTHI IS IMPORTANT SINCE THE

LOADSLOAD IN AN ARCTIC STRUCTURE CAUSED BY TEMPERATURE DIFFERENCESDIFFERENCE CAN BE

SEVERE

IT IS ASSUMED THAT STEEL OR CONCRETE MONOCONE CONCEPTSCONCEPT WILL BE CON

STRUCTED ON THE WEST COAST AND TOWED THROUGHUNIMAK PASSPAS THE BERING SEA

THROUGHTHE BERINGSTRAIT INTO THE CHUKCHI SEA AS SOON AS ICE CONDITIONSCONDITION

PERMIT THE STRUCTURESSTRUCTURE WILL BE TOWED TO ITS FINAL INSTALLATION SITE BAL

LASTED DOWN AND EITHER PILED OR GROUTEDTO THE SEA FLOOR UNLESSUNLES ICE

GOUGESGOUGE ON THE SEA BOTTOM ARE PRESENT IT IS EXPECTEDTHAT MINIMUM OF SITE

PREPARATIONWILL BE REQUIREDDURING INSTALLATION THE FLOATEDOUT MONOCONE

CAN ALSO CARRY SUBSTANTIAL LOAD OF DECK EQUIPMENTINPLACE DURING TOWOUT

WITH THE REMAINDER BEING BARGEMOUNTEDAND INSTALLED ON DECK BY DERRICKSDERRICK

PRODUCTION AND LOADING ATOLL

NOVEL PRODUCTIONCONCEPTINCORPORATINGFIELD PRODUCTIONAND OFFSHORE

LOADING HAS BEEN DEVELOPEDBY DOME PETROLEUM LTD FOR USE IN ITS MACKENZIE

DELTA RESERVOIRSRESERVOIR DOME PROPOSESPROPOSE TO CONSTRUCT AND OPERATEOFFSHORE ISLAND

TERMINALSTERMINAL CALLED ARCTIC PRODUCTIONAND LOADINGATOLLSATOLL APLA OR ARTIFICIAL

PRODUCTIONAND LOADING ATOLLSATOLL APLA OR ARCTIC PRODUCTIONAND LOADING BASINSBASIN

APLB CONSTRUCTED FROM DREDGEFILL IN MANNER SIMILAR TO AN ARTIFICIAL

ISLAND AN APLA PICTURED IN FIGURE 320 WOULD CONSIST OF TWO MASSIVE BERMSBERM

CAPPEDWITH CONCRETE CAISSONSCAISSON THE ATOLLLIKE ISLAND WILL PROVIDE PROTEC

TION FROM ICE IN ITS LAGOON BASIN FOR DRILLING ANDOR PRODUCTIONBARGESBARGE

AND TANKER LOADING FACILITIESFACILITIE AN APLAMOUNTED TERMINAL WOULD PROVIDE

DOCKING AND TRANSFER FACILITIESFACILITIE FOR ICEBREAKING TANKERSTANKER THE ISLANDSISLAND

ONSHORE AREA SERVESSERVE TO SUPPORT DRILLING AND PRODUCTION FACILITIESFACILITIE WITH
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FIGURE320

DOME PETROLEUM ARTIFICIAL PRODUCTION
LOADING ATOLL APLA

ALSO ARCTIC PRODUCTION LOADING OLL



STORAGECAPABILITIESCAPABILITIE STORAGEOR PRODUCTIONFACILITIESFACILITIE COULD BE INCREASED

THROUGHTHE USE OF SLAVE TANKERSTANKER MOORED WITHIN THE APLA

DOME IS EXAMINING THE USE OF APLASAPLA AS DEEPWATERDEVELOPMENTCONCEPT

IN WATERSWATER OF 60METER 200FOOT DEPTH DEPENDINGUPON RESERVOIR SHAPEAND

SIZE AN APLA MAY SERVICE FIELD ENTIRELY FROM DIRECTIONALLYDRILLED WELLSWELL

OR BE SUPPLIED BY PIPELINE FROM SMALLER ARTIFICIAL ISLANDSISLAND EQUIPPED WITH

DRILLING AND PRODUCTIONFACILITIESFACILITIE TO ACCOMMODATE DEVELOPMENTOF THE EXTREM

ITIESITIE OF THE LARGERFIELDSFIELD

AN INTEGRAL PART OF AN APLASAPLA FEASIBILITY IS ITS CONSTRUCTION BY
SOCALLED SUPER DREDGESDREDGE WHICH WILL HAVE FAR GREATER CAPACITY THAN THE

LARGEST CURRENTLYAVAILABLE CONVENTIONAL DREDGESDREDGE DOME ESTIMATESESTIMATE THAT AN

APLA IN 60 METERSMETER 200 FEET OF WATER WILL REQUIRE BETWEEN 80 AND

120 MILLION CUBIC METERSMETER 100 AND 160 MILLION CUBIC YARDSYARD OF DREDGED
MATERIALSMATERIAL DOME PLANSPLAN ON USING THREE OR FOUR SUPER DREDGESDREDGE TO CONSTRUCT

EACH DEEPWATERAPLA WITH EACH SUPER DREDGEAVAILABLE TO DO THE WORK OF

THREE LARGECONVENTIONAL DREDGESDREDGE

DOME HAS CALCULATED THAT IT CAN REDUCE THE COST OF AN APLASAPLA OR ARTI

FICIAL ISLANDSISLAND CONSTRUCTION BY FACTOR OF 24 THROUGH COMBINATION OF

DEVELOPMENTSDEVELOPMENT IT IS PURSUING COTTRILL 1981 NEW SUPER DREDGESDREDGE SHOULD

REDUCE UNIT COSTSCOST BY FACTOR OF THREE THROUGHTHEIR GREATER CAPACITY AND

EXTENDED SEASON OF OPERATION WHILE STEEP SLOPESSLOPE REDUCE THE VOLUME OF FILL

REQUIREDTO ABOUT ONEEIGHTH OF THAT PREVIOUSLYNEEDED DOME ESTIMATESESTIMATE THAT

AN APLA IN 60 METERSMETER 200 FEET OF WATER WOULD COST BETWEEN AND

BILLION NOT INCLUDINGTHE COSTSCOST OF THE ICEBREAKING TANKERSTANKER

DOME HAS PLACED AN ORDER FOR DELIVERY OF ITS FIRST SUPER DREDGER BY

MAY OF 1983 IT IS ESTIMATED TO COST 100 MILLION THE DREDGEIS DESIGNED
TO HAVE 25 TIMESTIME THE CAPACITY OF THE LARGESTEXISTING HOPPER SUCTION

DREDGER THE GEOPOTESGEOPOTE 10 DOMESDOME PLANNED SUPER DREDGE PICTURED IN

FIGURE 321 HAS THE FOLLOWINGSPECIAL FEATURESFEATURE
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YEARROUND OPERATION IN TRANSITION ICE WITHOUT ICEBREAKER SUP

PORT THROUGHAN ARCTIC CLASSCLAS VI HULL BOW REAMERSREAMER AND EXTREME

ICEBREAKING DEVICESDEVICE

HOPPER CAPACITY OF AT LEAST 25000 CUBIC METERSMETER 33000 CUBIC

YARDSYARD

DREDGABLEDEPTH THAT CAN BE EXTENDED TO 80 METERSMETER 260 FEET

USING RETRACTABLE TOWER AMIDSHIPSAMIDSHIP ALLOWING HIGH ACCURACY FOR

SUBSIDIARY TASKSTASK LIKE TRENCHING AND REMOVAL OF CLAY OVERBURDEN

POWER PLANT OF 60000 HORSEPOWERALLOWING25000 CUBIC METERSMETER

33000 CUBIC YARDSYARD TO BE LOADED IN TWO HOURSHOUR AND 16 KNOTSKNOT OF

SAILING SPEED

DRAG HEAD AND SUCTION PIPE IN MOON POOL PROTECTEDFROM ICE

COTTRILL 1981

DE ARCTIC PRODUCTION

WHILE DEEPWATER FOR THE PURPOSESPURPOSE OF THISTHI STUDY DEFINED AS THOSE

WATER DEPTHSDEPTH BEYOND30 METERSMETER 100 FEET WHICH REFLECTSREFLECT INDUSTRYSINDUSTRY CURRENT

EXPERIENCE TO DATE WITH EXPLORATIONCONCEPTSCONCEPT IN THE ARCTIC SEVERAL PRODUC

TION CONCEPTSCONCEPT FOR WATER DEPTHSDEPTH BEYOND THE 37METER 120FOOT WATER DEPTH

SELECTED AS THE REPRESENTATIVEDEEP WATER DEPTH IN THE BARROW ARCH PLANNING

AREA WERE ALSO EXAMINED

ACCORDING TO SFBRAUN TWO TECHNICAL APPROACHESAPPROACHE SEEM FEASIBLE FOR

DEVELOPMENTOF OIL AND GAS FINDSFIND IN AREASAREA OF THE CHUKCHI SEA WITH WATER

DEPTHSDEPTH OF 60 METERSMETER 200 FEET THE MOST ECONOMIC APPROACHWOULD BE EM

PLACEMENTOF INONOCONE STRUCTURE DESIGNED FOR SHALLOWER WATER DEPTHSDEPTH SAY

37 METERSMETER 120 FEET ONTO BASE BUILT UP BY DREDGEDGRAVEL FILL TO

HEIGHT OF 24 METERSMETER 80 FEET ABOVE THE SEAFLOOR

SECOND APPROACHWOULD BE EMPLACEMENTOF MONOCONE SPECIFICALLY

DESIGNEDFOR 60METER 200FOOT WATER DEPTHSDEPTH HOWEVER THE COSTSCOST OF SUCH
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STRUCTURE COULD BE SIGNIFICANTLY GREATER THAN THE FIRST OPTION DEPENDINGON

GRAVELAVAILABILITY

DOME PETROLEUM PROPOSESPROPOSE TO CONSTRUCT ITS APLASAPLA IN WATER DEPTHSDEPTH UP TO

60 METERSMETER 200 FEET FOR SUCH CONCEPTTO BE VIABLE IN THE CHUKCHI SEA

US OPERATORSOPERATOR WOULD HAVE TO COMMISSION SUPER DREDGESDREDGE SIMILAR TO THOSE

PLANNEDBY DOME
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MOST PRODUCTIONWELLSWELL WILL BE DRILLED DIRECTIONALLY FROM THE PRODUCTION

PLATFORMSPLATFORM THE PRODUCTIONCONCEPTSCONCEPT SUGGESTEDFOR THE BARROW ARCH PLANNING

AREA HAVE CONSTRAINTSCONSTRAINT ON THE MAXIMUM NUMBER OF WELLSWELL ARTIFICIAL ISLAND

PRODUCTIONCONCEPTSCONCEPT MIGHT EACH ACCOMMODATE TOTAL OF ABOUT 100 WELLSWELL WHICH

CAN BE SLANT DRILLED IF REQUIRED BUT THE TOTAL NUMBER OF WELLSWELL POSSIBLE IS

DIRECT FUNCTION OF THE AMOUNT OF AREA CONSTRUCTED MONOCONE PRODUCTION

CONCEPTSCONCEPT CAN ONLY ACCOMMODATE MAXIMUM OF AROUND 60 WELLSWELL PER STRUCTURE

DUE TO THE LIMITATION ON THROAT DIAMETER AND SLANT DRILLING WILL NOT BE

POSSIBLE SEE DISCUSSION IN SECTION 3323

THERE ARE ALSO TECHNICAL LIMITATIONSLIMITATION AS WELL AS COST PREMIUMSPREMIUM ON

DIRECTIONAL DRILLING FOR ANGLESANGLE OF OVER 50 GRAPHSHOWING TYPICAL RATE

OF INCREASE IN DRIFT FOR THE GENERALLYADOPTEDMAXIMUM SLANT ANGLE OF 60 IS

SHOWN ON FIGURE 322 DEPENDINGON SEABOTTOM SOIL CONDITIONSCONDITION TYPICAL

KICKOFF UH 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 AND THE

SUBSURFACE AREA THE PLATFORMCAN DRAIN

UEVELOPMENTWELL DRILLING WILL BEGIN AS SOON AS FEASIBLE AFTER PLATFORM

INSTALLATION IF REGULATIONSREGULATION PERMIT THE OPERATORMAY ELECT TO BEGIN

KICKOFF POINT THE DEPTHWHERE THE TRAVERSE DEPARTSDEPART FROM THE VERTICAL

IN THE DIRECTION OF THE TARGET
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DRILLING WHILE OFFSHORE CONSTRUCTION IS STILL UNDERWAY ACCEPTING SOME

INTERFERENCE BETWEEN THE TWO ACTIVITIESACTIVITIE THE OPERATOR HAS TO WEIGH THE

ECONOMIC ADVANTAGESADVANTAGE OF EARLY PRODUCTIONVERSUSVERSU DELAYSDELAY AND INEFFICIENCIESINEFFICIENCIE IN

PLATFORMCOMMISSIONING DEVELOPMENTDRILLING COULD COMMENCE ABOUT 10 MONTHSMONTH

AFTER THE SELECTED DEVELOPMENTCONCEPT IS INSTALLED ON SITE DEVELOP

MENT WELLSWELL MAY BE DRILLED IN BATCH WHERE GROUP OF WELLSWELL ARE DRILLED

FIRST TO THE SURFACE CASING DEPTHSDEPTH THEN DRILLED TO THE NEXT SMALLER CASING

DEPTH ETC KENNEDY1976 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

ON ARTIFICIAL ISLAND CONCEPTSCONCEPT AND MONOCONESMONOCONE TWO DRILL RIGSRIG MAY BE USED

FOR DEVELOPMENTWELL DRILLING THUSTHU ACCELERATINGTHE PRODUCTIONSCHEDULE

ONE RIG MAY BE REMOVED AFTER COMPLETION OF ALL THE DEVELOPMENT WELLSWELL

LEAVING THE OTHER RIG FOR DRILLING INJECTION WELLSWELL AND PERFORMINGWELL

MAINTENANCE

PERMAFROST COULD BE ENCOUNTERED IN PARTSPART OF THE BARROW ARCH PLANNING

AREA THEREFORE WELLSWELL WILL BE COMPLETEDWITH CASING PROGRAMSPROGRAM CEMENTING

TECHNIQUESTECHNIQUE AND TUBING STRINGSSTRING SIMILAR TO THOSE USED ON THE NORTH SLOPE

NATIONAL PETROLEUM COUNCIL 1981 FIGURE 323 ILLUSTRATESILLUSTRATE TYPICAL

PERMAFROSTCASING PROGRAM
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MARINE PIPELINESPIPELINE WILL BE REQUIRED TO TRANSPORT OIL AND GAS FROM THE

BARROW ARCH FIELDSFIELD TO SHORE TERMINALSTERMINAL FOR FURTHER PROCESSINGAND TANKER

TRANSPORT TO MARKET OR TO SHORE FOR PIPELINING TO TAPSTAP AND ON TO MARKET

SEVERAL PIPELAY TECHNIQUESTECHNIQUE HAVE BEEN DEVISED FOR USE IN ARCTIC CONDITIONSCONDITION

THE MOST IMPORTANTENGINEERING DESIGN CONSIDERATIONSCONSIDERATION FOR PIPELINESPIPELINE IN

THE BARROW ARCH PLANNING AREA ARE

SEE SECTIONSSECTION 623 AND 72 FOR DETAILED DISCUSSIONSDISCUSSION OF THE TIMING

ASSUMPTIONSASSUMPTION MADE IN OUR ANALYSISANALYSI
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DEPTHOF ICE SCOUR

SUBSEA PERMAFROST

ICE OVERRIDE EVENTSEVENT IN THE COASTAL ZONE

LOW PRESSURE WATER JETSJET FROM STRUDEL SCOUR

GEOTECHNICAL PROBLEMSPROBLEM RELATED TO SEABED SOILSSOIL

COASTAL EROSION

LIMITED OPENWATERCONSTRUCTION SEASON

WATER CRUDE AND GAS TEMPERATURESTEMPERATURE

IN PIPELAYING TECHNOLOGYTHERE ARE FIVE AREASAREA REQUIRING CAREFUL ANALYSESANALYSE

AND SOLUTION

PREDICTION OF PIPE STRESSSTRES DURING INSTALLATION

CONTROL AND KNOWLEDGEOF EXACT PIPE LOCATION DURING LAY OPERATIONSOPERATION

JOINING WITH AN OFFSHORE RISER

PROTECTION OF APPLIED COATINGSCOATING

DESIGN AND IMPLEMENTATIONOF THE SHORELINE CROSSING

ALTHOUGHARCTIC OFFSHORE PIPELAY TECHNOLOLGYIS IN ITS INFANCY THE STRONG

TECHNICAL BASE ACQUIRED FROM OFFSHORE OPERATIONSOPERATION IN OTHER AREASAREA GIVESGIVE

REASONABLE ASSURANCE THAT PIPELAYINGCAN BE SUCCESSFULLYACCOMPLISHEDIN THE

CHUKCHI SEA

ONLY ONE PIPELINE HAS ACTUALLY BEEN LAID IN ARCTIC CONDITIONSCONDITION

PROOFOFCONCEPT DEMONSTRATION HELD IN THE CANADIAN ARCTIC TO LAY NATURAL

GAS PIPELINE FROM AN OFFSHORE WELIHEAD TO MELVILLE ISLAND FOR PANARCTIC

LTD THISTHI DEMONSTRATION EMPLOYEDWHAT IS CALLED THE ICE HOLE BOTTOM PULL

METHOD TRENCH WAS CUT THROUGHTHE ICE AND ONICE WINCHESWINCHE WERE USED

FIRST TO PULL AN UNDERWATER PLOWTO TRENCH THE SEABED AND THEN TO DEPLOYTHE

PIPELINE REMOTELYCONTROLLED CONNECTION MODULE WAS USED TO CONNECT THE

PIPELINE TO THE WELLHEAD HOWEVER THISTHI WINTER CONSTRUCTION TECHNIQUE

CANNOT BE USED IN THE CHUKCHI SEA SINCE IT REQUIRESREQUIRE SMOOTH LANDFAST ICE

SURFACE ON WHICH TO OPERATE
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THEREFORE OPENWATER PIPELAY TECHNIQUESTECHNIQUE SEEM MOST FEASIBLE FOR LAYING
MARINE TRUNK AND FEEDER PIPELINESPIPELINE TO SERVICE BARROW ARCH OIL AND GAS FIELDSFIELD

FOUR DIFFERENT METHODSMETHOD OF PIPELAYING DEVELOPEDFOR NONARCTIC OPERATIONSOPERATION
MAY BE ADAPTEDFOR USE DURING THE SHORT OPENWATER SEASON IN ARCTIC AREASAREA

THESE ARE

BOTTOMPULL OR BOTTOMTOW METHOD

FLOTATION METHOD

REELED PIPE METHOD

LAY BARGEMETHOD

OF THESE THE BOTTOMPULLMETHOD HAS BEEN TOUTED AS MOST FEASIBLE FOR ARCTIC

OPERATIONSOPERATION TIMMERMANSTIMMERMAN 1982 IN THISTHI METHOD LENGTHSLENGTH OF PIPE SECTION ARE

WELDED ONSHORE AND THEN PULLED ALONGTHE SEA BOTTOM WINCH FIRMLY AN

CHORED ON BARGE IS USED AS THE PULLINGFORCE THE METHOD REQUIRESREQUIRE CON

STRUCTION OF MILELONG GRAVEL PAD ONSHORE THAT IS USED AS STAGING AREA

TO PREWELD PIPE SECTIONSSECTION

HOWEVER THE NATIONAL PETROLEUM COUNCIL 1981 BELIEVESBELIEVE THAT CONVEN

TIONAL PIPELAY SYSTEMSSYSTEM WILL NOT BE PRACTICAL IN THE CHUKCHI SEA FOR NUMBER

OF REASONSREASON THEY PREFER THE BOTTOMTOW METHOD AND BELIEVE THAT THE SIZABLE

ONSHORE PIPE ASSEMBLYSITE CAN BE USED LATER AS PART OF THE OIL STORAGE
FACILITIESFACILITIE THEY ALSO BELIEVE THAT ICE CONDITIONSCONDITION WILL MAKE IT DIFFICULT TO

TIME THE ARRIVAL AND EXIT OF THE PIPELINE SPREADTO GET THE JOB DONE IN ONE

SEASON IF THE SPREADHAPPENSHAPPEN TO BE ICED IN AND REMAINSREMAIN INACTIVE FOR 10

MONTHSMONTH COSTSCOST COULD RUN AS HIGH AS 150 MILLION PER YEAR

THE LENGTH OF THE PIPELINE PULLED IS LIMITED TO RELATIVELY SHORT

OFFSHORE DISTANCESDISTANCE BECAUSE OF RAPID INCREASE OF PULLINGFORCE WITH DISTANCE

ENERGYINTERFACE ASSOCIATESASSOCIATE 1980 BECAUSE OF THISTHI AND THE BRIEF WORKING
SEASON FOR THE LONGERBARROW ARCH PIPELINESPIPELINE SFBRAUN ASSUMESASSUME CONVENTIONAL

SHIPTYPE LAY VESSELSVESSEL FOR THISTHI COST ANALYSISANALYSI APPENDIX TABLE 85

ASSUMING 70DAY OPENWATER SEASON IN THE CHUKCHI SEA SFBRAUN

BELIEVESBELIEVE THAT CONVENTIONAL LAY VESSEL COULD LAY CLOSE TO 80 KILOMETERSKILOMETER

50 MILESMILE OF PIPE PER SEASON THISTHI ASSUMESASSUME DOWNTIME OF 10 PERCENT DUE TO



WEATHER AND AN AVERAGE LAY RATE OF 12 KILOMETERSKILOMETER 34 MILE PER DAY AS

SUMING PIPE DIAMETER OF 22 TO 30 INCHESINCHE

IN ORDER TO AVOID PROBLEMSPROBLEMOF BOTTOM SCOUR AND GOUGINGFROM ICE THE

PIPE WILL BE BURIED TO DEPTH OF METERSMETER FEET OUT TO 25 METERSMETER

OF WATER DEPTH 80 FEET AND BURIED TO DEPTH OF METER FEET IN THE

DEEPERWATER BEYONDTHAT SFBRAUN IS NOT PLANNING TO PRETRENCH THE LINE

BUT TO TRENCH AFTER PIPE LAYINGIS COMPLETED CONVENTIONAL PLOWSPLOW OR JETTING

TECHNIQUESTECHNIQUE ARE FEASIBLE FOR THISTHI TRENCHING TO THESE BURIAL DEPTHSDEPTH

TIMERMANSTIMERMAN 1982 THESE DEPTHSDEPTH ARE ASSUMED BASED ON REASONABLE TRADEOFFSTRADEOFF

OF ICE GOUGE RISK FIGURE 38 AND COSTSCOST OF TRENCHINGIN VIEW OF THE AVAIL

ABLE TECHNIQUESTECHNIQUE FOR BURYINGMARINE PIPELINESPIPELINE

REGARDLESSREGARDLES OF THE METHOD SELECTED PIPELAYING IN ARCTIC OFFSHORE

REGIONSREGION WILL REQUIRE INNOVATIONSINNOVATION AND MODIFICATIONSMODIFICATION OF EXISTING PIPELAY

TECHNIQUESTECHNIQUE LAY BARGESBARGE WITH ICEREINFORCED HULLSHULL MAY BE CONSTRUCTED

TO EXTEND THE OPENWATER SEASON SOMEWHAT THISTHI WILL PROVIDE ONLY LIMITED

EXTENSION SAY TO 10 OR 20 PERCENT ICE COVER BECAUSE OF THE EXPOSED

STRINGERPIPELINE AND MOORINGANCHOR ARRAY TRENCHINGMAY BE COMPLETEDIN

THE SEASON BEFORE THE PIPE IS LAID PIPELINE STRINGSSTRING MAY BE STORED IN

TRENCH FROM PREVIOUSPREVIOU SEASONSSEASON OVER WINTER VARIETY OF METHODSMETHOD WILL BE

EMPLOYEDTO BRING PIPESPIPE ONSHORE DUE TO THE ICE SCOUR ICE OVERRIDE EROSION

AND PERMAFROSTPROBLEMSPROBLEM AT THE LANDWATER INTERFACE FOR EXAMPLE SHALLOW

WATER APPROACHESAPPROACHE AND SHORE APPROACHESAPPROACHE WILL NEED TO BE INSULATED TO PROTECT

THAW UNSTABLE PERMAFROSTFROM THE EFFECTSEFFECT OF HOT OIL LINE GRAVEL CAUSE

WAYSWAY MAY BE USED FOR THISTHI PURPOSE

TECHNIQUESTECHNIQUE FOR CONSTRUCTION OF LAND PIPELINESPIPELINE IN ARCTIC AREASAREA ARE

WELLESTABLISHED AND WILL PRESENT NO SPECIAL PROBLEMSPROBLEM IN THE BARROW ARCH

PLANNING AREA EITHER FOR CONSTRUCTION OF LAID PIPELINE SECTIONSSECTION TO THE

MARINE TERMINAL OR TO AN INTERTIE WITH TAPSTAP

335 LOADING AND

WHILE THE EXTREME REMOTENESSREMOTENES OF SOME BERING SEA AND ALEUTIAN OCS AREASAREA

SUGGESTSSUGGEST THE USE OF OFFSHORE LOADING AND STORAGE TERMINALSTERMINAL AS FEASIBLE



SOUR NATIONAL OQL COUNCIL

FIGURE324

ARCTIC FLOATING CAISSON



ALTERNATIVE TO THE USE OF PIPELINESPIPELINE FOR TRANSPORTINGHYDROCARBONSHYDROCARBONTO MARKET

PRESENT TECHNIQUESTECHNIQUE DO NOT APPEAR FEASIBLE FOR FIELDSFIELD IN THE BARROW ARCH

PLANNINGAREA OFFSHORE LOADING SYSTEMSSYSTEM ARE NOT PROVEN TECHNOLOGYFOR

ICEINFESTED AREASAREA SUCH AS THE CHUKCHI SEA OFFSHORE LOADING SYSTEMSSYSTEM

OPERATE BEST IN GOOD TO MODERATE ENVIRONMENTAL CONDITIONSCONDITION SYSTEMSSYSTEM THAT

HAVE BEEN INSTALLED TO DATE IN MORE SEVERE ENVIRONMENTAL AREASAREA SUCH AS THE

NORTH SEA HAVE EXPERIENCEDCONSIDERABLE DOWNTIME DUE TO MAINTENANCE REPAIRSREPAIR

AND SEVERE SEA STATESSTATE

CONVENTIONAL DESIGNSDESIGN FOR FIXED OR FLOATING STORAGE TANKER LOADING

SINGLE POINT MOORINGSMOORING SPM AND COMBINED STORAGE AND TANKER LOADING SCHEMESSCHEME

WILL NOT BE APPLICABLE IN ARCTIC CONDITIONSCONDITION BRIAN WATT ASSOCIATESASSOCIATE HAVE

DEVELOPED DESIGN FOR AN OFFSHORE MARINE TERMINAL IN NORTON SOUND THAT

INCORPORATESINCORPORATE TO MILLION BARRELSBARREL OF STORAGE AND IS CONICALLY SHAPEDTO

RESIST ICE FORCESFORCE AND ALLOWSALLOW LOADING TANKERSTANKER TO WEATHERVANE AS REQUIRED

THE SEVERITY OF THE SEA ICE CONDITIONSCONDITION IN THE CHUKCHI SEA WILL REQUIRE

LOADING AND STORAGE CONCEPTUALDESIGNSDESIGN CAPABLEOF RESISTING MULTIYEAR PACK

ICE MOVEMENTSMOVEMENT CONICAL GRAVITY STRUCTURESSTRUCTURE OR MONOCONESMONOCONE ARE BOTH CAPABLEOF

PROVIDING THE REQUIRED OIL STORAGE AND ICE RESISTANCE FEATURESFEATURE THAT ARE

REQUIRED FIGURE 324 ILLUSTRATESILLUSTRATE FLOATING ICEBREAKING MOORED CAISSON

VESSEL PROPOSEDAS PRODUCTIONPLATFORMIN WATER DEPTHSDEPTH BEYOND300 METERSMETER

1000 FEET IT INCORPORATESINCORPORATE AN HOURGLASSHOURGLAS SHAPE AT THE WATERLINE WITH

DOWNWARD BREAKING CONE SURFACESSURFACE TO FAIL ICE THE STRUCTURE WAS SIZED FOR

PRODUCTIONRATE OF 100000 BARRELSBARREL PER DAY AND 500000 BARRELSBARREL OF OIL

STORAGE KNECHT ET AL 1979 SUCH STRUCTURE WOULD NOT BE APPLICABLE

TO THE CHUKCHI SEA WITHOUT ADAPTATIONOF THE GENERALCONCEPT TO BOTTOM

FOUNDED SUPPORTIN SHALLOW WATER

FIXED PILE OR GRAVITY BASE LOADINGSTORAGE TOWERSTOWER HAVE ALSO BEEN

PRESENTEDAS OPTIONSOPTION FOR LESSLES SEVERE ICE ENVIRONMENTSENVIRONMENT THAN THOSE FOUND IN

THE CHUKCHI SEA DESIGNSDESIGN OF SUCH STRUCTURESSTRUCTURE FOR THE BARROW ARCH AREA WOULD

HAVE TO BE GREATLYINCREASED IN SIZE AND WEIGHT TO RESIST MOVING ICE

CONCRETE STRUCTURESSTRUCTURE WOULD BE MORE DESIRABLE DUE TO THEIR GREATLY INCREASED

WEIGHT TO RESIST SLIDING AND OVERTURNING MODIFICATION OF TOWER DESIGNSDESIGN
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WILL BE REQUIRED TO PROTECT MOORINGAND HOSE HANDLING EQUIPMENT THE

HEIGHT OF THE TOWER ABOVE THE ICE SURFACE SHOULD BE SUFFICIENT TO AVOID

RUBBLE PILE INTERFERENCE WITH EQUIPMENT

ARTICULATED COLUMN OR TOWER DESIGNSDESIGN HAVE ALSO BEEN EXAMINED FOR THEIR

APPLICABILITY IN ICE ENVIRONMENTSENVIRONMENT AGAIN SIGNIFICANT MODIFICATIONSMODIFICATION OF

CONVENTIONAL DESIGNSDESIGN WOULD BE REQUIRED ALSO AS DISCUSSED IN EARLY PRODUC
TION SYSTEMSSYSTEM SEVERAL DESIGNSDESIGN FOR ARCTIC MOORED ICEBREAKING TANKER OR BARGE
LOADING DESIGNSDESIGN HAVE BEEN DEVELOPED

IN THE BARROW ARCH PLANNINGAREA LARGERESERVESRESERVE PLUSPLU SUSTAINED HIGH
PRODUCTIONRATE WILL BE NEEDED TO JUSTIFY THE LARGE COST OF DEVELOPMENT
FLEET OF SHUTTLE TANKERSTANKER WOULD ALSO BE REQUIRED LARGE
AMOUNT OF OFFSHORE STORAGEWILL BE REQUIRED IN THE FORM OF STORAGEVESSEL

FACILITIESFACILITIE IN ORDER FOR THE SYSTEM TO BE ECONOMIC THE THROUGHPUTEG
300000 BARRELSBARREL PER DAY LOADED INTO SHUTTLE TANKERSTANKER WOULD HAVE TO BE

DEPENDABLEAND SUBSTANTIAL THISTHI IS CHALLENGINGOPERATION DUE TO ICE

MOVEMENT AND SEVERE WINTER WEATHER CONDITIONSCONDITION

ALTHOUGHTHE COSTSCOST OF CONVENTIONAL OFFSHORE LOADINGSYSTEMSSYSTEM APPEAR TO
BE MUCH LESSLES THAN THE COST OF LONGPIPELINESPIPELINE 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 CONSTRUCTION

AND MAINTENANCE OF SHORE FACILITIESFACILITIE IN ALASKA OFFSHORE LOADINGDOESDOE NOT

NECESSARILY ELIMINATE THE COSTSCOST OF SHORE TERMINAL SINCE PURPOSEBUILT
ARCTIC ICEBREAKER SHUTTLE TANKERSTANKER WOULD LIKELY OFFLOAD THEIR CARGOESCARGOE AT AN

ALEUTIAN TRANSSHIPMENT FACILITY WHERE THE CRUDE WOULD BE TRANSFERRED TO

LARGETANKERSTANKER DESTINED FOR MARKETSMARKET TO THE SOUTH

ARCTIC OFFSHORE STORAGEAND LOADINGSYSTEMSSYSTEM HAVE NOT BEEN DEVELOPED
BUT GENERALCONCEPTSCONCEPT HAVE BEEN PROPOSED FOR YEARROUND OPERATION WHATEVER

DESIGNSDESIGN PROVE OUT FOR THE FUTURE THE FACILITIESFACILITIE MUST BE VERY LARGE TO

ACCOMMODATE STORAGE VOLUMESVOLUME ICEBREAKING TANKER OPERATIONSOPERATION AND THE

RESULTANT MASSIVE ICE FORCESFORCE THE APLA CONCEPT DESCRIBED IN SECTION
3324 INCLUDESINCLUDE THESE CHARACTERISTICSCHARACTERISTIC AND SO APPEARSAPPEAR POTENTIALLY FEASIBLE
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TECHNICALLY ASSUMINGAVAILABLITY OF CONSTRUCTION MATERIAL SOURCESSOURCE AND THE

SUPER DREDGESDREDGE DESCRIBED WE HAVE USED THISTHI CONCEPTFOR OUR ECONOMIC

ANALYSISANALYSI BECAUSE IT IS THE BESTDESCRIBED ARCTIC OFFSHORE STORAGE AND

LOADING SCHEME AVAILABLE AT THISTHI WRITING OTHER CONCEPTSCONCEPT FOR ARCTIC

OFFSHORE STORAGELOADINGTHAT COULD BE APPLICABLETO THE CHUKCHI CONDITIONSCONDITION

AND TIMING CAN BE EXPECTEDIN THE NEAR FUTURE
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SUBSEA TECHNOLOGYHAS EVOLVED IN RESPONSE TO THE INCREASING WATER

DEPTHSDEPTH AND COST OF FIXED PLATFORMPRODUCTIONSYSTEMSSYSTEM THEORETICALLY

SUBSEA PRODUCTIONSYSTEM CAN EITHER BE AN ADJUNCT IN FIELD DEVELOPMENT

STRATEGY INVOLVING FIXED PLATFORMSPLATFORM OR COMPLETEPRODUCTIONSYSTEM AS

COMPLETE SYSTEM SUBSEA TREESTREE GATHERING MANIFOLDSMANIFOLD CONTROL SYSTEMSSYSTEM AND

FLOWLINESFLOWLINE ARE USED IN CONJUNCTIONWITH FLOATING PROCESSINGAND STORAGE

FACILITY SUBSEA GASOIL SEPARATIONAND STORAGE IS TECHNICALLYFEASIBLE BUT

IS LESSLES LIKELY TO BE IMPLEMENTEDBECAUSE OF COST AND COMPLEXITIESCOMPLEXITIE

THE PRINCIPAL DESIGN PROBLEMSPROBLEM IN SUBSEA PRODUCTIONSYSTEMSSYSTEM 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 INSTALLATION AND MAINTENANCE TYPICALLY THE WET CHRISTMASCHRISTMA TREE

IS COMPLETELYASSEMBLED 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 WORKING IN AN ATMOSPHERICENVIRONMENT ON THE SEA

FLOOR NUMBER OF SUBSEA PRODUCTIONSYSTEMSSYSTEM HAVE BEEN DEVELOPEDINCLUDING

THOSE BY EXXON LOCKHEED DEEP OIL TECHNOLOGY SUBSEA EQUIPMENTASSOCIATESASSOCIATE

LTD SEAL CAMERON IRON WORKSWORK REGAN OFFSHORE INTERNATIONAL AND VETCO

THESE SYSTEMSSYSTEM VARIOUSLY EMPLOYSINGLE WELIHEAD COMPLETIONSCOMPLETION MULTIPLE WELL

TEMPLATESTEMPLATE AND COMBINATIONSCOMBINATION OF WET AND SUBSEA EQUIPMENT

THE ADVANTAGESADVANTAGE OF SUBSEA PRODUCTIONSYSTEMSSYSTEM INCLUDE OCEAN INDUSTRY

1978
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EARLYPRODUCTIONCAN BE ESTABLISHED FABRICATION INSTALLATION OF
FIXED PLATFORM AND DEVELOPMENTDRILLING CAN TAKE YEARSYEAR OR MORE
WHEREASWHEREA SUBSEA EQUIPMENT CAN BE FABRICATED AND INSTALLED IN TO

YEARSYEAR THISTHI NOT ONLY ENABLESENABLE AN EARLY CASH FLOW BUT ALSO PERMITSPERMIT
EVALUATION OF THE RESERVOIR PRIOR TO INVESTMENT IN PERMANENT STRUC
TURESTURE AND EQUIPMENT

EXPLORATORYAND DELINEATION WELLSWELL WHICH ARE NORMALLYPLUGGEDAND
ABANDONEDCAN BE TURNED INTO SATELLITE SUBSEA PRODUCERSPRODUCER

SUBSEA PRODUCTION EQUIPMENT IN CONTRAST TO PLATFORMSPLATFORM CAN BE

INEXPENSIVELYSALVAGEDAFTER PRODUCTIONDIMINISHESDIMINISHE BELOW ECONOMIC
LIMITSLIMIT

FIELDSFIELD WITH INSUFFICIENT RESERVESRESERVE TO JUSTIFY TH IN FIXED
PLATFORMSPLATFORM CAN BE DEVELOPEDRELATIVELYINEXPENSIVELYESPECIALLYIF
EXPLORATIONDELINEATI WELLSWELL CAN BE UTILIZED BY SUBSEA SYSTEM
WITH TEMPORARYFLOATINGRIG OR JACKUPPLATFORM

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 AS

INJECTION WELLSWELL 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 POTENTIALLYDAMAGING
FORCESFORCE OF SEA ICE

IN AREASAREA OF INCOMPETENTSEA FLOORSFLOOR UNABLE TO SUPPORT BOTTOM FOUNDED
STRUCTURESSTRUCTURE SUBSEA SYSTEMSSYSTEM MAY PROVIDE SOLUTION

COMPLETESUBSEA PRODUCTIONSYSTEMSSYSTEM ARE NOT YET CONSIDERED STATEOF
THEART HOWEVER SUBSEA SATELLITE WELIHEADSWELIHEAD WITH PIPELINESPIPELINE TO MOTHER

3100



PLATFORMDO APPEAR TO BE FEASIBLE WITH SHALLOWLOWPRODUCTIONRESERVOIRSRESERVOIR

INCREASINGLY OPERATORSOPERATOR ARE DEVELOPINGEXPERIENCEWITH AND RELYING ON SEA

FLOOR WELLSWELL HOWEVER THE EVOLUTION OF SEA FLOOR WELL TECHNOLOGYHAS BEEN

SLOW PROCESSPROCES AND MOST INDUSTRY ATTENTION IS CURRENTLY FOCUSED ON SUBSEA

PRODUCTIONSYSTEMSSYSTEM FOR DEEP WATER AS OPPOSEDTO ARCTIC OR SUBARCTIC

INSTALLATIONSINSTALLATION MASON 1980

CLEARLY SUBSEA PRODUCTIONSYSTEMSSYSTEM OFFER SUBSTANTIAL BENEFITSBENEFIT IN

HOSTILE ENVIRONMENTSENVIRONMENT SUCH AS THE CHUKCHI SEA THEIR COST IS FRACTION OF

WHAT FULLSCALE PLATFORMSPLATFORM WOULD COST THE ONLY SUBSEA

SYSTEM INSTALLED IN ARCTIC WATERSWATER TO DATE IS SUBSEA BLOWOUT PREVENTOR

BOP AND PRODUCTIONCHRISTMASCHRISTMA TREE DEVELOPEDFOR PANARCTIC OILSOIL LTD FOR

GAS DRILLING IN THE DRAKE POINT FIELD OF THE CANADIAN ARCTIC ISLANDSISLAND

ENERGY INTERFACE ASSOCIATESASSOCIATE 1979 COST WAS APPROXIMATELY MILLION

HOWEVER ICE CONDITIONSCONDITION AT THISTHI DEEPWATERSITE WITHIN THE CANADIAN ARCTIC

ISLANDSISLAND ARE CONSIDERABLYLESSLES SEVERE THAN THOSE IN THE SHALLOW CHUKCHI SEA

TO AVOID THE HAZARD OF ICE SCOURING WHICH IS COMMON IN THE CHUKCHI SEA

INTO WATER DEPTHSDEPTH OF APPROXIMATELY60 METERSMETER 200 FEET BOP OR CHRISTMASCHRISTMA

TREE HAS TO BE PLACEDBELOW THE RNUDLINE AND EITHER PROTECTEDWITHIN

CAISSON OR BURIED IN HOLE AT DEPTH DICTATED BY THE SIZE OF

OBSERVED SCOUR ENERGY INTERFACE ASSOCIATESASSOCIATE 1979 FIGURE 325 SHOWSSHOW

RECENTLYDEVELOPEDSUBSEA TREE INSTALLED BELOW THE MUDLINE ONLY THE SWAB

VALVESVALVE TREE CAP AND FLOWLINE CONNECTOR EXTEND ABOVE THE SEAFLOOR IN

ARCTIC OFFSHORE APPLICATIONSAPPLICATION THE TOP OF THE PROTECTIVEDOME WOULD BE PLACED

BELOW THE SCOUR DEPTHAND THE FLOWLINESFLOWLINE WOULD ALSO BE BURIED

BEFORE SUBSEA PRODUCTIONSYSTEMSSYSTEM OR SUBSEA COMPONENTSCOMPONENTFOR OIL OR GAS

WELLSWELL RECEIVE WIDESPREADUSAGE IN ARCTIC ENVIRONMENTSENVIRONMENT HIGH RELIABILITY AND

DIVERLESSDIVERLES MAINTENANCE WILL HAVE TO BE PROVEN UNDER ACTUAL OPERATINGCONDI

TIONSTION IN ADDITION THE PRESENCE OF YEARROUNDICE COVER IN THE NORTHERN

PACK ICECOVERED AREASAREA OF THE CHUKCHI SEA MAY LIMIT APPLICABILITYOF SUBSEA

COMPONENTSCOMPONENT
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FIGURE325
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SOURCE NATIONAL ACADEMY IEN 980
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THE USE OF SUBSEA COMPLETIONSCOMPLETION IN THE BARROW ARCH PLANNINGAREA WILL

PROBABLYBE SINGLE SATELLITE WELLSWELL INSTALLED BELOW THE MUDLINE THESE

WELLSWELL WOULD PRODUCETHROUGHBURIED FLOWLINESFLOWLINE TO FIXED STRUCTURESSTRUCTURE ARTIFICIAL

ISLANDSISLAND OR TO SHORE NATURAL PETROLEUM COUNCIL 1981 ECONOMICSECONOMIC NOT

TECHNOLOGY WILL BE THE GOVERNING FACTOR REGARDING THE APPLICABILITY OF

SUBSEA INSTALLATIONSINSTALLATION

337 EARLY PRODUCTION

WHILE EXISTING EARLY PRODUCTIONSYSTEMSSYSTEM HAVE BEEN DESIGNED FOR NONICE

ENVIRONMENTSENVIRONMENT SEVERAL DESIGNSDESIGN FOR SEASONAL USE IN ARCTIC CONDITIONSCONDITION HAVE

BEEN SUGGESTED CONCEIVABLY SUCH SYSTEMSSYSTEM COULD BE USED FOR PRODUCINGOIL

DURING THE TO 6MONTH PERIOD WHILE PERMANENT PRODUCTIONSYSTEMSSYSTEM ARE

BEING CONSTRUCTED OR INSTALLED

ONE EARLY PRODUCTION SYSTEM FOR ARCTIC SUMMERSSUMMER DESIGNED BY SWEDISH

SHIPBUILDERSSHIPBUILDER GOTAVERKEN ARENDAL IS BASED ON AN ICESTRENGTHENEDTANKER OF

ABOUT 200000 DWT ACTING AS STORAGE AND PRODUCTIONVESSEL AT SUBMERGED

SINGLE POINT MOORINGAND SUBSEA WELL IT WOULD BE SERVED BY NUMBER OF

ICESTRENGTHENEDSHUTTLE TANKERSTANKER USING BOW LOADING FROM THE STORAGE SHIP

BOTH RISER AND MOORINGSMOORING WOULD BE DESIGNED FOR INSTANT RELEASE TO AVOID

CONTACT WITH SEVERE ICE

338 FIELD

WITH THE HIGH COSTSCOST OF FACILITIESFACILITIE AND EQUIPMENT SEE APPENDIX

REQUIREDTO DEVELOP OIL AND GAS RESOURCESRESOURCE IN REMOTE ARCTIC AREA SUCH AS

THE BARROW ARCH PLANNINGAREA SOME SIGNIFICANT DISCOVERIESDISCOVERIE WILL REMAIN

UNDEVELOPED BECAUSE THEY CANNOT ECONOMICALLY JUSTIFY PRODUCTION SUCH

MARGINAL FIELDSFIELD WILL REMAIN SHUTIN PENDINGHIGHER OIL PRICESPRICE COSTSAVING

TECHNOLOGICALADVANCESADVANCE OR FURTHER DISCOVERIESDISCOVERIE CLOSEBY WITH WHICH PIPELINESPIPELINE

AND OTHER FACILITIESFACILITIE CAN BE SHARED DELAYEDDEVELOPMENTOF MARGINALFIELDSFIELD

HAS OCCURRED IN THE NORTH SEA AS NOTED IN SERIESSERIE OF ARTICLESARTICLE ON MARGINAL

FIELDSFIELD IN APRIL 1978 76
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FACTORSFACTOR WHICH DETERMINE WHETHER FIELD IS MAR

INCLUDE THE OBVIOUSOBVIOU PRODUCINGCHARACTERISTICSCHARACTERISTIC
SUCH AS RESERVOIR SIZE SHAPE AND DEPTHBELOW THE
GROUND WELL PRODUCINGRATESRATE OIL ANDOR GAS QUALITY
AND THE EXISTENCE OF PRODUCTIONPROBLEMSPROBLEM SUCH AS
OR CO SAND IONSH THE STATUSSTATU OF TECH
YH REQUIRED FOR DEVELOPMENT AVAILABILITY OF
COMPETENT AND EFFICIENT CONSTRUCTION FACILITIESFACILITIE IN THE
AREA NEARNESSNEARNES TO MARKET ACCESSIBILITY FOR SUPPLIESSUPPLIE
AND TRANSPORTOF PRODUCTIONTO MARKET PLUSPLU ENVIRON
MENTAL PROBLEMSPROBLEM SUCH AS EARTHQUAKESEARTHQUAKEAND HURRICANESHURRICANE MUST
ALSO BE TAKEN INTO ACCOUNT

WHILE THE SEARCH FOR MORE COSTEFFECTIVE ENGINEERINGSOLUTIONSSOLUTION TO
DEVELOPMARGINAL FIELDSFIELD HAS BEEN FOCUSED ON THE EXTENSION OF OFFSHORE
PETROLEUM DEVELOPMENTINTO DEEPERWATERSWATER WHERE THE COST OF FIXED PLATFORMSPLATFORM
RISESRISE EXPONENTIALLYWITH WATER DEPTH MANY OF THE SAME PRINCIPLESPRINCIPLE WILL
EVENTUALLYBE APPLIED TO ARCTIC OIL AND GAS DEVELOPMENT SOME POSSIBLE
SOLUTIONSSOLUTION AND TRENDSTREND IN PETROLEUMTECHNOLOGYFOR MARGINAL FIELD DEVELOPMENT
ARE LISTED BELOW WHILE NOT ALL OF THESE WILL BE DIRECTLYAPPLICABLE TO
PRODUCINGMARGINAL FIELDSFIELD IN THE CHUKCHI SEA THE UNDERLYINGCONCEPTSCONCEPT SUCH
AS USING CHEAPER FASTER AND LESSLES MATERIALINTENSIVE PRODUCTION TECHNIQUESTECHNIQUE
WILL BE USED THE TRENDSTREND AND SOLUTIONSSOLUTION INCLUDE

USE OF SUBSEA PRODUCTION SYSTEMSSYSTEM EITHER AS AN ADJUNCT TO FIXED
PLATFORMSPLATFORM OR AS PART OF FLOATINGPRODUCTIONSYSTEMSSYSTEM SEE
SECTION 336

TWOSTAGEDEVELOPMENTPROGRAMSPROGRAM USINGAN EARLYTEMPORARYPRODUCTION
SYSTEM WHILE FURTHER RESERVOIR EVALUATION ASSESSESASSESSE THE VIABILITY OF

DEVELOPMENTPLAN EMPLOYINGFIXED PLATFORMSPLATFORM PIPELINESPIPELINE AND MAJOR
SHORE FACILITIESFACILITIE

EMPLOYMENTOF OFFSHORE LOADINGIN CONJUNCTION WITH FLOATING
SYSTEM SUBSEA SYSTEM OR FIXED PLATFORMWITH STORAGEWHEN LONG
PIPELINESPIPELINE CANNOT BE ECONOMICALLYJUSTIFIED OR SHARED



339 DREDGINGAPPROACH
ISLAND CONSTRUCTION IN THE SEA

THE CONDITIONSCONDITION ON THE CHUKCHI SEA SUGGESTUSE OF SEAGOING HOPPER

DREDGESDREDGE OR TUGSELFLOADING HOPPERBARGECOMBINATIONSCOMBINATION FOR ISLAND BUILDING

THE EXPOSEDNATURE OF THE POTENTIAL SITESSITE AND THE DISTANCE TO PROTECTED

AREASAREA PRECLUDESPRECLUDE USE OF CONVENTIONAL CUTTERHEAD PIPELINE DREDGESDREDGE AS USED IN

THISTHI REPORT HOPPER DREDGE REFERSREFER TO SEAGOING SELFCONTAINED SHIP

EQUIPPED WITH CAPABILITIESCAPABILITIE TO LOAD MATERIAL THROUGHHYDRAULIC PUMPSPUMP TO

HOPPERSHOPPER AND TO DISCHARGE THISTHI MATERIAL BY BOTTOM DUMPING OR BY PUMPING

ASHORE TO FIXED PIPELINE SYSTEMSSYSTEM TUGSELFLOADING HOPPER BARGE HAS

SIMILAR CAPABILITIESCAPABILITIE BUT CONSISTSCONSIST OF TUG PUSHING HOPPERBARGETHAT HAS

THE CAPABILITY TO LOAD THROUGHHYDRAULIC PUMPSPUMP AND DRAG ARMSARM THESE

DREDGESDREDGE ARE SELFPOWEREDAND HAVE THE CAPABILITY OF WORKING IN SEA HEIGHTSHEIGHT

UP TO METERSMETER FEET RIDING OUT STORMSSTORM AND TRANSFERRINGMATERIAL OVER

SOME DISTANCE FROM BORROW AREA TO ISLAND CONSTRUCTION SITE THERE ARE

APPROXIMATELY10 SEAGOING HOPPERDREDGESDREDGE IN PRIVATE OWNERSHIPIN THE UNITED

STATESSTATE AND LIMITED NUMBER OF SELFLOADINGHOPPERBARGESBARGE HOWEVER CONVEN

TIONAL HOPPERBARGESBARGE CAN BE CONVERTED TO SELFLOADINGBARGESBARGE BY ADDITION OF

OFFTHESHEL EQUIPMENT

IN ORDER TO PREPARE COMPARATIVECOST ESTIMATE THE FOLLOWINGASSUMP

TIONSTION WERE MADE

SIZE OF AN EXPLORATION ISLAND 17 MILLION CUBIC METERSMETER 22

MILLION CUBIC YARDSYARD OF WHICH 13 MILLION CUBIC METERSMETER 17

MILLION CUBIC YARDSYARD IS BELOW 23 METERSMETER 75 FEET AND 382300

CUBIC METERSMETER 05 MILLION CUBIC YARDSYARD ABOVE

DREDGINGDEPTH FOR BORROW MAXIMUM 15 METERSMETER 50 FEET

AVERAGEHAUL DISTANCE FROM BORROW AREA TO ISLAND LESSLES THAN 16

KILOMETERSKILOMETER 10 MILESMILE GREATER THAN KILOMETERSKILOMETER MILESMILE

MATERIAL SAND WITH SOME GRAVEL LESSLES THAN 06 CENTIMETERSCENTIMETER 14

INCH

WORKINGSEASON 75 WORKINGDAYSDAY MORE OR LESSLES
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THE HOPPER DREDGESDREDGE WOULD MOBILIZE TO THE SITE AT THE START OF THE

WORKINGSEASON BOTH DREDGESDREDGE WOULD BEGIN HAULING MATERIAL FROM THE BORROW

SITE AND BOTTOM DUMP AT THE ISLAND LOCATION BRINGING THE CENTER OF THE

ISLAND UP TO ABOUT METERSMETER 23 FEET OF DEPTH AFTER ONE MONTH SELF

ELEVATING PLATFORMAND MOORINGBARGEWOULD BE MOBILIZED AND PUT IN PLACE ON

THE LEE SIDE OF THE ISLAND IN APPROXIMATELYMETERSMETER 30 FEET OF WATER

THE PLATFORMWOULD BE USED TO SECURE THE MOORINGBARGE AND PROVIDE THE

STABLE CONNECTIONSCONNECTION FOR THE UNDERWATER PIPE LEADING FROM IT TO THE CENTER OF

THE ISLAND SMALLER END BARGEWOULD BE USED TO SECURE THE ISLAND END OF

THE PIPE AND BRING IT TO THE SURFACE FOR DISCHARGINGAND EVENTUALLYLANDING

THE PIPE TO THE ISLAND

ONE DREDGEWOULD BEGIN TO HAUL MATERIAL AND PUMP OUT TO THE ISLAND VIA

THE PIPELINE AFTER BEING SECURED TO THE MOORINGBARGE THE OTHER DREDGE

WOULD CONTINUE TO BOTTOM DUMP BUILDING UP THE SUBMERGEDPERIPHERYOF THE

ISLAND

WHEN THE CENTER OF THE ISLAND BREAKSBREAK THE WATER SURFACE BOTH DREDGESDREDGE

WOULD PUMP ASHORE UNTIL THE ISLAND WAS WELL ESTABLISHED THEY COULD THEN

PUMP ASHORE OR BOTTOM DUMP DEPENDINGON THE QUANTITYDISTRIBUTION TO COM

PLETE THE ISLAND

BASED ON THE ABOVE OPERATIONCONCEPT THE FOLLOWINGEQUIPMENT SPREAD

IS SUGGESTEDBASED ON FUEL ARRIVING BY CONTRACT FUEL BARGING SERVICE

TWO SEAGOING HOPPER DREDGESDREDGE WITH MINIMUM HOPPER CAPACITY OF

2300 CUBIC METERSMETER 3000 CUBIC YARDSYARD OF SAND AND CAPABLEOF

PUMPINGMATERIAL FROM THE HOPPERASHORE

ONE DELONGTYPE SELFELEVATING PLATFORMSUITABLE FOR MOORINGIN UP

TO 15 METERSMETER 50 FEET OF WATER AND EQUIPPEDWITH WORKSHOPSWORKSHOP

QUARTERSQUARTER AND STORAGE AREASAREA

ONE MOORINGBARGEAPPROXIMATELY76 METERSMETER 250 FEET LONGEQUIPPED

WITH ANCHORSANCHOR AND WINCHESWINCHE SUITABLE FOR INDEPENDENT MOORAGE OR

MOORAGE ALONGSIDE THE PLATFORM
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ONE DERRICK BARGEAND TWO TUGSTUG

TWO CATERPILLARTRACTORSTRACTOR

PIPELINE CONNECTIONSCONNECTION AND END BARGE ALL IN DUPLICATEFOR PUMP

ASHORE OPERATION

WHILE IT IS BELIEVED THE TUGBARGE COMBINATIONWOULD BE SUITABLE FOR

THISTHI WORK SEAGOING HOPPER DREDGESDREDGE HAVE BEEN USED AS THE BASISBASI FOR COST

ESTIMATING PURPOSESPURPOSE

THISTHI APPROACHTO DREDGINGAND FILLING AN ARTIFICIAL ISLAND SHOWSSHOW

POTENTIALFOR SIGNIFICANT COST SAVINGSSAVING AS WELL AS GREATER OPERATIONAL

FLEXIBILITY COMPAREDTO THE CUTTERHEAD DREDGESDREDGE ASSUMED FOR OUR ECONOMIC

ANALYSISANALYSI AND DESCRIBED SECTION 331 IT APPEARSAPPEAR THAT THE FILL PLACEMENT

COSTSCOST WITH THISTHI APPROACHCOULD BE LESSLES THAN HALF THE COSTSCOST ASSUMED IN OUR

ANALYSISANALYSI THISTHI SAVINGSSAVING WOULD APPLY TO THE MAJOR COST OF FILL ISLAND CON

STRUCTION DREDGING BUT WOULD NOT NECESSARILY RESULT IN SAVINGSSAVING FOR

SLOPE PROTECTIONAND EQUIPMENTINSTALLATION ALTHOUGHTHE LATTER OPERATIONSOPERATION

MAY PROVE LESSLES EXPENSIVETOO WITH THISTHI DREDGINGAPPROACH

34 CONDITIONSCONDITION AND FIELD

TOR THE BARROW ARCH PLANNING

THISTHI SECTION BRIEFLY REVIEWSREVIEW SOME OF THE PRINCIPALCRITERIA INFLUENCING

AN OPERATORSOPERATORSELECTION OF FIELD DEVELOPMENTPLAN IN THE CHUKCHI SEA

AND DISCUSSESDISCUSSE OUR SELECTION OF THE PRODUCTIONSYSTEMSSYSTEM AND DEVELOPMENTISSUESISSUE

EVALUATED IN THE ECONOMIC ANALYSISANALYSI

NUMBER OF FACTORSFACTOR INFLUENCE AN OPERATORSOPERATORDECISION ON THE PRODUCTION

AND TRANSPORTATIONSTRATEGIESSTRATEGIE TO BE USED IN FIELD DEVELOPMENT THESE

INCLUDE FIELD SIZE RESERVOIR AND PRODUCTIONCHARACTERISTICSCHARACTERISTIC PHYSICAL

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

SHORE DISTANCE TO OTHER FIELDSFIELD OCEANOGRAPHICCONDITIONSCONDITION DESTINATION OF

PRODUCTIONAVAILABILITY OF EXISTING TERMINALSTERMINAL AND ECONOMICSECONOMIC



341

THE ECONOMIC ANALYSISANALYSI SEE SECTION 60 SUGGESTSSUGGEST THE NECESSARY RESERVE

SIZE THRESHOLDSTHRESHOLD TO JUSTIFY PRODUCTIONUNDER ALTERNATIVE PRODUCTIONSYSTEMSSYSTEM

INCLUDING PIPING PRODUCTION TO ONSHORE TERMINALSTERMINAL FOR TRANSFER TO ICE

BREAKING TANKERSTANKER PIPELINING PRODUCTIONEAST TO TAPSTAP AND OFFSHORE LOADING
DIRECTLY INTO TANKERSTANKER FROM AN ARCTIC PRODUCTIONAND LOADINGATOLL APLA

IT IS ASSUMED THAT GIANT FIELD MUST BE DISCOVERED THE CHUKCHI SEA TO

INITIATE PETROLEUMDEVELOPMENT

342 AND PRODUCTION

RESERVOIR AND PRODUCTION CHARACTERISTICSCHARACTERISTIC ARE MAJOR DETERMINANTSDETERMINANT OF

TRANSPORTATIONPIPELINE CAPACITY STORAGE AND PLATFORMEQUIPMENTREQUIRE
MENTSMENT FIELD DEVELOPMENTPLAN WILL IDENTIFY THE OPTIMAL PLATFORMRE

QUIREMENTSQUIREMENT AND IDENTIFY AND SCHEDULE THE DEVELOPMENTWELL PROGRAM GAS

AND WATER REINJECTIORI WELLSWELL AND RATESRATE AND PLATFORMEQUIPMENT PROCESSING
REQUIREMENTSREQUIREMENT THAT ARE IN PART DETERMINED BY THE TRANSPORTATIONOPTION
SELECTED FOR BARROW ARCH PLANNINGAREA RELATIVELYHIGH PRODUCTION
RATE HAS BEEN EDH 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 ARID PHYSICAL PROPERTIESPROPERTIE OF OIL AND

THE CHARACTERISTICSCHARACTERISTIC OF OIL PRODUCED FROM BARROW ARCH WILL HAVE

SIGNIFICANT INFLUENCE ON THE FEASIBILITY AND ECONOMICSECONOMIC OF THE SELECTED

TRANSPORTATIONSYSTEM IMPORTANTCRUDE PROPERTIESPROPERTIE TO BE CONSIDERED IN THE

DESIGNOF TRANSPORTATIONSYSTEMPIPELINE 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 COOLING OF OIL IN PIPELINE

TRANSPORTMAY 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
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SALT WATER SMALL PERCENTAGEOF WATER IS STILL PRESENTIN THE

CRUDE OIL AFTER PRIMARYSEPARATIONON THE PLATFORM IT IS COSTLY TO

SEPARATETHE WATER FROM THE OIL AND IT IS EVEN MORE COSTLY TO

SEPARATERESIDUAL OIL FROM WATER SO THAT IT CAN BE DISCHARGEDOFF

SHORE IT IS ALSO ECONOMICALLYUNATTRACTIVETO TRANSPORTSALT WATER

WITH THE CRUDE BECAUSE OF PIPE CORROSION AND REDUCED OIL CAPACITY

ALTHOUGHREMOVAL OF THE WATER ONSHORE MAY BE LESSLES EXPENSIVETHAN

OFFSHORE

SULPHUR SULPHUR OR HYDROGENSULPHIDEIS CONTAMINANT THAT IF

LEFT IN THE CRUDE CAN CAUSE RAPID DETERIORATIONTO STEEL PIPELINESPIPELINE

THESE AND OTHER FACTORSFACTOR INFLUENCE PIPELINE AND PROCESSINGEQUIPMENT

DESIGN THERE ARE TRADEOFFSTRADEOFF BETWEEN THE COST ADVANTAGESADVANTAGE OF ONSHORE CRUDE

STABILIZATION AND PROCESSINGAND THE UPGRADINGREQUIREMENTSREQUIREMENTFOR OFFSHORE

PLATFORMPROCESSINGEQUIPMENTFOR PIPELINE TRANSPORTTO SHORE

GAS PRODUCEDIN ASSOCIATION WITH THE OIL CAN EITHER BE TRANSPORTED

TO SHORE BY PIPELINE OR REINJECTED INTO THE RESERVOIR IF THE CRUDE IS

PRODUCEDDIRECTLY TO TANKERSTANKER ASSOCIATEDGAS COULD BE REINJECTED OR FLARED

SOME WILL BE USED AS PLATFORMFUEL GAS REINJECTION EQUIPMENTIS MAJOR

COST COMPONENT REINJECTEDGAS CAN BE MARKETED LATER AS ECONOMIC CIRCUM

STANCESSTANCE CHANGE ASSOCIATED GAS MAY BE REINJECTED INTO THE RESERVOIR TO

MAINTAIN PRESSURE AND TO PROLONGTHE LIFE OF THE FIELD FURTHER REINJEC

TION OF ASSOCIATED GAS IS THE ONLY VIABLE SOLUTION TO THE FLARING BAN

IMPOSEDUPON PRODUCINGFIELDSFIELD IF NATURAL GAS PRODUCTIONIS NOT ECONOMICALLY

FEASIBLE

AS THE GASOIL RATIO INCREASESINCREASE THE SIZE OF THE PRESSUREOR PRODUCTION

VESSELSVESSEL AND PIPELINESPIPELINE INCREASESINCREASE LARGE AND MORE SOPHISTICATEDEQUIPMENTIS

REQUIREDTO HANDLE THE GAS AT SOME POINT DEPENDINGON THE AMOUNT OF GAS

AND ENTRAINED LIQUIDSLIQUID HANDLED AND ON COSTSCOST THE NATURAL GAS LIQUIDSLIQUID WILL

BE STABILIZED AND INJECTEDINTO THE OIL PIPELINE

ON OFFSHORE PLATFORMSPLATFORM REQUIREMENTSREQUIREMENTFOR LARGERPROCESSPROCES VESSELSVESSEL

PIPELINESPIPELINE AND THE INCREASED EQUIPMENTREQUIREMENTSREQUIREMENTFOR GAS PROCESSINGARE
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USUALLY NOT GREAT ENOUGH TO SIGNIFICANTLY AFFECT THE PLATFORM COSTSCOST

NATURAL GAS PIPELINESPIPELINE ARE USUALLY TRUNKLINESTRUNKLINE AS LARGE QUANTITIESQUANTITIE OF GAS

RESERVESRESERVE ARE REQUIRED TO PRODUCESUFFICIENT REVENUE TO PAY BACK THE CAPITAL
INVESTMENT EVEN WITHOUT RETURN ON THE CAPITAL

ACCORDINGTO THE ASSESSMENTSASSESSMENT OF THE NATIONAL PETROLEUM COUNCIL 1981
THE BARROW ARCH PLANNINGAREA SHOWSSHOW POTENTIAL FOR LARGE GAS FIELDSFIELD LNG

TECHNOLOGYWILL PROBABLY HAVE TO PLAY ROLE IN BRINGINGBARROW ARCH GAS

TO MARKET THE QUESTION OF WHAT AND WHERE THE MARKETSMARKET ARE FOR LNG WILL

INFLUENCE THE ECONOMICSECONOMIC OF GAS TRUNK PIPELINESPIPELINE TO SHORE AND ONSHORE LNG

PRODUCTION THE FEASIBILITY OF ARCTIC LNG PRODUCTIONWILL BE ESTABLISHED BY
THE ARCTIC PILOT PROJECT AN UNDERTAKINGOF PETROCANADA DOME PETROLEUM

AND OTHERSOTHER TO BRING GAS FROM THE DRAKE POINT FIELD OFF MELVILLE ISLAND IN

THE CANADIAN BEAUFORT SEA 160 KILOMETERSKILOMETER 100 MILESMILE BY PIPELINE TO

BARGEMOUNTEDLNG PLANT AND STORAGETANKSTANK FOR SHIPMENT BY ICEBREAKING LNG

TANKERSTANKER IF REGULATORYAPPROVALFOR THE PROJECT IS RECEIVED BY EARLY 1983

DELIVERYOF ARCTIC GAS COULD BEGIN AS EARLY AS 1986 OR EARLY 1987 PERSONAL
COMMUNICATION SANDYHUNTER PETROCANADA 1982

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

LENGTH WHEREASWHEREA THE TRANSPORTATIONCOST PER BARREL IN AN OFFSHORE LOADING
SYSTEM IS RELATIVELY TO MODEST INCREASESINCREASE IN WATER DEPTH
HOWEVER THE ULTIMATE DESTINATION OF THE CRUDE AND THE NUMBER OF TERMINAL

HANDLINGSHANDLING ARE ALSO IMPORTANTCONSIDERATIONSCONSIDERATION

IT IS ALSO IMPORTANTTO NOTE THAT THE FEASIBILITY OF OFFSHORE LOADING
CONCEPTSCONCEPT IN ARCTIC REGIONSREGION HAVE NOT BEEN PROVEN AND THAT LONGERPIPELINESPIPELINE
MAY BE MORE ECONOMIC IN THE ARCTIC DUE TO THE HIGH COST OF ARCTIC OFFSHORE

LOADINGCONCEPTSCONCEPT
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345 AND ENVIRONMENTAL

BECAUSE INFORMATION ON SEA ICE IN THE CHUKCHI SEA IS VERY LIMITED THE

ICE FORCESFORCE ESTIMATED AND PLATFORMDESIGNSDESIGN POSTULATEDARE TENTATIVE NEVER

THELESSTHELES SEA ICE WILL BE THE MOST SIGNIFICANT FACTOR IN SELECTINGPRODUCTION

SYSTEMSSYSTEM FROM PLATFORMSPLATFORM TO TRANSPORTATIONCONCEPTSCONCEPT IT WILL ALSO BE MAJOR

FACTOR TO OVERCOME IN ESTABLISHING THE FEASIBILITY OF YEARROUNDEXPLORATION

OPERATIONSOPERATION AND RESUPPLYLOGISTICSLOGISTIC ICEBREAKER SUPPORT WILL BE REQUIREDFOR

ALL MARINE ACTIVITIESACTIVITIE

PLATFORMSPLATFORM WILL HAVE TO BE INSTALLED OR CONSTRUCTED DURING BRIEF OPEN

WATER SEASONSSEASON AND ALL CONCEPTSCONCEPT MUST BE CAPABLEOF SURVIVING THE MOVEMENT OF

MULTIYEAR PACK ICE ARTIFICIAL ISLANDSISLAND IN ADDITION TO PASSIVE DEFENSE

MEASURESMEASURE MAY NEED TO MAINTAIN ACTIVE DEFENSE ACTIVITIESACTIVITIE WHEN SEVERE ICE

EVENTSEVENT OCCUR ALL MOBILE EXPLORATIONVESSELSVESSEL OR PLATFORMSPLATFORM USED ON YEAR

ROUND BASISBASI MUST BE CAPABLE OF SURVIVING IN MULTIYEAR PACK ICE CONDITIONSCONDITION

AND SHOULD BE ABLE TO RAPIDLY DISCONNECT AND MOVE OFFSTATION TO AVOID ICE

ISLANDSISLAND IF NECESSARY

THE ONSHORE TERMINAL FOR CRUDE OIL MUST BE CAPABLE OF OPERATINGYEAR

ROUND REGARDLESSREGARDLES OF THE WEATHER AND OF THE ICE CONDITIONSCONDITION THISTHI REQUIRESREQUIRE

THAT THE OFFSHORE SINGLEPOINT MOORINGSPM OR TOWER MUST BE CAPABLE OF

WITHSTANDING THE IMPACT OF PACK ICE AND OF BREAKING THAT ICE TO PROTECT

MOORED TANKERSTANKER IT MUST ALSO BE CAPABLE OF MONITORING DIRECTING AND

CONTROLLING THE MOVEMENT OF TANKERSTANKER IN THE VICINITY OF THE TERMINAL TO

PERMIT SAFE MOORINGAND DEPARTUREIN ADVERSE WEATHER MEANSMEAN FOR ATTACHING

MOORINGLINESLINE AND CARGO PIPING IN PERIODSPERIOD OF SUBZERO WEATHER HIGH WINDSWIND

AND LOW VISIBILITY MUST BE PROVIDED

ICEBREAKING TANKERSTANKER ICEBREAKING SUPPLY VESSELSVESSEL AND OTHER CRAFT

INTENDED FOR OTHER THAN SEASONAL OPENWATER OPERATIONSOPERATION MUST HAVE HULL

DESIGNSDESIGN CAPABLE OF RESISTING ICE IMPACT WITH MINIMUM CHANCE OF HOLING

DOUBLEHULL FEATURESFEATURE SEGREGATEDBALLAST TANKSTANK AND ADVANCED SATELLITEBASED

NAVIGATION AIDSAID WILL ALL BE REQUIRED



THE PRESENCE OF SEASONAL ICE COVER AND ICE SCOUR WILL REQUIRE THAT ALL

PIPELINESPIPELINE BE TRENCHED BELOW ICE SCOUR DEPTH AND INSTALLED DURING OPENWATER

SEASON ALL PIPELINE CONSTRUCTION AND MOST INSTALLATION ACTIVITIESACTIVITIE WILL

ALSO TAKE PLACE DURING THE SHORT OPENWATER SEASON

THE BARROW ARCH PLANNINGAREASAREA METEOROLOGYWILL ALSO IMPOSE OPERA

TIONAL PROBLEMSPROBLEM WHILE SUPERSTRUCTUREICING WILL NOT BE MAJOR PROBLEM

EXTREMELYLOW AIR TEMPERATURESTEMPERATUREWILL BE SEVERE COLD REDUCESREDUCE WORKER PRODUC

TIVITY CONSTRAINSCONSTRAIN MANY OPERATIONALACTIVITIESACTIVITIE AND REQUIRESREQUIRE USE OF SPECIAL

COLDRESISTANT METALSMETAL AND MATERIALSMATERIAL LOW VISIBILITY DUE TO DARKNESSDARKNES FOG

AND STORMSSTORM WILL ALSO POSE SIGNIFICANT CONSTRAINT TO OPERATIONSOPERATION STORM

WINDSWIND MAY BE INTENSE AND ALTHOUGHWAVESWAVE WILL ONLY BE PROBLEMDURING THE

OPENWATER SEASON THE CONCENTRATION OF OPERATIONSOPERATIONDURING THISTHI TIME PERIOD

LEAVESLEAVE LITTLE LEEWAYFOR RESCHEDULING

OFFSHORE LOADING SYSTEMSSYSTEM ARE UNTESTED IN ARCTIC REGIONSREGION AND WHILE

WEATHER AND MAINTENANCEREPAIR DOWNTIME RATIOSRATIO HAVE BEEN ESTABLISHED FOR

SUCH SYSTEMSSYSTEM IN THE NORTH SEA DESIGN AND OPERATIONOF SYSTEMSSYSTEM FOR ICE

INFESTED AREASAREA OF THE ARCTIC PRESENT MORE SEVERE CONSTRAINTSCONSTRAINT DESIGN OF

OFFSHORE STORAGE FACILITIESFACILITIE HAS TO MATCH PRODUCTIONRATESRATE FREQUENCYAND

SIZE OF TANKERSTANKER AND EXPECTEDWEATHER AND SPM MAINTENANCE DOWNTIME FUR

THERMORE THE STORAGE AND LOADING SYSTEM MUST ALLOW FOR VERY HIGH PUMPING

RATESRATE WHEN TANKER IS AVAILABLE TO LOAD LACK OF OPERATIONALEXPERIENCE

WITH SUCH SYSTEMSSYSTEM IN THE ARCTIC ALSO LIMITSLIMIT OUR ABILITY TO PREDICT REPAIR

AND MAINTENANCE REQUIREMENTSREQUIREMENT WHICH ARE LIKELY TO BE HIGH DUE TO ICE FORCESFORCE

AND SEVERE COLD PROVISION OF ADEQUATESTORAGE FOR UNEXPECTEDTANKER DELAYSDELAY

WILL BE REQUIREDTO ENSURE CONTINUOUSCONTINUOU FIELD PRODUCTIONWITH TECHNICAL AND

COST CONSTRAINTSCONSTRAINT ON THE MAXIMUM AMOUNT OF STORAGE THAT COULD BE PROVIDEDON

AN APLA OR OTHER ICEDESIGNED STORAGE STRUCTURE THERE MAY STILL BE TIMESTIME

WHEN PRODUCTIONWILL HAVE TO BE CURTAILED

346 OF

VIRTUALLY ALL BARROW ARCH CRUDE WILL BE EXPORTEDTO THE LOWER 48

VERY SMALL AMOUNT MAY BE REFINED IN ALASKA AT KENAL PENINSULA PLANTSPLANT ONE OR
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MORE ONSHORE PIPELINE TERMINALSTERMINAL WILL SERVE AS TRANSSHIPMENTFACILITIESFACILITIE THE

TERMINALSTERMINAL WILL STABILIZE THE CRUDE RECOVER LIQUID PETROLEUMGAS LPG

TREAT TANKER BALLAST AND PROVIDESTORAGE FOR ABOUT 10 TO 15 DAYSDAY PRODUC

TION THE MOST LOGICAL LOCATION FOR TERMINAL TO SERVE OIL FIELDSFIELD IN

THE NORTHERN PART OF THE BARROW ARCH PLANNINGAREA WOULD BE IN THE VICINITY

OF POINT BELCHER NEAR WAINWRIGHT WHERE DEEP WATER APPROACHESAPPROACHE RELATIVELY

CLOSE TO SHORE IN FACT TERMINAL AT POINT BEICHER MAY ALREADY BE IN

EXISTENCE BY THE TIME BARROW ARCH FIELDSFIELD ARE DEVELOPED TERMINAL LOCATED

AT POINT BEICHER COULD ALSO SERVE FINDSFIND IN THE WESTERN SECTION OF THE DIAPIR

FIELD PLANNINGAREA THAT MAY BE LEASED BEFORE BARROW ARCH DEVELOPMENTTAKESTAKE

PLACE SIMILARLY PRODUCTIONFROM FINDSFIND LOCATED IN THE WESTERN PORTIONSPORTION OF

THE NATIONAL PETROLEUM RESERVEALASKA NPRA MAY BE SHIPPEDVIA TANKERSTANKER

FROM POINT BELCHER

FOR FINDSFIND IN THE SOUTHERN PART OF THE BARROW ARCH PLANNINGAREA THE

LACK OF GOODDEEP WATER ANCHORAGESANCHORAGE IN LEDYARD BAY MIGHT MAKE LOCATION OF

TERMINAL SOUTH OF THE LISBURNE PENINSULA IN THE VICINITY OF CAPE THOMPSON

POSSIBILITY OIL WOULD BE SHIPPED SOUTH FROM TERMINAL AT EITHER POINT

BEL CHER OR CAPE THOMPSON IN ICEBREAKING TANKERSTANKER TO AN AL EUTI AN ISL AND

TRANSSHIPMENTTERMINAL THAT COULD ALSO SERVE FIELDSFIELD IN OTHER BERING SEA

LEASE SALE AREASAREA SUCH AS THE ST GEORGE BASIN NORTH ALEUTIAN SHELF AND

NORTON SOUND AREASAREA IN FACT THE ALEUTIAN ISLANDSISLAND AND SOUTHWESTERN TIP OF

THE ALASKA PENINSULA ARE STRATEGICALLYPLACEDFOR SUPPORTAND TRANSSHIPMENT

FUNCTIONSFUNCTION FOR MOST OF THE BERING SEA AND CHUKCHI SEA BASINSBASIN CRUDE OIL FROM

BARROW ARCH OFFSHORE FIELDSFIELD WILL BE TRANSFERRED TO LARGER TANKERSTANKER DESTINED

FOR THE US WESTCOAST AT THE TERMINAL IN THE ALEUTIANSALEUTIAN

347 ARCH PRODUCTION STRATEGIESSTRATEGIE SELECTED

FOR ECONOMIC ANALYSISANALYSI

THE GEOGRAPHYAND ENVIRONMENT OF THE BARROW ARCH PLANNING AREA OFFER

FEW OPTIONSOPTION IN DEVELOPMENTSTRATEGIESSTRATEGIE FURTHER THESE SAME FACTORSFACTOR IMPLY

THAT ONLY THE FIND OF MAJOR FIELD WOULD PROVIDE VIABLE ECONOMIC INVEST

MENT THE PETROLEUMGEOLOGYDOESDOE IN FACT HOLD OUT PROSPECTSPROSPECT FOR GIANT

FIELDSFIELD SEE APPENDIX WE HAVE ASSUMED THAT THE INITIAL DEVELOPMENTOF
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THE CHUKCHI SEA LIKE THE NORTH SLOPE WILL REQUIRE MAJOR FIND TO JUSTIFY

THE RISKSRISK OF STARTING THE PETROLEUMTECHNOLOGYINFRASTRUCTURE NEEDED TO

BRING BARROW ARCH HYDROCARBONSHYDROCARBONTO MARKET

THE MAJOR ALTERNATIVE STRATEGIESSTRATEGIE FOR BARROW ARCH PETROLEUMDEVELOPMENT

ARE FOUR

RELATIVELY SHORT MARINE PIPELINESPIPELINE OR COMBINATION MARINELAND

PIPELINESPIPELINE FROM PRODUCINGPLATFORMSPLATFORM TO SHORE CONSTRUCTION OF AN

ONSHORE CRUDE OIL TERMINAL WITH STORAGEAND FACILITIESFACILITIE FOR LOADING

FLEET OF ICEBREAKER TANKERSTANKER AN ALEUTIAN TRANSSHIPMENTTERMINAL

FOR VERY LARGE CRUDE CARRIERSCARRIER VLCCSVLCC CARRYING CRUDE TO MARKET

RELATIVELY SHORT MARINE PIPELINESPIPELINE TO SHORE CONSTRUCTION OF AN

OVERLAND PIPELINE APPROXIMATELY500 KILOMETERSKILOMETER 300 MILESMILE EAST

ACROSSACROS THE NORTH SLOPE FOR TRANSFER TO THE TRANSALASKA PIPELINE

SYSTEM TAPSTAP TRANSFER OF CRUDE INTO VLCCSVLCC TO MARKET AT VALDEZ

OFFSHORE TREATMENT AND STORAGEOF FIELD PRODUCTIONAT FACILITY

SUCH AS AN APLA LOADING INTO FLEET OF ICEBREAKER TANKERSTANKER AN

ALEUTIAN TRANSSHIPMENT TERMINAL FOR VLCCSVLCC CARRYING CRUDE TO

MARKET

PIPELINE PRODUCTIONSOUTHWARD TO NEW LOADING TERMINAL ON THE WEST

COAST OF ALASKA

STRATEGIESSTRATEGIE AND MAY REQUIRE LOWER THRESHOLD OF RESERVESRESERVE TO BEGIN

PRODUCTIONSINCE OIL MOVEMENT BY TANKER IS CONSIDERABLYMORE FLEXIBLE THAN

BY PIPELINE HOWEVER THE CAPITAL COSTSCOST ASSOCIATED WITH CONSTRUCTION OF AN

ICEBREAKING TANKER FLEET ARE HIGH AND YEARROUND OPERATIONOF HIGHARCTIC

MARINE TERMINAL WILL PRESENTMANY DIFFICULTIESDIFFICULTIE DUE TO SEA ICE AND WEATHER

ALTHOUGH THISTHI STRATEGYWILL REQUIRE AN ALEUTIAN TRANSSHIPMENTTERMINAL

REASONABLE PRESUMPTIONIS THAT SUCH FACILITY MIGHT ALREADY EXIST TO



SERVICE BERING SEA PRODUCTION THISTHI COULD HELP OFFSET THE CAPITAL AND

OPERATINGCOSTSCOST FOR THISTHI STRATEGY SECOND TERMINAL

STRATEGY HAS THE ADVANTAGE OF TYING INTO THE ALREADY PROVEN TAPSTAP BUT

OIL PUMPEDTHROUGHTHE LINE WILL HAVE TO BEAR THE TAPSTAP TARIFF WHICH IS

CONSIDERABLE ALSO THE COSTSCOST OF THE NEW CONNECTINGPIPELINE WILL BE HIGH

HOWEVER THISTHI STRATEGY ELIMINATESELIMINATE THE EXPENSE OF CONSTRUCTINGAND OPERATING

AN ICEBREAKING TANKER FLEET AND TWO TERMINALSTERMINAL

FOR STRATEGY WE EXAMINED SCENARIO INCLUDING PIPELINING OIL OR

GAS FROM SOUTHERN BARROW ARCH FIELD TO NEW TERMINAL ON THE SOUTH SIDE OF

THE LISBURNE PENINSULA THISTHI AND RELATED STRATEGIESSTRATEGIE SUCH AS LAND PIPELINESPIPELINE

TO NOME REQUIRE TRADING OFF LONG ONSHORE PIPELINESPIPELINE TO GAIN SOME REDUCTION

IN THE ENVIRONMENT FOR LOADING TERMINAL AND SHIP OPERATIONSOPERATION
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40 PETROLEUM FACILITIESFACILITIE ONSHORE SITING

41 OF ONSHORE

SITING OF ONSHORE FACILITIESFACILITIE IS AN IMPORTANT ELEMENT IN OIL AND GAS

DEVELOPMENT IN THE BARROW ARCH PLANNING AREA OIL AND GAS DEVELOPMENT

ALWAYSALWAY REQUIRESREQUIRE SUITABLE COMPLEMENTOF ONSHORE FACILITIESFACILITIE AND DEVELOPMENT

OF SUCH FACILITIESFACILITIE ALONG THE NORTHWEST COAST OF ALASKA WILL BE CHALLENGE

NOT ONLY DUE TO THE SEVERE WEATHER AND ICE CONDITIONSCONDITION PREVAILINGDURINGMOST

OF THE YEAR BUT ALSO BECAUSE THE EXISTING PHYSICALINFRASTRUCTURE IN THE

AREA IS SO LIMITED THE EFFORT REQUIREDWILL BE ANALOGOUSANALOGOU TO ESTABLISHMENT

OF THE PRUDHOE BAY FACILITIESFACILITIE

TRANSPORTATIONDISTANCESDISTANCE TO HABITABLE LIVING AREASAREA AND SUPPLY BASE

SITESSITE ARE MUCH GREATER IN NORTHWEST ALASKA THAN IN COMPARABLEOFFSHORE

FIELDSFIELD IN OTHER PARTSPART OF ALASKA WITH THE EXCEPTION OF THE NAVARIN BASIN

LONG DISTANCESDISTANCE AND SEVERE WEATHER WILL MAKE READY TRANSPORT DIFFICULT

PERSONNEL WILL BE REQUIRED TO LIVE ON LOCATION FOR LONGERPERIODSPERIOD REQUIRING

RECREATION AND MEDICAL FACILITIESFACILITIE CRITICAL SUPPLIESSUPPLIE AND SPARE PARTSPART MUST

BE STORED ONSITE

AT PRESENT THE NORTHWEST COAST OF ALASKA IN THE BARROW ARCH PLANNING

AREA OFFERSOFFER ONLY LIMITED POTENTIAL TO SUPPORT THE MARINE AND ONSHORE ACTIV

ITIESITIE NECESSARY FOR OIL AND GAS EXPLORATION AND DEVELOPMENT WITH THE

EXCEPTION OF BARROW WHICH HAS POPULATION OF NEARLY 3000 THE OTHER

ESTABLISHED COMMUNITIESCOMMUNITIE UMIAT AND NUIQSUT ARE EXTREMELYSMALL AND POORLY

EQUIPPED TO SUPPORTOIL AND GAS INDUSTRY OPERATIONSOPERATION ALL ARE ISOLATED BY

LACK OF OVERLAND TRANSPORTATIONAND LACK OF MARINE TRANSPORTATIONIN THE

WINTER WHILE FEW SMALL AIRSTRIPSAIRSTRIP EXIST ALONG THE COAST ANY WOULD

REQUIRE EXPANSION OR MODERNIZATION TO HANDLE ANTICIPATED AIR ACTIVITIESACTIVITIE

ASSOCIATED WITH OIL AND GAS DEVELOPMENT SHIP TRANSPORTIS LIMITED BY THE

ABSENCE OF ADEQUATEPORT FACILITIESFACILITIE AND THE SHALLOW WATER DEPTHSDEPTH THROUGHOUT

THE AREA BARGE UNLOADING SITESSITE PRESENTLY EXIST ONLY AT BARROW AND PEARD

BAY
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THE ACTUAL ONSHORE FACILITIESFACILITIE REQUIREDTO SUPPORTOIL AND GAS DEVELOP

MENT WILL DEPENDGREATLYON THE MAGNITUDEOF OFFSHORE FIELDSFIELD THEIR LOCATION

WHETHER OIL AND GAS OR ONLY OIL IS ACTUALLYPRODUCEDAND THE TRANSPORTATION

SYSTEMSSYSTEM SELECTED TO SERVICE FIELD PRODUCTION FOR THE PURPOSESPURPOSE OF THISTHI

REPORT REPRESENTATIVERANGE OF REQUIREDONSHORE SUPPORTFACILITIESFACILITIE IS

PRESENTED AS EXPLORATIONAND DEVELOPMENTACTUALLY PROCEEDSPROCEED IN THE BARROW

ARCH PLANNING AREA MORE DETAILED STUDIESSTUDIE OF POSSIBLESUPPORTBASESBASE TERMINAL

SITESSITE AND PIPELINE ROUTESROUTE WILL NEED TO BE CONDUCTED

42 ENVIRONMENT OF THE

THE ARCTIC COASTAL PLAIN IS SMOOTH SURFACE RISING GENTLYFROM THE

SHORE OF THE CHUKCHI SEA TO MAXIMUM HEIGHT OF L80 METERSMETER 600 FEET AT

ITS SOUTHERN END DUE TO THE EXTENSIVE FLAT TERRAIN AND THE CONTINUOUSCONTINUOU

OCCURRENCE OF PERMAFROSTUNDER SHALLOW ACTIVE LAYER DRAINAGE ON THE

COASTAL PLAIN IS VERY POOR AND MARSHESMARSHE OCCUR IN LOW PLACESPLACE RIVERSRIVER THAT

CROSSCROS THE PLAIN ORIGINATE IN THE HILLSHILL OR MOUNTAINSMOUNTAIN TO THE SOUTH

IN THE WESTERN PART OF THE REGION THE PLAIN IS COVERED BY THAW LAKESLAKE

THAT HAVE THEIR LONGAXESAXE ALIGNED NORTHNORTHWEST AND COVER 50 PERCENTOF THE

LAND THE LAKESLAKE RANGE FROM SEVERAL METERSMETER TO OVER 30 KILOMETERSKILOMETER 20 MILESMILE

IN LENGTH AND ARE SELDOM DEEPER THAN ABOUT METERSMETER 10 FEET THE LAKESLAKE

FORM ENLARGE AND DRAIN CONTINUALLY

THE ENTIRE LAND AREA IS UNDERLAIN BY CONTINUOUSCONTINUOU PERMAFROSTEXTENDING

FROM FEW CENTIMETERSCENTIMETER BELOW LAND SURFACE TO DEPTHSDEPTH RANGING FROM 200 TO 600

METERSMETER 600 TO 2000 FEET

THE CHUKCHI SEA COAST IS FRONTED AT MOST PLACESPLACE BY NARROW GRAVEL

BEACHESBEACHE BELOW LOW COASTAL BANKSBANK AND BLUFFSBLUFF FROM CAPE LISBURNE TO CAPE

THOMPSON HIGH ROCKY SEA CLIFFSCLIFF DROP ABRUPTLY INTO THE SEA FOR SEVERAL

HUNDRED METERSMETER

CHAINSCHAIN OF BARRIER ISLANDSISLAND EXTEND FOR MANY KILOMETERSKILOMETER PARALLELTO THE

COASTLINE ENCLOSINGSHALLOW LAGOONSLAGOON WITH NUMEROUSNUMEROU SHOALSSHOAL THISTHI OCCURSOCCUR FROM
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POINT LAY TO WAINWRIGHT WHERE THE ENCLOSED KASEGALUK LAGOON PROVIDESPROVIDE

PROTECTEDWATERWAY FOR WELL OVER 160 KILOMETERSKILOMETER 100 MILESMILE REACHING PAST

ICY CAPE ALMOST TO WAINWRIGHT THISTHI SECTION OF COAST ENDSEND AT PEARD BAY AND

FROM THAT PLACE TO BARROW THE COAST HAS BEEN UNDERCUT TO FORM PROMINENT

CLIFFSCLIFF

421 AND GRAVEL

SAND AND GRAVELSOURCESSOURCE WILL BE CRITICAL TO CONSTRUCTION OF ONSHORE

FACILITIESFACILITIE IN THE BARROW ARCH PLANNING AREA FIGURE 41 ILLUSTRATESILLUSTRATE THE

DISTRIBUTION OF SURFICIAL GRAVELDEPOSITSDEPOSIT IN THE BARROW ARCH PLANNING AREA

AND FIGURE 42 SHOWSSHOW BOTTOM SEDIMENT TYPESTYPE IN THE VICINITY OF THE SOUTHERN

PORTION OF THE BARROW ARCH PLANNING AREA

422

SUPPLIESSUPPLIE OF FRESH WATER TO SERVICE ONSHORE FACILITIESFACILITIE IN THE BARROW

ARCH PLANNING AREA ARE NOT WELL DELINEATED LITTLE DATA IS AVAILABLE ON THE

EXTENT OF SURFACE WATER AVAILABLE DURING WINTER MONTHSMONTH ACCORDINGTO RICK

SMITH OF ALASKASALASKA DEPARTMENTOF NATURAL RESOURCESRESOURCE LAND AND WATER MANAGEMENT

DIVISION WATER FOR ONSHORE OIL AND GAS SUPPORTOPERATIONSOPERATION WILL PROBABLY

COME FROM SOURCESSOURCE SIMILAR TO THOSE USED AT PRUDHOE BAY THE MOST LIKELY

SOURCESSOURCE FOR FRESH WATER WILL BE THE DEEP LAKESLAKE THAT DO NOT FREEZE COMPLETELY

TO THE BOTTOM DURING WINTER IT IS ALSO LIKELY THAT SOME WATER RESERVOIRSRESERVOIR

WILL BE CREATED AS GRAVELIS EXTRACTED FROM ONSHORE BORROW PITSPIT WINTER

WATER WITHDRAWALSWITHDRAWAL FROM RIVERSRIVER WILL PROBABLY BE RESTRICTED TO PROTECT FISH

OVERWINTERINGHABITAT

43 OF ONSHORE FACILITIESFACILITIE

ONSHORE SUPPORTFACILITIESFACILITIE WILL BE REQUIRED AT SEVERAL STAGESSTAGE OF OIL

AND GAS DEVELOPMENTIN THE BARROW ARCH PLANNINGAREA THE MAIN REQUIRE

MENTSMENT THAT MUST BE ACCOMMODATED IN NEARSHORE AREASAREA OF THE BARROW ARCH

PLANNING AREA ARE
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BASIC SHORE BASE FACILITY TO SERVICE EXPLORATION DEVELOPMENT

AND LONGTERM PRODUCTION

TEMPORARYSHORE FACILITIESFACILITIE TO HANDLE PEAK CONSTRUCTION ACTIVITIESACTIVITIE

ASSOCIATED WITH ARTIFICIAL ISLAND CONSTRUCTION TERMINAL CONSTRUC

TION AND PIPELINE CONSTRUCTION

APPROPRIATE AIRPORT OR AIRSTRIPSAIRSTRIP AND HELIPORT FACILITIESFACILITIE TO

SERVICE EXPLORATIONAND DEVELOPMENTACTIVITIESACTIVITIE

BASIC PORT FACILITY TO ACCOMMODATE

SERVICE VESSELSVESSEL AND TUGSTUG

SUPPLYBARGESBARGE

CONSTRUCTION VESSELSVESSEL DREDGESDREDGE PIPELAY BARGESBARGE ETC

ICEBREAKERSICEBREAKER FOR WINTER PORT AND TERMINAL ICE MANAGEMENT

MARINE TERMINAL TO RECEIVE PRODUCEDCRUDE OIL FOR TREATMENT

STORAGE AND OFFLOADING VIA SINGLEPOINT MOORING SPM TO

ICEBREAKING TANKERSTANKER

TERMINAL TO LIQUEFY NATURAL GAS AND TRANSSHIP LNG BY ICE

BREAKING TANKERSTANKER

431 SERVICE

MARINE SERVICE BASESBASE ARE AN INTEGRAL PART OF ANY OFFSHORE DEVELOPMENT

PROGRAM THEIR CONSTRUCTION WILL INVOLVE STAGING AREASAREA OPERATINGAROUND

THE CLOCK TO PROVIDEDRILLING MATERIALSMATERIAL AND SUPPORTEQUIPMENTFROM THE COAST

TO THE OFFSHORE OIL FIELDSFIELD SIZE AND FUNCTION WILL VARY CONSIDERABLYWITH

OFFSHORE ACTIVITY HOWEVER THE MARINE SERVICE BASE WILL BE THE LONGEST

LIVED ACTIVITY RELATED TO OFFSHORE DEVELOPMENT MARINE SERVICE BASESBASE NEED

TO BE CAREFULLYCONCEIVED AND EFFICIENTLY PLANNEDSO AS TO AID THE STABILITY

AND ECONOMIC DIVERSIFICATION OF NORTHWESTERN ALASKA

SERVICE BASESBASE ARE REQUIRED FROM THE TIME CRUDE OIL OR NATURAL GAS

EXPLORATION IS INITIATED TO THE POINT WHERE PRODUCTIONCEASESCEASE AND THE
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EQUIPMENT IS DISMANTLED THE ENTIRE RANGE OF ACTIVITIESACTIVITIE OFFSHORE IN THE

EXPLORATIONAND THE PRODUCTIONOF OIL AND GAS RESOURCESRESOURCE REQUIRESREQUIRE SUPPORT

FROM ONSHORE FACILITIESFACILITIE

THE MARINE SERVICE BASE OPERATIONSOPERATION MUST BE PREMISED UPON TAKING OPTIMUM

ADVANTAGEOF SUITABLE WEATHER CONDITIONSCONDITION OPERATIONSOPERATION SHOULD BE DESIGNED TO

ACCOMMODATE PEAK DEMANDSDEMAND CREATED BY ADVERSE WEATHER CONDITIONSCONDITION THE NATION

AL PETROLEUM COUNCIL 1981 SUGGESTSSUGGEST THAT IN AREASAREA LIKE THE CHUKCHI SEA

SERIOUSSERIOU ECONOMIC STUDIESSTUDIE SHOULD BE CONDUCTED OF THE POSSIBLE NEED FOR

ADDITIONAL CAPACITYIN TERMSTERM OF CONVENTIONAL ICEBREAKING SUPPLY BOATSBOAT WORK

BOATSBOAT TUGSTUG AND BARGESBARGE DOCK SPACESSPACE AND OTHER FACTORSFACTOR TO TAKE MAXIMUM

ADVANTAGE OF FAVORABLE WEATHER WORK STOPPAGESSTOPPAGE THAT RESULT FROM NOT

SUPPLYINGAN ISLANDMOUNTED DRILLING RIG OR PRODUCTIONCONCEPTOR PIPE

LAYING BARGE MUST BE WEIGHED AGAINST THE INCREASED COST OF HAVING FULLY

MANNED SUPPORTBASE AVAILABLE FOR USE

4311

DEPENDING UPON THE MAGNITUDEOF THE EXPLORATIONPROGRAM AND THE TYPESTYPE

OF RIGSRIG USED BASE CAMPSCAMP COULD APPROACHTHE SIZE OF DEVELOPMENTPRODUCTIO

CAMP OR COULD BE VERY MODEST HIGH INVESTMENT COSTSCOST WOULD NORMALLYFAVOR

MINIMAL LEVEL OF DEVELOPMENTOR THE USE OF EXISTING FACILITIESFACILITIE

SEISMIC SURVEY OR OTHER EARLY EXPLORATION EFFORTSEFFORT WILL MOST PROBABLY

BE CONDUCTED FROM SELFSUFFICIENT VESSELSVESSEL WITH NO NEED FOR ONSHORE FACIL

ITIESITIE IN THE AREA ONSHORE SUPPORTNEEDSNEED WILL COMMENCE WITH THE EXPLORATORY

DRILLING PHASE

PRIOR TO THE START OF EXPLORATORYDRILLING AN ONSHORE CAMP AND AN

OPERATINGPORT MUST BE CONSTRUCTED TO HOUSE WORKERSWORKER AND PROVIDE STORAGE

SPACE AND FABRICATION AREASAREA FOR MATERIALSMATERIAL AND EQUIPMENT IF FLOATING RIGSRIG

ARE USED FOR EXPLORATION DRILLING ONSHORE SUPPORT REQUIREMENTSREQUIREMENT WILL BE

REDUCED AND MAY NOT BE INITIALLY LOCATED IN THE IMMEDIATE VICINITY OF THE

BARROW ARCH AREA SURVEYSSURVEY OF GRAVEL AND WATER RESOURCESRESOURCE ARE REQUIREDPRIOR
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TO CONSTRUCTION OF FACILITIESFACILITIE AND EXCAVATION OF GRAVEL BORROW AREASAREA

TRANSPORTATIONFACILITIESFACILITIE TO BE CONSTRUCTED WILL INCLUDE AN ADEQUATEBOAT

HARBOR RUNWAYSRUNWAY TO LAND FIXEDWING SUPPLYAIRCRAFT AND HELIPAD FOR CARGO

AND CREW HELICOPTERSHELICOPTER APPROPRIATEDOCKSDOCK AND ROADSROAD WILL ALSO BE CONSTRUCTED

TO SERVICE THE HARBOR AND SUPPORTBASE COMPLEX

IF EXPLORATORY DRILLING IN THE AREA IS CONDUCTED FROM ARTIFICIAL

ISLANDSISLAND ADEQUATEONSHORE CONSTRUCTION OF SUPPORTBASE FACILITIESFACILITIE WILL

REQUIRE SOPHISTICATEDPLANNINGAND MOBILIZATION EFFORT TO ENSURE MATERIAL

DELIVERY PRIOR TO THE SHORT SUMMER CONSTRUCTION SEASON ALTHOUGHAS MUCH

WORK AS POSSIBLEWILL BE CONDUCTED OFFSITE TO AVOID THE HIGH COSTSCOST OF LABOR

LOW PRODUCTIVITY AND WEATHER DELAYSDELAY THAT ARE INHERENT IN THE ARCTIC

CONSIDERABLE AMOUNT OF ONSHORE CONSTRUCTION WILL BE REQUIRED ONSITE

ACTIVITIESACTIVITIE ARE LIKELY TO INCLUDE MINING AND TRANSPORTINGGRAVEL FILLING

AND GRADING CONSTRUCTION OF ROADSROAD WORKPADSWORKPAD FOUNDATIONSFOUNDATION AND CAUSEWAYSCAUSEWAY AND

INSTALLATION OF UTILITY DISTRIBUTION SYSTEMSSYSTEM PREFABRICATEDMODULESMODULE AND

INTERCONNECTINGPIPEWORK CARE MUST BE TAKEN IN ALL CONSTRUCTION ACTIVITIESACTIVITIE

TO MINIMIZE THE IMPACTSIMPACT ON TUNDRA WATERBODIESWATERBODIE AND WILDLIFE

SINCE EXPLORATORYDRILLING IN THE AREA IS LIKELY TO BE CONDUCTED FROM

ARTIFICIAL ISLANDSISLAND ADEQUATESPACE MUST BE INCORPORATEDINTO THE BASE CAMP

TO ACCOMMODATE PEAK MANPOWER AND MATERIAL LOADSLOAD ASSOCIATED WITH ISLAND

CONSTRUCTION ALSO BECAUSE OF THE SEVERE WEATHER PREVAILINGDURING MOST

OF THE YEAR AND THE CRITICALITY OF MAINTAINING SCHEDULESSCHEDULE TO COMPLETEEX

PLORATION EFFORTSEFFORT AMPLE SPARESSPARE WILL NEED TO BE STOCKPILED TO PREVENT

DELAYSDELAY

HARBOR FACILITIESFACILITIE WILL BE REQUIRED AT THE OUTSET OF THE EXPLORATORY

DRILLING PROGRAM IN ADDITION TO THE NEED TO RECEIVE CONSTRUCTION LOADSLOAD

FOR SHORE BASE FABRICATION HARBOR FACILITIESFACILITIE WILL BE REQUIRED TO SERVICE

THE LARGE AMOUNT OF MARINE ACTIVITY ASSOCIATED WITH ARTIFICIAL ISLAND

CONSTRUCTION RESUPPLY AND MAINTENANCE USE OF FLOATING DRILLING PLATFORMSPLATFORM

WILL GREATLY REDUCE THISTHI REQUIREMENT ALTHOUGHAN ENCLOSED BARRIER ISLAND

LAGOONSYSTEMOCCURSOCCUR ALONGMUCH OF THE LEASE AREASAREA COASTLINE ALL OF THESE

PROTECTEDWATERSWATER ARE EXTREMELY SHALLOW AND THE ENTRANCESENTRANCE ARE NORMALLYNOT
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NAVIGABLE FOR ANYTHING BUT SMALL BOATSBOAT PARKER 1975 THEREFORE DUE TO

THE LACK OF SUITABLE NATURAL HARBOR FACILITIESFACILITIE DREDGEDHARBOR MAY HAVE TO

BE CREATED

BECAUSE OF THE NEED TO PROVIDE MAXIMUM ICE PROTECTIONFOR OVERWINTERING

VESSELSVESSEL HARBOR LOCATION WITHIN AN ENCLOSED LAGOON APPEARSAPPEAR PREFERABLE

HOWEVER THE AMOUNT OF DREDGING REQUIRED PRESENTSPRESENT SEVERAL DIFFICULTIESDIFFICULTIE

INTENSIVE DREDGINGOF HARBORSHARBOR AND HARBOR ENTRANCESENTRANCE COULD CAUSE MAJOREROSION

OF BOTH ONSHORE AND OFFSHORE PERMAFROST THERE ARE NO CURRENTLYACCEPTED
METHODSMETHOD OF STABILIZING UNDERWATER PERMAFROSTAND THE COSTSCOST OF STABILIZING
EVEN SMALL AREASAREA WHERE THE PERMAFROSTMUST BE PENETRATEDAS IN DRILLING OIL

WELLSWELL HAS PROVEN TO BE QUITE HIGH THE ACCEPTEDMETHOD OF INSULATION USED

IN BUILDING ROADSROAD AND AIRSTRIPSAIRSTRIP IS TO PUT BLANKET OF GRAVEL OR OTHER

MATERIAL OVER THE PERMAFROST IF THISTHI METHOD IS USED IN CONSTRUCTING

HARBORSHARBOR IT MEANSMEAN THAT VERY LARGE AMOUNTSAMOUNT OF MATERIAL WILL HAVE TO BE USED TO

EXTEND THE LANDMASSLANDMAS INTO DEEPER WATER RATHER THAN DREDGING INTO THE LAND

THERE MAY BE SITESSITE WHERE THISTHI IS POSSIBLE ALONGTHE NORTHWEST COAST OF ALASKA

BUT THEY HAVE NOT BEEN IDENTIFIED AS YET PARKER 1975 ALSO MANY WATERSWATER OF

THE CHUKCHI SEA ARE POORLY CHARTED AND INTENSIVE BATHYMETRIC SURVEY WORK

WILL BE REQUIREDPRIOR TO HARBOR CONSTRUCTION

IF AN ENCLOSED LAGOONCANNOT BE UTILIZED FOR HARBOR SITE DREDGED

HARBOR MAY BE CREATED SOME DISTANCE FROM SHORE DUE TO THE SHALLOW WATER

DEPTHSDEPTH FOUND IN THE CHUKCHI SEA THE OFFSHORE HARBOR WOULD BE DREDGED
ONE TO SEVERAL KILOMETERSKILOMETER OFFSHORE SURROUNDED WITH PROTECTIVE BERM AND

CONNECTED TO THE SHORE BY GRAVELCAUSEWAY

SINCE PROMISING AREASAREA OF THE BARROW ARCH PLANNING AREA ARE MORE THAN 500

NAUTICAL MILESMILE FROM MAJOR DEEPWATERPORT SUPPLIESSUPPLIE AND EQUIPMENTWILL BE

MOST ECONOMICALLYMOVED BY BARGE ALTHOUGHBARGE OPERATIONSOPERATION ARE PRESENTLY

CONFINED TO THE OPENWATER SEASON THE CONSTRUCTION OF ICEBREAKER BARGESBARGE

COULD MAKE YEARROUND RESUPPLY POSSIBLE EVEN PRIOR TO HARBOR DREDGING

LANDING CRAFTTYPE BARGESBARGE COULD DELIVER SUPPLIESSUPPLIE DIRECTLY TO BEACH OR

TEMPORARYCARGO PIER
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AT MINIMUM THE HARBOR SHOULD HAVE THE PHYSICAL DIMENSIONSDIMENSION TO ALLOW

MANEUVERING ANCHORING AND BERTHING OF LARGE ENOUGH NUMBER OF SUPPLY

BOATSBOAT BARGESBARGE AND OTHER VESSELSVESSEL SUPPLYING THE BASE MINIMUM OF 10 TO 12

HECTARESHECTARE 25 TO 30 ACRESACRE DREDGEDTO 10 METERSMETER 30 FEET WOULD BE REQUIRED

IDEALLY IT SHOULD HAVE THE DIMENSIONSDIMENSION TO ACCOMMODATE NUMBER OF VESSELSVESSEL

THAT MAY BE FORCED TO CALL TO PORT FOR EMERGENCY REPAIRSREPAIR OR SEEK REFUGEFROM

STORMSSTORM

THE HARBOR MUST BE DEEP ENOUGHAT DOCKSIDE TO ACCOMMODATE SUPPLY BOATSBOAT

AND BARGESBARGE TO LOAD OR UNLOAD ALL VARIOUSVARIOU ITEMSITEM OF CARGO NECESSARY TO SUPPORT

AN OFFSHORE OPERATION THE SUPPLY BOATSBOAT MUST OPERATE AROUND THE CLOCK

THROUGHOUTTHE YEAR TAKING INTO ACCOUNT THE RANGE OF POSSIBLE OCEAN AND

ICE CONDITIONSCONDITION DURING THE EXPLORATIONAND CONSTRUCTION PHASESPHASE THEY MAY

ALSO BE USED TO HAUL ANCHORSANCHOR IN SUPPORT OF PIPELAYING AND OPERATE OTHER

SUPPORT MISSIONSMISSION FROM TOWED RIGSRIG OR PLATFORMSPLATFORM

BERTHING SPACE IS AN IMPORTANT PARAMETERTO HARBOR CAPACITY IT IS

ESSENTIAL TO BE ABLE TO LOAD MANY SUPPLY VESSELSVESSEL IN RELATIVELY SHORT PERIOD

OF TIME AND SPACE MUST BE AVAILABLE TO CARRY OUT THISTHI FUNCTION

THE SITING OF THE SUPPLY BASE WITHIN THE HARBOR IS ALSO IMPORTANT

SINCE SERVICE BASE OPERATIONSOPERATION ARE PREDICATED UPON TAKING OPTIMUM ADVANTAGE

OF SUITABLE WEATHER CONDITIONSCONDITION THEIR EFFICIENCY IS MEASURED IN TERMSTERM OF

TURNAROUND TIME TO DO THISTHI VESSELSVESSEL MUST BE ABLE TO MOVE TO AND FROM THE

SERVICE BASE WITH AS LITTLE IMPEDIMENT AS POSSIBLE

4312

FACILITIESFACILITIE REQUIRED IN SUPPORT OF FIELD DEVELOPMENTAND PRODUCTION

OPERATIONSOPERATION WILL BE SIGNIFICANTLY GREATER AND MORE PERMANENTTHAN THOSE

REQUIRED FOR EXPLORATION THE EXPLORATION BASE CAMP COULD BE EXPANDEDTO

ACCOMMODATE DEVELOPMENTAND PRODUCTION OR NEW MARINE PRODUCTIONSUPPORT

BASE COULD BE CONSTRUCTED IN CLOSER PROXIMITY TO THE ACTUAL OFFSHORE DEVEL

OPMENT FIELDSFIELD THE MAJOR ACTIVITIESACTIVITIE TO BE SERVICED BY THE MARINE SERVICE

BASE IN THE POSTEXPLORATION PERIOD ARE
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CONSTRUCTION

DEVELOPMENT

PRODUCTION

POSTPRODUCTION

THE CONSTRUCTION STAGE INVOLVESINVOLVE CONSTRUCTING PRODUCTION ISLANDSISLAND OR

EXPANDING EXPLORATION ISLANDSISLAND INTO PRODUCTION ISLANDSISLAND INSTALLING TOWED

PRODUCTION CONCEPTSCONCEPT BUILDING OIL COLLECTION STATIONSSTATION OR GAS PROCESSING

PLANTSPLANT AND TANKER TERMINALSTERMINAL AND LAYING OF TRUNK AND FEEDER MARINE PIPELINESPIPELINE
TO SHORE AND LAND PIPELINESPIPELINE TO TERMINAL OR PUMP STATIONSSTATION MARINE SERVICE

BASE PLAYSPLAY AN ACTIVE ROLE IN SUPPORTOF INSTALLATION OF PRODUCTIONCONCEPTSCONCEPT

THROUGHITS SUPPORTOF TUGSTUG BARGESBARGE AND OTHER VESSELSVESSEL REQUIREDTO INSTALL THE

PLATFORMSPLATFORM PIPELINESPIPELINE AND PRODUCTION EQUIPMENT THISTHI GENERALLY DOESDOE NOT

INVOLVE LARGETONNAGEOR VOLUME OF MATERIAL EXCEPT IN SUPPORTOF PIPELAYING

OPERATIONSOPERATION WHERE LARGEVOLUME OF PIPE MAY HAVE TO BE STORED AND DISTRIBUTED

THE DEVELOPMENTSTAGECONSISTSCONSIST OF DRILLING NUMEROUSNUMEROU DEVIATED WELLSWELL FROM

THE PRODUCTIONPLATFORMSPLATFORM GENERALLY THISTHI PHASE REPRESENTSREPRESENT THE HEIGHT OF

SERVICE BASE ACTIVITY IN TERMSTERM OF TONNAGESTONNAGE AND VOLUMESVOLUME SUPPLIED OFFSHORE

PRODUCTION COMMENCESCOMMENCE WITH THE FLOW OF OIL OR GAS AND CONTINUESCONTINUE THROUGH

THE LIFE OF THE FIELD THE VOLUME AND TONNAGESUPPLIED OFFSHORE ARE SUB

STANTIALLY REDUCED ALSO OPERATIONSOPERATION AND MANPOWER REQUIREMENTSREQUIREMENT ARE REDUCED

AT THE SHORE STATION

AFTER THE FIELDSFIELD ARE EXHAUSTED THE SERVICE BASE MAY SUPPORT THE

DISMANTLING OF PRODUCTIONPLATFORMSPLATFORM AND OTHER OFFSHORE FACILITIESFACILITIE
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INCORPORATEDAS PART OF THE MARINE SERVICE BASE SHOULD BE SEVERAL TYPESTYPE

OF FACILITIESFACILITIE IN ADDITION TO THE HARBOR AND CREW QUARTERSQUARTER AND MESSMES THE

PHYSICALPLANT IS LIKELY TO INCLUDE PIPE MARSHALLING OR TERMINAL YARD

WAREHOUSINGFOR TUBULAR DRILLING GOODSGOOD AND DRILLING MUDSMUD AND CEMENTSCEMENT STORAGE

TANKSTANK FOR CHEMICALSCHEMICAL FUEL AND WATER FABRICATION YARDSYARD COMMUNICATIONSCOMMUNICATION

FACILITIESFACILITIE OFFICE ACCOMMODATIONSACCOMMODATION MUD AND CEMENT MAKEUP FACILITIESFACILITIE

VEHICLE AND MACHINERY MAINTENANCE AND REPAIR SHOPSSHOP POWER PLANT SEWAGE

FACILITIESFACILITIE AND OIL SPILL RESPONSE AND CLEANUP EQUIPMENT

432

IN ADDITION TO THE MARINE SERVICE BASE MARINE MINA TO RECEIVE

TREAT STORE AND TRANSFER CRUDE OIL TO ICEBREAKING TANKERSTANKER MAY BE CON

STRUCTED CONCEPTUALDESIGNSDESIGN FOR SUCH ARCTIC FACILITIESFACILITIE HAVE BEEN DEVELOPED

BY GLOBAL MARINE 1978 BECHTEL 1979 AND MCMULLEN 1980 IN ADDITION

SEVERAL PROPRIETARYSTUDIESSTUDIE OF ARCTIC MARINE TERMINALSTERMINAL HAVE BEEN PREPARED

FOR INDUSTRYOPERATORSOPERATOR

THE ONSHORE FACILITIESFACILITIE ASSOCIATED WITH MARINE TERMINAL INCLUDE STORAGE

TANKSTANK TOPPING PLANT POWER PLANT TUBULAR AND EQUIPMENT YARD

WAREHOUSEAND STORAGEAREASAREA AND SHOPSSHOP FIGURE 43 ILLUSTRATESILLUSTRATE THE LAYOUTOF

SUCH FACILITY THE TERMINAL WILL BE CONNECTED TO THE OFFSHORE FIELDSFIELD BY

MARINE PIPELINESPIPELINE AND TO TWO SPM STRUCTURESSTRUCTURE EACH LOCATED IN DEEP WATER AT THE

END OF SEVERAL KILOMETER MARINE PIPELINESPIPELINE AND CAPABLE OF OFFLOADING INTO

ICEBREAKING TANKERSTANKER

TO ACHIEVE MAXIMUM EFFICIENCY IN UTILIZATION OF HARBOR FACILITIESFACILITIE

LABOR EQUIPMENT AND ONSHORE FACILITIESFACILITIE THE MARINE TERMINAL WILL PROBABLY

BE LOCATED IN CLOSE PROXIMITY TO THE MARINE SERVICE BASE EXCEPT IN THE

EVENT THAT OIL IS FOUND IN THE SOUTHERN END OF THE BARROW ARCH PLANNING

AREA IN SUCH CASE MARINE SERVICE BASE FACILITIESFACILITIE WOULD BE LOCATED IN

LEDYARD BAY WHILE OIL WOULD BE TRANSPORTEDASHORE VIA PIPELINE AND TRANSTRAN

PORTED OVERLAND ACROSSACROS THE LISBURNE PENINSULA BY PIPELINE TO MARINE

TERMINAL IN THE VICINITY OF CAPE THOMPSON
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433 SERVICE

IN THE EVENT THAT OIL OR NATURAL GAS IS TRANSPORTEDEAST VIA PIPELINE

TO THE KUPARUKPUMP STATION INSTEAD OF BEING TRANSPORTEDTO MARINE TERMINAL

FOR TRANSFER TO ICEBREAKING TANKERSTANKER SOME ADDITIONAL ONSHORE FACILITIESFACILITIE

WILL BE REQUIRED PUMP STATIONSSTATION OR COMPRESSOR STATIONSSTATION WOULD HAVE TO BE

CONSTRUCTED TO BOOST THE FLOW OF PRODUCEDHYDROCARBONSHYDROCARBON

434 GAS LIQUEFACTION PLANTSPLANT AND

IN THE EVENT THAT PIPELINE IS NOT CONSTRUCTED TO TRANSPORT NATURAL

GAS LIQUEFACTION PLANT AND MARINE TERMINAL WOULD BE CONSTRUCTED TO LIQUEFY

NATURAL GAS STORE THE PRODUCEDLNG AND TRANSFER IT TO ICEBREAKING LNG

TANKERSTANKER AT AN SPM THE ARCTIC PILOT PROJECT BEING UNDERTAKEN BY PETROCANADA

TO PRODUCEMACKENZIE DELTA NATURAL GAS IS ONE SUCH PROJECT FIGURE 44

ILLUSTRATESILLUSTRATE THE LIKELY LAYOUTOF SUCH FACILITY

435 OF PETROLEUM FACILITY SITING

TABLE 1H ILLUSTRATESILLUSTRATE SOME REPRESENTATIVESITING REQUIREMENTSREQUIREMENT FOR THE

MAJORONSHORE FACILITIESFACILITIE REQUIRED TO DEVELOPTHE OIL AND GAS RESOURCESRESOURCE OF THE

CHUKCHI SEA FIGURE 45 ILLUSTRATESILLUSTRATE HOW SUCH REPRESENTATIVE FACILITIESFACILITIE

MIGHT BE ARRANGED

44 FACILITIESFACILITIE SITING CONSTRAINTSCONSTRAINT AND

VARIETY OF TECHNICAL AND ENVIRONMENTAL CONSTRAINTSCONSTRAINT AND CRITERIA MUST

BE TAKEN INTO ACCOUNT SELECTING SITESSITE FOR ONSHORE OIL AND GAS FACILITIESFACILITIE

AMONGTHE CONSTRAINTSCONSTRAINT TO BE CONSIDERED IN SELECTING ONSHORE SITESSITE FOR SUPPORT

FACILITIESFACILITIE ARE THE FOLLOWING

LANDFAST ICE

HIGH RATESRATE OF COASTAL EROSION

NEARSHORE PERMAFROST
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GRAVEL DEPOSITSDEPOSIT

SEDIMENT DYNAMICSDYNAMIC LITTORAL DRIFT

FRESHWATER SUPPLIESSUPPLIE

WHILE THE PRINCIPAL OCEANOGRAPHIC GEOLOGIC AND GEOMORPHICCHARACTERI

ZATION OF THE BARROW ARCH PLANNINGAREASAREA COASTLINESCOASTLINE HAVE BEEN DISCUSSED

BOTH EARLIER IN THISTHI CHAPTERAND IN CHAPTER30 MORE DETAILED STUDIESSTUDIE OF

POSSIBLE SITESSITE FOR ONSHORE FACILITIESFACILITIE WILL HAVE TO BE CONDUCTED ONCE LEASE

SALE HAS BEEN HELD NEVERTHELESSNEVERTHELES THE TECHNICAL AND ENVIRONMENTAL CRITERIA

FOR SUCH COMPOSITESITE RANKINGCAN BE IDENTIFIED THEY INCLUDE

FLAT TERRAIN AND SUFFICIENT ACREAGE

PROXIMITY TO KNOWN FAULTSFAULT

SHELF WIDTHWATER DEPTH

ABSENCE OF NAVIGATION HAZARDSHAZARD

SUFFICIENT ELEVATION TO AVOID FLOODING AND ICE OVERRIDE EVENTSEVENT

SLOPE STABILITY

SITE PHYSIOGRAPHY

SURFICIAL DEPOSITSDEPOSIT

WAVE EXPOSURE

ICE CONDITIONSCONDITION

BERTH ORIENTATION TO PREVAILING WINDSWIND AND CURRENT

CURRENT SPEEDSSPEED

NEARSHORE PROCESSESPROCESSE

PROXIMITY TO EXISTING HARBOR AND AIRPORT FACILITIESFACILITIE

PROXIMITY TO MARINE MAMMAL CONCENTRATIONSCONCENTRATION

45 SETTING AND REGULATORY

COASTAL COMMUNITIESCOMMUNITIE IN THE BARROW ARCH PLANNINGAREA NOTABLYWAINWRIGHT

AND BARROW AS WELL AS NUMBER OF SMALLER NATIVE VILLAGESVILLAGE ARE LIKELY TO BE

AFFECTED BY OIL AND GAS DEVELOPMENT COASTAL ZONE MANAGEMENTREGULATIONSREGULATION

REQUIRE ADVANCED AREA PLANNING TO ACCOMMODATE ANY SIZABLE ONSHORE ENERGY

RELATED INSTALLATIONSINSTALLATION RELATIVE TO THE COMMUNITIESCOMMUNITIE AFFECTED BY OIL AND GAS
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DEVELOPMENT THISTHI REQUIRED PLANNING ADDRESSESADDRESSE HOUSING OF PERSONNEL

APPROPRIATE LAND ON WHICH TO SITE FACILITIESFACILITIE AND EXISTING SERVICESSERVICE AND

UTILITIESUTILITIE THAT MAY BE IMPACTED TO THE EXTENT DESIRABLE THE ENERGY

FACILITIESFACILITIE CAN BE MADE TO BE SELFSUFFICIENT

THE ADMINISTRATION OF LANDSLAND IN THE BARROW ARCH PLANNING AREA IS SPLIT

AMONG SEVERAL MAJOR HOLDERSHOLDER THE NORTH SLOPE BOROUGHIS RESPONSIBLE FOR

TAXATION DEVELOPMENT AND LAND INFRASTRUCTURE PLANNING THE FEDERAL GOV

ERNMENT ALSO CONTROLSCONTROL MUCH OF THE LAND IN THE AREA AS PART OF THE NATIONAL

PETROLEUM RESERVE ALASKA NPRA AND THE STATE HAS SOME LAND HOLDINGSHOLDING AND

CONTROLSCONTROL THE SEAFLOOR OUT TO 3MILE 48KILOMETER LINE BEYONDTHE COAST

COASTAL MANAGEMENT PROGRAM FOR THE NORTH SLOPE BOROUGH PURSUANT TO

THE FEDERAL COASTAL ZONE MANAGEMENTACT CZMA AND PARTIALLYFUNDED BY THE

COASTAL ENERGY IMPACT PROGRAMCEIP IS CURRENTLYIN THE PROCESSPROCES OF BEING

DEVELOPED COASTAL INVENTORY AND ASSESSMENT IS CURRENTLYBEING PREPARED

THE NORTH SLOPE BOROUGHAND ITS CONSTITUENT LOCAL COMMUNITIESCOMMUNITIE WILL UNDOUBT

EDLY PLAY LARGEROLE IN RESPONDINGTO AND DIRECTING THE SITING OF ENERGY

FACILITIESFACILITIE ALONGALASKASALASKA NORTHWEST COAST

THE PREDOMINANTLYNATIVE POPULATIONOF THE AREA IS INVOLVED IN TRANSTRAN

ITIONAL ECONOMY FEATURING ASPECTSASPECT OF BOTH CASH WAGEBASED ECONOMY AND

TRADITIONAL SUBSISTENCE ECONOMY MUCH OF THE WAGE EMPLOYMENTTHAT EXISTSEXIST IS

SEASONAL AND SIGNIFICANT PORTION OF THE CASH THAT ENTERSENTER THE AREA COMESCOME

THROUGHSTATE AND FEDERAL TRANSFER PAYMENTSPAYMENT

SUBSISTENCE FISHING AND HUNTING ACTIVITIESACTIVITIE ARE SIGNIFICANT ECONOMIC

CONTRIBUTOR TO INUPIAT ESKIMO VILLAGESVILLAGE AND NATIVESNATIVE FROM THE REGIONAL COM

MUNITIESMUNITIE OF WAINWRIGHTAND BARROW CARE WILL HAVE TO BE TAKEN IN SITING

AND CONSTRUCTINGANY OIL AND GASRELATED ONSHORE AND COASTAL FACILITIESFACILITIE TO

AVOID ADVERSE IMPACTSIMPACT ON THESE ACTIVITIESACTIVITIE

46 ONSHORE FACILITY SITESSITE IN THE BARROW ARCH PLANNING

SEVERAL STUDIESSTUDIE HAVE BEEN CONDUCTED DURING THE LAST YEARSYEAR TO EXAMINE

THE FEASIBILITY OF SITING AND DEVELOPINGMAJOR OIL AND GASRELATED ONSHORE
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FACILITIESFACILITIE PARTICULARLY FOR PORTSPORT AND MARINE TERMINALSTERMINAL ENGINEERING

COMPUTER 1977 CONDUCTED AN ASSESSMENT OF 29 POTENTIAL PORT

SITESSITE IN ALASKA INCLUDING POINT LAY POINT HOPE KIVALINA AND KOTZEBUE

GLOBAL MARINE 1978 IN ITS PRELIMINARY FEASIBILITY STUDY OF TANKER

TRANSPORTATION SYSTEM SERVING THE NORTHWEST COAST OF ALASKA EXAMINED

THE SITING OF AN OIL TERMINAL AND STORAGE FACILITY NEAR CAPE THOMPSON

BECHTEL 1979 PREPARED CONCEPTUALDESIGN OF AN ARCTIC MARINE TERMINAL

FOR TRANSFERRINGCRUDE OIL TO ICEBREAKING TANKERSTANKER THEY STUDIED SITING

SUCH FACILITY IN THE VICINITY OF WAINWRIGHTAT POINT BEICHER ON THE BASISBASI

OF SERVING POTENTIAL OIL FIELDSFIELD IN THE CHUKCHI SEA NPRA OR OTHER ONSHORE

FIELDSFIELD IN NORTHWEST ALASKA MCMULLEN ASSOCIATESASSOCIATE 1980 CONDUCTED AN ANALY

SIS OF MARINE TRANSPORTATIONSYSTEM FOR NPRA THAT EVALUATED POTENTIAL

MARINE TERMINALSTERMINAL SITED AT EITHER WAINWRIGHTOR CAPE THOMPSON

FOR THE PURPOSESPURPOSE OF THISTHI STUDY TWO REPRESENTATIVESETSSET OF OFFSHORE

OIL FIELDSFIELD WERE ESTABLISHED ALONG WITH MARINE TERMINAL SITESSITE TO GUIDE THE

ECONOMIC ANALYSISANALYSI CONTAINED IN CHAPTER60 THE MOST LIKELY LOCATION OF OIL

AND GAS RESERVESRESERVE IS IN THE NORTHERN PART OF THE BARROW ARCH LEASE AREA SOUTH

OF 71N LATITUDE TERMINAL IS LIKELY TO BE LOCATED AT POINT BELCHER

NEAR WAINWRIGHTDUE TO THE CLOSE APPROACHOF DEEP WATER TO SHORE RELATIVELY

UNUSUAL IN COMPARISONTO THE REST OF LEASE SALE PLANNING AREA PIPELINE

TO AN SPM TO KILOMETERSKILOMETER 14 TO 44 NAUTICAL MILESMILE IN LENGTH WOULD BE

REQUIRED TO REACH WATER DEPTHSDEPTH SUFFICIENT TO AVOID TANKER GROUNDING DE

PENDING UPON THE SIZE OF THE TANKERSTANKER SELECTED TO TRANSPORT PRODUCEDOIL OR

GAS MCMULLEN 1980

MARINE SERVICE BASE AND HARBOR FACILITIESFACILITIE ARE LIKELY TO BE CONSTRUCTED

IN ONE OF SEVERAL PLACESPLACE TO THE NORTHEAST OF WAINWRIGHTIS PEARD BAY JUST

BELOW WAINWRIGHTIS WAINWRIGHTINLET AND THE MOUTH OF THE KUK RIVER SEVERAL

PASSESPASSE INTO KASEGALUKLAGOONMAY BE EXPANDEDAND HARBOR FACILITIESFACILITIE DREDGED

OUT WITHIN THE LAGOON PINGORAROKPASSPAS NORTH OF THE NOKOTLEK RIVER IS ONE

POSSIBLE SITE FURTHER SOUTH BELOW ICY CAPE ICY CAPE PASSPAS OR IT PASSPAS

ENTER KASEGALUKLAGOONNEAR THE UTUKOK RIVER WHICH CONTAINSCONTAIN LARGEGRAVEL

RESOURCESRESOURCE IN THE VICINITY OF POINT LAY KUKPOWRUKPASSPAS ENTERSENTER THE LAGOON

BETWEEN THE KOKOLIK AND KUKPOWRUKRIVERSRIVER BOTH OF WHICH FURNISH GRAVEL

SOURCESSOURCE
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THE SECOND REPRESENTATIVESITE OF OIL AND GAS FIELDSFIELD IS AT THE SOUTHERN

END OF THE PROPOSEDLEASE SALE AREA IN THE EVENT OF SIZABLE FINDSFIND OF OIL

OR GAS PRODUCED HYDROCARBONSHYDROCARBON MIGHT BE MOVED SOUTH VIA MARINE AND LAND

PIPELINESPIPELINE TO MARINE TERMINAL SITE NEAR CAPE THOMPSON WHERE DEEP WATER

APPROACHESAPPROACHE CLOSE TO SHORE AND ICE CONDITIONSCONDITION ARE LESSLES SEVERE SITE AT

EITHER KISIMILOK CREEK OR OGOTORUKCREEK SEEMSSEEM FEASIBLE DEPENDING ON

THE ACTUAL TERMINAL SITE AND THE SIZE OF THE TANKERSTANKER USED PIPELINE LENGTHSLENGTH

TO SPM IN DEEP WATER WOULD BE BETWEEN AND 10 KILOMETERSKILOMETER AND 53

NAUTICAL MILESMILE MCMULLEN 1980

MARINE SERVICE BASE FACILITIESFACILITIE ARE LIKELY TO BE PUT IN PLACE AT ONE OF

SEVERAL LOCATIONSLOCATION FOR SOUTHERN FIELD AYUYATAK LAGOON EAST OF CAPE

LISBURNE MIGHT BE DREDGEDOUT AND PASSPAS THROUGHTHE BARRIER BEACH ESTAB

LISHED NOAKOK PASSPAS INTO THE SOUTHERNMOST END OF KASEGALUKLAGOONMIGHT BE

EXPANDED INTO HARBOR FACILITIESFACILITIE OR THE PASSESPASSE IN THE VICINITY OF POINT

LAY MIGHT BE UTILIZED

FIGURE 46 ILLUSTRATESILLUSTRATE THE LOCATION OF REPRESENTATIVE OFFSHORE OIL

FIELDSFIELD PLATFORMSPLATFORM OFFSHORE AND ONSHORE PIPELINE CORRIDORSCORRIDOR MARINE TERMINAL

SITESSITE LNG PLANT SITESSITE AND MARINE SUPPORT BASE SITESSITE IN THE NORTHERN PART OF

THE BARROW ARCH PLANNING AREA FIGURE 47 ILLUSTRATESILLUSTRATE THE SAME TYPE OF

FACILITIESFACILITIE FOR FIELDSFIELD IN THE SOUTHERN PORTION OF THE LEASE SALE AREA

THESE ARE DESCRIBED IN DETAIL IN SECTION 62

421



24

24

VEH
AFT

PLANNING
AREA

2S

12

24

24

IO9

20

26

25

25

26

29

27

23

24

26

26

24

26

20

20

QT

FIELD

RESERVESRESERVEIN

TQ

MARINE
SERVICE

MARINE
TRUNK
OR

FEEDER
PIPELINE

CRUD
OIL

TERMINAL

LAND

PIPELINE

SINGISSINGI
POINT

MOORING

STRUCTURE DEPTHSDEPTHIN

FATHOMSFATHOM

EQ

OA

CHART

COPE

PRINCE

OF

WALESWALE
TO

POINT

BARROW

FIGURE
46

REPRESENTATIVEFIELD

SHORE

FACILITY

LOCATIONSLOCATION

NORTHERN
PORTION



166

7T

23

23

20

23

24 VJ J2

20

23

23

15

DY

18

PLA

24
12

24 2450
12 052

26

20

14

23
L7 21

24

OU 4H CHART
AP PRINCE OF SH

FIGURE47TO POINT BARROW

14 KT

RZ

16

12

84 62

84

CAPE

23

23

24

24

2G

23

20

20

12

11 14 15

IS

12

20 30

RSRV IN TCF

OIL FIELD RVQSRVQ IN SLQ

NN TRUNK OR PIPELINE

LAND PIPELINE

3MILE LIMIT STAT WATERSWATER

PLATFORM OR LAN

MARINE SERVICE BA

CRUD OIL SQI

SINGLE POINT MOORING
STRUCTURE

LNG PLANT
DEPTHSDEPTH IN FATHOMSFATHOM

JI

REPRESENTATIVE FIELD SHORE FACILITY LOCATIONSLOCATION
SOUTHERN PORTION



50 MANPOWER REQUIREMENTSREQUIREMENT

51

THE PURPOSE OF THISTHI CHAPTER IS TO PROVIDE ESTIMATESESTIMATE OF MANPOWER

REQUIREMENTSREQUIREMENT FOR EACH OF SEVERAL MAJOR TASKSTASK INVOLVED WITH THE EXPLORATION

DEVELOPMENT AND PRODUCTIONOF PETROLEUMFOR THE BARROW ARCH PLANNING AREA

THE ESTIMATESESTIMATE ARE PRESENTEDHERE IN FORMAT SIMILAR TO THAT USED IN THE

NAVARIN BASIN PETROLEUM TECHNOLOGY ASSESSMENT DAMESDAME MOORE 1982A

MANPOWERESTIMATESESTIMATE FOR BARROW ARCH FOR EACH MAJOR EXPLORATION DEVELOPMENT

AND PRODUCTIONTASK ARE PRESENTED IN TABLE 51 TABLE 52 PRESENTSPRESENT TRANSTRAN

PORTATION SUPPORT SERVICESSERVICE ASSOCIATED WITH THESE MAJOR OFFSHORE OPERATIONSOPERATION

OUR ESTIMATESESTIMATE REFLECT PREVIOUSPREVIOU RESEARCH ON MANPOWER REQUIREMENTSREQUIREMENT FOR

OFFSHORE PETROLEUMDEVELOPMENT FOR EXAMPLEBEAUFORT SEA PETROLEUM DEVELOP

MENT DAMESDAME MOORE 1978A WHICH DISCUSSESDISCUSSE BACKGROUNDON ARCTIC

LABOR CONSIDERATIONSCONSIDERATION AND SPECIFICALLY COVERSCOVER PRUDHOE BAY EXPERIENCE WITH

OPENING AN ARCTIC FRONTIER AREA ALSO SEE ST GEORGEPETROLEUM TECHNOLOGY

ASSESSMENT DAMESDAME MOORE 0C FOR GENERAL FACTORSFACTOR AFFECTING OFFSHORE

LABOR FORCE SIZE AND PRODUCTIVITY SECTIONSSECTION 42 AND 53 OF THAT REPORT

OUR MANPOWER ESTIMATESESTIMATE FOR THISTHI STUDY ALSO BENEFITED FROM CONSULTATION WITH

ENGINEERSENGINEER FROM SFBRAUN ABOUT SPECIALIZED ARCTIC STRUCTURESSTRUCTURE AND OPERATIONSOPERATION

THAT WILL BE USED IN THE DEVELOPMENTOF RESOURCESRESOURCE IN THE BARROW ARCH PLAN

NING AREA THE READER IS REFERRED TO APPENDIX OF TECHNICAL REPORT 49

DAMESDAME MOORE 0A FOR FULL DEFINITION OF THE MANPOWER AND EMPLOYMENT

TERMSTERM USED IN THISTHI REPORT

52 THREE PHASESPHASE OF PETROLEUM RESOURCE LABOR

EXPLOITATION OF PETROLEUMRESERVOIR INVOLVESINVOLVE THREE DISTINCT PHASESPHASE OF

ACTIVITY EXPLORATION DEVELOPMENT AND PRODUCTION THE EXPLORATIONPHASE

ENCOMPASSESENCOMPASSE SEISMIC AND RELATED GEOPHYSICAL RECONNAISSANCE WILDCAT DRILL

ING AND STEP OUT OR DELINEATION DRILLING TO ASSESSASSES THE SIZE AND CHARAC

TERISTICSTERISTIC OF RESERVOIR THE DEVELOPMENTPHASE INVOLVESINVOLVE DRILLING THE

OPTIMUMNUMBER OF PRODUCTIONWELLSWELL FOR THE FIELD MANY HUNDREDSHUNDRED OF WELLSWELL ARE



TABLE 51

ESTIMATESESTIMATE OF LABOR REQUIREMENTSREQUIREMENT FOR SPECIFIC TASKSTASK OF
PETROLEUM DEVELOPMENT IN THE BARROW ARCH PLANNING AREA

ONSITE LABOR DURATION OF ONSITE
NU OF UH

EXPLORATION DRILLING 60CONE OR ISLAND MONTHSWELL

GEOPHYSICALSURVEY 30YEAR OF EXPLORAT DURINGEXPLORATION
DRILLING PHASE

SHOREBASE CONSTRUCTION

EXPLORATIONPHASE 200MO PEAK MONTHSMONTH
50MO AVERAGE

DEVELOPMENT1Q1E PEAK 36 MONTHSMONTH
50MO AVERAGE

OIL TERMINAL CONSTRUCTION

ARCTIC 1300MO PEAK 60 MONTHSMONTH
400MO AVERAGE

ALEUTIAN SITE 1000MO PEAK 24 MONTHSMONTH
550MO AVERAGE

ARTIFICIAL PRODUCTION 600MO PEAK 90 MONTHSMONTH
AND LOADING ATOLL APLA 150MO AVERAGE

EARLYPRODUCTION SYSTEM
TEMPORARY 200MO AVERAGE MONTHSMONTH

LNG PLANT CONSTRUCTION 200MO PEAK 24 MONTHSMONTH
BARGEMOUNTED 50MO AVERAGE

OFFSHORE FILL LONESQ3
GRAVEL LAN 0H DEPTH

EXPLORATION 430MO MONTHSMONTH
PRODUCTION ADDON 450MO MONTHSMONTH
PRODUCTION NEW 620MO MONTHSMONTH

CAISSONRETAINED DEPTH
EXPLORATION 400MO MONTHSMONTH
PRODUCTION ADDON 445MO MONTHSMONTH
PRODUCTION NEW 575MO MONTHSMONTH

PRODUCTION MONOCONE 350MO MONTHSMONTH

PRODUCTION EQUIPMENT
INSTALLATION AND HOOKUP

MONOCONE 400MO PEAK 10 MONTHSMONTH
300MO AVERAGE

GRAVELCAISSON ISLAND PEAK 10 MONTHSMONTH
300MO AVERAGE
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TABLE 51 CONTINUED

ONSITE LABOR DURATION OF ONSITE
NU OF UH

DEVELOPMENTDRILLING

PRODUCTION WEL1SWEL1
MONOCONE 112MO 60 MONTHSMONTH

GRAVELCAISSON ISLAND 112MO 75 MONTHSMONTH

SUBMARINE PIPELINE 15ES15E
TRUNK 350SPREADMO 075 MIDAY

FEEDER 150SPREADMO 125 MIDAY

ONSHORE PIPELINE CONSTRUCT1ON
CROSSCOUNTRY 350MO 05 MIDAY

SHORTDISTANCE 150MO 025 MIDAY

SHOREBASE OPERATION

EXPLORATION PHASE 40MO EXPLORATION PHASE

DEVELOPMENTPHASE 200MO DEVELOPMENTPFLASE

PRODUCTION PHASE
YEARROUND 50MO 12 MONTHSMONTH

SEASONAL 100MO MONTHSMONTH

PRODUCTION PLATFORM OPERATION
CONE AND ISLAND 80MO 12 MONTHSMONTH

PRODUCTION ISLAND MAINTENANCE

GRAVEL 55MO MONTHSMONTH

CAISSON 20MO MONTHSMONTH

PRODUCTION EQUIPMENTPIPELINE
MAINTENANCE CONE AND ISLAND 30MO MONTHSMONTH

OIL TERMINAL OPERATIONSOPERATION

ARCTIC IT 12 MONTHSMONTH

ALEUTIAN SITE 50MO 12 MONTHSMONTH

LNG PLANT OPERATION 60MO 12 MONTHSMONTH

SOURCE DAMESDAME MOORE AND HARRISON



NOTESNOTE TO TABLE

IT IS ASSUMED THAT THE DEVELOPMENTSHOREBASE WILL BE LOCATED AT THE

TERMINAL SITE NEAR POINT BELCHER IT IS ASSUMED THAT THE SHOREBASE

WILL BE INCORPORATEDINTO THE TERMINAL SITE THEREFORE SHOREBASE

CONSTRUCTION HAS BEEN PHASED WITH TERMINAL CONSTRUCTION SHOREBASE

CONSTRUCTION COULD BE COMPLETEDMUCH MORE QUICKLY IF DONE ON SEPARATE

BASISBASI SEPARATE SHOREBASE WOULD NEED BE BUILT IN THE VICINITY OF

THE CAPE SABINE PIPELINE LANDFALL IF TERMINAL WERE LOCATED AT CAPE

THOMPSONCASE FOR THISTHI CASE DOUBLE THISTHI LABOR REQUIREMENT

ARCTIC TERMINAL CONSTRUCTION DURATION HAS BEEN ESTIMATED BY SFBRAUN

AND BY BECHTEL 1979 THE LONG TOTAL CONSTRUCTION PERIOD TO

TION IS PREDICATEDON THE ASSUMPTIONTHAT YEARROUND CONSTRUCTION WOULD

NOT BE UTILIZED DUE TO THE HIGH INEFFICIENCY OF OUTDOOR WINTER CON

STRUCTION IN ARCTIC REGIONSREGION THEREFORE THE BULK OF CONSTRUCTION MUST

BE ACCOMPLISHEDDURING THE OPENWATER SEASON OF SEVERAL SUCCESSIVE

YEARSYEAR

AN EXISTING EXPLORATION ISLAND COULD BE EXPANDED FOR USE AS PRODUC

TION ISLAND THE ESTIMATESESTIMATE SHOWN FOR PRODUCTION ISLANDSISLAND

REPRESENT THE INCREMENTAL LABOR REQUIREDFOR EXPANSION CAISSON ISLAND

ASSUMESASSUME TYPEH STEEL STRUCTURE MONOCONE REQUIRESREQUIRE GRAVEL

BAL LASTING

TWO RIGSRIG 60 WELLSWELL MONTHSWELL ON MONOCONE RIGSRIG 100 WELLSWELL 23

DAYSWELL ON ISLANDSISLAND SFBRAUN 1982

OIL OR GAS PIPELINE DURATION OF EMPLOYMENTFOR PIPELINE CONSTRUCTION

CAN BE ESTIMATED FOR EACH SCENARIO BASED ON AVERAGE RATESRATE OF PROGRESSPROGRES

ESTIMATE FOR CROSSCOUNTRY PIPELINE INCLUDESINCLUDE PUMP STATION ONE SPREAD

IS REQUIRED CASE SHORTDISTANCE PIPELINE CONSTRUCTION WOULD USE

SMALLER CREW TO AVOID THE HIGH COST OF MOBILIZING LARGECREW FOR

VERY SHORT PERIOD

INCLUDESINCLUDE PIPELINE OPERATION
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LARGE FIELD AND CONSTRUCTION OF THE EQUIPMENTAND PIPELINESPIPELINE NECESSARY TO

PROCESSPROCES THE CRUDE OIL AND TRANSPORTIT TO REFINERY OR TO TIDEWATER FOR

EXPORT THE PRODUCTIONPHASE INVOLVESINVOLVE THE DAYTODAY OPERATIONAND MAINTEN

ANCE OF THE OIL WELLSWELL PRODUCTIONEQUIPMENTAND PIPELINESPIPELINE AND THE WORKOVER

OF WELLSWELL LATER IN THEIR PRODUCINGLIFE

FIGURE 51 DEPICTSDEPICT VERY GENERALAND HYPOTHETICALTEMPORALRELATION

SHIP OF THE FIELDWORK FOR EXPLORATIONDEVELOPMENTAND PRODUCTIONPHASESPHASE

AND THE RELATIVE MAGNITUDEOF ONSITE EMPLOYMENTCREATED BY EACH PARTICULAR

OIL FIELDSFIELD DIFFER IN THEIR OWN DEVELOPMENTSCHEDULE AND REQUIREMENTSREQUIREMENT FOR

PRODUCTIONAND TRANSPORTATIONFACILITIESFACILITIE

THE THREE PHASESPHASE OF PETROLEUMEXPLOITATION OVERLAP AND ALL THREE MAY

OCCUR SIMULTANEOUSLY EXPLORATION FOR ADDITIONAL FIELDSFIELD CONTINUESCONTINUE IN THE

VICINITY OF NEWLYDISCOVERED FIELD AS THAT FIELD IS DEVELOPEDAND PUT INTO

PRODUCTION ON THE NORTH SLOPE FOR EXAMPLE WHERE THE PRUDHOE BAY FIELD IS

IN PRODUCTION EXPLORATORYAND DELINEATION DRILLING WILL CONTINUE FOR SEVERAL

MORE YEARSYEAR DEVELOPMENTACTIVITY TYPICALLY CONTINUESCONTINUE AFTER THE INITIAL

STARTUP OF PRODUCTION OPERATORSOPERATOR NEED TO START PRODUCTIONAS SOON AS

POSSIBLE TO BEGIN TO RECOVER EXPENSESEXPENSE OF FIELD DEVELOPMENTMILTON 1978 IN

THE NORTH SEA FOR EXAMPLE PRODUCTIONFROM SOME FIELDSFIELD WAS INITIATED WITH

TEMPORARYOFFSHORE LOADINGSYSTEMSSYSTEM WHILE DEVELOPMENTDRILLING CONTINUED AND

BEFORE UNDERWATER PIPELINE CONSTRUCTION BEGAN

LOCAL EMPLOYMENTCREATED BY EACH PHASE OF THE PETROLEUMEXPLOITA

TION PROCESSPROCES TENDSTEND TO HAVE CHARACTERISTIC MAGNITUDE AND ATTRIBUTESATTRIBUTE FOR

LOCAL EMPLOYMENTIN THE OIL INDUSTRY GENERALLYREFERSREFER TO EMPLOYMENT
AT OR NEAR THE PETROLEUMRESERVOIR IT DOESDOE NOT INCLUDE THE MANU

FACTURING AND CONSTRUCTION EMPLOYMENTCREATED AWAY FROM THE SITE SUCH

AS THAT INVOLVED WITH THE BUILDING OF PROCESSPROCES EQUIPMENTAND OFFSHORE

PLATFORMSPLATFORM NOR DOESDOE IT INCLUDE PROFESSIONAL ADMINISTRATIVE AND
CLERICAL WORK THAT OCCURSOCCUR IN REGIONALHEADQUARTERSHEADQUARTERLONDON AND ABERDEEN
IN THE CASE OF NORTH SEA FIELDSFIELD AND ANCHORAGEIN THE CASE OF ALASKA

FIELDSFIELD FOR EXAMPLE LOCAL EMPLOYMENTIN USUALLY CARRIESCARRIE AN

ADDITIONAL IMPLICATION REFERRING TO JO6I SPECIFICALLY FOR NEARBY
VILLAGESVILLAGE IN THISTHI CASE WE MEAN THE FORMER IE ONSITE WORK FORCE

REGARDLESSREGARDLES OF ORIGIN
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EXPLORATION
BEGINSBEGIN

DEVELOPMENT

BEGINSBEGIN

SOURCE DAMESDAME MOORE

FIGURE

ONSITE EMPLOYMENT LEVELSLEVEL OF THE THREE PHASESPHASE

OF PETROLEUM EXPLORATION HYPOTHETICAL CASE

YEARI

PRODUCTION
BEGINSBEGIN



EXAMPLE WORK IS NOT PARTICULARLYLABOR INTENSIVE AND WILDCAT

CREWSCREW COME AND GO WITH DRILLING CONTRACTORSCONTRACTOR LOCAL RESIDENTSRESIDENT ARE MOST

LIKELY TO BENEFIT INDIRECTLY FROM EXPENDITURESEXPENDITUREMADE FOR EXPLORATIONPROGRAMSPROGRAM

RATHER THAN FROM DIRECT EMPLOYMENTIN THE OIL FIELD THE PHASE

CREATESCREATE THE HIGHEST LEVELSLEVEL OF EMPLOYMENTLOCALLY AND MUCH OF THISTHI EMPLOY

MENT IS IN THE CONSTRUCTION AND TRANSPORTATIONINDUSTRIESINDUSTRIE LABOR DIRECTLY

ASSOCIATED WITH DRILLING AND INSTALLING CRUDE PROCESSINGEQUIPMENTIS HIGHLY

SKILLED BECAUSE OF AUTOMATION THE PHASE DOESDOE NOT REQUIRE

SUBSTANTIAL WORKFORCE THISTHI WORKFORCE WILL INCLUDE MANY EXPERIENCED OIL

FIELD OPERATORSOPERATOR RECRUITED FROM OUTSIDE THE AREA OR TRANSFERRED FROM OTHER

FIELDSFIELD BY THE OWNER COMPANIESCOMPANIE

53 MANPOWERUTILIZATION IN AN ARCTIC

531 OF LABOR IN THE

EVERY EFFORT IS MADE TO REDUCE THE AMOUNT OF MANPOWER REQUIRED FOR

CONSTRUCTION AND OPERATION OF THE FACILITIESFACILITIE IN THE ARCTIC BECAUSE OF ITS

VERY HIGH COST THE HIGH COST OF LABOR IN THE ARCTIC IS NOT SIMPLY MATTER

OF HIGHER THAN USUAL WAGE RATESRATE THAT MUST BE PAID TO WORKERSWORKER IN REMOTE

INHOSPITABLE ENVIRONMENT MORE SIGNIFICANTLY IT IS BECAUSE LABOR IN COLD

REGIONSREGION TENDSTEND TO BE EXTREMELYINEFFICIENT AND CREATESCREATE TREMENDOUSTREMENDOU BURDEN OF

SUPPORT EFFICIENCY OF MANUAL LABOR IN THE ARCTIC IS REDUCED BY THE LONG

HOURSHOUR WORKED EACH DAY PRODUCTIVITY DECREASESDECREASE SHARPLY AFTER HOURSHOUR OF

EFFORT AND THE LONG NUMBER OF DAYSDAY WORKED CONSECUTIVELYWITHOUT BREAK

EFFICIENCY DROPSDROP AS THE LENGTH OF ROTATION INCREASESINCREASE MANUAL LABOR

PERFORMEDOUT OF DOORSDOOR DURING THE LONG PERIODSPERIOD OF COLD IS SLOWED GEATLY BY

TEMPERATUREAND DARKNESSDARKNES IT HAS BEEN ESTIMATED THAT THE CUMULATIVE AFFECT

OF THESE FACTORSFACTOR CAN REDUCE THE MANUAL PRODUCTIVITY OF WORKER 250 PERCENT

IN THE ARCTIC CHANDLER 1978 INDOOR WORK IN HEATED WELL LIGHTED BUILD

INGSING IN THE ARCTIC AND SUMMER OUTDOOR WORK DOESDOE NOT OF COURSE SUFFER THE

MASSIVE INEFFICIENCIESINEFFICIENCIE OF OUTDOOR WORK IN THE COLD AND DARKNESSDARKNES OVERALL

LABOR INEFFICIENCY MEANSMEAN THAT MORE MANPOWER IS REQUIRED IN THE ARCTIC

BECAUSE EITHER THE RATE OF PROGRESSPROGRES FOR REGULARCREWSCREW IS SLOWER THAN NORMAL

OR THE LOWER PRODUCTIVITY OF WORKERSWORKER MUST BE OFFSET BY MORE WORKERSWORKER



WORKFORCE IN THE ARCTIC IS ALSO EXPENSIVE BECAUSE IT REQUIRESREQUIRE
ENORMOUSENORMOU SUPPORT PROVIDING FOOD SHELTER AND TRANSPORTATIONFOR WORKERSWORKER IS

COMPLICATEDBY DISTANCE FROM URBAN CENTERSCENTER AND THE LONG PERIODSPERIOD OF EXTREME

COLD AND DARKNESSDARKNES THAT PREVAIL MUCH OF THE YEAR PRELIMINARYDESIGN STUDY

BY THE DEPARTMENT OF PUBLIC WORKSWORK CANADA OF AN ARCTIC MARINE TERMINAL AT

HERCHEL ISLAND PUBLIC WORKSWORK OF CANADA 1972 NOTESNOTE THAT SUPPORT OPERATIONSOPERATION
IN THE ARCTIC REQUIRE SIGNIFICANTLY GREATER EFFORT THAN LESSLES SEVERE

ENVIRONMENTSENVIRONMENT THE STUDY CITESCITE THE CANADIAN EXPERIENCE ON THE SHORAN SURVEY
CONDUCTED BETWEEN 1946 AND 1957 THESE SURVEYSSURVEY WERE CARRIED OUT IN FOUR

DISTINCTLY DIFFERENT CLIMATIC ZONESZONE IT WAS FOUND THAT IN NORMALLYHABIT

ABLE AREASOF THE SUBARCTIC FOUR TONSTON OF SUPPLIESSUPPLIE WERE REQUIRED PER MAN

YEAR ELSEWHERE SOUTH OF THE NEH EIGHT TONSTON PER MAN YEAR BETWEEN THE

TREELINE AND THE ARCTIC MAINLAND COASTLINE IN NORTHERN LABRADOR AND QUEBEC
AND SOUTHERN BAFFIN ISLAND 12 TONSTON PER MAN YEAR IN THE ARCTIC BASIN AND

THE ARCHIPELAGO 16 TONSTON PER MAN YEAR ALTHOUGHSEALIFT WAS USED TO SUPPLY
AS MUCH OF THISTHI MATERIAL AS POSSIBLE CONSIDERABLE AMOUNT OF AIR FREIGHT
ING WAS ALSO REQUIRED THE REPORT STATED THAT PLACING SUPPLIESSUPPLIE IN THE FIELD

BY SEALIFT COST APPROXIMATELY006 PER POUND IN CONTRAST TO 050 PER POUND

BY AIRLIFT WHILE THESE COSTSCOST ARE NO LONGERAPPLICABLE THE MAGNITUDEOF THE

DIFFERENTIAL IS STILL REPRESENTATIVE

532 SAVINGSSAVING

IN DISCUSSIONSDISCUSSION WITH INDUSTRY REPRESENTATIVESREPRESENTATIVE ABOUT THE LIKELY TECHNOLOGY
AND CONSTRUCTION METHODSMETHOD TO BE USED IN BARROW ARCH THEY HAVE MADE IT CLEAR

THE INDUSTRY WILL STRIVE TO KEEP FIELD MANPOWER REQUIREMENTSREQUIREMENT AS LOW AS

POSSIBLE THROUGHTHE MAXIMUM USE OF PREFABRICATION AND MODULAR CONSTRUCTION

OTHER LABOR SAVING TECHNIQUESTECHNIQUE MAY ALSO BE AVAILABLE

INITIALLY DEVELOPEDFOR SMALLSCALE APPLICATIONSAPPLICATION THE MODULAR APPROACH

TO CONSTRUCTION HAS NOT BEEN BROADENED TO VERY LARGE PROJECTSPROJECT IN DESCRIB

ING RECENT USE OF PREFABRICATED PROCESSPROCES EQUIPMENT MODULESMODULE TO BUILD

SUBSTANTIAL GAS PLANT IN MEXICO OIL AND GAS JOURNAL NOTED THESE IMPORTANT

ADVANTAGESADVANTAGE OF THE TECHNIQUE

510



STATISTICSSTATISTIC HAVE PROVEN THAT CONSTRUCTION LABOR IS MUCH MORE EFFICIENT

IN FABRICATION CENTERSCENTER THAN AT TYPICAL FIELD CONSTRUCTION SITESSITE MORE

THAN ONE PROJECT IS NORMALLYIN PROGRESSPROGRES SIMULTANEOUSLY WORK LOADSLOAD

CAN BE LEVELED USE OF FEWER PEOPLE MEANSMEAN LESSCROWDED CONDITIONSCONDITION

WHICH ARE MORE EFFICIENT AND SAFER

ANOTHER ECONOMIC ADVANTAGEIS THAT LABOR RATESRATE IN FABRICATION CENTERSCENTER

GENERALLYARE LOWER THAN THOSE REQUIREDTO ATTRACT LABOR TO REMOTE

PLANT SITE WHERE CRAFTSMEN MUST LIVE AWAY FROM HOME SINCE LIVING IN

ONE LOCATION IS PREFERABLETO MOST WORKERSWORKER LARGER LABOR FORCE IS

AVAILABLE AND BETTER CRAFTSMEN CAN BE SELECTED QUALITY IS IMPROVED

OIL AND GAS JOURNAL AUGUST20 1979

THE ARTICLE ALSO REPORTEDTHAT THE GAS TREATMENT PLANT WAS ERECTED ON

SITE IN ONLY MONTHSMONTH WHICH WAS SUBSTANTIALLY SHORTER THAN CONVENTIONALLY

BUILT PLANT THESE SAVINGSSAVING OCCURRED IN TEMPERATEZONE SO THEY WOULD BE

MULTIPLIED AT COLD REGION SITE

MODULAR CONSTRUCTION TECHNIQUESTECHNIQUE ARE WELL KNOWN IN ALASKA PREFABRICATED

MODULAR OIL AND GAS PROCESSINGCOMPONENTSCOMPONENT HAVE BEEN USED EXTENSIVELY IN THE

DEVELOPMENTOF OFFSHORE PETROLEUMRESOURCESRESOURCE IN COOK INLET LARGE PREFABRI

CATED UNITSUNIT OF PROCESSINGEQUIPMENTWERE ALSO USED IN THE DEVELOPMENTOF THE

PRUDHOE BAY FIELD IF OIL FIELDSFIELD ARE DEVELOPEDIN BARROW ARCH THE MODULAR

APPROACHTO CONSTRUCTION WILL BE USED EXTENSIVELY PERHAPSPERHAP IN WAYSWAY THAT ARE

NOW LITTLE MORE THAN DESIGN CONCEPTSCONCEPT FOR EXAMPLE VERY LIKELY APPLICATION

OF THE MODULAR APPROACHIS THE CONSTRUCTION OF LNG PLANT

533 BARGEMOUNTEDLNG

IT SEEMSSEEM LIKELY THAT IF AN LNG PLANT IS REQUIREDFOR GAS PRODUCTIONIN

BARROW ARCH IT WOULD BE BUILT ON SERIESSERIE OF BARGESBARGE THAT WOULD BE TOWED TO

PROTECTED SHORE SITE POSTTENSIONED TOGETHER AND MOORED OR SUNK ON

PREPAREDBED FOR OPERATION CONVENTIONAL LNG PLANTSPLANT ARE EXTREMELY LABOR

INTENSIVE TO BUILD ON SITE LARGE PLANTSPLANT HAVE REQUIRED IN EXCESSEXCES OF 5000



WORKERSWORKER PIPELINE AND GAS JOURNAL 1977 FLOATING CONCRETE LNG PLANTSPLANT WERE

FIRST PROPOSEDBY GLOBAL MARINE FOR OFFSHORE GAS FIELDSFIELD THAT COULD NOT

SUPPORT THE HIGH COST OF LONGSUBMARINE PIPELINESPIPELINE TO SHORE AND THAT WERE

REMOTE FROM INDUSTRIAL FABRICATION YARDSYARD ENGINEERING AND DESIGN OF BARGE

MOUNTED LNG PLANTSPLANT HAS PROGRESSEDTO THE POINT THAT THISTHI TECHNIQUESEEMSSEEM

FEASIBLE FOR GAS FIELDSFIELD OF MODEST SIZE AN ARCTIC APPLICATION OF THE

CONCEPTOF BARGEMOUNTEDLNG PLANT IS CURRENTLYPLANNEDBY PETROCANADA TO

PRODUCEGAS RESERVESRESERVE OF THE HIGH ARCTIC ISLANDSISLAND THISTHI SCHEME INVOLVESINVOLVE THREE

ICESTRENGTHENED BARGESBARGE THAT WILL FLOAT IN SPECIALLY CONSTRUCTED LANDLOCKED

TIDAL SLIPSSLIP CONCRETEBARGEMOUNTEDLNG FACILITY WAS RECENTLY FABRICATED

IN TACOMA BY CONCRETE TECHNOLOGY INC FOR ARGO INDONESIA THE PRESTRESSED

CONCRETE BARGEMEASURED 142 41 18 METERSMETER 465 135 58 FEET AND HAD

CAPACITY OF 65000 TONSTON THE BARGEMOUNTED FACILITY WAS TOWED TO AN

OFFSHORE SITE IN THE JAVA SEA

FOR PURPOSESPURPOSE OF THISTHI REPORT IT IS ASSUMED THAT PREFABRICATED

FLOATING SHOREBASED BARGEMOUNTEDLNG PLANT WOULD BE USED TO EXPLOIT GAS

RESOURCESRESOURCE IN BARROW ARCH THISTHI ASSUMPTIONCONSIDERABLYLOWERSLOWER THE PROJECTED

DEVELOPMENTPHASEMANPOWER REQUIREMENTSREQUIREMENT FROM LEVELSLEVEL THAT WOULD BE CREATED BY

CONVENTIONAL ONSITE CONSTRUCTION OF LNG PLANT IN THISTHI CASE FIELD LABOR

WOULD BE LIMITED TO THAT NECESSARY FOR SITE PREPARATION CONSTRUCTION OF

MARINE LOADINGDOCK AN AIRFIELD ROADWAY AND SHORE FACILITIESFACILITIE INCLUDING

DORMITORYTYPE CAMP FOR CONSTRUCTION AND OPERATIONALPERSONNELSOME OF THISTHI

INFRASTRUCTURE MIGHT BE SHARED WITH OTHER FACILITIESFACILITIE THISTHI CONSTRUCTION

WOULD PROBABLYREQUIRE TWO SEASONSSEASON AND INVOLVE PEAK WORK FORCE OF SOME 300

PEOPLE AND MONTHLYAVERAGE WORK FORCE OF ABOUT 150 PEOPLE FOR LARGE

PLANT THESE ARE OF COURSE NO MORE THAN EDUCATED GUESSESGUESSE OF THE LEVEL OF

EFFORT REQUIRED AS THERE IS NO PREVIOUSPREVIOU EXPERIENCE WITH THISTHI TECHNOLOGY

ACTUAL MANPOWER REQUIREMENTSREQUIREMENT WOULD DEPEND UPON THE CAPACITY OF THE PLANT

THE NUMBER OF LOADING BERTHSBERTH THE LENGTH OF THE LOADING JETTY THE AVAIL

ABILITY OF GROUNDWATER LOCATION AND GEOMORPHOLOGYOF THE SITE THE EXTENT

OF WHICH SUPPORTINFRASTRUCTURE WAS SHARED AND SO ON
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534 INTENSIVE ARCTIC

MODULARIZATION OF EQUIPMENT CAN GREATLY REDUCE FIELD MANPOWER

REQUIREMENTSREQUIREMENTAND SPEED INSTALLATION OF OFFSHORE PLATFORMSPLATFORM ONSHORE OIL AND

GAS TREATMENT PLANTSPLANT PUMP AND COMPRESSOR STATIONSSTATION AND OTHER FACILITIESFACILITIE THAT

PROCESSPROCES OIL AND GAS HOWEVER THE LABOR SAVING MODULAR APPROACHTO CONSTRUC

TION IS NOT APPLICABLE TO MUCH OF THE EFFORT REQUIREDTO BUILD PIPELINESPIPELINE OR

MARINE TERMINAL CONVENTIONAL CONSTRUCTION TECHNIQUESTECHNIQUEMUST BE USED FOR THESE

ESSENTIAL FACILITIESFACILITIE AND IN THE ARCTIC CONVENTIONAL TECHNIQUESTECHNIQUE DEMAND MORE

MANPOWER THAN REQUIRED IN LESSLES SEVERE ENVIRONMENTSENVIRONMENT THISTHI IS BECAUSE OF THE

LOW PRODUCTIVITY OF MANUAL LABOR FOR MUCH OF THE YEAR AND BECAUSE CON

STRUCTION IS GENERALLYMORE DIFFICULT IN THE PRESENCE OF PERMAFROSTAND SEA

ICE

THE EXPERIENCEOF THE TRANSALASKA PIPELINE HAS SHOWN THAT CONSTRUCTION

OF CRUDE OIL PIPELINESPIPELINE IN COLD REGIONSREGION REQUIRESREQUIRE DIFFERENT TECHNIQUESTECHNIQUE AND

SIGNIFICANTLY MORE MANPOWER THAN IN TEMPERATEZONESZONE PIPE CAN BE BURIED

ONLY IN THAW STABLE SOIL GRAVEL SAND OR ROCK AND DITCHING FOR LARGE

DIAMETER PIPE REQUIRESREQUIRE DRILLING BLASTING AND REMOVAL OF SPOIL BY LARGE

HYDRAULIC BACKHOESBACKHOE RATHER THAN BY ONE PASSPAS OF TRENCHING MACHINE SELECT

BACKFILL MAY BE REQUIRED WHICH MEANSMEAN MINING PROCESSING AND HAULING LARGE

QUANTITIESQUANTITIE OF CRUSHED ROCK OR GRAVEL IN PERMAFROSTZONESZONE THE PIPE MUST BE

BUILT ABOVE GROUNDAND INSULATED WORK PADSPAD AND ROADSROAD REQUIRE INSULATION

AND CONSIDERABLE GRAVEL OVERLAY MUCH WORK MUST BE DONE IN THE WINTER FOR

EXAMPLE RIVER CROSSINGSCROSSING WHEN LABOR INEFFICIENCY IS GREATEST

THERE ARE ONLY LIMITED OPPORTUNITIESOPPORTUNITIEFOR USE OF THE LABOR SAVING MODULAR

APPROACHTO CONSTRUCTION OF MARINE TERMINAL METERING AND PUMPINGEQUIP

MENT POWER GENERATORSGENERATOR AND VAPOR RECOVERY FACILITIESFACILITIE CAN BE PREFABRICATED

AND SHIPPED TO THE SITE AS SKIDMOUNTED MODULESMODULE HOWEVER CONSTRUCTION OF

CRUDE OIL STORAGE TANKSTANK PIPING BALLAST TREATMENT TANKSTANK AND FACILITIESFACILITIE

WHERE CONVENTIONAL TANKERSTANKER ARE USED AND SITE PREPARATIONARE UNAVOIDABLY

LABOR INTENSIVE MANPOWERREQUIREMENTSREQUIREMENT FOR CONSTRUCTION OF TANKER BERTHSBERTH MAY

BE REDUCED BY DESIGN THAT UTILIZESUTILIZE PREFABRICATEDFLOATING BUOYSBUOY TRESSELSTRESSEL

AND OTHER COMPONENTSCOMPONENT BUT THISTHI SEGMENT OF THE MARINE TERMINAL WILL ALSO TEND

TO BE LABOR INTENSIVE
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535 OF ARTIFICIAL

IT IS POSSIBLE THAT MANMADE SAND OR GRAVEL ISLANDSISLAND MAY BE USED FOR

EXPLORATORYDRILLING NEAR SHORE AND FOR PRODUCTIONPLATFORMSPLATFORM IF COMMERCIAL

DISCOVERIESDISCOVERIE ARE MADE ESPECIALLY IN SHALLOW WATER ESTIMATING THE MANPOWER

NEEDED TO CONSTRUCT THESE ITEMSITEM IS VERY DIFFICULT BECAUSE SEVERAL FACTORSFACTOR

EFFECT THE AMOUNT OF EQUIPMENTAND LENGTH OF TIME REQUIREDFOR CONSTRUCTION

THESE FACTORSFACTOR ARE

SIZE OF THE ISLAND

DEPTHOF THE WATER

PROXIMITY OF SUITABLE FILL TO ISLAND SITE

DOWNTIME CAUSED BY WEATHER AND EQUIPMENTFAILURE

CONSTRUCTION TECHNIQUEUSED REINFORCED SANDBAG ARTIFICIAL BEACH

ETC

536 FACTORSFACTOR EFFECTING LABOR

THE FOREGOINGDISCUSSION HAS IDENTIFIED SEVERAL FACTORSFACTOR THAT CAN EFFECT

LABOR UTILIZATION THE LOW PRODUCTIVITY OF LABOR IN AN ARCTIC ENVIRONMENT
THE EXTENT OF WHICH PREFABRICATEDFIELD DEVELOPMENTCOMPONENTSCOMPONENT ARE USED

COMPLETELYPREFABRICATED LNG PLANT MOUNTED ON BARGESBARGE WOULD GREATLY REDUCE

FIELD LABOR REQUIREMENTSREQUIREMENT AVAILABILITY OF SAND AND GRAVEL EXPLORATIONFOR

AND EVAL UATION OF SUBSEA BORROW MATERIAL COULD TAKE MONTH OR MORE AND

WEATHER SEVERAL OTHER FACTORSFACTOR ALSO INFLUENCE LABOR UTILIZATION

ONE SUCH FACTOR THAT CAN INFLUENCE THE UTILIZATION OF MANPOWER IS THE

CONSTRUCTION SCHEDULE TO LARGE DEGREE MANPOWER CAN BE SUBSTITUTED FOR

TIME THE DECISION TO COMPLETE PROJECT IN TWO SEASONSSEASON INSTEAD OF THREE OR

IN ONE SEASON INSTEAD OF TWO WOULD RESULT IN SIGNIFICANTLYMORE LABOR THAN

WOULD BE NECESSARY WITH MORE LEISURELYSCHEDULE ALSO IT IS NOT UNUSUAL

FOR LARGE REMOTE PROJECTSPROJECT TO GET BEHIND SCHEDULE SCHEDULE SLIPPAGE
BECAUSE OF DELAYSDELAY IN MATERIAL DELIVERY OR OTHER UNEXPECTEDPROBLEMSPROBLEM IN

THISTHI CASE MORE LABOR AND EQUIPMENT ARE ADDED TO THE PROJECT TO SPEED UP

PROGRESSPROGRES
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MANPOWERREQUIREMENTSREQUIREMENTMAY ALSO BE INFLUENCED BY ENVIRONMENTAL STIPULA

TIONSTION CONTAINED IN STATE AND FEDERAL LEASESLEASE RIGHTOFWAY AGREEMENTSAGREEMENT AND

PERMITSPERMIT FOR VARIOUSVARIOU CONSTRUCTION ACTIVITIESACTIVITIE FOR EXAMPLE STIPULATIONSSTIPULATION

FREQUENTLYREQUIRE WORK IN THE ARCTIC TO BE DONE IN THE WINTER IN ORDER TO

PROTECT THE TUNDRA SURFACE TO PREVENT INTERFERENCE WITH MIGRATING FISH

ETC AND WINTER WORK IS THE LEAST PRODUCTIVEFOR LABOR ALSO WORK MAY BE

SUSPENDEDFOR ENVIRONMENTAL REASONSREASON DURING THE OPENWATERMONTHSMONTH WHEN LABOR

IS MOST EFFICIENT

BECAUSE OF THESE AND OTHER VARIABLESVARIABLE THE MANPOWER ESTIMATESESTIMATE IN THISTHI

REPORT ARE NECESSARILY BEST GUESSESGUESSE AND THE ACTUAL MANPOWER REQUIREMENTSREQUIREMENT

OF WILDCAT DRILLING FIELD DEVELOPMENT AND PRODUCTIONOF OIL IN BARROW ARCH

COULD VARY SIGNIFICANTLY FROM THESE ESTIMATESESTIMATE

54 ARCH LABOR FORCE

TO BE COMMERCIALLYFEASIBLE PETROLEUMPRODUCTIONIN THE BARROW ARCH

PLANNING AREA MUST OCCUR FROM LARGE FIELDSFIELD THUSTHU THE GENERAL SCALE OF

DEVELOPMENT WILL BE LARGE COMPARABLE IN SIZE TO CURRENT BEAUFORT SEA

DEVELOPMENTIN ALASKA AND CANADA AND COMPARABLETO DEVELOPMENTFORESEEN IN

OTHER REMOTE AND HOSTILE ALASKA OCS FRONTIER AREASAREA SUCH AS THE NAVARIN

BASIN IN GENERAL SEASONAL FACTORSFACTOR WILL BE VERY IMPORTANTIN THE UTILIZA

TION OF MANPOWER BECAUSE OUTDOOR WORK IN THE ARCTIC DURING THE WINTER IS

VERY DIFFICULT AND INEFFICIENT THE WEATHER WINDOW HERE MAY BE SHORTER

THAN 70 DAYSDAY CONSTRUCTION OF MAJOR FACILITIESFACILITIE WILL TAKE LONGER THAN

ELSEWHERE TO COMPLETEAND INVOLVE HIGHER SEASONAL FLUCTUATION OF PERSONNEL

HIGHER PEAKSPEAK LOWER ANNUAL MONTHLYAVERAGESAVERAGE

541 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 BARROW ARCH AREA WILL CONSIDER LONGROTATIONSROTATION PARTICULARLYDURINGTHE

WINTER WHEN FLYING MAY BE ESPECIALLY MORE HAZARDOUSHAZARDOU ROTATIONSROTATION OF WEEKSWEEK ON

DUTY MAY BE FEASIBLE LONG ROTATIONSROTATION WILL REDUCE FLYING REQUIREMENTSREQUIREMENT AND
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THEREBY LESSEN THE DANGEROF ACCIDENTSACCIDENT THEY WILL ALSO REDUCE THE COST OF

CHANGING CREWSCREW FROM ANCHORAGE WHICH IN THE REMOTE CHUKCHI SEA WILL BE

SIGNIFICANT OPERATIONAL EXPENSE HOWEVER CREWSCREW WILL HAVE TO BE COMPENSATED
FOR LONGER ROTATIONSROTATION WITH HIGHER PAY THISTHI COST CONSIDERATION COULD BE

ESPECIALLY RELEVANT IF CHUKCHI SEA DEVELOPMENTSDEVELOPMENT OF MARGINAL SIZE ARE

IMPLIMENTED WHERE LARGE EFFICIENT TRANSPORTATIONSYSTEM SUCH AS PRUDHOE

BAY IS NOT JUSTIFIABLE THEN THE ALTERNATIVE OF LONGERCREW ROTATIONSROTATION WILL

BE ESPECIALLY CONSIDERED

542 SHORE FACILITIESFACILITIE

DEVELOPMENTOF OIL AND GAS RESOURCESRESOURCE OF THE CHUKCHI SEA 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 BOEING 737 AIRCRAFT CRUDE OIL MARINE TERMINAL

ON THE COAST EG POINT BELCHER AND TRANSSHIPMENTTERMINAL IN THE

ALEUTIAN ISLANDSISLAND THESE FACILITIESFACILITIE WILL MAKE BARROW ARCH LABORINTENSIVE

FRONTIER AREA TO DEVELOPAND OPERATE IN CONTRAST TO OTHER LESSLES REMOTE

OFFSHORE FIELDSFIELD

OIL TERMINAL CONSTRUCTION AT POINT BELCHER OR CAPE THOMPSON FOR

EXAMPLE IS EXPECTED TO LAST ABOUT YEARSYEAR ALTHOUGHTHE TRANSSHIPMENT

FACILITY IN THE ALEUTIAN ISLANDSISLAND AND THE ARCTIC TERMINAL WILL BE FUNCTIONALLY

SIMILAR AND HAVE THE SAME BASIC COMPONENTSCOMPONENT TANK FARMSFARM PUMPING AND METERING

FACILITIESFACILITIE POWER GENERATION CREW QUARTERSQUARTER ADMINISTRATION AND CONTROL

BUILDINGSBUILDING SHOPSSHOP AIRPORT AND BARGEDOCKSDOCK THE ARCTIC TERMINAL MAY REQUIRE

UP TO 80 PERCENT GREATER MANPOWER THISTHI IS LARGELY DUE TO THE REDUCED

PRODUCTIVITY OF LABOR IN THE ARCTIC AS WELL AS TO THE LARGE COMPLEXOFF

SHORE LOADINGAND MOORINGSTRUCTURE REQUIRED IN THE WATERSWATER OF THE ARCTIC

OCEAN

IN ITS STUDY OF AN ARCTIC TERMINAL FOR ICEBREAKING TANKERSTANKER BECHTEL

1979 WROTE CONSTRUCTION OFFSITE IN THE CONTIGUOUSCONTIGUOU 48 STATESSTATE AND ELSE

WHERE WILL BE DONE AS MUCH AS PRACTICABLE TO AVOID THE HIGH LABOR COSTSCOST AND

SCHEDULE DISRUPTIONSDISRUPTION THAT ATTEND CONSTRUCTION IN THE ARCTIC ACCORDINGLY
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MAXIMUM USE WILL BE MADE OF MODULAR PREFABRICATEDSTRUCTURESSTRUCTURE MACHINERY

AND EQUIPMENT THAT CAN BE TRANSPORTED BY BARGE TO THE SITE IN FINISHED

FORM EVEN WITH MAXIMUM AMOUNT OF PREFABRICATIONTHERE WILL REMAIN

GREAT AMOUNT OF WORK TO BE DONE AT THE SITE OVER FIVEYEAR CONSTRUC

TION PERIOD IT IS ESTIMATED THAT PEAK WORK FORCE OF 1200 TO 1300

WILL BE REQUIREDONSITE ENGAGEDIN SITE IMPROVEMENT UTILITY DISTRIBUTION

AND INSTALLATION WORK ONSHORE AND OFFSHORE

SHOREBASE TO SERVICE OFFSHORE PRODUCTIONISLANDSISLAND GRAVITY PLATFORMSPLATFORM

AND PIPELINESPIPELINE IN THE STUDYAREA WOULD BE AT THE TERMINAL SITE EXCEPT IN THE

CASE OF TERMINAL BUILT AT THE END OF PIPELINE OUTSIDE OF THE PLANNING

AREA THEREFORE CONSTRUCTION OF THE BASE FOR THE FIELD DEVELOPMENTAND

PRODUCTIONPHASESPHASE WOULD ENJOY MANY ECONOMIESECONOMIE IN CONTRAST TO FREESTANDING

REMOTE SERVICE BASE NUMBER OF FACILITIESFACILITIE COULD BE SHARED SUCH AS POWER

GENERATION UTILITIESUTILITIE HOUSING SHOPSSHOP COMMUNICATIONSCOMMUNICATION AND AIRPORT OUR

LABOR ESTIMATE FOR BUILDING PERMANENTSHOREBASE REFLECTSREFLECT THESE ECONOMIESECONOMIE

543

THE APLA CONCEPTIS STILL EXOTIC AND ESTIMATESESTIMATE OF THE MANPOWER REQUIRE

MENTSMENT TO CONSTRUCT ONE ARE VERY ROUGH INDEED OUR ESTIMATE IS THAT

STRUCTURE OF THISTHI TYPE WOULD REQUIRE UP TO YEARSYEAR TO BUILD ASSUMINGUSE OF

CURRENT DREDGESDREDGE AND IT WOULD REQUIRE AN AVERAGE MONTHLYWORKFORCE OF ABOUT

150 PEOPLEDURING THAT PERIOD PEAK WORKFORCE OF APPROXIMATELY600 PEOPLE

OPERATIONAL MANPOWER REQUIREMENTSREQUIREMENT OF THE STRUCTURE WOULD BE SIMILAR TO

SHOREBASED OIL TERMINAL AND PRODUCTIONISLAND

CONSTRUCTION OF ARTIFICIAL ISLANDSISLAND WILL ALSO CREATE SUBSTANTIAL DEMAND

FOR LABOR DURING THE DEVELOPMENT PHASE BECAUSE OF THEIR LARGER FILL

REQUIREMENTSREQUIREMENT GRAVEL ISLANDSISLAND ARE MORE LABOR INTENSIVE THAN CAISSONRETAINED

ISLANDSISLAND THE LABOR REQUIREMENTSREQUIREMENT OF CONSTRUCTINGTHESE STRUCTURESSTRUCTURE ARE VERY

SENSITIVE TO THE DEPTH OF WATER QUANTITIESQUANTITIE OF FILL MATERIALSMATERIAL AND THE

PROXIMITY TO SUITABLE FILL OF SIMILAR DESIGN WITH THE SAME SURFACE

AREA ABOVE THE WATERLINE MIGHT VARY IN THEIR CONSTRUCTION EFFORT BY FACTOR

OF FIVE OR SIX BECAUSE OF DIFFERING WATER DEPTH FILL QUALITY AND DISTANCE

TO SOURCE
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FOR ESTIMATING PURPOSESPURPOSE OF THISTHI STUDY WE HAVE ASSUMED THE FOLLOWING

EQUIPMENT SPREAD INFLUENCED BY CANADIAN APPROACHESAPPROACHE FOR BUILDING AN ARTI

FICIAL ISLAND

CONVENTIONAL CUTTERHEAD SUCTION DREDGESDREDGE

BARGESBARGE

DERRICK BARGESBARGE

12 BOATSBOAT SURVEY WORKBOATSWORKBOAT TUGSTUG AND CREW TRANSPORTSTRANSPORT
ICEBREAKERSICEBREAKER

CREW QUARTERSQUARTER BARGESBARGE

LARGECATERPILLAR TRACTORSTRACTOR FOR WORK ABOVE WATERLINE

WE HAVE ASSUMED AN INTENSE PERIOD OF WORK ACTIVITY OVER TOTAL FIELD

SEASON OF 90 DAYSDAY WITH PEAK CREW OF UP TO 400 PEOPLE FOR AN EXPLORATION

GRAVEL ISLAND ALSO THE BALLASTINGOF LARGE PRODUCTIONMONOCONE IS

ASSUMED TO INVOLVE CREW OF UP TO 300 FOR 3MONTH PERIOD EXPANDINGAN

EXPLORATION ISLAND TO PRODUCTIONISLAND REQUIRESREQUIRE MORE FILL AND THE LABOR

ESTIMATE FOR PROVIDING THISTHI INCREMENTAL FILL IS DIRECTLY PROPORTIONAL
INCREASE ADDED TO THE EXPLORATIONESTIMATE

ARTIFICIAL ISLANDSISLAND REQUIRE ANNUAL MAINTENANCE TO REPAIR DAMAGECAUSED

BY THE ACTION OF WAVESWAVE AND ICE OUR ESTIMATE OF THISTHI MANPOWER REQUIREMENT
IS 55 PEOPLEFOR MONTHSMONTH FOR GRAVEL ISLAND AND 20 PEOPLEFOR MONTHSMONTH FOR

CAISSON ISLAND



60 THE ECONOMICSECONOMIC OF PETROLEUM DEVELOPMENT

61 AND MODELING

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

AND GAS DEVELOPMENTIN THE BARROW ARCH PLANNING AREA THESE RESULTSRESULT INDI

CATE HOW ALTERNATIVE TRANSPORTATION AND PRODUCTION SYSTEMSSYSTEM AFFECT THE

ECONOMIC FEASIBILITY OF PETROLEUMRESERVE DEVELOPMENT THE DISTRIBUTION OF

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

TOTAL COSTSCOST AND THEIR CONTRIBUTION TO COST PER UNIT OF PRODUCT

THE ECONOMIC VIABILITY OF OCS OIL AND GAS IS STRONGLYINFLUENCED BY

RESERVOIR AND ENVIRONMENTAL CONDITIONSCONDITION RESERVOIR CONDITIONSCONDITION INCLUDE

RESERVOIR SIZE TARGET DEPTH INITIAL WELL PRODUCTIVITYVISCOSITY AND POUR

POINT OIL AND HYDRATE FORMATION GAS POROSITY PERMEABILITY PERCENT

FILLUP AND GASOIL RATIO SINCE NO PRODUCTIONHAS TAKEN PLACE IN THE

CHUKCHI SEA AND EXPLORATION HAS BEEN LIMITED TO SEISMIC AND GEOPHYSICAL

RECONNAISSANCE THESE RESERVOIR PARAMETERSPARAMETER MUST BE ESTIMATED OUR ANALYSISANALYSI

OF THE PETROLEUMGEOLOGYOF THE BARROW ARCH PLANNING AREA IN APPENDIX

PRESENTSPRESENT THE DATA ASSUMPTIONSASSUMPTION AND RATIONALE TO ARRIVE AT REASONABLE VALUESVALUE

FOR THESE PARAMETERSPARAMETER

ENVIRONMENTAL CONDITIONSCONDITION OF CONCERN INCLUDE GEOGRAPHY WATER DEPTH

WIND WAVE AND ICE CONDITIONSCONDITION DEPTH OF PERMAFROSTAND ICEGOUGING AND

OPENWATER SEASON LENGTH ICE CONDITIONSCONDITION POSE THE MOST SERIOUSSERIOU TECHNOLOGIC

AND ECONOMIC CHALLENGEIN THE BARROW ARCH PLANNING AREA WHEN COUPLEDWITH

THE VERY SHORT ESTIMATED 70 WORKINGDAYSDAY OPENWATER SEASON EMPLACEMENT

OF OFFSHORE STRUCTURESSTRUCTURE AND LAYING OF MARINE PIPELINE ARE RENDERED TECH

NOLOGICALLY DIFFICULT AND VERY COSTLY BECAUSE OF THE HIGH COST AND STATE

OFTHEART TECHNOLOGYNECESSARY FOR EVEN THE RELATIVELY NEARSHORE CENTRAL

CHUKCHI SHELF PORTION OF THE LEASE SALE AREA THE ECONOMIC ASSESSMENT WILL

FOCUSFOCU ON ONLY THISTHI PORTION WHILE THISTHI EMPHASISEMPHASI DOESDOE NOT MEAN THAT THE

REMAINDER OF THE LEASE SALE IS NOT TECHNOLOGICALLYDEVELOPABLE IT IS CLEAR

THAT FURTHER OFFSHORE AREASAREA WILL BE EVEN MORE COSTLY TO DEVELOP SINCE WE

SHALL DEMONSTRATE THAT EVEN THE MORE FAVORABLE CENTRAL CHUKCHI SHELF
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RESOURCESRESOURCE ARE MARGINAL TO SUBMARGINAL ECONOMICALLY IT FOLLOWSFOLLOW THAT THE

REMAINING PORTIONSPORTION OF THE BARROW ARCH PLANNING AREA ARE LESSLES ECONOMICALLY

ATTRACTIVE GIVEN THE ASSUMED CONSTRAINTSCONSTRAINT AND PARAMETER VALUESVALUE OF THISTHI

ANALYSISANALYSI

THE ECONOMIC ANALYSISANALYSI HIGHLIGHTSHIGHLIGHT TWO MAJOR STRATEGY CONSIDERATIONSCONSIDERATION

SELECTION OF OFFSHORE PRODUCTIONSYSTEM AND CHOICE OF TRANSPORTATIONPATH
SEVERAL OFFSHORE PRODUCTIONSYSTEMSSYSTEM HAVE BEEN PROPOSEDTHAT ARE DESIGNED TO

WITHSTAND THE FORCESFORCE OF MOVING SEA ICE THESE ALTERNATIVESALTERNATIVE IMPLY MAJOR

DIFFERENCESDIFFERENCE IN TIMING OF PRODUCTIONAND INITIAL COST THUSTHU THE ECONOMIC

ANALYSISANALYSI FOCUSESFOCUSE ON COMPARISON OF PRODUCTION SYSTEMSSYSTEM RATHER THAN ON

ASSUMED DIFFERENCESDIFFERENCE IN RESERVOIR CHARACTERISTICSCHARACTERISTIC RESERVOIR CONDITIONSCONDITION ARE

HELD CONSTANT BASED ON SET OF REASONABLE GEOLOGICASSUMPTIONSASSUMPTION SEE SECTION

622 AND APPENDIX

IN ADDITION THE ECONOMICSECONOMIC OF THE TWO MAJOR TRANSPORTATIONMODESMODE

TANKERSTANKER TO AN ALEUTIAN TERMINAL OR PIPELINE TO TAPSTAP ARE COMPARED

CAPITAL INVESTMENTSINVESTMENT AND OPERATINGCOSTSCOST FOR DEDICATED TRANSPORTATIONFACILI

TIESTIE ARE INCLUDED WITHIN THE BOUNDARIESBOUNDARIE OF THE ANALYSISANALYSI THUSTHU THE ANALYSISANALYSI

INCLUDESINCLUDE ALL EXPENDITURESEXPENDITURE INCURRED IN PRODUCINGTHE OIL OR GAS AND DELIVER

ING IT TO COMMON CARRIER FOR OIL DEVELOPMENT THISTHI INCLUDESINCLUDE THE COST OF

DEDICATED ICEBREAKING TANKER FLEET AND AN ALEUTIAN ISLANDSISLAND TRANSSHIPMENT

TERMINAL OR PIPEL IRIE ACROSSACROS THE NORTH SLOPE OF THE BROOKSBROOK RANGE TO TAPSTAP

AT EITHER OF THESE BOUNDARIESBOUNDARIE THE REMAINDER OF THE TRIP TO MARKET CAN BE

ACCOMPLISHEDVIA EXISTING INFRASTRUCTURE CONVENTIONAL TANKERSTANKER OR TAPSTAP PLUSPLU

CONVENTIONAL TANKERSTANKER

SINCE DEDICATED ICEBREAKING LNG TANKERSTANKER ARE NEEDED FOR DELIVERY OF

CHUKCHI SEA GAS THESE TANKERSTANKER ARE INCLUDED WITHIN THE BOUNDARIESBOUNDARIE OF

ANALYSISANALYSI COMMON RECEIVING AND REGASSIFICATION TERMINAL SERVICING OTHER

LNG SOURCESSOURCE IS PRESUMEDTO EXIST IN SOUTHERN CALIFORNIA BY THE LATE 1990S1990

WHEN CHUKCHI SEA GAS WOULD COME ON SQ THEREFORE THE COST OF

THERE IS NO CLEAR MARKET INDICATION TO SUGGESTTHAT THERE WILL BE

DEMAND FOR LNG IMPORTED AT SUCH TERMINAL OR THAT SUCH TERMINAL

WILL INDEED BE BUILT
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BUILDING THISTHI RECEIVING TERMINAL IS NOT INCLUDED IN THE ANALYSISANALYSI REVENUESREVENUE

RECEIVED FOR OIL REFLECT THE VALUE OF OIL F0B AN ALEUTIAN TERMINAL 3150

PER BARREL OR F0B PIPELINE AT PUMP STATION OF TAPSTAP 2600 PER

ES2 OR CIF AN LNG TANKER IN SOUTHERN CALIFORNIA 675 PER

THOUSAND CUBIC FEET THE BASISBASI FOR THESE PRICESPRICE APPEARSAPPEAR IN APPENDIX

NOTE THAT THE ECONOMIC SCENARIOSSCENARIO AND ANALYSISANALYSI ARE RESTRICTED TO THE

DEVELOPMENTPHASE ONLY THESE ARE INVESTMENTSINVESTMENT SUBSEQUENTTO THE DECISION TO

DEVELOP BONUSBONU BIDSBID AND EXPLORATION COSTSCOST ARE EXTERNAL TO THE ANALYSISANALYSI

THE OIL DEVELOPMENTSCENARIOSSCENARIO ANALYZED ARE DESCRIBED IN SECTION 62

THE RESULTSRESULT OF THE ECONOMIC ANALYSISANALYSI OF THE OIL SCENARIOSSCENARIO ARE PRESENTEDIN

SECTION 63 IN SECTION 64 THE EQUIVALENT AMORTIZED COSTSCOST EAC FOR THE

COMPONENTSCOMPONENT OF OIL DEVELOPMENTARE ALLOCATED AMONG THE CAPITAL EXPENDITURESEXPENDITURE

SECTION 65 DISCUSSESDISCUSSE THE CONCLUSIONSCONCLUSION REGARDINGTHE ECONOMIC VIABILITY OF

BARROW ARCH OIL SECTION 66 PRESENTSPRESENT THE RESULTSRESULT OF THE BARROW ARCH GAS

DEVELOPMENTSCENARIO FINALLY SECTION 67 PRESENTSPRESENT THE RELATIONSHIP OF

BARROW ARCH OIL PRODUCTIONTO THE US ENERGY BALANCE ECONOMIC AND MODELING

ASSUMPTIONSASSUMPTION AND FACILITIESFACILITIE COSTSCOST AND SCHEDULINGESTIMATESESTIMATE ARE DISCUSSED IN

APPENDIX

THE READERSREADER ATTENTION IS PARTICULARLYDIRECTED TO THE DISCUSSION IN

SECTION 63 REGARDING THE DEGREEOF OPTIMISM IN SIGNIFICANT ASSUMPTIONSASSUMPTION

USED IN THISTHI ANALYSISANALYSI

62 SCENARIOSSCENARIO USED FOR ECONOMIC

621 OF FIVE SCENARIOSSCENARIO

AS NOTED IN THE PREVIOUSPREVIOU SECTION THE ECONOMIC ANALYSISANALYSI FOCUSESFOCUSE ON

ALTERNATIVE OFFSHORE OIL PRODUCTIONSYSTEMSSYSTEM AND ON TRANSPORTATIONSYSTEMSSYSTEM

ASSUMING 650 TARRIFF ON THE EXISTING TAPSTAP AND KUPARUK PIPELINESPIPELINE
YIELDSYIELD AN OIL PRICE IN VALDEZ OF 3250 DIFFERENTIAL VLCC RATESRATE FROM

VALDEZ AND THE ALEUTIAN TERMINAL IMPLY OIL LAYSLAY INTO THE WEST COAST AT

3400 PER BARREL CONSISTENT WITH THE WEST COAST PRICE OF THE OTHER

SCENARIOSSCENARIO
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FOR THE CENTRAL CHUKCHI SHELF FIVE ANALYTICAL SCENARIOSSCENARIO WERE DEFINED FOR

MODELING TO REPRESENT THE SPECIFIC CHARACTERISTICSCHARACTERISTIC OF THE CENTRAL CHUKCHI

SHELF THESE ARE LISTED BELOW SHOWN IN FIGURESFIGURE 46 AND 47 AND DESCRIBED

MORE FULLY IN THE FOLLOWINGPAGESPAGE

COMPARESCOMPARE PRODUCTIONSYSTEMSSYSTEM GRAVELISLANDSISLAND SCENARIO

VERSUSVERSU CAISSONRETAINED GRAVEL ISLANDSISLAND SCENARIO FOR NEARSHORE POINT

BELCHERWAINWRIGHTVICINITY IN SHALLOWER WATER 15 METERSMETER FEET IN

THISTHI SCENARIO OIL IS TRANSPORTEDSOUTH TO THE ALEUTIAN TERMINAL VIA ICE

BREAKINGTANKERSTANKER FROM AN OFFSHORE TERMINAL AT POINT BEICHER

INTRODUCESINTRODUCE THE PIPELINE TO TAPSTAP THISTHI SCENARIO IS OTHERWISE

IDENTICAL TO SCENARIO LB THE OFFSHORE PRODUCTIONSYSTEM IS CAISSON

RETAINED GRAVEL ISLAND IN 15 METERSMETER 50 FEET OF WATER NEARSHORE

ANALYZESANALYZE DEEPER WATER 37 METERSMETER FEET PRODUCTION

SYSTEMSSYSTEM 43 KILOMETERSKILOMETER 27 MILESMILE OFFSHORE DEEPER WATER IS FOUND FURTHER

OFFSHORE HENCE LONGER PIPELINESPIPELINE AND BIGGER PLATFORMSPLATFORM ARE IMPLIED

CONCRETE MONOCONE PLATFORMSCENARIO 3A AND CAISSONRETAINED GRAVEL

ISLAND SCENARIO 3B ARE COMPARED IN ADDITION HIGHER PRODUCTIVITY LARGER

FIELD SCENARIO 3C IS MODELED TO SHOW THE SENSITIVITY OF THE ECONOMICSECONOMIC TO

GEOLOGICASSUMPTIONSASSUMPTION BY USING THE SAME SYSTEMSSYSTEM AS SCENARIO 3B

DESCRIBESDESCRIBE FAR OFFSHORE 87 KILOMETERSKILOMETER MILESMILE SYSTEMSSYSTEM

IN 37 METERSMETER 120 FEET OF WATER AN APLA CONCEPT DEVELOPED BY DOME

PETROLEUM LTD SCENARIO 4A IS COMPAREDTO CAISSONRETAINED PRODUCTION

SYSTEM WITH PIPELINE TO SHORE TERMINAL NEAR WAINWRIGHT SCENARIO 4B

THE APLA PRECLUDESPRECLUDE ONSHORE INFRASTRUCTURE

ANALYZESANALYZE SOUTHERN CHUKCHI GAS AND OIL DEVELOPMENT PRESUMED

TO BE LOCATED IN LEDYARDBAY AND PRODUCEDBY CONCRETE MONOCONE IN 27METER

90FOOT WATERSWATER AND TRANSPORTEDSOUTHWARD BY OVERLAND PIPELINE TO NEW

MARINE TERMINAL AT CAPE THOMPSON THISTHI SCENARIO IS DESIGNED TO MODEL DEVEL

OPMENT IN THAT NEARSHORE PART OF THE BARROW ARCH PLANNING AREA LESSLES LIKELY

TO CONTAIN THE SUPERGIANT FIELDSFIELD ASSUMED IN THE MORE NORTHERLYSCENARIOSSCENARIO

AND TO MODEL THISTHI ALTERNATIVE TRANSPORTATIONROUTE
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THE ABOVE SCENARIOSSCENARIO AND THEIR REQUIRED FACILITIESFACILITIE ARE SUMARIZED IN

TABLE 61 WHICH SHOWSSHOW SYSTEM COMPONENTSCOMPONENT AND CAPITAL INVESTMENT COSTSCOST

622 ASSUMPTIONSASSUMPTION FOR OIL

ORDER TO FACILITATE COMPARISONSCOMPARISON AMONG THE

RESERVOIR CONDITIONSCONDITION AND RESERVOIR ENGINEERING

CONSTANT THESE CONDITIONSCONDITION INCLUDE

RECOVERABLE RESERVESRESERVE PER FIELD

NUMBER OF OFFSHORE PRODUCTIONUNITSUNIT

PER FIELD

RECOVERABLE RESERVESRESERVE PER OFFSHORE

PRODUCTIONUNIT

RECOVERABLE RESERVESRESERVE PER ACRE

GASOIL RATIO GOR

RESERVOIR TARGET DEPTH

INITIAL PRODUCTIVITY PER WELL

NUMBER OF PRODUCINGWELLSWELL PER
PRODUCTIONUNIT

NUMBER OF INJECTION WELLSWELL PER
PRODUCTIONUNIT WATER AND GAS

PEAK DAILY PRODUCTIONPER PLATFORM
PRODUCTIONUNIT

RATIO OF PEAK YEAR PRODUCTIONTO

RESERVOIRSRESERVOIR

PERCENT OF RESERVESRESERVE RECOVERED BEFORE
DECI THE

OVERALL PRODUCTIONEFFICIENCY

SCENARIOSSCENARIO NUMBER OF

ASSUMPTIONSASSUMPTION WERE HELD

BILLION BARRELSBARREL

SCENARIOSSCENARIO 2A 2B
AND

125 BILLION BARRELSBARREL

SCENARIO 3C
333 MILLION BARRELSBARREL

SCENARIO

EXCEPT FOR SCENARIO

WHICH HAS

333 MILLION BARRELSBARREL

60000 BARRELSBARREL

5001 REINJECTED

3000 METERSMETER 10000 FEET

2000 BARRELSBARREL PER DAY
EXCEPT FOR SCENARIO 3C

2500 BARRELSBARREL PER DAY

50 WELL

14 WELLSWELL

100000 BARRELSBARREL PER DAY

110

45 PERCENT

96 PERCENT
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THROUGHPUT
BID

ESERVESESERVE

IBB

COST

COST

LATFORM

390

390

LELLSLELL

1152

1152

ECK

EQUIPMENT

900

900

LQI MARINE

43

43

74

74

ONSHORE

113

113

LH

2672

2672

POINT
BELCHER

950

500

STORAGE TRANSSHIPMENT

ALEUTIANSALEUTIAN

1300

SUBTOTAL

2250

550

TO

TAPSTAP

2100

1558 120

60

75

75

753

2235

343

TABLE
61

AND

CAPITAL
INVESTMENTSINVESTMENT
FOR

BARROW
ARCH

OIL

MILLION
19S2

ALSO

GRAVEL
300000

1000
CAL

SSON

RETAINED
RAVEL
ISLANDSISLAND

15

WATER
92

WELLSWELL

3000

100000
IQ

APACITY RUNK

KM

22

EDERSEDER

19

KM

KM

GRAVEL
ISLANDSISLAND

IN

WATER
DEPTH

92

WELLSWELL

3000
IN

000

BD

APACITY RUNK

KM

EEDERSEEDER

19

KM

12

KM

PIPELINE
TO

300000 1000 CAL
SSON

RETAINED
RAVEL
ISLANDSISLAND

15
IN

WATER
92

WELLSWELL

3000
IN

000

BD

RUNK

KM 19

KM

12

KM

22

SAME
AS

OINT
LCH PIPELINE

ONLY

ONE

OST 495 152 900 43 74 113 777 950 300 250

OINT
BELCHER

NONE CLASSCLAS

ICE

REAKERSREAKER 00000
DWT

HMBBL ICEBREAKING
TUGSTUG

ICEBREAKING
WORK

OAT

NONE CLASSCLAS

ICE

REAKING
TANKERSTANKER

00000
DWT

MMBBL ICEBREAKING
TUGSTUG

ICEBREAKING
WORK

OAT

ORKBOATSORKBOAT

SUBTOTAL

CONTINGENCY
10

TAL

00

KIN

26

PUMP

STATIONSSTATION
ONE

ICEBREAKING
TUG

ICEBREAKING
WORKBOAT

558 120 75 753 678 458



TABLE
61

CONTINUED

AND

CAPITAL
NV

FOR

UH

ARCH
OIL

MENTU

MILLION

MONOCONE 37
IN

WATER
92

LQ 000

BD

APACITY 15H ICEBREAKING
TUGSTUG

ICEBREAKING
WORK

138 74 93 797

CAISSONRETAINED 37

WATER
92

WELLSWELL

3000

100000
TQ

APACITY RUNK

43

KM

22

EEDERSEEDER

19

KM

KM
TANKERSTANKER

15
ICEBREAKING
TUGSTUG

ICEBREAKING ORKBOATSORKBOAT

OST 020

CAISSONRETAINED 37

WATER

152

192
WELLSWELL

3000

900

125000 CAPACITY RUNK

43

KM

EEDER

19

KM

12

KM
TANKERSTANKER

15

IQ ICEBREAKING
TUGSTUG

ICEBREAKING RKBOA
TS

158 74 121 425 948 120 150 218 750 682

3A

ALLY
THROUGHPUT
BB

300000

ESERVESESERVE

IBB

1000

LATFORM

00000

GEOLOGIC
75000

OST 440 152 900

OST 020 152 900

43

KM

FEEDERSFEEDER

19

KM

27

KM

26

POINT
LCH

ALEUTIANSALEUTIAN

ELLSELL ECK

EQUIPMENT
MARL
NE

HORE

SUBTOTAL
NAL PIPEL

LNE

STORAGE TRANSSHIPMENT SUBTOTAL
TANKERSTANKER WORK

BOATSBOAT
SUBTOTAL

9ENCYH

10

OINT
BELCHER ANS

OINT
BELCHER

LEUTIANSLEUTIAN

950 300 250 120 328 788

138 14 93 377 950 300 250 558 120 150 828 746 201

950 300 250
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TABLE
61

CONTINUED

AND

CAPITAL
NV

FOR

BARROW
ARCH
OIL

MILLION
1982

ALLY
THROUGHPUT

ESERVESESERVE

I4B

LATFORM ECK

EQUIPMENT
LINE MARINE ONSHORE SUBTOTAL LU

LH

INEMARINE
STORAGE TRANSSHIPMENT ORKBOATSORKBOAT

APLA

MARINESTORAGE
IN

APLA

TANKERSTANKER

15

MMBBL

ICEBREAKING
TUGSTUG

ICEBREAKING
WORKBOATSWORKBOAT

48

FAR

OFFSHORE
MONOCONESMONOCONE

300000 37

TATER 92

WELLSWELL 100000

CAPACITY

RUNK

84

KM

24

EEDERSEEDER

19

KM

KM OINT
BELCHER

LEUTIANSLEUTIAN

L558

41

TANKERSTANKER

15

MMBBL

120

ICEBREAKING
TUGSTUG

ICEBREAKING
WORKBOATSWORKBOAT

893 827

TANKERSTANKER

15

ICEBREAKING
TUGSTUG

ICEBREAKING
WORKBOAT

OST 216 500 600 IU 418 120 75 316

PLA

MONOCONESMONOCONE
WATER WELLSWELL 100000

BD

CAPACITY

TRUNK

NONE

FEEDERSFEEDER

19

KM

NONE

152 900 74 806 300 3U

100000
333

CAISSONRETAINED WATER WELLSWELL 100000
BD

CAPACITY
RUNK

51

KM

EEDERSEEDER APE

SABINE
TO

CAPE

HOMPSON
96

KM

16

APE
SABINE
PIPELINE

APE
THOMPSON
STORAGE

NN LEUTIANSLEUTIAN

384 330 168 350 448

COST 1448 1152 900 350 74 93 4017 950 1300 1558 120 150 L828 810 3905

CONTINGENCY
DIAL



THESE PARAMETERSPARAMETER WERE SELECTED IN CONSULTATION WITH THE STUDY TEAMSTEAM

CONSULTINGPETROLEUMGEOLOGISTTOM MARSHALLPERSONALCOMMUNICATIONSCOMMUNICATION JUNE

1982 TO BE REPRESENTATIVEOF EXPECTED CONDITIONSCONDITION SHOULD COMMERCIAL

RESERVESRESERVE BE PRESENT THE FIELD SIZESSIZE ARE OPTIMISTIC RATHER THAN REPRESENTA

TIVE BUT ARE POSSIBLE BASED ON SEISMICALLYINFERRED STRUCTURESSTRUCTURE AND

SEDIMENTARY CONDITIONSCONDITION THESE PARAMETERSPARAMETER IMPLY THAT 1BILLIONBARREL

FIELD WILL BE PRODUCEDIN ABOUT 20 YEARSYEAR THE PRODUCTIONRATE IS ALSO

ECONOMICALLY OPTIMISTIC LOWER VALUESVALUE WOULD BE MORE REALISTIC TO AVOID

RESERVOIR ABUSE

WATERFLOOD IS PRESUMEDTO BE INITIATED AS SOON AS NECESSARY FOLLOWING

COMPLETION OF ALL PRODUCTIONWELLSWELL TIMELY INCEPTION OF WATERFLOOD IS

IMPORTANTTO SUSTAIN HIGH PRODUCTIVITYAND TO PERMIT RECOVERY OF THE INDI

CATED RESERVESRESERVE

623 OF

THE FOLLOWINGPARAGRAPHSPARAGRAPH DESCRIBE THE UNIQUE ELEMENTSELEMENT OF EACH SCENARIO

SHALLOW WATER NEARSHORE PRODUCTIONSYSTEMSSYSTEM

SCENARIO ILLUSTRATESILLUSTRATE THE MOST FAVORABLE LOCATION FOR AN OIL FIELD

IN THE CHUKCHI OCS LARGE NEARSHORE SHALLOW WATER DISCOVERY THISTHI

SCENARIO ASSUMESASSUME WATER DEPTH OF 15 METERSMETER 50 FEET WITH THE FIELD LOCATED

KILOMETERSKILOMETER MILESMILE OFFSHORE ALTHOUGH MOST WATER THISTHI SHALLOW OCCURSOCCUR IN

STATE OF ALASKA WATERSWATER WITHIN THE 3MILE JURISDICTION ZONE THE AREA

OFFSHORE IN THE VICINITY OF PEARD BAY OFFERSOFFER THESE CONDITIONSCONDITION IN AN AREA

THAT COULD CONCEIVABLYBE AN EXTENSION OF THE GEOLOGICALLYFAVORABLE BARROW

ARCH FORMATION

TWO PRODUCTIONSYSTEMSSYSTEM ARE MODELED CAISSONRETAINED GRAVELISLANDSISLAND

SCENARIO AND ARTIFICIAL GRAVEL ISLANDSISLAND SCENARIO FOR EACH SCE

NARIO THREE SUCH ISLANDSISLAND ARE REQUIREDTO DEVELOP HYPOTHETICALBILLION

BARREL FIELD THESE ISLANDSISLAND ARE LOCATED WITHIN 10 KILOMETERSKILOMETER MILESMILE OF

EACH OTHER AND PIPE THEIR PRODUCTIONTO CONTROL ISLAND VIA 12INCH FEEDER

69



LINESLINE THE CONTROL ISLAND PIPESPIPE THE COMBINED PRODUCTIONVIA 7KILOMETER

4MILE 22INCH DIAMETER TRUNK LINE TO LANDFALL NEAR PEARD BAY FROM

THERE AN ONSHORE 22INCH PIPELINE CARRIESCARRIE THE CRUDE TO MARINE TERMINAL AT

POINT BEICHER

SFBRAUN BELIEVESBELIEVE THAT 15METER 50FOOT GRAVEL OR CAISSONRETAINED

GRAVEL ISLAND AT 15METER 50FOOT WATER DEPTH COULD BE CONSTRUCTED IN

SINGLE 70DAY OPENWATER SEASON USING STATEOFTHEART HIGH CAPACITY

DREDGESDREDGE AND ASSUMINGALL LOGISTIC SUPPORT WAS IN PLACE HOWEVER SUCH LARGE

DREDGESDREDGE ARE HIGHLY SPECIALIZED AND OF LIMITED AVAILABILITY SO THAT IT IS

REASONABLE TO ASSUME THAT ONLY ENOUGH CAPACITY WOULD BE MOBILIZED FOR

BUILDING ONE ISLAND PER SEASON THUSTHU THE SCENARIO ASSUMESASSUME THAT THE ISLANDSISLAND

ARE CONSTRUCTED IN CONSECUTIVE SEASONSSEASON WITH DECK EQUIPMENT INSTALLATION

DRILLING AND PRODUCTION STEPUP SIMILARLY SEQUENCEDOVER TO YEARSYEAR

CONSTRUCTION OF THE FIRST ISLAND TAKESTAKE PLACE IN THE THIRD YEAR FOLLOW

ING THE DECISION TO DEVELOP DRILLING EQUIPMENT IS DELIVERED IN THE THIRD

YEAR SOME PRODUCTIONEQUIPMENT IS ALSO INSTALLED IN THAT YEAR IN THE

FOURTH YEAR FIFTH AND SIXTH YEARSYEAR FOR THE OUTLYING ISLANDSISLAND THE REMAINDER

OF THE PRODUCTIONEQUIPMENTIS INSTALLED AND DRILLING BEGINSBEGIN

DRILLING IS ACCOMPLISHEDBY TWO RIGSRIG PER ISLAND EACH CAPABLE OF

COMPLETING WELL TO 3000 METERSMETER 10000 FEET IN 46 DAYSDAY THUSTHU 16 WELLSWELL

CAN BE COMPLETEDIN YEAR ON EACH ISLAND THE MARINE TRUNKLINE AND ONSHORE

PIPELINESPIPELINE ARE COMPLETED DURING THE FOURTH AND FIFTH YEARSYEAR PRODUCTION

BEGINSBEGIN IN THE SIXTH YEAR FROM WELLSWELL COMPLETEDDURING THE PREVIOUSPREVIOU TWO YEARSYEAR

FROM THE SIXTH YEAR PRODUCTIONSTEPSSTEP UP AT THE RATE OF 16 WELLSWELL PER YEAR

NOMINALLY32000 BARRELSBARREL PER DAY TO PEAK OF 100000 BARRELSBARREL PER DAY WHEN

ALL PRODUCTIONAND GAS INJECTION WELLSWELL ARE COMPLETED DRILLING THEN CON

TINUESTINUE FOR AN ADDITIONAL YEAR UNTIL THE WATER INJECTION WELLSWELL ARE COMPLETED

THE FIELD REACHESREACHE ITS PEAK PRODUCTIONIN THE ELEVENTH YEAR FOLLOWING

DECISION TO DEVELOP PRODUCTION CONTINUESCONTINUE AT PEAK FOR ONE MORE YEAR AT

WHICH TIME 45 PERCENT OF THE RESERVESRESERVE ARE PRODUCEDAND FIELD PRODUCTION

BEGINSBEGIN TO DECLINE EXPONENTIALLY AT RATE OF ABOUT 16 PERCENT PER YEAR
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THE TERMINAL AT POINT BEICHER HAS CAPACITY FOR STORING 10 DAYSDAY

PRODUCTION MILLION BARRELSBARREL IN ADDITION THE TERMINAL SERVESSERVE AS

LOGISTICSLOGISTIC AND SUPPORTFACILITY FOR THE OFFSHORE FACILITIESFACILITIE AN ICEBREAKING

WORKBOAT SERVESSERVE THE LOGISTICAL AND SAFETY NEEDSNEED OF THE OFFSHORE FACILITIESFACILITIE

ONE ICEBREAKING TUG IS ASSIGNED TO SHORE DUTY TO KEEP THE HARBOR OPEN AND

ASSIST IN DOCKINGMANUEVERSMANUEVER WHILE SECOND TUG ACCOMPANIESACCOMPANIE THE ICEBREAKING

TANKERSTANKER THROUGHDIFFICULT ICE CONDITIONSCONDITION BERTHING FACILITIESFACILITIE ARE PROVIDED

FOR TWO 15MILLIONBARREL 200000 DEAD WEIGHT TON TANKERSTANKER SHUTTLING

TO TERMINAL IN THE ALEUTIANSALEUTIAN

THE CLASSCLAS ICEBREAKING SHUTTLE TANKERSTANKER REQUIRE 60 HOURSHOUR TO LOAD AND

UNLOAD CRUDE AND 187 HOURSHOUR OF STEAMING TIME ROUNDTRIP AT 14 KNOTSKNOT THUSTHU

EACH ROUND TRIP TAKESTAKE 103 DAYSDAY ALLOWING CARRYINGCAPACITY FACTOR OF 50

PERCENT FOR SLOW DOWNSDOWN DUE TO ICE SCHEDULED MAINTENANCE AND REPAIRSREPAIR

TANKER ARE ASSUMED TO MEET ABOUT 20DAY TURNAROUND

THE SHUTTLE TANKERSTANKER OFFLOAD AT AN ALEUTIAN ISLAND TRANSSHIPMENTTERMI

NAL IN ADDITION TO PROVIDING 10 DAYSDAY STORAGE MILLION BARRELSBARREL THISTHI

TERMINAL TREATSTREAT TANKER BALLAST STORESSTORE TANKER FUEL AND SERVICESSERVICE THE SHUTTLE

FLEET AT THISTHI TERMINAL BERTHING AND LOADING FACILITIESFACILITIE ARE PROVIDED FOR

CONVENTIONAL VLCC TANKERSTANKER

BECAUSE OF THE UNIQUE REQUIREMENTSREQUIREMENT FOR PIPELINESPIPELINE IN THE BARROW ARCH

PLANNING AREA COSTSCOST FOR EACH PIPE SPREADHAVE BEEN ESTIMATED ON SCENARIO

SPECIFIC BASISBASI BY SFBRAUN THESE COSTSCOST INCLUDE COSTSCOST OF MOBILIZATION AND

DEMOBILIZATION OF LAY BARGESBARGE PIPE AND COATING TRENCHINGAND WHERE NEEDED

BURIAL SHORE APPROACH AND HOOKUPSHOOKUP PIPE SPECIFICATIONSSPECIFICATION AND COSTSCOST ARE

GIVEN IN APPENDIX TABLE B5 FOR EACH SCENARIO

TOTAL CAPITAL INVESTMENT FOR THE GRAVEL ISLAND SYSTEM IS 7458

MILLION 7343 MILLION FOR THE CAISSON ISLAND SYSTEM

AN ADDITIONAL SCENARIO IS IDENTICAL TO SCENARIO IN ALL RESPECTSRESPECT

EXCEPT OIL PRICE WHICH IS ASSUMED TO BE 3415 265 HIGHER THAN SCE

NARIO 3150 PER BARREL
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PIPELINE TO TAPSTAP

SCENARIO IS CONSTRUCTED TO PERMIT COMPARISONOF THE TWO OPTIONSOPTION FOR

TRANSPORTINGCHUKCHI SEA CRUDE TO ITS PRESUMEDWEST COAST DESTINATION THE

FIRST OPTION SHIPMENT BY ICEBREAKING TANKER TO AN ALEUTIAN ISLAND TRANSTRAN

SHIPMENT TERMINAL IS TREATED IN SCENARIO SCENARIO IS IDENTICAL TO

SCENARIO WITH RESPECTTO THE OFFSHORE PRODUCTIONEQUIPMENTAND MARINE AND

ONSHORE PIPELINE THE DIFFERENCE BEGINSBEGIN WITH THE PIPELINE TERMINAL THE

TERMINAL IN SCENARIO SERVESSERVE ONLY AS PIPELINE TERMINAL WITH SOME STORAGE

RATHER THAN PROVIDINGTANKER BERTHSBERTH AND LOADING FACILITIESFACILITIE THE TERMINAL

PUMPSPUMP THE CRUDE INTO PIPELINE TO TAPSTAP THISTHI TERMINAL IS ABOUT 250

MILLION LESSLES COSTLYTHAN THAT REQUIREDUNDER SCENARIO

THE CONNECTINGPIPELINE TO TAPSTAP FOLLOWSFOLLOW ALONG THE NORTHERN BOUNDARYOF

THE BROOKSBROOK RANGE IN GENERALLYEASTERLY DIRECTION FOR APPROXIMATELY500

KILOMETERSKILOMETER 300 MILESMILE INTERSECTING TAPSTAP AT PUMPSTATION THE CONNECTING

PIPELINE IS 26 INCHESINCHE IN DIAMETER AND REQUIRESREQUIRE THREE INTERMEDIATE PUMP

STATIONSSTATION SPACEDROUGHLYEQUALLYOVER ITS LENGTH

THE PIPELINE OBVIATESOBVIATE THE NEED FOR THE ICEBREAKING TANKER FLEET ITS

ATTENDANT SUPPORT VESSELSVESSEL AND THE ALEUTIAN TRANSSHIPMENTTERMINAL THE

COST FOR THE PIPELINE AND ITS PUMP STATIONSSTATION IS 21 BILLION

THE CONSTRUCTION OF THE CONNECTINGPIPELINE WOULD IDEALLY NOT DELAY THE

PRODUCTIONSCHEDULE DESCRIBED UNDER SCENARIO PIPELINE CONSTRUCTION

COULD BE COMPLETED IN TIME FOR PRODUCTIONSTARTUP IN THE SIXTH YEAR

FOLLOWING THE DECISION TO DEVELOP BARRING PERMITTINGDELAYSDELAY ADMITTEDLY

HEROIC ASSUMPTION FOR SUCH MAJOR PROJECT SEE DISCUSSION OF OPTIMISTIC

BIASESBIASE IN SECTION 63

TOTAL COST FOR THE SYSTEM IS 6018 MILLION 1325 MILLION LESSLES THAN

COMPARABLESCENARIO SCENARIO HOWEVER RELIESRELIE ON TAPSTAP AT AN ASSUMED

650 PER BARREL TARIFF TO COMPLETEITS TRANSPORTATIONSYSTEM
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DEEPERWATER OFFSHORE PRODUCTION SYSTEM

SCENARIO PROVIDESPROVIDE DIRECT COMPARISONOF SCENARIO WITH THE DEEPER

WATER FURTHER OFFSHORE CONDITIONSCONDITION MORE TYPICAL OF THE CENTRAL CHUKCHI

SHELF IN SCENARIO DISCOVERY IS ASSUMED IN 37 METERSMETER 120 FEET OF

WATER AT DISTANCE OF 43 KILOMETERSKILOMETER 27 MILESMILE OFFSHORE

RESERVOIR CONDITIONSCONDITION FOR SCENARIOSSCENARIO 3A AND 3B ARE IDENTICAL WITH THOSE

IN SCENARIO THE DIFFERENCE BETWEEN SCENARIOSSCENARIO 3A AND 3B AND SCENARIO IS

THEIR GREATER COST FOR DEEPERWATER PRODUCTIONSYSTEMSSYSTEM AND LONGERPIPELINESPIPELINE

RESERVOIR CONDITIONSCONDITION FOR SCENARIO 3C DIFFER FROM THE ABOVE WITH REGARDTO

BOTH INITIAL PRODUCTIVITYAND RESERVESRESERVE DUE TO INCREASED RESERVIOR THICKNESSTHICKNES

SCENARIO 3C IS ASSUMED TO HAVE AN INITIAL WELL PRODUCTIVITY OF 2500 BARRELSBARREL

PER DAY 25 PERCENTHIGHER THAN ALL OTHER SCENARIOSSCENARIO THE RESERVESRESERVE ARE ALSO

ASSUMED TO BE 25 PERCENT GREATER THUSTHU WITH THE SAME NUMBER OF WELLSWELL

PRODUCTIONTHROUGHPUTWILL BE 25 PERCENTHIGHER

IN SCENARIO TWO DEEPER WATER OFFSHORE PRODUCTION SYSTEMSSYSTEM ARE

COMPARED SCENARIO 3A ASSUMESASSUME CONCRETE MONOCONE PRODUCTIONPLATFORM

SCENARIOSSCENARIO 3B AND 3C ASSUME CAISSONRETAINED GRAVEL ISLANDSISLAND SCENARIO 3C IS

THE SAME AS SCENARIO 3B EXCEPT FOR ITS GREATER PRODUCTIVITY AND THE ATTEN

DANT LARGERSIZING THE TWO SYSTEMSSYSTEM DIFFER WITH REGARDTO INSTALLED COST

THE MONOCONE PLATFORMSPLATFORM BEING 42 PERCENT MORE EXPENSIVE AND WITH REGARDTO

PRODUCTIONSCHEDUL ING

THE CAISSONRETAINED GRAVELISLAND REQUIRESREQUIRE MINIMUM OF TWO OPENWATER

SEASONSSEASON YEARSYEAR TO CONSTRUCT THUSTHU THE PRODUCTIONSCHEDULE FOR SCENARIO

3B IS YEAR BEHIND THAT DESCRIBED FOR SCENARIO WITH PRODUCTIONSTART

UP YEARSYEAR FROM THE DECISION TO DEVELOP BY CONTRAST THE PRODUCTION

SCHEDULE FOR THE NOC SYSTEM IS THE SAME AS THAT OF THE SCENARIO

SHALLOWER WATER GRAVEL ISLAND WITH PRODUCTIONSTARTUP IN YEAR

APART FROM HIGHER OFFSHORE PRODUCTIONSTRUCTURE COSTSCOST DUE TO DEEPER

WATER AND THE PRODUCTIONSCHEDULE DELAY IN SCENARIO 3B SCENARIOSSCENARIO 3A AND

38 MAKE THE SAME TRANSPORTATIONASSUMPTIONSASSUMPTION AS DOESDOE SCENARIO SCENARIO 3C
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DIFFERSDIFFER FROM THESE SCENARIOSSCENARIO IN THAT SLIGHTLY LARGER PIPELINESPIPELINE ARE REQUIRED

AND THE TERMINAL AND TANKER FLEET ARE SIZED FOR THE HIGHER THROUGHPUT

TOTAL CAPITAL INVESTMENTSINVESTMENT REQUIRED FOR SCENARIOSSCENARIO 3A 3B AND 3C ARE

8663 8201 AND 8682 MILLION RESPECTIVELY

APLA CONCEPT

SCENARIO IS DESIGNED TO COMPARE TWO PRODUCTIONCONCEPTSCONCEPT FROM DISCOV

ERIESERIE THAT ARE REMOTE FROM SHORE OFFSHORE LOADINGFROM AN APLA VERSUSVERSU THE

MORE CONVENTIONAL CONCEPT OF PRODUCTION THROUGH PIPELINE TO SHORE

TERMINAL IN BOTH CASESCASE THE FIELDSFIELD ARE ASSUMED TO BE LOCATED 86 KILOMETERSKILOMETER

52 MILESMILE NORTHWEST OF WAINWRIGHTTWICE THE DISTANCE ASSUMED IN SCENARIO

BUT IN THE SAME WATER DEPTHOF 37 METERSMETER 120 FEET

UNDER SCENARIO 4A AN APLA IS CONSTRUCTED IN THE THIRD AND FOURTH YEARSYEAR

FOLLOWING DECISION TO DEVELOP IT COULD TAKE TWICE THISTHI TIME THISTHI

OPTIMISTIC SCHEDULE IS DISCUSSED IN SECTION 63 MONOCONESMONOCONE ARE PLACED
WITHIN 10 KILOMETERSKILOMETER MILESMILE OF THE APLA THESE PLATFORMSPLATFORM PRODUCETHROUGH

12INCH DIAMETER LINESLINE TO THE APLA THE ICEBREAKING SHUTTLE TANKER WOULD

BE LOADED DIRECTLY FROM THE SH STORAGE FACILITIESFACILITIE OBVIATING THE NEED

FOR MARINE NEH AN ONSHORE PIPELINE AND SHORE TERMINAL AT POINT

BELCHER THE PRODUCTIONSCHEDULE WOULD FOLLOW THAT DESCRIBED FOR SCENARIO

3B WITH PRODUCTIONBEGINNING IN YEAR AND PEAKING IN YEAR 12

UNDER SCENARIO 4B OIL IS PRODUCEDFROM THREE MONOCONE PLATFORMSPLATFORM

CENTRAL PLATFORMPRODUCESPRODUCE TO 24INCH PIPELINE TO SHORE FEEDER LINESLINE FROM

TWO PERIPHERALPLATFORMSPLATFORM FEED INTO THE CENTRAL PLATFORM

THE SCHEDULE FOR CONSTRUCTION OF FACILITIESFACILITIE AND PRODUCTIONIS IDENTICAL

WITH THAT DESCRIBED FOR SCENARIO 3A PRODUCTION BEGINSBEGIN IN YEAR AND PEAKSPEAK

IN YEAR 11 NOTE THAT THISTHI IS ONE YEAR SOONER THAN IS THE CASE FOR THE APLA

SCENARIO DUE TO APLASAPLA LONGERCONSTRUCTION TIME
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CAPITAL INVESTMENTSINVESTMENT TOTALING 9827 MILLION ARE REQUIREDUNDER SCENARIO

4A COMPARED WITH 8905 MILLION FOR ITS ALL RNONOCONE COUNTERPART 4B

THUSTHU DESPITE THE LACK OF THE PIPELINESPIPELINE AND ONSHORE TERMINAL THE APLA

SCENARIO IS 10 PERCENTMORE CAPITAL INTENSIVE

SOUTHERN CHUKCHI SMALLER RESERVESRESERVE AND ANOTHER ROUTE

SCENARIO MODELSMODEL CONDITIONSCONDITION THAT MIGHT BE REPRESENTATIVEOF DIS

COVERY IN THE SOUTHERN CHUKCHI SEA IN THE HERALD ARCH FORMATION ACCORDING

TO THE STUDY TEAMSTEAM CONSULTINGGEOLOGISTTOM MARSHALL PERSONALCOMMUNICA

TION JUNE 1982 HERALD ARCH STRUCTURESSTRUCTURE ARE UNLIKELY TO CONTAIN ANY FIELDSFIELD

GREATERTHAN 300 MILLION BARRELSBARREL FOR ANALYTICAL SIMPLICITY FIELD SIZE

OF 333 MILLION BARRELSBARREL IS ASSUMED WHICH CORRESPONDSCORRESPOND TO THE AMOUNT OF

RESERVESRESERVE PRODUCEDFROM SINGLE PLATFORMOR ISLAND IN THE OTHER SCENARIOSSCENARIO

DISCOVERY IS ASSUMED IN LEDYARD BAY 51 KILOMETERSKILOMETER 32 MILESMILE OFF

SHORE OF CAPE SABINE IN 27METER 90FOOT WATER DEPTH PRODUCTION TAKESTAKE

PLACE FROM CAISSONRETAINED GRAVEL ISLAND WHICH IS CONSTRUCTED IN THE

THIRD AND FOURTH YEARSYEAR FOLLOWINGTHE DECISION TO DEVELOP PRODUCTION BEGINSBEGIN

IN THE SEVENTH YEAR AND PEAKSPEAK IN THE TENTH YEAR AT 100000 BARRELSBARREL PER DAY

CAPITAL INVESTMENTSINVESTMENT TOTAL 3477 MILLION IN SCENARIO

THE OIL IS MOVED THROUGH 16INCH DIAMETER MARINE PIPELINE TO NEAR

CAPE SABINE WHERE IT ENTERSENTER 96KILOMETER 60MILE 16INCH DIAMETER

OVERLAND PIPELINE ACROSSACROS THE LISBURNE PENINSULA TO CAPE THOMPSON ONE PUMP

STATION WILL BE REQUIRED ON THE LISBURNE PENINSULA AT CAPE THOMPSON

STORAGE AND LOADING TERMINAL SIMILAR IN DESIGN BUT SMALLER THAN AT POINT

BELCHER LOADSLOAD THE CRUDE INTO ICEBREAKING TANKERSTANKER FOR TRANSPORT TO AN

ALEUTIAN TRANSSHIPMENTTERMINAL

THE CAPITAL REQUIREMENTSREQUIREMENT UNDER SCENARIO IMEDIATELY SUGGEST DISTINCT

DISECONOMIESDISECONOMIE WHEN COMPAREDWITH THE OTHER SCENARIOSSCENARIO ALTHOUGHTHE ASSUMED

RESERVESRESERVE ARE ONLY ONETHIRD OF THE OTHER SCENARIOSSCENARIO CAPITAL REQUIREMENTSREQUIREMENT ARE

3477 MILLION OR ALMOST ONEHALF OF THE REQUIREMENTUNDER SCENARIO
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THISTHI IS DUE TO THE NEED TO SUPPORT TWO TERMINALSTERMINAL AS WELL AS LONG ONSHORE

PIPELINE WITH SMALLER FIELD

63 OF THE ECONOMIC

THE DAMESDAME MOORE EQUIVALENTAMORTIZED COST EAC COMPUTERMODEL ON

THE SCIENTIFIC SOFTWARE GUESSGUES SYSTEM WAS USED TO SIMULATE THE ECONOMIC

RATESRATE OF RETURN FOR EACH OF THE OIL DEVELOPMENTSCENARIOSSCENARIO DESCRIBED IN

SECTION 62 THE RESULTSRESULT OF THESE SIMULATIONSSIMULATION ARE SUMMARIZED IN TABLE 62

THESE RESULTSRESULT PROVIDETHE FOLLOWINGFOR COMPARISON

THE ECONOMICSECONOMIC OF ALTERNATIVE OFFSHORE PRODUCTIONSYSTEMSSYSTEM

THE ECONOMICSECONOMIC OF ALTERNATIVE TRANSPORTATIONSYSTEMSSYSTEM

THE ECONOMICSECONOMIC OF ALTERNATIVE FIELD SIZESSIZE

THE PRICE SENSITIVITY OF THE ANALYSISANALYSI

THESE COMPARISONSCOMPARISON ARE DISCUSSED IN SECTIONSSECTION 631 632 633 AND

634 RESPECTIVELY IN ADDITION THE EAC MODEL PERMITSPERMIT THE AMORTIZED COST

OF CAPITAL TO BE APPORTIONEDAMONG VARIOUSVARIOU FACILITIESFACILITIE REQUIRED THOSE

RESULTSRESULT ARE ANALYZED IN SECTION 64

IN INTERPRETINGTHE RESULTSRESULT THE READER SHOULD BEAR IN MIND THREE

UNDERLYINGASSUMPTIONSASSUMPTION THAT LEND AN OPTIMISTIC BIASBIA TO THE ANALYSISANALYSI ONE

GEOLOGICONE STOCHASTIC AND ONE INSTITUTIONAL IN NATURE

FROM GEOLOGIC STANDPOINT ALL SCENARIOSSCENARIO EXCEPT SCENARIO ASSUME

THAT RESERVESRESERVE OF BILLION BARRELSBARREL OR MORE OCCUR IN SINGLE FIELD OR AT

LEAST WITHIN 20KILOMETER RADIUSRADIU THISTHI IS FAIRLY OPTIMISTIC

GIVEN THAT THERE IS ONLY AN ESTIMATED 17 BILLION BARRELSBARREL IN THE CENTRAL

CHUKCHI SHELF MARSHALL PERSONALCOMMUNICATION 1982 THAT MOST OF

THE RESOURCESRESOURCE SHOULD EXIST IN SINGLE FIELD IS NOT UNLIKELY BUT IT IS BY

NO MEANSMEAN ASSURED IF THE RESOURCESRESOURCE ARE DISTRIBUTED IN SEVERAL WIDELY

SEPARATEDFIELDSFIELD DEVELOPMENTWOULD BE CONSIDERABLYMORE COSTLY
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FROM STOCHASTIC STANDPOINT SEVERAL VARIABLE FACTORSFACTOR ARE ASSUMED AT

THEIR MEAN VALUE THE MOST CRITICAL OF THESE FACTORSFACTOR IS WEATHER 70DAY

OPENWATER SEASON IS ASSUMED BASED ON THE LIMITED HISTORIC RECORD OF THESE

70 DAYSDAY 63 DAYSDAY ARE ASSUMED TO BE WORKINGDAYSDAY THE REMAINING DAYSDAY ARE

ASSUMED TO BE NONWORKING DUE TO WEATHER IN REALITY SHORTER OR LONGER

SEASON IS QUITE POSSIBLE LONGERSEASON IS OF COURSE NO PROBLEM

BUT WITH FEWER WORKING DAYSDAY DURING CRITICAL YEAR SUCH AS THE YEAR OF

MONOCONE INSTALLATION OR GRAVEL ISLAND CONSTRUCTION THE ENTIRE PROJECT
COULD BE SET BACK YEAR THISTHI WOULD HAVE SERIOUSSERIOU CONSEQUENCESCONSEQUENCE ON ECONOMIC

VIABILITY IN SIMILAR VEIN ANY RANDOM OCCURRENCE SUCH AS FAILURE OF

CRITICAL PIECE OF CONSTRUCTION EQUIPMENT EG AS DREDGE COULD ALSO

HAVE SERIOUSSERIOU CONSEQUENCESCONSEQUENCE ALTHOUGHSUCH OCCURRENCESOCCURRENCE ARE NOT UNLIKELY IN

HOSTILE FRONTIER AREA NO ALLOWANCE HAS BEEN MADE FOR THEM IN THE RESULTSRESULT

REPORTEDON TABLE 62

THIRD OPTIMISTIC BIASBIA IS THAT LEGAL OR REGULATORYMATTERSMATTER WILL NOT

MATERIALLY DELAY DEVELOPMENTONCE THE DECISION TO DEVELOPHAS BEEN REACHED

WHILE CAREFUL PLANNING AND CLOSE AGENCY COORDINATION MAKE THISTHI CONDITION

POSSIBLE POLITICAL AND INSTITUTIONAL FACTORSFACTOR MAKE DELAYSDELAY DISTINCT POSSI

BILITY JUDICIAL CHALLENGESCHALLENGE SUCH AS THOSE THAT HELD UP TAPSTAP ARE AN EXAMPLE

SOME OF THE SCENARIOSSCENARIO REQUIRE LONG ONSHORE PIPELINESPIPELINE OF THESE

UNPREDICTABLEDELAYSDELAY HAVE BEEN ASSUMED FOR THISTHI ANALYSISANALYSI

631 COMPARISONOF OFFSHORE

THE RESULTSRESULT OF THE ECONOMIC MODELING INDICATE THAT NO SINGLE OFFSHORE

PRODUCTION SYSTEM IS CLEARLY MORE COST EFFECTIVE UNDER ALL CONDITIONSCONDITION

RATHER THE COMPARATIVEADVANTAGEOF ALTERNATIVE SYSTEMSSYSTEM DEPENDSDEPEND PRIMARILY

UPON WATER DEPTH AND TO LESSER EXTENT UPON DISTANCE FROM SHORE

COMPARING CAI SSONRETAI NED GRAVEL SL ANDSAND WITH CONVENTIONAL GRAVEL

ISLANDSISLAND SEE SCENARIOSSCENARIO AND LB ON TABLE 62 THE CAISSONRETAINED GRAVEL

ISLAND APPEARSAPPEAR TO HAVE SLIGHT COST ADVANTAGEAT THE 15METER 50FOOT

WATER DEPTH UNDER IDENTICAL CONDITIONSCONDITION AND PRODUCTION SCHEDULESSCHEDULE THE

CAISSONRETAINED CONCEPT FOR THE REQUIRED THREE ISLANDSISLAND COSTSCOST 115 MILLION
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LESSLES THISTHI RESULTSRESULT IN AN EQUIVALENTAMORTIZED COST EAC OF 021 PER

BARREL LOWER AND RATE OF RETURN 02 PERCENT HIGHER FOR PRODUCTIONFROM THE

CAISSON SYSTEM THISTHI DIFFERENCE HOWEVER IS WITHIN THE RANGE OF ESTIMATION

ERROR CONSIDERING THE GREATER WEATHER VULNERABILITY OF THE CONVENTIONAL

GRAVEL ISLAND WHICH HAS HIGHER DREDGINGAND FILLING REQUIREMENTSREQUIREMENT PERHAPSPERHAP

THE CAISSONRETAINED CONCEPT WILL ULTIMATELY PROVE EVEN MORE COST EFFECTIVE

SITESPECIFIC PRECISION WOULD BE REQUIREDTO DETERMINE WHICH SYSTEM IS

SUPERIOR

AT GREATERWATER DEPTHSDEPTH SUCH AS 37 METERSMETER 120 FEET SEE SCENARIOSSCENARIO 3A

AND 3B ON TABLE 62 THE CHOICE IS BETWEEN CAISSONRETAINED GRAVEL ISLANDSISLAND

AND CONCRETE MONOCONE PLATFORMSPLATFORM THE CONVENTIONAL GRAVEL ISLAND CONCEPT

IS NOT AS COMPETITIVE AT THESE DEPTHSDEPTH BECAUSE OF THE MASSIVE FILL VOLUMESVOLUME

REQUIRED

AT THISTHI GREATERDEPTH THE CAISSON SYSTEM HAS THE APPARENTCOST ADVAN

TAGE OVER CONCRETE MONOCONESMONOCONE DESPITE THE ADDITIONAL YEAR TO BRING SUCH

SYSTEM INTO PRODUCTION THE CAISSONRETAINED ISLAND SHOWED 05 PERCENT

HIGHER RATE OF RETURN AND ABOUT DOLLAR PER BARREL COST ADVANTAGEOVER THE

MONOCONE AGAIN HOWEVER THE DIFFERENCE BETWEEN THE TWO SYSTEMSSYSTEM IS SMALL

AND COULD BE OFFSET BY RISK CONSIDERATIONSCONSIDERATION THE MONOCONE WOULD BE BUILT IN

AN ICEFREE PROTECTEDHARBOR AND TOWED TO THE SITE FOR ENPLACEMENT WHILE

THE CAISSONRETAINED ISLAND WOULD BE PREFABRICATED OFFSITE TOWED AND

ASSEMBLED ONSITE AND THUSTHU BE MORE SUBJECT TO ENVIRONMENTAL CONDITIONSCONDITION AT

THE 37METER 120FOOT DEPTH THE CAISSON ISLAND WOULD TAKE TWO SEASONSSEASON TO

CONSTRUCT SOME WAVE DAMAGECAN BE EXPECTEDBETWEEN THE FIRST AND SECOND

YEARSYEAR IF THISTHI DAMAGE WERE EXTENSIVE ENOUGH OR IF THE WEATHER OR ICE

CONDITIONSCONDITION WERE UNUSUALLYPOOR IN EITHER YEAR THE PROJECT COULD BE SET BACK

AN ADDITIONAL YEAR WHICH WOULD WIPE OUT THE ADVANTAGE OF THE CAISSON

SYSTEM OF COURSE CONSTRUCTION PROJECT OF THE MAGNITUDEOF THE MONOCONE

FABRICATION AND TOWOUT IS ALSO SUBJECTTO VARIETY OF DELAYSDELAY

COMPARING THE CAISSONRETAINED CONCEPTSCONCEPT AT DIFFERENT WATER DEPTHSDEPTH

SCENARIOSSCENARIO AND 3B WE NOTE THAT THE REAL AFTERTAX RATE OF RETURN ROR

DECLINESDECLINE FROM 100 TO 82 PERCENT DUE PRIMARILY TO THE GREATER COST OF

DEEPER ISLANDSISLAND SINCE GREATER WATER DEPTHSDEPTH OCCUR FURTHER OFFSHORE PART OF
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THISTHI DIFFERENCE IS DUE TO THE GREATER COST OF MARINE PIPELINESPIPELINE TO SHORE

THE PIPELINE HOWEVER ACCOUNTSACCOUNT FOR ONLY 13 PERCENT OF THE 854 MILLION

DIFFERENCE IN CAPITAL INVESTMENT BETWEEN THE TWO CAISSON SCENARIOSSCENARIO THE

MAJOR DIFFERENCE SHOWN ON TABLE IS THE 630 MILLION ADDITIONAL COST

FOR PLATFORMSPLATFORM

FOR DEEPER WATER DISCOVERIESDISCOVERIE FURTHER OFFSHORE IE 84 KILOMETERSKILOMETER

MILESMILE OFFSHORE VERSUSVERSU THE 42 KILOMETERSKILOMETER MILESMILE ASSUMED IN SCENARIO

THE TWO OFFSHORE PRODUCTIONSYSTEMSSYSTEM COMPAREDWERE MONOCONESMONOCONE WITH PIPELINE TO

SHORE TERMINAL SCENARIO 4B AND SH SCENARIO 4A HERE CHOICE SEEMSSEEM

TO STRONGLY FAVOR THE MONOCONE SYSTEM AT REAL AFTERTAX ROR OF 74

PERCENT VERSUSVERSU THE 59 PERCENT ROR FOR THE APLA APLASAPLA ARE MUCH MORE

CAPITAL INTENSIVE AT AN ESTIMATED COST OF 30 BILLION COMPAREDWITH 18

BILLION FOR MONOCONESMONOCONE PLUSPLU THE REQUIRED PIPELINE AND SHORE TERMINAL THE

COST DIFFERENCE IS FURTHER INCREASED BY THE ADDITIONAL YEAR THAT IT WOULD

TAKE TO BRING THE APLA SYSTEM INTO PRODUCTION EVEN WITH OUR VERY OPTI

MISTIC APLA CONSTRUCTION SCHEDULE ONLY ONE MORE YEAR IT COULD BE OR

YEARSYEAR THISTHI CONCEPT DOESDOE NOT LOOK ECONOMICALLYATTRACTIVE

THE ECONOMIC DISADVANTAGEOF THE APLA SYSTEM IS FURTHER EXAGGERATEDBY

ITS DEPENDENCEON FAVORABLE CONDITIONSCONDITION DURING CONSTRUCTION AND ITS FILL

SOURCE REQUIREMENTSREQUIREMENT THE APLA COST ESTIMATE PRESUMESPRESUME THAT ADEQUATEFILL IS

AVAILABLE FROM NEARSITE BOTTOM SEDIMENTSSEDIMENT IF HAUL DISTANCESDISTANCE WERE GREAT

BOTH THE CONSTRUCTION COST AND PRODUCTIONSCHEDULE WOULD SUFFER

632 COMPARISONOF ALTERNATIVE TRANSPORTATION

TRANSPORTINGBARROW ARCH AREA OIL PRODUCTIONTO MARKET VIA ICEBREAKING

TANKERSTANKER IS COSTLY ENDEAVOR ACCORDING TO OUR ANALYSISANALYSI CONNECTING

PIPELINE TO TAPSTAP APPEARSAPPEAR TO BE COMPETITIVE WITH TANKER TRANSPORTATION

DESPITE THE HIGH COST OF THE CONNECTINGPIPELINE AND THE ESTIMATED 650 PER

BARREL TARIFF FOR TAPSTAP

ALTHOUGH ANY OF THE OFFSHORE PRODUCTION SYSTEMSSYSTEM EXCEPT OFFSHORE

LOADING FROM AN APLA IS COMPATIBLE WITH DELIVERY TO TAPSTAP FOR COMPARISON
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PURPOSESPURPOSE WE HAVE MODELED SCENARIO USING THE NEARSHORE CAISSONRETAINED

GRAVELISLAND SYSTEMOF SCENARIO THE TAPSTAP SCENARIO PRODUCESPRODUCE REAL

AFTERTAX ROR OF 97 PERCENT VERSUSVERSU 100 PERCENTROR IN SCENARIO THISTHI

DIFFERENCE IS SMALL COMPARED AT THE LEVEL OF PRECISION OF OUR COST ESTI

MATESMATE

COMPARISONOF THE EAC COST PER BARREL BETWEEN SCENARIOSSCENARIO AND

IS MISLEADING DUE TO THE DIFFERENCESDIFFERENCE IN THE VALUE OF THE CRUDE AT THE

BOUNDARYOF ANALYSISANALYSI WHEREASWHEREA CRUDE TANKERED TO THE ALEUTIANSALEUTIAN HAS VALUE

OF 3150 PER BARREL THE VALUE AT PUMP STATION OF TAPSTAP IS 2600 PER

BARREL HENCE THE SIMILARITY BETWEEN THE RATESRATE OF RETURN UNDER THE TWO

SCENARIOSSCENARIO EACH OF THESE BOUNDARYPRICESPRICE NETSNET BACK FROM 3400 PER BARREL

OIL LAIDIN TO THE WEST COAST ALTERNATIVE OFFSHORE PRODUCTIONSYSTEMSSYSTEM WERE

NOT MODELED BUT SINCE OFFSHORE COST DIFFERENCESDIFFERENCE WILL AFFECT TAPSTAP AND TANKER

SCENARIOSSCENARIO EQUALLY THE CLOSE ECONOMIC COMPARABILITY WOULD BE UNAFFECTED

633 COMPARISONOF ALTERNATIVE FIELD

ALTHOUGH THREE DIFFERENT FIELD SIZESSIZE 333 1000 AND 1250 MILLION

BARRELSBARREL WERE ANALYZED ONLY TWO OF THREE SCENARIOSSCENARIO ARE DIRECTLY COMPARABLE
UNDER SCENARIO 3B THREE CAISSONRETAINED GRAVELPLATFORMSPLATFORM PRODUCE BILLION

BARRELSBARREL WHILE THE LARGERRESERVESRESERVE AND HIGHERINITIAL PRODUCTIVITYALLOW

SCENARIO 3C TO PRODUCE25 PERCENT MORE OIL IN THE SAME TIME PERIOD AT ONLY

PERCENT GREATER CAPITAL INVESTMENT THE HIGHER INVESTMENT IS DUE

ENTIRELY TO HIGHER CAPACITY PIPELINE TERMINAL AND TANKER REQUIREMENTSREQUIREMENT IT

IS SIGNIFICANT THAT WHILE THE REAL AFTERTAX ROR IMPROVESIMPROVE FROM 77 TO 102

PERCENT WITH THE GREATER RESERVESRESERVE EVEN THISTHI GIANT FIELD DOESDOE NOT REACH THE

PRESUMED 12 PERCENT HURDLE RATE NECESSARY TO INDUCE DEVELOPMENTOF RISKY
FRONTIER PROSPECT EXTRAPOLATINGTHISTHI RESULT THE ESTIMATED MINIMUM FIELD

SIZE TO REACH THE HURDLE ROR WOULD BE ROUGHLY14 TO 15 BILLION BARRELSBARREL
PRODUCINGAT PROPORTIONATELYHIGHER PEAK THAN THE ASSUMED 2500 BARRELSBARREL PER

DAY PER WELL ASSUMED FOR THE 125 BILLION BARREL FIELD

GIVEN MINIMUM ECONOMIC FIELD SIZE IN THE 15 BILLION BARREL RANGE IT

IS NOT SURPRISING THAT THE 333 MILLION BARREL FIELD MODELED IN SCENARIO IS
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GROSSLY UNECONOMIC WITH AN AFTERTAX ROR OF 21 PERCENT THE SCENARIO

SUFFERSSUFFER FROM THE NEED TO TRANSPORTTHE CRUDE ACROSSACROS THE LISBURNE PENINSULA
TO SUITABLE TERMINAL OR TANKER LOADINGSITE BUT EVEN IF SUITABLE

FACILITY COULD BE CONSTRUCTED AT THE LANDFALL AT CAPE SABINE IT IS HIGHLY
UNLIKELY THAT THISTHI AREA CAN BE DEVELOPEDUNLESSUNLES MUCH LARGERFIELDSFIELD ARE

DISCOVERED OR OIL PRICESPRICE RISE MARKEDLY

634 SENSITIVITY OF THE

THE SHALLOW WATER NEARSHORE CAISSONRETAINED SYSTEM IN SCENARIO WAS

MODELED WITH BOTH 3150 AND 3415 OIL PRICESPRICE ASSUMED THE HIGHER PRICE
ASSUMESASSUME 15 PERCENT REAL GROWTHIN OIL PRICESPRICE BY 1992 ON THE WEST COAST

COMPAREDTO 2950 DURINGJULY 1982 THISTHI IS SHOWN AS SCENARIO ON TABLE

62

THISTHI INCREASE IN OIL PRICE RESULTSRESULT IN AN 113 PERCENT RORSTILL

MARGINALLY UNECONOMIC THISTHI SCENARIO DOESDOE INDICATE HOWEVER THAT REAL

OIL PRICESPRICE MUST BE IN THE 3500 RANGE F0B THE ALEUTIANSALEUTIAN TO JUSTIFY
DEVELOPMENTGIVEN THE ASSUMPTIONSASSUMPTION OF THE ANALYSISANALYSI

64 AMORTIZED COSTSCOST OF OIL

THE GUESSGUES SYSTEM AS MODIFIED BY DAMESDAME MOORESMOORE EQUIVALENT AMORTIZED

COST EAC MODEL IS CAPABLE OF DISAGGREGATINGTHE DISTINCT COMPONENTSCOMPONENT OF

CAPITAL INVESTMENT IN FACILITIESFACILITIE ON PER BARREL DISCOUNTED AFTERTAX

BASISBASI ALTHOUGHTHISTHI INFORMATION IS AVAILABLE FOR EACH RUN DISPLAY OF THE

EAC DISAGGREGATEDCOST IS CONFINED TO SELECTED CASESCASE SHOWN ON TABLE 63

DEVELOPMENTCOSTSCOST SHOWN ON TABLE 63 RANGE FROM 2729 TO 4190 PER

BARREL THESE DEVELOPMENTCOSTSCOST ARE THE TOTAL OF CAPITAL CHARGE GENERAL
AND ADMINISTRATIVE EXPENSESEXPENSE OPERATINGCOST ROYALTIESROYALTIE AND FEDERAL TAXESTAXE

CAPITAL CHARGEINTEREST AT 12 PERCENT REAL PLUSPLU CAPITAL RECOVERYIS BY
FAR THE LARGEST DEVELOPMENTCOST COMPONENT CAPITAL CHARGEIS LOWEST FOR

SCENARIO SINCE THE USE OF TAPSTAP SUBSTITUTESSUBSTITUTE FOR THE CAPITAL EXPENDITURESEXPENDITURE
FOR THE SHUTTLE TANKER FLEET PLUSPLU THE TRANSSHIPMENTTERMINAL THE TAPSTAP

TARIFF BRINGSBRING THE LAIDIN WEST COAST COST UNDER THISTHI SCENARIO INTO THE
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TABLE 63

AMORTIZED COSTSCOST OF SELECTED BARROW ARCH AREA OIL DEVELOPMENT

SCENARIOSSCENARIO PER BARREL 1982
3A 3B 3C 4A

37M

15M PIPELINE MH 37M MONOCONE
TO UH UH HI APLA

FIELD SIZE NM 1000 1000 1000 1250 1000 330

PRESENT BARREL EQUIVALENT 1982 282 282 282 253 355 253 90

CAPITAL CHARGE 1869 1563 2229 2128 1921 2687 2914

COST OF CAPITAL 12 REAL 1295 1042 1416 1355 1265 1736 1692

OPERATING COST 540 430 556 556 460 531 892

GENERALADMINISTRATIV EXPENSESEXPENSE 113 087 121 137 098 130 229

ROYALTY 1667 525 433 525 525 525 525 525

FEDERAL TAXESTAXE 222 176 084 115 253 3701
NET OF TAX CREDITSCREDIT

UB DEVELOPMENTCOSTSCOST 3269 2729 3514 3461 3256 3818 4190

TRANSPORTTO WEST COAST 265 165 265 265 265 265 265

TAPSTAP TARIFF 00 650 00 00 00 00 00

TOTAL LAIDIN COST 3534 3544 3779 3726 3521 4153 4454

OF CAPITAL

OFFSHORE PRODUCTION 683 683 992 876 792 1746 857

PIPELINESPIPELINE MARINE 033 033 060 061 057 023 155

PIPELINESPIPELINE ONSHORE 032 605 026 027 021 000 323

TERMINALSTERMINAL 630 203 631 642 565 396 1014

SHIPSSHIP 491 039 520 522 486 522 565

TOTAL 1869 1563 2229 2128 1921 2687 2914

SOURCE DAMESDAME MOORE

THE NEGATIVE FEDERAL TAX INDICATESINDICATE THE DISCOUNTED EAC VALUE OF THE TAX SHELTER PROVIDED BY THISTHI

UNPROFITABLE DEVELOPMENT
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SAME 0H PER BARREL RANGE TYPICAL OF ALL OTHER SCENARIOSSCENARIO WITH THE

EXCEPTIONOF SCENARIOSSCENARIO 4A AND

THE LATTER TWO SCENARIOSSCENARIO RESULT IN LAIDIN COSTSCOST IN THE 40PLUS40PLU PER

BARREL RANGE THESE HIGH COST SCENARIOSSCENARIO REFLECT THEIR VERY HIGH EAC CAPITAL

CHARGESCHARGE SCENARIO 4A THE HIGH CAPITAL CHARGEREFLECTSREFLECT THE HUGEINVEST

MENT COST FOR THE APLA SYSTEM THE 1732 PER BARREL SHARE OF CAPITAL

CHARGESCHARGE FOR THE OFFSHORE PRODUCTIONSYSTEM IS TO 10 PER BARREL HIGHER

THAN THE OTHER SCENARIOSSCENARIO SHOWN ON TABLE 63 FOR SCENARIO THE HIGH COST

IS DUE PRIMARILY TO THE HIGH COST OF TERMINALSTERMINAL SINCE THE TERMINAL OFFERSOFFER

SIGNIFICANT DISECONOMIESDISECONOMIE OF SCALE AT THE LOWER THROUGHPUT ASSUMED FOR

THAT CASE

OPERATING COSTSCOST AND GENERAL AND ADMINISTRATIVE EXPENSESEXPENSE ARE SIGNIFI

CANTLY LOWER FOR THE TAPSTAP SCENARIO BECAUSE OF THE ABSENCE OF THE SHUTTLE

TANKER FLEET AND FOR SCENARIO 3C BECAUSE OF ITS HIGHER UTILIZATION OF

OFFSHORE FACILITIESFACILITIE AND TERMINALSTERMINAL SCENARIO HAS HIGH OPERATINGCOST PER

BARREL AGAIN DUE TO DISECONOMIESDISECONOMIE OF LOWER THROUGHPUT

FEDERAL TAXESTAXE VARY AS FUNCTION OF THE PROFITABILITY OF THE SCENARIO

SCENARIOSSCENARIO 4A AND HAVE NEGATIVE FEDERAL TAXESTAXE WHEN EXPENSEDAGAINST OTHER

OPERATIONSOPERATION BECAUSE OF THEIR LOW RATESRATE OF RETURN THE ROYALTY WHICH IS

CALCULATED AT 1667 PERCENT OF REVENUE RESERVESRESERVE IS UNIFORMLY 525 PER

BARREL EXCEPT FOR SCENARIO UNDER THAT SCENARIO THE LOWER VALUE OF THE

CRUDE AT THE TAPSTAP TERMINAL IS REFLECTED IN LOWER ROYALTIESROYALTIE

65 REGARDINGTHE ECONOMIC VIABILITY
OF DEVELOPING ARCH AREA

ASSUMING THE FACILITIESFACILITIE COST ESTIMATESESTIMATE USED IN THISTHI STUDY ARE REASON

ABLE CHUKCHI SEA OIL DEVELOPMENT APPEARSAPPEAR TO BE UNECONOMIC AT CURRENT

PRICESPRICE HOWEVER SHOULD ANY OF SEVERAL CONDITIONSCONDITION DIFFER FROM THOSE MOD

ELED DEVELOPMENTCOULD BECOME ECONOMIC THESE CRITICAL CONDITIONSCONDITION INCLUDE
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RISE IN REAL OIL PRICE

DISCOVERY OF FIELDSFIELD WITH RESERVESRESERVE LARGER THAN ONE BILLION BARRELSBARREL

COST REDUCINGIMPROVEMENTSIMPROVEMENT TO DEVELOPMENTTECHNOLOGIESTECHNOLOGIE

RISE IN REAL OIL PRICESPRICE WOULD OBVIOUSLYIMPROVE THE DEVELOPMENTPROSPRO

PECTSPECT FOR BARROW ARCH AREA OIL HOWEVER THE PRICE RISE WOULD HAVE TO

EXCEED THE DIFFERENCE BETWEEN THE COMPUTEDEQUIVALENT AMORTIZED COST SEE

TABLE 62 AND 3150 DUE TO THE BUFFERING EFFECT OF TAXESTAXE AND ROYALTIESROYALTIE

FOR EXAMPLE SCENARIO SHOWSSHOW AN AFTERTAX ROR OF 10 PERCENTAND AN

EAC COST OF 3269 HOWEVER SIMPLY RAISING THE RECEIVED PRICE 119 PER

BARREL FROM THE ASSUMED 3150 ALL OTHER FACTORSFACTOR HELD CONSTANT WOULD NOT

RESULT IN ROR OF 12 PERCENT THE ASSUMED HURDLE RATE RATHER ROYALTIESROYALTIE

WOULD RISE BY 1667 PERCENTAND FEDERAL TAXESTAXE WOULD CONSUME ABOUT 46 PERCENT

OF THE REMAINING REVENUE DIFFERENCE THUSTHU THE EAC PRICE WOULD RISE ABOVE

3269 PER BARREL AND STILL EXCEED REVENUESREVENUE SCENARIO ILLUSTRATESILLUSTRATE THAT

RAISING THE OIL PRICE TO 3415 ALSO RAISED THE EAC TO 3424 FOR REVENUESREVENUE

TO EQUAL COSTSCOST THUSTHU ACHIEVING THE 12 PERCENT HURDLE RATE THE OIL PRICE

MUST RISE ABOUT 400

THE MINIMUM FIELD SIZE NECESSARY FOR ECONOMIC DEVELOPMENT IN THE

CHUKCHI SEA DEPENDSDEPEND SIGNIFICANTLY ON WATER DEPTH AND TO LESSER EXTENT ON

DISTANCE TO THE SHORE TERMINAL AS NOTED IN SECTION 633 AT 37METER

120FOOT WATER DEPTH THE MINIMUM FIELD SIZE IS ABOUT 14 TO 15 BILLION

BARRELSBARREL AT SHALLOWER WATER DEPTHSDEPTH NEARER TO SHORE EG SCENARIO THE

MINIMUM FIELD SIZE WOULD BE ONLY SLIGHTLY LARGERTHAN THE BILLION BARREL

FIELD ASSUMED CURRENT KNOWLEDGEOF THE RESOURCESRESOURCE IN THE SOUTHERN AREA OF

THE CHUKCHI SEA SUGGESTSSUGGEST THAT AREA WILL NOT BE ECONOMIC TO DEVELOP UNDER

CURRENT PRICESPRICE AND TECHNOLOGIESTECHNOLOGIE UNLESSUNLES RESOURCE ESTIMATESESTIMATE ARE TOO LOW

THE CAISSONRETAINED GRAVEL ISLANDSISLAND AND MONOCONE STRUCTURESSTRUCTURE APPEAR TO

BE THE MOST ADVANTAGEOUSADVANTAGEOU OFFSHORE PRODUCTIONSYSTEMSSYSTEM FOR THE CHUKCHI SEA

UNRETAINED GRAVEL ISLANDSISLAND ARE MORE SUITABLE FOR THE SHALLOWER WATER DEPTHSDEPTH
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LESSLES THAN 15 METERSMETER FEET THERE ARE FEW AREASAREA WITHIN THE FEDERAL

LEASE SALE WITH WATER THISTHI SHALLOW

THE APLA SYSTEM IN OUR SCENARIO IS DECIDEDLY SQ1SQ

TECHNOLOGYMORE COSTEFFECTIVE THAN THE APLA SYSTEM WILL HAVE TO BE UTI

LIZED CONCEPTSCONCEPT WITH FEATURESFEATURE SIMILAR TO THE APLA ARE IN PRINCIPLE STILL

FAVORABLE FOR THE BARROW ARCH PLANNING AREA MUCH OF THISTHI AREA IS AT

ABOUT THE SAME 37METER 120FOOT WATER DEPTH SO THISTHI TYPE OF CONCEPT
DOESDOE NOT BECOME UNREALISTIC FAR OFFSHORE DUE TO STEEPLY INCREASING DEPTHSDEPTH

ALTHOUGHICE IMPACTSIMPACT INCREASE GREATLY SINCE THE COASTLINE IS NOT FAVOR

ABLE FOR ONSHORE MARINE TERMINAL SITESSITE SOME MANNER OF OFFSHORE PRODUCTION

WITHLOADING CONCEPTWOULD STILL BE ATTRACTIVE ESPECIALLY IN VIEW OF THE

VERY HIGH COST FOR MARINE PIPELINESPIPELINE AND UNDER ARCTIC CONDITIONSCONDITION

THE APLA CONCEPT MIGHT PROVE ECONOMICALLYVIABLE IN SHALLOWER SITESSITE IT WILL

BE INTERESTING TO FOLLOW ANY APPLICATION OF THE APLA CONCEPTIN THE CANADIAN

BEAUFORT SEA

66 OF BARROW ARCH AREA GAS

661 DEVELOPMENT

SHOULD GAS BE FOUND IN THE BARROW ARCH PLANNING AREA THERE ARE TWO

PRIMARY FACTORSFACTOR TO BE CONSIDERED TO ASSESSASSES ITS COMMERCIAL DEVELOPMENT

FIRST HOW CAN THE GAS BEST BE MADE AVAILABLE TO THE MARKETPLACE THE

TRANSPORTATIONOPTIONSOPTION INCLUDE PIPELINE LIQUEFIED NATURAL GAS LNG OR

CONVERSION TO METHANOL OR FERTILIZER SECOND IS THE GAS ASSOCIATED WITH

OIL OR IS IT IN LARGEGAS FIELDSFIELD NONASSOCIATED

ADDRESSING THE FIRST ISSUE THE PIPELINE METHANOL AND FERTILIZER

OPTIONSOPTION DO NOT SEEM FEASIBLE EVEN IF THE CHUKCHI SEA RESERVESRESERVE WERE MUCH

THE READER MUST KEEP IN MIND THE INTERACTION OF ASSUMPTIONSASSUMPTION REGARDING
GEOLOGY ENGINEERING PRICESPRICE AND COSTSCOST THAT DRIVE COMPLEXANALYSISANALYSI
ANY CONCLUSION REGARDING WHAT IS ECONOMIC IS ONLY VALID FOR THE

ASSUMPTIONSASSUMPTION USED IN THE ANALYSISANALYSI
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GREATER THAN ESTIMATED THEY WOULD NOT SUPPORT GAS PIPELINE PROJECT TO

THE LOWER 48 AND THE QUESTION OF WHERE THAT MARKET WOULD BE IS ALSO

BLEMATICAL EVEN THE SUBSTANTIALLYGREATERPROVEN GAS RESERVESRESERVE OF PRUDHOE

BAY HAVE NOT YET BEEN ABLE TO SUPPORT GAS PIPELINE THE METHANOL ANDOR

FERTILIZER CONVERSIONTRANSPORTOPTIONSOPTION WERE ALSO EXAMINED THISTHI YEAR FOR

PRUDHOE BAY GAS AND WERE FOUND TO BE UNATTRACTIVE ICE INC 1982

GIVEN THAT ARCTIC TRANSPORTTO MARKET WOULD BE MORE FEASIBLE BY CONVER

SION TO LNG WE PERFORMEDOUR ANALYSISANALYSI FOR LARGE CENTRALIZED NONASSO

CIATED GAS FIELD AS DISCUSSED IN THE FOLLOWINGTWO SECTIONSSECTION 662 AND

663 THISTHI CASE ALLOWSALLOW FOR MAXIMUM ECONOMIESECONOMIE OF SCALE WITH RESPECTTO BOTH

THE PRODUCTIONAND LNG TRANSPORTATIONSYSTEMSSYSTEM BASED ON THESE RESULTSRESULT WE

HAVE MADE CORRELATIVE CONCLUSIONSCONCLUSION REGARDINGTHE ECONOMIESECONOMIE OF PRODUCTIONOF

GAS ASSOCIATED WITH OIL GIVEN IN SECTION 664

662 OF NONASSOCIATED GAS SCENARIOSSCENARIO

BASED ON DAMESDAME MOORESMOORE TECHNOLOGY ASSESSMENTSASSESSMENT OF BERING SEA GAS

RESERVESRESERVE AND THE DOUBTFUL COMMERCIALITY OF THE VAST PRUDHOE BAY GAS RE

SERVESSERVE WE DID NOT ANTICIPATE THAT CHUKCHI SEA GAS RESOURCESRESOURCE WOULD BE

ECONOMIC IN ORDER TO TEST THISTHI HYPOTHESISHYPOTHESI THE CHUKCHI SEA NONASSOCIATED

GAS DEVELOPMENT SCENARIO ASSUMPTIONSASSUMPTION WERE SELECTED TO REFLECT THE MOST

FAVORABLE CONDITIONSCONDITION THAT COULD REASONABLYOBTAIN IN THE AREA THESE

CONDITIONSCONDITION UDE

RECOVERABLE RESERVESRESERVE TOTAL OF FIELDSFIELD 45 TCF

RECOVERABLE RESERVESRESERVE PER OFFSHORE 15 TCF

PRODUCTIONUNIT

NUMBER OF PRODUCTIONUNITSUNIT PER FIELD

OFFSHORE PRODUCTIONTECHNOLOGY CAISSONRETAINED

GRAVELISLAND

WATER DEPTH 37 METERSMETER

RESERVOIR TARGET DEPTH 3000 METERSMETER

10000 FEET
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RECOVERABLE RESERVESRESERVE PER ACRE 200 MMCF

INITIAL PRODUCTIVITYPER WELL 15 MMCFD

AMOUNT OF RECOVERY BEFORE DECLINE 65 PERCENT

PRODUCTION EFFICIENCY 96 PERCENT

LAIDIN PRICE REGASSIFIED 675 CIF

POINT CONCEPTION

TIMING OF FACILITIESFACILITIE INSTALLATION CAPITAL EXPENDITURESEXPENDITURE AND PRODUCTION

TIMING ASSUMPTIONSASSUMPTION ARE IDENTICAL TO THOSE USED IN OIL DEVELOPMENTSCENARIO

3A HOWEVER CONSISTENT WITH OUR DISCUSSIONSDISCUSSION OF PETROLEUMGEOLOGYAPPENDIX

THESE GAS FIELDSFIELD ARE MOST LIKELY TO BE LOCATED IN THE SOUTHERN PORTION

OF THE LEASE SALE AREA IN LEDYARDBAY

TWO MONOCONE PLATFORMSPLATFORM PRODUCETO THIRD MONOCONE OFFSHORE OF WAIN

WRIGHT ALTOGETHERTHESE FIELDSFIELD HAVE THE ENTIRE MEAN NONASSOCIATED GAS

RESOURCESRESOURCE ESTIMATED TO BE PRESENT IN THE CENTRAL CHUKCHI SHELF 45

TRILLION CUBIC FEET

THE PRODUCTIONIS PIPED TO LANDFALL NEAR CAPE NEH IN 36INCH

DIAMETER LINE THEN THROUGHAN OVERLAND PIPELINE FOR 100 KILOMETERSKILOMETER 60

MILESMILE ACROSSACROS THE LISBURNE PENINSULA TO CAPE THOMPSONLNG TERMINAL HERE

THE GAS IS LIQUEFIED AND LOADED ONTO ICEBREAKING LNG TANKERSTANKER FOR SHIPMENT

DIRECTLY TO HYPOTHETICAL POINT CONCEPTION CALIFORNIA REGASSIFICATION

PLANT

THE TANKER FLEET CONSISTSCONSIST OF VESSELSVESSEL RATED ICE CLASSCLAS EACH WITH

CAPACITY OF 140000 CUBIC METERSMETER BILLION CUBIC FEET THE DISTANCE FROM

CAPE THOMPSON TO SOUTHERN CALIFORNIA IS ABOUT 6000 KILOMETERSKILOMETER 3300

NAUTICAL MILESMILE AT SPEEDOF 16 KNOTSKNOT AND ALLOWING60 HOURSHOUR LOADING AND

UNLOADING THE ROUND TRIP WILL TAKE ABOUT 20 DAYSDAY

ASSUMING 75 PERCENTTANKER CAPACITY FACTOR FOR MAINTENANCE REPAIRSREPAIR

AND SLOWDOWNSSLOWDOWN DUE TO WEATHER 273 DAYSDAY ARE ACTUALLY ALLOWED IN THE ANALY

SIS THISTHI CAPACITY FACTOR IS ONEANDONEHALF THAT ASSUMED FOR THE OIL
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TANKERSTANKER SINCE SO MUCH OF THE DISTANCE IS IN ICEFREE WATERSWATER ICE SLOW

DOWNSDOWN ARE NOT AS SIGNIFICANT

TWO GAS DEVELOPMENTSCENARIOSSCENARIO WERE MODELED EACH WITH DIFFERENT

RECOVERY RATE SCENARIO 6A ASSUMESASSUME THAT 51 WELLSWELL ON THREE ISLANDSISLAND PRODUCE
740 MILLION CUBIC FEET PER DAY AT PEAK THISTHI AMOUNTSAMOUNT TO PERCENT OF RE

SERVESSERVE PRODUCEDDURING PEAK YEAR FOR 22YEAR RECOVERY PERIOD SCENARIO
6B ASSUMESASSUME 990 MILLION CUBIC FEET PER DAY PEAK PRODUCTIONRESULTING IN

PERCENT OF RESERVESRESERVE BEING PRODUCEDDURING PEAK YEAR THISTHI RESULTSRESULT IN

15YEAR PRODUCTIONPERIOD WHICH IS VERY SHORT BY INDUSTRY STANDARDSSTANDARD BUT AS

OUR RESULTSRESULT INDICATE PRODUCESPRODUCE MARKEDLYIMPROVEDPROFITABILITY

UNDER THE RAPID PRODUCTIONSCENARIO 6B THE PEAK DAILY PRODUCTION
IS 990 MILLION CUBIC FEET PER DAY THUSTHU NINE TANKERSTANKER ARE NEEDED THE

STANDARD PRODUCTION SCENARIO 6A REQUIRESREQUIRE ONLY 67 TANKERSTANKER FOR ITS 740

MILLION CUBIC FEET PER DAY PRODUCTION EACH TANKER IS ESTIMATED TO COST

310 MILLION IN ADDITION TO THE TANKERSTANKER TWO TUGSTUG AND TWO ICEBREAKING
WORK BOATSBOAT ARE REQUIRED IN EACH SCENARIO ONE OF THE TUGSTUG ASSISTSASSIST IN PORT
MAINTENANCE AND DOCKINGWHILE THE SECOND SERVESSERVE AS ICEBREAKINGSUPPORTFOR

THE TANKERSTANKER THE WORKBOATSWORKBOAT SERVICE THE PLATFORMSPLATFORM AND THE PORT AND ALSO

ASSIST TANKERSTANKER WHEN NEEDED

THE TOTAL CAPITAL INVESTMENT FOR SCENARIO 6A IS 7634 MILLION WHILE

SCENARIO SB REQUIRESREQUIRE 8496 MILLION ANNUAL COSTSCOST OPERATINGPLUSPLU GENERAL
AND ADMINISTRATIVE EXPENSESEXPENSE TOTAL 373 MILLION AND 451 MILLION FOR

SCENARIOSSCENARIO 6A AND 68 RESPECTIVELY

663 RESULTSRESULT OF BARROW
AREA GAS FIELD DEVELOPMENT

THE RESULTSRESULT FOR THE TWO GAS DEVELOPMENTSCENARIOSSCENARIO ARE SHOWN ON TABLE
64 NEITHER SCENARIO APPROACHESAPPROACHE THE 12 PERCENT REAL HURDLE ROR BELIEVED
TO BE NECESSARY TO INDUCE DEVELOPMENTIN FRONTIER AREA INDEED IT MAY BE

ARGUEDTHAT 12 PERCENT IS TOO LOW HURDLE RATE FOR GAS IN AN AREA LIKE THE

CHUKCHI SEA WHICH HAS RISK FACTOR ASSOCIATED WITH THE SEVERE WEATHER AND
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ICE ENVIRONMENT IN ADDITION TO THE ECONOMIC RISKSRISK RELATED TO MARKETABILITY
IN ANY LNG PROJECT HOWEVER THISTHI DEBATE IS MOOT SINCE THE SCENARIOSSCENARIO PRODUCE
FAR LOWER SH OF 52 AND 75 PERCENT RESPECTIVELY

THE FASTER RECOVERY RATE IN SCENARIO 6B INCREASESINCREASE THE ROR 23 PERCENT
ABOVE THAT OF SCENARIO 6A THE EAC COST CORRESPONDINGLYFALLSFALL FROM 849 TO

772 PER THOUSAND CUBIC FEET HOWEVER THE EVEN LOWER COST IS ABOUT ONE

DOLLAR PER THOUSAND CUBIC FEET HIGHER THAN THE LANDED VALUE AS WITH OIL

IT IS IMPORTANTTO NOTE THAT AS LANDED VALUE RISESRISE SO DOESDOE EAC COST DUE TO

THE INCREASED ROYALTY AND FEDERAL TAX COSTSCOST THUSTHU FOR EVEN THE OPTIMISTIC
SCENARIO 6B TO BE ECONOMIC GAS VALUE WOULD HAVE TO RISE ABOUT 350 PER

THOUSAND CUBIC FEET OR ALMOST 50 PERCENT ABOVE THE CURRENT BTU EQUIVALENCY

VALUE OF DIESEL OIL

NOTE THAT THE FASTER RECOVERY IN SCENARIO 6B RESULTSRESULT IN 15YEAR

FIELD LIFE VERSUSVERSU 22 YEARSYEAR FOR THE STANDARD RECOVERY RATE SCENARIO THISTHI IS

FASTER RECOVERY THAN NORMAL PRACTICE POTENTIAL MSH SUCH AS WELL

INTERFERENCE AND REDUCTION OF ULTIMATE RECOVERY AT THISTHI HIGH RECOVERY RATE

WERE NOT ASSUMED

ACCORDINGTO THE BREAKDOWN OF EAC COMPONENTSCOMPONENT IN TABLE 65 THE MAJOR

REASON FOR GAS BEING UNECONOMIC IS THE HIGH COST FOR LNG SHIPPING FACILITIESFACILITIE

ANOTHER OPTIMISTIC BIASBIA IS BUILT INTO THE ANALYSISANALYSI BECAUSE PART OF THE

PRODUCTIS LOST IN LIQUEFACTION TANKER TRANSPORTAND REGASSIFICATION THISTHI

LOSSLOS WAS NOT INCLUDED IN THISTHI ANALYSISANALYSI ACCORDINGTO ESTIMATESESTIMATE COMPILED FOR

PETRO CANADASCANADA ARCTIC PILOT PROJECT THESE LOSSESLOSSE INCLUDE

BOILOFF IN LIQUEFACTION 68

CONSUMED IN TRANSIT 69

BOILOFF DURING REGASSIFICATION TO

TOTAL LOSSLOS 157 TO 162

THE FACT THAT ACCEPTABLERATESRATE OF RETURN ARE NOT OBTAINED FOR GAS

DEVELOPMENT DESPITE THE CONSISTENT OPTIMISTIC BIASESBIASE BUILT INTO THISTHI

ANALYSISANALYSI LEADSLEAD INEVITABLY TO THE CONCLUSION THAT CHUKCHI SEA GAS RESOURCESRESOURCE
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ARE FAR FROM COMMERCIAL UNDER PRESENT TECHNOLOGICAND ECONOMIC CONDITIONSCONDITION

TO BECOME ECONOMIC WOULD REQUIRE SIGNFICANT INCREASE IN THE VALUE OF GAS

TO ABOUT 1050 PER THOUSAND CUBIC FEET

664 ECONOMICSECONOMIC OF GAS FROM BARROW ARCH

ASSOCIATED GAS PRODUCTIONWAS NOT SPECIFICALLYMODELED BECAUSE OF THE

MARKEDLYUNECONOMIC RESULTSRESULT OBTAINED FOR NONASSOCIATED GAS CASESCASE HOWEVER

BY USING THE EAC RESULTSRESULT FOR OIL AND GAS FROM TABLESTABLE 63 AND 65 RESPEC

TIVELY IT CAN BE DEMONSTRATED THAT PRODUCTIONOF GAS IN ASSOCIATION WITH

OIL IS LESSLES ECONOMICALLYATTRACTIVE THAN PRODUCINGTHE OIL AND REINJECTING

THE GAS

IF GAS WERE PRODUCEDASSOCIATED WITH OIL RATHER THAN ON STANDALONE

BASISBASI THE MAJOR COST SAVINGSSAVING ARE RELATED TO SHARED PRODUCTIONFACILITIESFACILITIE

PLATFORMSPLATFORMAND DECK EQUIPMENT SOME TERMINAL COSTSCOST WOULD BE SAVED BUT NOT

MUCH MOST OF THE GAS TERMINAL FACILITY INVESTMENT WOULD BE RELATED TO LNG

PROCESSING AND TRANSPORT GENERAL AND ADMINISTRATIVE GA COSTSCOST WOULD

MOSTLY BE SAVED BUT OPERATING COSTSCOST WOULD NOT BE SIGNIFICANTLY REDUCED

WE ASSUMED ALL THE PRODUCTIONAND GA AND 25 PERCENTOF THE TERMINAL

COSTSCOST FOR GAS ARE BORNE BY OIL PRODUCTION BASED ON THISTHI ASSUMPTIONTHE EAC

FOR SCENARIO 6A OF TABLE 65 WOULD DROPFROM 919 TO 700

SCENARIO 6A EAC 919

LESSLES

OFFSHORE PRODUCTION 130

TERMINAL 25 47

GA 42

WONASSOCIATED GAS EAC 700

INCREMENTAL GAS ASSOCIATED WITH OIL PRODUCTION ONLY SAVESSAVE ABOUT 25

PERCENTOF THE TOTAL COST OF GAS PRODUCTIONAND DELIVERY TO MARKET THE
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TABLE 65

EQUIVALENT AMORTIZED COSTSCOST OF

BARROW ARCH AREA GAS FIELD DEVELOPMENT SCENARIOSSCENARIO

1982MCF

FIELD SIZE TCF
PRESENT EQUIVALENT 1982 TCF

45
099

45

123

CAPITAL CHARGE
COST OF CAPITAL 12

COST

ADMINISTRATIVE

ROYALTY 1667

FEDERAL TAXESTAXE

NET OF TAX CREDITSCREDIT

SUBTOTAL DEVELOPMENTCOSTSCOST

REGASSIFI CATION

TOTAL LAIDIN COSTSCOST

OF CAPITAL

OFFSHORE PRODUCTION

PIPELINE MARINE

PIPELINE ONSHORE
TERMINALSTERMINAL

SHIPSSHIP

TOTAL

534

378

130
023

010
189

182

534

479

301

135

033

113

013

110

018

008
153

190

479

THE NEGATIVE VALUE REPRESENTSREPRESENT THE DISCOUNTED EAC
SHELTER OF THISTHI UNPROFITABLE INVESTMENT TAXESTAXE

WRITTEN OFF OR CREDITED AGAINSTOTHER INVESTMENTSINVESTMENT

VALUE OF THE TAX

ARE ASSUMED TO BE

187

042

113
027

849

070

919

772

070

842

SOURCE DAMESDAME MOORE
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PROCESSING AND TRANSPORTINGOF GAS AS LNG IS THREEQUARTERSTHREEQUARTER OF THE COST

THUSTHU PRODUCINGASSOCIATED GAS INCURSINCUR THESE COSTSCOST AND THEY ARE SUBSTANTIAL

ON AN ENERGY EQUIVALENT BASISBASI 700 PER THOUSAND CUBIC FEET OF GAS IS

EQUAL TO OIL AT 3976 PER BARREL THUSTHU PRODUCINGASSOCIATED GAS AND

INCURRING LNG FACILITY AND TRANSPORT COSTSCOST RAISESRAISE THE AVERAGE COST ON

BARRELEQUIVALENTBASISBASI OF COMBINED OIL AND GAS DEVELOPMENTCOMPAREDTO OIL

DEVELOPMENTALONE THE EAC FOR OIL CASESCASE TO 3C ON TABLE 63 RANGE FROM

3521 TO 3779 DELIVERED TO THE WEST COST THESE OIL DEVELOPMENTCASESCASE HAD

RATESRATE OF RETURN IN THE TO 10 PERCENTREAL RANGE SINCE THE ESTIMATED EAC

OF ASSOCIATED GAS ON BARRELEQUIVALENT BASISBASI IS HIGHER THAN THAT FOR OIL ON

STANDALONE BASISBASI IT FOLLOWSFOLLOW THAT PRODUCINGASSOCIATED GAS WOULD TEND TO

LOWER THE RETURN ON COMBINED GASOIL PROJECT GIVEN THE VARIOUSVARIOU ASSUMP

TIONSTION BUILT INTO OUR ANALYSISANALYSI

ON THISTHI BASISBASI WE CONCLUDE THAT ASSOCIATED GAS PRODUCTION DOESDOE NOT

IMPROVE THE ECONOMICSECONOMIC OF OIL PRODUCTION

67 OF BARROW ARCH AREA PRODUCTION

TO US ENERGY

POTENTIAL OIL AND GAS SUPPLIESSUPPLIE FROM THE CHUKCHI SEA COULD BE DEVELOPED

AND SUPPLIED TO THE UNITED STATESSTATE NO SOONER THAN 1996 GIVEN THE FEBRUARY

1985 LEASE SALE DATE SPECIFIED IN THE LATEST US OCS LEASE SCHEDULE

PRODUCTION ESTIMATESESTIMATE ARE BASED ON OIL RESERVESRESERVE OF 17 BILLION BARRELSBARREL OF

OIL OIL COULD FLOW FROM THE BARROW ARCH PLANNING AREA AT NEARLY 500000

BARRELSBARREL PER DAY AT THE TURN OF THE CENTURY DEVELOPMENTIN THE CHUKCHI SEA

WILL ENTAIL LARGE ONSHORE DEVELOPMENTSDEVELOPMENT IN THE ALEUTIANSALEUTIAN AND NEAR WAINWRIGHT

OR BOTH ALTERNATIVELY THE OIL PRODUCTIONCOULD BE PIPED TO TAPSTAP HELPING

TO KEEP THE TAPSTAP OPERATING AT CAPACITY AS THE PRUDHOE BAY FIELD ENTERSENTER

DECLINE THISTHI ACTION WOULD PRECLUDETHE ALEUTIAN TERMINAL

671 ENERGY

FORECASTSFORECAST OF TOTAL UNITED STATESSTATE ENERGY USE AND PETROLEUMSPETROLEUM SHARE

CONTINUE TO DROP IN RESPONSE TO THE OPEC PRICE INCREASESINCREASE OF 19791980
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OBSERVERSOBSERVER OF US ENERGY TRENDSTREND NOW BELIEVE US PETROLEUMCONSUMPTION

PEAKED IN 1978 AT 189 MILLION BARRELSBARREL PER DAY WILL RANGE BETWEEN 15 AND 17

MILLION BARRELSBARREL PER DAY THROUGHOUTTHE REMAINDER OF THE CENTURY THERE IS

UNIFORM AGREEMENT THAT THE US WILL PLACE GREATER RELIANCE ON COAL IN

MEETING ITS INCREASED REQUIREMENTSREQUIREMENT FOR ENERGY COAL IS EXPECTEDTO SUPPLY

TWOTHIRDSTWOTHIRD OF US ENERGY REQUIREMENTSREQUIREMENT

TABLE SHOWSSHOW SIX PROMINENTRECENT US ENERGY AND OIL USE FORECASTSFORECAST

THROUGH2000 REMARKABLE DEGREEOF CONSENSUSCONSENSU EXISTSEXIST AMONG FOUR OF THESE

FORECASTSFORECAST DAMESDAME MOORE BELIEVESBELIEVE LOWER ENERGY GROWTHIS MORE LIKELY THAN

CHEVRONSCHEVRON AND CHASESCHASE FORECASTSFORECAST

THE TABLE ILLUSTRATESILLUSTRATE FOUR ESSENTIAL ASPECTSASPECT OF THE US ENERGY SITUA

TION

THE LONGTERMRATE OF GROWTHOF TOTAL ENERGY USE IS ESTIMATED TO BE

10 PERCENT 1980 TO 1990 AND 11 PERCENT 1980 TO 2000 EXCLUDING

CHEVRONSCHEVRON AND CHASESCHASE FORECASTSFORECAST FROM THE GROUP FOR REASONSREASON TO BE

EXPLAINED BELOW THERE IS VERY NARROW RANGE TO THE US ENERGY

FORECAST THE SIX FORECASTSFORECAST SHOWN YIELD AN AVERAGE 27 PERCENT

REAL GROWTHRATE IN THE US ECONOMY

US OIL CONSUMPTION WHICH DIPPED TO 159 MILLION BARRELSBARREL PER DAY

DURING 1981 IS ESTIMATED TO RANGE BETWEEN 15 AND 17 MILLION

BARRELSBARREL PER DAY THROUGHOUTTHE CENTURY THE PRICE INCREASESINCREASE OF

1979 AND 1980 TOGETHERWITH THE FUELSFUEL USE ACT HAVE REINED IN THE

US PROPENSITY TO CONSUME OIL OILSOIL SHARE OF TOTAL ENERGY WILL

DROP FROM 44 PERCENT IN 1980 TO ABOUT 38 PERCENT BY 1990 AND 34

PERCENT BY 2000

THE US WILL REMAIN DEPENDENT ON OPEC IMPORTSIMPORT THROUGHOUTTHE

CENTURY IMPORTSIMPORT IN 1990 ARE EXPECTEDTO RANGE BETWEEN AND 75

MILLION BARRELSBARREL PER DAY EXCLUDING SHELLSSHELL AND EXXONSEXXON IMPORT

FORECASTSFORECAST THEIR FORECASTSFORECAST DO NOT APPEAR TO REFLECT THE IMPACT OF

THE US DRILLING BOOM OF 1980 AND 1981 ON EXPECTEDUS PRODUCTION

THROUGHOUTTHE 1980S1980
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COALSCOAL SHARE OF TOTAL ENERGY CONSUMED WILL RISE TO ONETHIRD BY THE

END OF THE CENTURY BY 2000 COALSCOAL SHARE WILL ABOUT EQUAL OIL

SHARE OF TOTAL CONSUMPTION THISTHI WILL ENTAIL MORE THAN DOUBLING

PRODUCTIONFROM ABOUT 850 MILLION TONSTON IN 1980 TO BILLION TONSTON

BY 2000

SINCE THE US WILL CONTINUE TO USE BETWEEN 15 AND 17 MILLION BARRELSBARREL

PER DAY OF OIL THROUGHOUTTHE CENTURY IT IS EXTREMELYIMPORTANT FOR THE

US TO DEVELOPITS OWN DOMESTIC OIL SUPPLY EVERY BARREL OF DOMESTIC CRUDE

PRODUCEDIN THE US BACKSBACK OUT BARREL OF FOREIGNCRUDE US DOMESTIC OIL

PRODUCTIONIS FORECAST TO RANGE BETWEEN 10 AND 11 MILLION BARRELSBARREL PER DAY

THROUGH 2000 THISTHI REPRESENTSREPRESENT RADICAL CHANGE DOMESTIC OIL SUPPLIESSUPPLIE

SUCH AS THOSE IN THE CHUKCHI SEA ARE IMPORTANTTO THE US IN TERMSTERM OF

DEPENDABLEAND SECURE SOURCE OF ENERGY

672 PRICE GROWTH THROUGH

REAL OIL PRICESPRICE HAVE DECLINED SIGNIFICANTLY OVER THE PAST YEARSYEAR IN

SHARPCONTRAST TO THE FIVEFOLD PRICE INCREASESINCREASE FROM 1973 TO 1980 SEVERAL

FACTORSFACTOR LH TO THE LATE 1981 EARLY 1982 PRICE WEAKNESSWEAKNES THESE

FACTORSFACTOR INCLUDE INCREASED ENERGY CONSERVATION IN RESPONSE TO EARLIER OIL

PRICE SHOCKSSHOCK RECESSIONSRECESSION IN INDUSTRIALIZED COUNTRIESCOUNTRIE REDUCTION OF

INVENTORIESINVENTORIE DUE TO HIGH INTEREST RATESRATE ATTEMPTSATTEMPT BY SOME OPEC MEMBERSMEMBER TO

INCREASE MARKET SHARESSHARE AND EXCESSEXCES WORLD PRODUCTIONCAPACITY OF TO

MILLION BARRELSBARREL PER DAY

WE BELIEVE OIL PRICESPRICE WILL REMAIN FLAT THROUGH1985 PRIMARILY DUE TO

OPEC PRICING POLICIESPOLICIE THE LINGERING WORLDWIDE RECESSION CONSERVATION AND

SUBSTITUTION EFFECTSEFFECT ALTHOUGHTHE OIL MARKET IS CURRENTLYSOFT AND MAY

REMAIN SO FOR SEVERAL YEARSYEAR MOST ENERGY ANALYSTSANALYST AGREE THAT REAL OIL PRICESPRICE
WILL INCREASE BY THE END OF THE DECADE AND TREND UPWARDTHROUGH2000 THISTHI

TREND IS EXPECTEDBECAUSE THE GROWTHIN OIL SUPPLIESSUPPLIE IS PROJECTEDTO BE

SLOWER THAN THE GROWTHIN OIL DEMAND BROUGHTON BY WORLD ECONOMIC EXPANSION

FORECASTSFORECAST OF REAL ANNUAL OIL PRICE GROWTHRATESRATE VARY BETWEEN AND

PERCENTAS SHOWN IN TABLE 67 ALTHOUGHSOME ANALYSTSANALYST BELIEVE RATESRATE WILL
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TABLE 67

ARAB LIGHT CRUDE OIL PRICE FORECASTSFORECAST
ANNUAL REAL RATE OF GROWTH

ANNUAL REAL
RATE OF

DATE OF UH UH GROWTH

DATA RESOURCESRESOURCE INC SPRING 1982 19832000 37

ENERGYMODELINGFORUM FEBRUARY1982 19802000 40

TEXACO JULY 1981 19802000 1020

CHEVRON MAY 1981 19822000 30

SOURCESSOURCE DATA RESOURCESRESOURCE INC 1982
ENERGYMODELINGFORUM EMF 1982
TEXACO 1981B
CHEVRON 1981
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BE IN THE LOWER RANGE THE MOST RECENT FORECASTSFORECAST SUGGESTHIGHER GROWTHRATESRATE

ARE MORE LIKELY WE SUPPORT FORECASTSFORECAST IN THE UPPER RANGE FOR THE FOLLOWING

REASONSREASON

FIRST RECENT OIL PRICE DECLINESDECLINE COMBINED WITH FORECASTED SHORTTERM

PRICE DECLINESDECLINE WILL INCREASE LONGRUN DEMAND LOWER OIL PRICESPRICE IN THE SHORT

TERM WILL IMPROVETHE WORLD ECONOMY BY LOWERINGINFLATION AND INTEREST RATESRATE

THUSTHU BOLSTERINGDEMAND ESPECIALLY IN ENERGY INDUSTRIESINDUSTRIE

SECOND IN RESPONSE TO LOWER OIL PRICESPRICE CONSERVATION EFFORTSEFFORT HAVE BEEN

SLOWED DUE TO THE PERCEPTION AMONG BUYERSBUYER THAT OIL SUPPLIESSUPPLIE ARE PLENTIFUL

SUBSTITUTING OIL WITH ALTERNATIVE SOURCESSOURCE OF ENERGY HAS ALSO BECOME LESSLES

ATTRACTIVE DUE TO RELATIVELY CHEAP OIL ALTHOUGHCONSERVATION AND SUBSTITU

TION EFFECTSEFFECT RESULTING FROM EARLIER PRICE INCREASESINCREASE ARE STILL BEING FELT

THE RECENT OIL GLUT AND LOW OIL PRICESPRICE HAVE ALREADY REVERSED THISTHI TREND

MANY PROJECTSPROJECT THAT STARTED IN THE 1970S1970 WERE BACKED BY THE BELIEF THAT OIL

PRICESPRICE WOULD CONTINUE TO RISE RECENTLY SOME OF THESE PROJECTSPROJECT SUCH AS

THE EXXONTOSCO COLONYOIL SHALE VENTURE HAVE BEEN ABANDONED DUE TO HIGH

COSTSCOST THE ALASKA GAS PIPELINE HAS BEEN DELAYED FOR YEARSYEAR AND IN EUROPE

COAL IMPORTSIMPORT HAVE BEEN REDUCED WITH FEWER ALTERNATIVE SOURCESSOURCE OF ENERGY

THE US AND OTHER COUNTRIESCOUNTRIE WILL HAVE TO LOOK TO IMPORTED OIL AS DEMAND

INCREASESINCREASE

THIRD THE QUANTITY OF IMPORTEDOIL IN THE US CAN BE EXPECTEDTO PICK

UP SOON AS OIL INVENTORIESINVENTORIE ARE REDUCED AND THE RATE OF DOMESTIC PRODUCTION

SLOWSSLOW DATA RESOURCESRESOURCE INC 1982 ASSUMESASSUME IN THEIR FORECAST THAT THE LOWER

REAL PRICE OF ENERGY WE ARE EXPERIENCING NOW WILL HAVE SIGNIFICANT NEGA

TIVE IMPACT ON DOMESTIC PRODUCTIONAND RESULT IN HIGHER OIL PRICESPRICE IN THE

LONG TERM

FINAL CONSIDERATION IN ASSESSING LONGTERM OIL PRICESPRICE IS THE POLITI

CAL SITUATION IN THE MIDDLE EAST IT IS HIGHLY POSSIBLE THAT GEOPOLITICAL

INSTABILITIESINSTABILITIE COULD LEAD TO SUPPLY INTERRUPTIONSINTERRUPTION DURING THE COMING DECADE

THERE IS ACTUALLY GREATER CHANCE OF OIL SUPPLY CUTOFFSCUTOFF RESULTING FROM

INTERNAL POLITICAL CHANGESCHANGE THAN FROM INTERVENTION BY MAJOR COUNTRIESCOUNTRIE SUCH AS
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THE SOVIET UNION RECENT DEVELOPMENTSDEVELOPMENTIN THE MIDDLE EAST HAVE UNDERSCORED

THE INSTABILITY OF THAT AREA AND HAVE INCREASED THE CHANCE OF OIL SUPPLY

DISRUPTIONSDISRUPTION

THE OVERALL EFFECT OF THESE FACTORSFACTOR ON OIL PRICESPRICE WILL PROBABLYBE

RELATIVELY SHARP UPTURN IN PRICESPRICE AFTER 1985 FOLLOWED BY MILDER RATE OF

PRICE INCREASE FROM 1990 TO 2000 THE BASE CASE OF THE ENERGYMODELING

FORUM 1982 FORECASTSFORECAST REAL PRICE INCREASESINCREASE OF PERCENT ANNUALLYFROM 1985

TO 1990 AND PERCENT ANNUALLYFOR THE REST OF THE CENTURY

ON BALANCE DAMESDAME MOORE BELIEVESBELIEVE THAT ANNUAL REAL OIL PRICE INCREASESINCREASE

WILL AVERAGE ABOUT PERCENT OVER THE NEXT TWO DECADESDECADE WITH MAJOR INCREASESINCREASE

OCCURRING BETWEEN 1985 AND 1995 AFTER THAT TIME PRICESPRICE WILL BEGIN TO

STABILIZE BARRING ANY MAJOR MIDDLE EAST DISTURBANCESDISTURBANCE IN THE LONG RUN THE

DEMAND FOR OPEC OIL WILL DECLINE AS ALTERNATIVE SOURCESSOURCE OF ENERGY ARE

DEVELOPED INCENTIVESINCENTIVE TO CONSERVE ARE RESTORED AND NONOPEC OIL RESERVESRESERVE

ARE DEVELOPED

673 RELATIONSHIP OF BARROW ARCH
AREA PRODUCTION TO PAD AND DEMAND

SUPPLYDEMANDBALANCE

TABLE 68 SHOWSSHOW THE DISTRICT 1978 THROUGH1981 SUPPLYDEMANDBALANCE

FOR CRUDE OIL AND PETROLEUMPRODUCTSPRODUCT PAD CONSUMPTIONHAS DROPPED TOTAL

OF 454 BARRELSBARREL PER DAY SINCE 1979 IN THE SAME 2YEAR PERIOD PAD CRUDE

PRODUCTIONHAS INCREASED BY ALMOST 300000 BARRELSBARREL PER DAY

TABLE 68 SHOWSSHOW THAT FOR 1981

ALTHOUGHCALIFORNIA AND ALASKA ARE AMONG THE TOP FOUR OIL AND GAS

PRODUCING STATESSTATE PAD HAD TO IMPORT FOREIGN OIL PRODUCTSPRODUCT TO

COVER PART OF ITS PRODUCTDEMAND

CALIFORNIA CRUDE PRODUCTIONEQUALLED46 PERCENT OF PAD CONSUMP

TION

640



TABLE 68

DISTRICT SUPPLYDEMAND BALANCE

THOUSAND BD

UH UH UH

DISTRICT CONSUMPTION 2624 2754 2570 2300

INTERCIISTRICT AND FOREIGNPRODUCT

SHIPMENTSSHIPMENT UH UH

TOTAL DEMAND 2760 2839 2670 2450

SUPPLY

CALIFORNIA CRUDE 951 995 980 1060

ALYESKA PIPELINE THROUGHPUT 1065 1250 1520 1520

COOK INLET PRODUCTION UH

SUBTOTAL PAD PRODUCTION 2153 2366 2595 2665

CRUDE OIL 571 560 420 300

PRODUCTSPRODUCT UH

SUBTOTAL 691 710 515 380

INTERDISTRICT PRODUCTSPRODUCT RECEIPTSRECEIPT 167 155 95 90

REFINERY PROCESSPROCES GAIN UH UH

SUBTOTAL 279 270 210 190

TOTAL SUPPLY 3123 3346 3320 3235

NONREFINERY CONSUMPTION 90 120

AND EXPORT CRUDE 363 507 560 665

UTILIZATION

REFINERY CAPACITY 2889 2868 2959 3056

CRUDE RUNSRUN 2361 2419 2388 2250
PERCENT UTILIZATION 82 84 80 71

SOURCE DEPARTMENTOF ENERGY MONTHLYPETROLEUM STATEMENT
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PAD IMPORTEDAPPROXIMATELY380000 BARRELSBARREL PER DAY OF FOREIGN

CRUDE AND PRODUCTSPRODUCT IN 1981 AT THE SAME TIME IT EXPORTEDOR TRANSTRAN

SHIPPED TO DISTRICTSDISTRICT IIV 665000 BARRELSBARREL PER DAY OF CALIFORNIA

OFFSHORE AND ALASKA CRUDE OIL

6732 PETROLEUM PRODUCT DEMAND FORECAST

THE ESSENTIAL ELEMENTSELEMENT OF PAD DEMAND FORECAST CAN BE HIGHLIGHTED

WITH THE ESTIMATED GROWTHRATESRATE SHOWN ON TABLE 69 NOTICE THAT THESE ARE

1978 TO 1990 GROWTHRATESRATE THE 19791980 PRICE INCREASESINCREASE TOGETHERWITH THE

ONGOING RECESSION HAVE ALREADY RADICALLY REDUCED PAD PETROLEUMDEMAND

HENCE 1981 TO 1990 PRODUCTGROWTHRATESRATE WOULD BE FLATTER THAN 1978 TO

1990 GROWTHRATESRATE TABLE 69 SHOWSSHOW

TOTAL PAD CONSUMPTIONWILL DECLINE TO 1990 AT 13 PERCENT PER

YEAR FROM THE 1978 BASE YEAR

THE DECLINE IN FUEL OIL IS MUCH GREATER THAN THE DECLINE IN

LIGHT PRODUCTSPRODUCTCONSUMED

THE INCREASE DISTILLATE FUEL CONSUMPTIONIS MORE THAN OFFSET

BY THE DECLINE IN MOGASMOGA CONSUMPTION

LIGHT PRODUCTSPRODUCT CONSUMED DECLINE AT 08 PERCENTPER YEAR TO 1990

MOST OF THE REDUCTION IN RESIDUAL DEMAND IS FOR LOW SULFUR FUEL OIL

HENCE THE NEED TO IMPORT HIGH VOLUMESVOLUME OF SUMATRANTYPE CRUDE TO MAKE

HAS BEEN REDUCED UTILITIESUTILITIE ARE SWITCHING TO GAS NEAR TERM AND LOOK TO MORE

USE OF COAL AND NUCLEAR LONG TERM SO LONG AS UTILITIESUTILITIE ARE GRANTED

EXEMPTIONSEXEMPTION TO USE GAS IT LOOKSLOOK AS IF GAS WILL BE AVAILABLE ON THE WEST

COAST FOR THEIR USE
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TABLE 69

1990 PRODUCT DEMAND

THOUSAND BID

ACTUAL DAMESDAME
UH LOW UH 19

MOGASMOGA 1129 975 832 25

DISTILLATESDISTILLATE

JET 301 390 341 11

DIESEL UH 21

SUBTOTAL 646 809 785 16

SUBTOTAL LIGHT PRODUCTSPRODUCT 1775 1784 1617 08

OF DEMAND 67 70 72

RESIDUAL FUEL OIL

OH 265 186 70 105
OH UH 13

SUBTOTAL 488 334 260 51

ALL OTHER UH 01

TOTAL PAD CONSUMPTION 2631 2546 2250 13

NATIONAL PETROLEUM COUNCIL 1980 THISTHI IS THEIR LOW CASE DEMAND

FORECAST THEIR BASE CASE CALLED FOR 2715000 BARRELSBARREL PER DAY IN

1990

GROWTH RATE BASED ON DAMESDAME MOORE 1990 FORECAST VALUE
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6733 COAST FORECAST WITH
REFERENCE TO BARROW ARCH PLANNING

THE WHOLE WEST COAST SUPPLYDEMAND PICTURE IS PRESENTEDIN TABLE 610

AND SHOWN FIGURE 61 DEMAND CONSISTSCONSIST OF PAD CONSUMPTION WHICH IS

TIED TO PRODUCTSPRODUCT DEMAND ON TABLE 69 PLUSPLU INTERDISTRICT AND FOREIGN PRODUCT

SHIPMENTSSHIPMENT THE CALIFORNIA CRUDE PRODUCTIONFORECAST IS BASED ON DAMESDAME

MOORESMOORE MOST LIKELY FORECAST THE ALASKA PRODUCTIONFORECAST CONSISTSCONSIST OF

MOST RECENT PROJECTIONSPROJECTION FOR PRUDHOE BAY KUPARUKRIVER AND COOK INLET AND

CONSERVATIVE FORECAST FOR OTHER NORTH SLOPEPRODUCTION WEST COAST CRUDE

SUPPLIESSUPPLIE AVAILABLE FOR SHIPMENT TO DISTRICTSDISTRICT IIV PEAK IN 1985 AT OVER

800000 BARRELSBARREL PER DAY AND DECLINE TO DEFICIT IN 2005

THE CALIFORNIA CRUDE OIL PRODUCTIONFORECAST ON TABLE 611 INDICATESINDICATE

THAT CALIFORNIA HEAVY CRUDE PRODUCTION WILL DRAMATICALLY INCREASE AND

CALIFORNIA LIGHT CRUDE PRODUCTIONWILL DECLINE CALIFORNIASCALIFORNIA LARGEST LIGHT

CRUDE FIELDELK HILLSPEAKED DURING THE THIRD QUARTEROF 1981 AT 179000

BARRELSBARREL PER DAY AND IS IN DECLINE KERN RIVER AND THE SANTA BARBARA CHANNEL

NAMELY THE SANTA YNEZ UNIT WILL BE PRODUCINGAN INCREASING AMOUNT OF HEAVY

CRUDE THROUGH 1990 FEDERAL OCS PRODUCTION WILL INCREASE DRAMATICALLY

THROUGH1990 ESPECIALLY IN THE SANTA YNEZ UNIT WHERE PRODUCTIONWILL ACCOUNT

FOR 10 PERCENT OF THE HEAVY OIL PRODUCED IN CALIFORNIA IN 1990 AS

RESULT THE MIX OF CALIFORNIA CRUDE SUPPLY WILL INCREASE FROM 56 PERCENT

HEAVY IN 1981 TO ABOUT 70 PERCENT HEAVY BY 1990 ONE RESULT OF THE DECLINE

IN PRODUCTDEMAND IS THAT THE EXISTING AND PLANNED REFINERY CAPACITY IN PAD

APPEARSAPPEAR TO HAVE SUFFICIENT RESIDUUM REDUCTION CAPACITY TO PROCESSPROCES THISTHI MIX

OF CRUDE SUPPLIESSUPPLIE

OTHER SUPPLY SOURCESSOURCE SHOWN ON TABLE 610 CONSISTING OF FOREIGN IMPORTSIMPORT

CRUDE OIL AND PRODUCTSPRODUCT INTERDISTRICT PRODUCT RECEIPTSRECEIPT AND REFINERY

PROCESSPROCES GAIN ARE FORECAST TO GRADUALLY DECLINE THROUGH 2010 FOREIGN

IMPORTSIMPORT ESPECIALLY SUMATRAN CRUDE ARE DECLINING DUE TO HIGH NATURAL GAS

AVAILSAVAIL AND IMPORTEDLIGHT PRODUCTSPRODUCT WILL BE REDUCED DUE TO REFINERY MODIFI

CATIONSCATION AND REDUCED DEMAND ITE PRODUCTRECEIPTSRECEIPT WILL CONTINUE

BUT DECLINE SLIGHTLY OVER THE PERIOD WHILE REFINING PROCESSPROCES GAIN WILL

REMAIN FLAT
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TABLE 610

IMPACT POTENTIAL BARROW ARCH AREA PRODUCTION PAD

SUPPLYDEMANDBAL ANCE

1000 1ESH PER DAY

1980 1985 1990 1995 2000 2005 2010

DEMAND 2670 2350 2325 2350 2350 2400 2400

CALIFORNIA PRODUCTION AND NGL 1156 1150 1250 1250 1250 1250

ALASKA 121H 1790 1690 1630 1060 900 600

OTHER SUPPLY 370 310 305 150 100 100

ENHANCED RECOVERY FIELD Q1 155 170 180 185 185 185

SUPPLY SUBTOTAL 3230 3161 2980 3005 2275 2065 1765

PROJECTED CHUKCHI SEA Q15Q1H 71 300 350 140

TOTAL SUPPLY 3230 3161 2980 3076 2575 2415 1905

WEST COAST CRUDE SUPPLIESSUPPLIE AVAILABLE 560 811 655 726 225 15 495

FOR SHIPMENT TO DISTRICTSDISTRICT IIV

SOURCE DAMESDAME MOORE 1982C

CRUDE PRODUCTION FORECAST IS BASED ON DAMESDAME MOORESMOORE ASSESSMENT OF WIDE RANGE OF POTENTIAL HEAVY
CRUDE FORECASTSFORECAST GEOLOGICPOTENTIALWOULD JUSTIFY HIGHERLIFTINGSLIFTING ECONOMIC AND ENVIRONMENTAL CONSTRAINTSCONSTRAINT

SUGGESTTHE LIFTINGSLIFTING SHOWN ARE THE MOST LIKELY

PRODUCTION IS BASED ON PUBLISHED INFORMATION AND OUR CONSERVATIVE FORECAST FOR ME POINT SAG DELTA
DUCK ISLAND AND POINT THOMPSONANNOUNCED DISCOVERIESDISCOVERIE

FOREIGN IMPORTSIMPORT CRUDE OIL AND PRODUCTSPRODUCT INTERDISTRICT PRODUCTRECEIPTSRECEIPT AND REFINERY PROCESSPROCES GAIN

OIL RECOVERY USE AMOUNTSAMOUNT TO CRUDE CONSUMED DIRECTLY AS FUEL OIL AND CRUDE BURNED IN PRODUCTION
OF CALIFORNIA HEAVY CRUDESCRUDE

SHOWN IN YEAR 1995 ACTUALLYBEINGSBEING IN 1998
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TABLE 611

CRUDE OIL PRODUCTION

THOUSAND BID

FORECAST 1970 UH UH UH UH

LIGHT 20 API 524 375 439 462 429 391 326

HEAVY 20 API 504 508 UH UH

TOTAL 1038 879 937 1060 1200 1250 1250

HEAVY 57 54 56 64 69 74

HEAVY 598 821 1009 1074

TOTAL 1060 1250 1400 1400

HEAVY 56 66 72 77

NOTE THESE FORECASTSFORECAST ARE DERIVATIVE OF THREE RESEARCH DOCUMENTSDOCUMENT BUT REPRESENT
RANGE OF OTHER POINTSPOINT OF VIEW PRODUCTION INCLUDESINCLUDE CRUDE BURNED

IN THE FIELD FOR ENHANCED OIL RECOVERY 20 PERCENT OF HEAVY PRODUCTION
IS ASSUMED TO BE BURNED

SOURCE CALIFORNIA ENERGYCOMMISSION 1980

CALIFORNIA ENERGYCOMMISSION 1981

CALIFORNIA DIVISION OF OIL AND GAS 1982

647



TOTAL EXISTING ALASKA PRODUCTIONWILL DECLINE FROM PEAK OF 1790000

BARRELSBARREL PER DAY IN 1985 TO 500000 BARRELSBARREL PER DAY IN 2000 PRUDHOE BAY

PRODUCTION WILL DECLINE FROM 1540000 BARRELSBARREL PER DAY TO ONLY 400000

BARRELSBARREL PER DAY IN 2000 KUPARUKWILL DECLINE FROM 250000 BARRELSBARREL PER DAY
IN 1985 TO 100000 BARRELSBARREL PER DAY IN 2000 COOK INLET WILL CONTINUE ITS

GRADUAL DECLINE FROM 85000 BARRELSBARREL PER DAY IN 1981 AND CEASE PRODUCTION

ABOUT 1995 AS FIGURE SHOWSSHOW THISTHI DOWNWARD TREND FOR EXISTING NORTH

SLOPE CRUDE WILL CONTINUE THROUGH2010

AS THESE ALASKA FIELDSFIELD ENTER DECLINE IN THE LATE 1980S1980 POTENTIAL NEW

FIELD CRUDE SUPPLIESSUPPLIE IN THE BEAUFORT AND BERING SEA WILL START PRODUCTION AS

SHOWN FIGURE 61 NEW ALASKA PRODUCTION HOWEVER WILL PROBABLY NOT

OFFSET THE DECLINE OF PRUDHOE BAY TO PARTIALLY OFFSET THISTHI PAD SUPPLY

DECLINE CHUKCHI SEA PRODUCTIONWILL START UP IN 1998 AT 71000 BARRELSBARREL PER

DAY PEAK AT OVER 400000 BARRELSBARREL PER DAY IN 2003 AND GRADULLYDECLINE

THEREAFTER AS SHOWN IN FIGURE 61 CHUKCHI SEA PRODUCTIONCOULD MAKE

TIMELY IMPACT ON PAD CRUDE SUPPLIESSUPPLIE
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70 HYPOTHETICAL PETROLEUM SCENARIOSSCENARIO FOR THE ESTIMATED MEAN OIL

AND GAS RESOURCESRESOURCE OF THE CENTRAL CHUKCHI SHELF

71

THISTHI CHAPTERPRESENTSPRESENT HYPOTHETICALOIL AND GAS DEVELOPMENTCASE FOR

THE CENTRAL CHUKCHI SHELF PORTION OF THE BARROW ARCH PLANNINGAREA MEAN

RESOURCE ESTIMATESESTIMATE OF RECOVERABLE OIL AND GAS IN THISTHI BASIN ARE ESTIMATED

TO BE 17 BILLION BARRELSBARREL OF OIL AND 45 TRILLION CUBIC FEET OF NONASSO

CIATED GAS TOM MARSHALL PERSONALCOMMUNICATIONSCOMMUNICATION JUNE 1982 ASSOCIATED

GAS IS ASSUMED TO BE BE REINJECTED

THE HYPOTHETICALDEVELOPMENTSCENARIO FOCUSESFOCUSE ON ONLY CENTRAL CHUKCHI

SHELF RESOURCESRESOURCE RATHER THAN THE LARGERRESOURCESRESOURCE ESTIMATED TO EXIST IN THE

ENTIRE LEASE SALE AREA IT IS OUR OPINION BASED ON THE ECONOMIC ANALY

SIS REPORTED IN CHAPTER 60 THAT ONLY THE CENTRAL SHELF RESOURCESRESOURCE ARE

COMMERCIALLYRECOVERABLE BY CONVENTIONAL MEANSMEAN INDEED EVEN THESE MORE

FAVORABLYLOCATED RESOURCESRESOURCE MAY NOT BE COMMERCIAL USGSUSG RESOURCESRESOURCE ESTI

MATESMATE FOR THE PLANNING AREA HAVE NOT YET BEEN RELEASED

THE DEVELOPMENTCASE HYPOTHESIZED HERE ASSUMESASSUME RELATIVELY RAPID

EXPLORATIONAND DEVELOPMENTSCHEDULE THE SCHEDULE IS CHARACTERIZED BY

HIGH LEVEL OF EXPLORATORYACTIVITY WITH COMMENSURATE RATE OF DISCOVERY

THAT RESULTSRESULT IN TWO COMMERCIAL OIL FIELDSFIELD AND ONE GAS FIELD DISCOVERED

WITHIN YEARSYEAR OF THE LEASE SALE MANY FACTORSFACTOR SUCH AS THE AVAILABILITY

OF DRILL RIGSRIG FOLLOWINGTHE LEASE SALE OR ENVIRONMENTAL RESTRICTIONSRESTRICTION ON

DRILLING COULD ALTER THE SPEED AND COURSE OF EVENTSEVENT THE SCHEDULE OF

DEVELOPMENTFOLLOWSFOLLOW SCENARIO 3B OF SECTION 623

72 STRATEGYAND PRODUCTION

THE DEVELOPMENT SCENARIO IS SUMMARIZED IN TABLE 71 ASSUMING

FEBRUARY1985 LEASE SALE DATE EXCEPTWHERE NOTED FIELD CONDITIONSCONDITION FOLLOW

THOSE DESCRIBED IN CHAPTER60
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OIL IS ASSUMED TO BE DISCOVERED IN TWO FIELDSFIELD THE FIRST FIELD IS

LOCATED 50 KILOMETERSKILOMETER 30 MILESMILE OFFSHORE OF WAINWRIGHTAND CONTAINSCONTAIN 10

BILLION BARRELSBARREL OF RESERVESRESERVE SECOND 05BILLIONBARREL FIELD IS LOCATED

SLIGHTLY TO THE NORTH ABOUT 50 KILOMETERSKILOMETER OFFSHORE OF POINT BEICHER

PRODUCTION FROM THE 10BILLIONBARREL FIELD TAKESTAKE PLACE FROM THREE CAISSON

RETAINED GRAVEL ISLANDSISLAND AND FOLLOWSFOLLOW THE DEVELOPMENTAND PRODUCTIONSCHEDULE

OF SCENARIO 3B PRODUCTION FROM THE SECOND FIELD TAKESTAKE PLACE FROM TWO

CAI SSONRETAINED ISL ANDSAND

THE GAS RESOURCESRESOURCE ARE CONTAINED WITHIN SINGLE DISCOVERY AND ARE

PRODUCED FROM THREE MONOCONE PLATFORMSPLATFORM PRODUCTION AND DEVELOPMENTAL

SCHEDULESSCHEDULE FOLLOW THOSE DESCRIBED FOR SCENARIO 6A ALTHOUGHTHE GAS DIS

COVERY IS ASSUMED TO OCCUR IN THE SAME VICINITY AS THE 10BILLIONBARREL

OIL DISCOVERY THE FACILITIESFACILITIE ARE ASSUMED TO BE ENTIRELY SEPARATE

ASSUMPTIONSASSUMPTION AND

THE LEASE SALE OCCURSOCCUR IN FEBRUARY1985 EXPLORATIONBEGINSBEGIN IN THE

SPRING OF THE FOLLOWINGYEAR 1986 AND CONTINUESCONTINUE FOR YEARSYEAR

THE 10BILLIONBARREL OIL FIELD IS DISCOVERED IN 1988 AND THE

GAS FIELD IS DISCOVERED IN 1989 AS IS THE SECOND 05BILLION

BARREL OIL FI EL

DELINEATION TAKESTAKE ADDITIONAL YEARSYEAR THE DECISION TO DEVELOP IS

THUSTHU REACHED IN THE THIRD YEAR AFTER DISCOVERYIE 1991 FOR THE

LARGER OIL FIELD AND 1992 FOR THE SMALLER OIL FIELD AND THE GAS

FIELD

CAISSONRETAINED ISLAND CONSTRUCTION BEGINSBEGIN IN THE THIRD 1994

FOURTH AND FIFTH YEARSYEAR AFTER DECISION TO DEVELOP FOR THE GAS FIELD

AND THE LARGEROIL FIELD AND IN THE THIRD AND FIFTH YEARSYEAR AFTER

DECISION TO DEVELOP THE SMALLER OIL FIELD THUSTHU CONSTRUCTION

BEGINSBEGIN IN 1994 1995 AND 1996 FOR THE LARGER OIL FIELD 1995 AND

1997 FOR THE SMALLER OIL FIELD AND 1995 1996 AND 1997 FOR THE GAS

FIELD
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CONSTRUCTION OF THE CAISSONRETAINED GRAVEL ISLANDSISLAND FOR OIL

PRODUCTIONREQUIRESREQUIRE YEARSYEAR EACH THEREFORE THE FIRST OIL

PRODUCTIONISLAND IS COMPLETED IN THE FOURTH YEAR FOLLOWING THE

DECISION TO DEVELOP 1995 THE MONOCONE PLATFORMSPLATFORM FOR GAS

PRODUCTIONTAKE YEAR TO CONSTRUCT THUSTHU THEY ARE COMPLETED

IN THE THIRD FOURTH AND FIFTH YEARSYEAR FOLLOWINGDECISION TO DEVELOP

GAS 1995 1996 AND 1997

DRILLING BEGINSBEGIN IN THE YEAR THAT EACH ISLAND OR PLATFORMIS CORN

P1 ETED

PRODUCTION STARTSSTART IN THE THIRD YEAR OF DRILLING 1998 FOR BOTH OIL

AND GAS AND PRODUCESPRODUCE FROM THE WELLSWELL DRILLED DURING THE PREVIOUSPREVIOU

YEARSYEAR IN SUBSEQUENTYEARSYEAR PRODUCTIONTAKESTAKE PLACE FROM THE

WELLSWELL COMPLETEDDURING THE PRECEDINGYEAR

GAS PRODUCTIONPEAKSPEAK IN YEAR 2001 AND OIL PEAKSPEAK IN YEAR 2003

74



80 BIBLIOGRAPHY

AAGAARD AND LK COACHMAN 1964 NOTESNOTE ON THE PHYSICAL OCEANOGRAPHYOF
THE CHUKCHI SEA US COAST GUARD OCEANOGRAPHIC REPORT NO C6

3731 1324

ACKLEY SD WD HIBLER FK KUGZRUK KOVACSKOVAC AND WF WEEKSWEEK 1976

THICKNESSTHICKNES AND ROUGHNESSROUGHNES VARIATIONSVARIATION OF ARCTIC MULTIYEAR SEA ICE COLD

REGIONSREGION RESEARCH AND ENGINEERINGLABORATYRY HANOVER NH

AHLNASAHLNA AND WENDLER 1976 SEA ICE CONDITIONSCONDITION IN THE CHUKCHI
BEAUFORT EAST SIBERIAN AND NORTHERN BERING SEA DURING MARCH 1973
1974 AND 1975 AS SEEN FROM THE NOAA AND SATELLITESSATELLITE PRO

CEEDINGSCEEDING OF THE THIRD INTERNATIONAL CONFERENCE ON PORT AND OCEAN

ENGINEERING UNDER ARCTIC CONDITIONSCONDITION INSTITUTE OF MARINE SCIENCE
UNIVERSITY OF ALASKA FAIRBANKSFAIRBANK ALASKSALASK

AHLNASAHLNA AND WENDLER 1979 SEA ICE OBSERVATIONSOBSERVATION BY SATELLITE IN
THE BERING CHUKCHI AND BEAUFORT SEASSEA PROCEEDINGSPROCEEDING OF THE 5TH INTER
NATIONAL CONFERENCE ON PORT AND OCEAN ENGINEERING UNDER ARCTIC CONDI
TIONSTION TRONDHEIM NORWAY 1979 313329

ALASKA CONSULTANTSCONSULTANT INC 1976 SERVICE BASESBASE FOR OFFSHORE OIL DEVELOPMENT
PREPARED FOR ALASKA DEPARTMENT OF COMMUNITY AND REGIONAL AFFAIRSAFFAIR
DIVISION OF COMMUNITYPLANNING ANCHORAGEAK

ALASKA DEPARTMENT OF FISH AND GAME 1982 ENVIRONMENTAL SENSITIVITY AND
MARINE PRODUCTIVITYOF THE ALASKAN OUTER CONTINENTAL SHELF CONTRIBU
TION TO THE GOVERNORSGOVERNOR REPORT ON THE ALASKAN OUTER CONTINENTAL SHELF
ANCHORAGEAK

AMERICAN PETROLEUM INSTITUTE PLANNING DESIGN AND CONSTRUCTING
FIXED OFFSHORE STRUCTURESSTRUCTURE IN ICE ENVIRONMENTSENVIRONMENT BULLETIN 2N PRODUCTION

DEPARTMENT DALLASDALLA TEXASTEXA

AMERICAN PETROLEUM INSTITUTE 1982B PLANNING DESIGN AND CONSTRUCTING
FIXED OFFSHORE PLATFORMSPLATFORM API RP 2A PRODUCTION DEPARTMENT DALLASDALLA
TEXASTEXA

ARCTEC INCORPORATED 1978 BERING AND CHUKCHI SEASSEA FEASIBILITY STUDY
OF PRODUCTION OPERATIONSOPERATION AND MARINE CRUDE TRANSPORTATIONDURING ICE
COVERED PERIODSPERIOD ALASKA OIL AND GAS ASSOCIATION PROJECT 25 ANCHORAGE
AK

ARCTEC INC 1979 OPERATIONALASSESSMENT OF COMMERCIAL ICEBREAKING SHIPSSHIP
IN WESTERN ALASKAN WATERSWATER BASED ON US COAST GUARD POLAR CLASSCLAS TRAF

FICABILITY TEST DATA MARITIME ADMINISTRATION OFFICE OF MARITIME

TECHNOLOGYWASHINGTON DC

ARCTIC ENVIRONMENTAL INFORMATION AND DATA CENTER 1975 CHUKCHI SEA AND

BERING STRAIT ICY CAPE PHYSICAL AND BIOLOGICAL CHARACTER OF ALASKAN
COASTAL ZONE AND MARINE ENVIRONMENT AEIDC PUBLICATION NO A75 UNI
VERSITY OF ALASKA ANCHORAGEAK

81



ARCTIC INSTITUTE OF NORTH AMERICA 1973 ARCTIC MARINE TRANSPORTATION
STUDY FINAL REPORT VOLUME US DEPARTMENTOF COMMERCE MARITIME

ADMINISTRATION WASHINGTON DC

ARCTIC INSTITUTE OF NORTH AMERICA 1974 THE ALASKAN ARCTIC COAST

BACKGROUNDSTUDYOF AVAILABLE KNOWLEDGEPREPAREDFOR US ARMY CORPSCORP
OF ENGINEERSENGINEER ALASKA DISTRICT ANCHORAGEAK

ARPSARP JJ 1967 STATISTICAL STUDY OF RECOVERYEFFICIENCY REPORTBY
THE APA SUBCOMMITTEE ON RECOVERYEFFICIENCY APA BULLETIN D14

ARPSARP JJ 1968 REASONSREASON FOR DIFFERENCESDIFFERENCE IN RECOVERYEFFICIENCY SPE

PAPER NO 2068

BARNESBARNE PW AND PM HOPKINSHOPKIN EDS 1978 GEOLOGICAL SCIENCESSCIENCE IN

INTERIM SYNTHESISSYNTHESI REPORT BEAUFORTCHUKCHI OCSEAP NOAA ENVIRON

MENTAL RESEARCH LABORATORY BOULDER CO

BARNESBARNE PW AND REMNITZ 1974 OBSERVATIONSOBSERVATION OF ARCTIC SHELF PROCESSESPROCESSE
FROM MARINE GEOLOGICSTUDIESSTUDIE IN SYMPOSIUMON BEAUFORT SEA COASTAL
AND SHELF RESEARCH ARCTIC INSTITUTE OF NORTH AMERICA ARLINGTON
VA

BARNESBARNE PW AND REIMNITZ 1974 SEDIMENTARY PROCESSESPROCESSE IN ARCTIC

SHELVESSHELVE OFF THE NORTHERN COAST OF ALASKA IN REED JC AND

SATER EDS THE COAST AND SHELF OF THE BEAUFORT SEA ARCTIC INSTITUTE

OF NORTH AMERICA 439476

BARRY RG RE MORITZ AND JC ROGERSROGER 1979 THE FAST ICE REGIMESREGIME OF

THE BEAUFORT AND CHUKCHI SEA COASTSCOAST ALASKA COLD REGIONSREGION SCIENCE AND

TECHNOLOGY 129152

BEAKLEY WB 1980 HOW TO DRILL AND PRODUCE IN THE BEAUFORT SEA IN

PETROLEUM ENGINEER 522 PP 2332

BECHTEL INC 1979 ARCTIC TERMINAL FOR ICEBREAKING TANKERSTANKER STUDY CONCEP
TUAL DESIGN PREPARED FOR MARITIME ADMINISTRATION OFFICE OF PORT

AND INTERMODAL DEVELOPMENT WASHINGTON DC

BENDOCK 1976 DEWATERING EFFECTSEFFECT OF INDUSTRIAL DEVELOPMENTON ARCTIC

FISH STOCKSSTOCK REPORTTO ALASKA BOARD OF FISHERIESFISHERIE ALASKA DEPARTMENTOF

FISH AND GAME FAIRBANKSFAIRBANK AK

BERCHA AND DG STENNING 1979 ARCTIC OFFSHORE DEEPWATERICE

STRUCTURE INTERACTIONSINTERACTION OTC PAPERNO 3632 PROCEEDINGSPROCEEDING OF OFFSHORE
TECHNOLOGYCONFERENCEHOUSTON TX

BERGER AND ASSOCIATESASSOCIATE 1980 WESTERN AND ARCTIC ALASKA TRANSPORTATION
SYSTEMSSYSTEM STUDY DRAFT REPORT PREPAREDFOR ALASKA DEPARTMENTOF TRANSTRAN

PORTATIONAND PUBLIC FACILITIESFACILITIE FAIRBANKSFAIRBANK DISTRICT OFFICE FAIRBANKSFAIRBANK
AK

BIRD KJ 1981 PETROLEUM EXPLORATION OF THE NORTH SLOPE IN ALASKA
USA US GEOLOGICALSURVEYOPENFILE REPORET 81227

82



BISWASBISWA NN AND GEDNEY EVALUATION OF EARTHQUAKEACTIVITY AROUND

NORTON AND KOTZEBUE SOUNDSSOUND IN ENVIRONMENTAL ASSESSMENT OF THE

ALASKAN CONTI NENTAL SHEL PRINCIPAL INVESTIGATION ANNUAL REPORTSREPORT
OCSEAP NOAA BOULDER COLORADO

BOAZ IB AND DN BHULA 1981 STEEL PRODUCTION STRUCTURE FOR THE

ALASKAN BEAUFORT SEA OTC PAPER NO 4113 OFFSHORE TECHNOLOGYCON

FERENCE HOUSTON TX

BOONE DJ 1980 THE CONSTRUCTION OF AN ARTIFICIAL DRILLING ISLAND IN

INTERMEDIATE WATER DEPTHSDEPTH IN THE BEAUFORT SEA OTC PAPERNO 3873
PROCEEDINGSPROCEEDING OF THE 1980 OFFSHORE TECHNOLOGYCONFERENCE HOUSTON
TX

BREGHA 1979 PETROLEUM DEVELOPMENTIN NORTHERN ALASKA IN PROCEED

INGSING OF THE SYMPOSIUMON MARINE TRANSPORTATIONAND HIGH ARCTIC DEVELOP
MENT POLICY FRAMEWORK AND PRIORITIESPRIORITIE CANADIAN ARCTIC RESOURCESRESOURCE

COMMITTEE OTTAWA ONTARIO PP 223253

BRETSCHNEIDER CL SARGENT JP DOYLE AND RL STRANDTMANN 1971

FACILITIESFACILITIE DEVELOPMENTCONSTRUCTION AND OPERATIONPROBLEMSPROBLEM AND RELATED

ENVIRONMENTAL CONFLICTSCONFLICT AND PROBLEMSPROBLEM OF THE ICE STRESSED COASTAL AREASAREA

OF ALASKA PROCEEDINGSPROCEEDING FIRST POAC CONFERENCE

BROWER ET AL 1977 CLIMATIC ATLASATLA OF THE OUTER CONTINENTAL SHELF WATERSWATER

AND COASTAL REGIONSREGION OF ALASKA VOL BEAUFOR SEA OA

BRUEN FJ ET AL 1981 SELECTION OF LOCAL DESIGN ICE PRESSURE FOR

ARCTIC SYSTEMSSYSTEM PROCEEDINGSPROCEEDING OF THE OFFSHORE TECHNOLOGYCONFERENCE
HOUSTON TX PAPER4334

CALIFORNIA DIVISION OF OIL AND GAS 1981 CALIFORNIA OIL AND GAS PRODUCTION

STATISTICSSTATISTIC AND NEW WELL OPERATIONSOPERATION

CALIFORNIA ENERGY COMMISSION 1980 FUEL PRICE AND SUPPLY PROJECTIONSPROJECTION
19802000

CALIFORNIA ENERGY COMMISSION 1981 PROJECT HEAVY CRUDE REFINING IN

CALIFORNIA AND OPTIONSOPTION FOR DISPOSAL OF RESIDUAL OIL SURPLUSSURPLU

CANNON JP 1977 THE ENVIRONMENTAL GEOLOGYAND GEOMORPHOLOGYOF THE GULF

OF ALASKA COASTAL PLAIN AND THE COASTAL ZONE OF KOTZEBUE SOUND EN

VIRONMENTAL ASSESSMENT OF THE ALASKAN CONTINENTAL SHELF 16 ANNUAL

REPORTSREPORT OCSEAP BOULDER CO PP 333383

CHANDLER JF JR 1978 ARCTIC CONSTRUCTORSCONSTRUCTOR INC PERSONAL COMMUNI

CATION NOVEMBER 28

CHASE MANHATTAN BANK 1981 THE ENERGYOUTLOOK THROUGH2000 TIME OF

TRANSITION

CHEVRON 1981 WORLD ENERGYOUTLOOK 19812000

83



CLARKE ES 1976 PROTOTYPEBEAUFORT SEA TECHNOLOGYSCENARIO IN

PROCEEDINGSPROCEEDINGTWENTYSEVENTHALASKA SCIENCE CONFERENCE RESOURCE DEVEL

OPMENT PROCESSESPROCESSE AND PROBLEMSPROBLEM VOLUME FAIRBANKSFAIRBANK AK 162188

COACHMAN LK AND AAGAARD 1974 PHYSICAL OCEANOGRAPHYOF ARCTIC AND
SUBARCTIC SEASSEA IN MARINE GEOLOGYAND OCEANOGRAPHYOF THE ARCTIC
SEASSEA HERMAN ED SPRINGERVERLAY NEW YORK PP 172

COACHMAN LK AAGAARD AND RB TRIPP 1976 BERING STRAIT THE

REGIONALPHYSICAL OCEANOGRAPHYUNIVERSITY OF WASHINGTONPRESSPRES SEATTLE
WA

CONOCO 1982 WORLD ENERGYOUTLOOK THROUGH2000

CORNITIUSCORNITIU 1981 IHI TO BUILD MOBILE ARCTIC CAISSON RIG OFFSHORE
DECEMBER 1981 PG 17

COTTRILL 1981 THE ARCTIC POTENT MIX OF PROMISE AND PROBLEMSPROBLEM
OFFSHORE ENGINEERARCTIC SUPPLEMENT

COWLESCOWLE CJ DJ HANSEN AND JD HUBBARD 1981 TYPESTYPE OF POTENTIAL
EFFECTSEFFECT OF OFFSHORE OIL AND GAS DEVELOPMENTON MARINE MAMMALSMAMMAL AND

ENDANGEREDSPECIESSPECIE OF THE NORTHERN BERING CHUKCHI AND BEAUFORT SEASSEA
TECHNICAL PAPER BUREAU OF LAND MANAGEMENT ALASKA OCS OFFICE
ANCHORAGEAK

CREAGER JS AND DA MCMANUSMCMANU 1965 PLEISTOCENE DRAINAGEPATTERNSPATTERN ON THE
FLOOR OF THE CHUKCHI SEA IN MARINE GEOLOGY 34279290

CREAGER JS AND DA MCMANUSMCMANU 1967 GEOLOGYOF THE FLOOR OF THE BERING
AND CHUKCHI SEASSEA AMERICAN STUDIESSTUDIE IN THE BERING LAND BRIDGE
HOPKINSHOPKIN DM ED STANDORD UNIVERSITY PRESSPRES

CROASDALE KR AND RL MARCELLUSMARCELLU 1978 ICE AND WAVE ACTION ON ARTIFI
CIAL ISLANDSISLAND IN THE BEAUFORT SEA IN CANADIAN FOURNAL OF CIVIL

ENGINEERING 51 PP 98133

CRUTCHER HL AND OM DAVISDAVI 1969 MARINE CLIMATIC ATLASATLA OF THE WORLD
VOL VIII THE WORLD NAVAL WEATHER SERVICE COMMAND US NAVY
WASHINGTON DC

DAMESDAME MOORE 1977 BEAUFORT SEA BASIN PETROLEUM DEVELOPMENTSCENARIOSSCENARIO FOR

THE FEDERAL OUTER CONTINENTAL SHELF INTERIM REPORT ALASKA OCS

SOCIOECONOMIC STUDIESSTUDIE PROGRAM TECHNICAL REPORTNO REPORTPREPARED
FOR THE BUREAU OF LAND MANAGEMENTALASKA OCS OFFICE

DAMESDAME MOORE 1978A BEAUFORT SEA REGION PETROLEUM DEVELOPMENTSCENARIOSSCENARIO
ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAMTECHNICAL REPORT NO

REPORTPREPAREDFOR THE BUREAU OF LAND MANAGEMENTALASKA OCS OFFICE

DAMESDAME MOORE 1978B BEAUFORT SEA PETROLEUM DEVELOPMENTSCENARIOSSCENARIO
NATURAL PHYSICAL ENVIRONMENT IMPACTSIMPACT ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE

PROGRAMTECHNICAL REPORT NO 21 REPORT PREPAREDFOR THE BUREAU OF
LAND MANAGEMENTALASKA OCS OFFICE

84



DAMESDAME MOORE 1979A NORTHERN GULF OF ALASKA PETROLEUM DEVELOPMENTSCENAR

IOS ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAMTECHNICAL REPORTNO

29 REPORT PREPARED FOR THE BUREAU OF LAND MANAGEMENT ALASKA OCS

OFFICE FEBRUARY1979

DAMESDAME MOORE 1979B WESTERN GULF OF ALASKA PETROLEUM DEVELOPMENTSCENAR

IOS ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAM TECHNICAL REPORTNO

35 REPORT PREPAREDFOR THE BUREAU OF LAND MANAGEMENT ALASKA OCS

OFFICE FEBRUARY1979

DAMESDAME MOORE 1979C LOWER COOK INLET AND SHELIKOF STRAIT PETROLEUM DEVEL

OPMENTSCENARIOSSCENARIO ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAM TECHNICAL

REPORT NO 43 REPORT PREPARED FOR THE BUREAU OF LAND MANAGEMENT
ALASKA OCS OFFICE JULY 1979

DAMESDAME MOORE 0A NORTON BASIN OCS LEASE SALE NO 57 PETROLEUM DEVELOP
MENT SCENARIOSSCENARIO ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAMTECHNICAL

REPORT NO 49 REPORT PREPARED FOR THE BUREAU OF LAND MANAGEMENT
ALASKA OCS OFFICE FEBRUARY1980

DAMESDAME MORE 0B REVIEW OF SUPPLYDEMANDAND MARKETINGPROBLEMSPROBLEM OF

OCS OIL AND GAS FROM THE BERINGNORTON LEASE SALE ALASKA OCS SOCIO

ECONOMIC STUDIESSTUDIE PROGRAMTECHNICAL MEMORANDUM NO BN25 PREPAREDFOR

THE BUREAU OF LAND MANAGEMENTALASKA OCS OFFICE JUNE 1980

DAMESDAME MOORE 0C ST GEORGEBASIN PETROLEUM TECHNOLOGYASSESSMENT OCS

LEASE SALE NO 70 ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAM TECHNICAL

REPORT NO 56 REPORT PREPARED FOR THE BUREAU OF LAND MANAGEMENT
ALASKA OCS OFFICE AUGUST1980

DAMESDAME MOORE 0D NORTH ALEUTIAN SHELF PETROLEUM TECHNOLOGYASSESSMENT
OCS LEASE SALE NO 75 ALASKA OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAM
TECHNICAL REPORT NO 63 REPORT PREPARED FOR THE BUREAU OF LAND

MANAGEMENTALASKA OCS OFFICE DECEMBER 1980

DAMESDAME MOORE 1980E NATURAL RESOURCE PROTECTION AND PETROLEUM DEVELOPMENT
IN ALASKA INDUSTRYPRACTICESPRACTICE AND FISH AND WILDLIFE IMPACTSIMPACT ASSOCIATED
WITH PETROLEUM DEVELOPMENTSDEVELOPMENT PREPARED FOR US FISH AND WILDLIFE

SERVICE OFFICE OF BIOLOGICAL SERVICESSERVICE WASHINGTON DC

DAMESDAME MOORE 1982A NAVARIN BASIN PETROLEUM TECHNOLOGYASSESSMENT ALASKA

OCS SOCIOECONOMIC STUDIESSTUDIE PROGRAM TECHNICAL REPORT NO 83 REPORT
PREPAREDFOR THE BUREAU OF LAND MANAGEMENTALASKA OCS OFFICE

DAMESDAME MOORE 1982B FORTHCOMING CUMULATIVE ECONOMIC IMPACTSIMPACT OF BERING
SEA DEVELOPMENTREPORT IN PROGRESSPROGRES FOR THE BUREAU OF LAND MANAGEMENT
ALASKA OCS OFFICE

DAMESDAME MOORE 1982C PAD SUPPLYDEMANDFORECAST WITH REFERENCE TO ALASKA

NORTH SLOPE CRUDE STATE OF ALASKA DIVISION OF PETROLEUM REVENUE

DATA RESOURCESRESOURCE INC 1982 US LONGTERM REVIEW

85



DAVISDAVI TN AND ECHOLSECHOL 1962 TABLE OF ALASKA EARTHQUAKESEARTHQUAKE 17881961
GEOPHYSICAL INSTITUTE UNIVERSITY OF ALASKA GEOPHY RES REPT

DEJONG JJ AND JC BRUCE 1978 CAISSON REDUCESREDUCE COST OF ARTIFICIAL

DRILLING ISLANDSISLAND IN WORLD OIL 1875 PP 101104

DEJONG JJ AND JC BRUCE 1978 DESIGN AND CONSTRUCTION OF CAISSON
RETAINED ISLAND DRILLING PLATFORM FOR THE BEAUFORT SEA OTC PAPER NO

3294 PROCEEDINGSPROCEEDINGOF THE 1978 OFFSHORE TECHNOLOGYCONFERENCEHOUSTON
TX

DEPARTMENTOF ENERGY 1979 PETROLEUM SUPPLYALTERNATIVESALTERNATIVE FOR THE NORTHERN
TIER AND INLAND STATESSTATE THROUGH THE YEAR 2000 OCTOBER 31 1979

DIETZ RS AJ CARSOLA EC BUFFINGTON AND CJ SHIPEK 1964 SEDI
MENTSMENT AND TOPOGRAPHYOF THE ALASKAN SHELVESSHELVE CHAPTER 12 IN MILLER
RL ED 1964 PAPERSPAPER IN MARINE GEOLOGY SHEPARDCOMMEMORATIVE

VOLUME MACMILLAN COMPANY NEW YORK

DOWNIE AND COULTER 1981 SHORE PROTECTION FOR HYDROCARBONPRO
DUCTION ISLANDSISLAND LOCATED IN ARCTIC REGIONSREGION PROCEEDINGSPROCEEDING OF THE 1980

WORLD DREDGINGCONFERENCEVANCOUVER BC

DOWSE BEW 1979 DESIGNOF HYDROSTATICALLYSUPPORTEDSAND ISLANDSISLAND FOR
ARCTIC DRILLING OTC PAPER NO 3634 PROCEEDINGSPROCEEDING OF THE 1979 OFFSHORE

TECHNOLOGYCONFERENCEHOUSTON

DUGUID JO 1971 THIN GRAVEL DEPOSITSDEPOSIT ON WAVEERODED CLIFFSCLIFF NEAR BARROW
ALASKA ARCTIC 24 304306

EAKIAND PETER AND ASSOCIATESASSOCIATE 1981 BEAUFORT SEA PETROLEUM DEVELOPMENT
SCENARIO TRANSPORTATIONSYSTEMSSYSTEM IMPACTANALYSISANALYSI UPDATED TECHNICAL

REPORTNO 65 BUREAU OF LAND MANAGEMENTALASKA OCS OFFICE ANCHORAGE
AK

EITTREIM AND GRANTZ 1977 SEISMIC AND TECTONIC HAZARDSHAZARD IN THE HOPE
BASIN AND BEAUFORT SHELF IN ENVIRONMENTAL ASSESSMENT OF THE ALASKAN
CONTINENTAL SHELF VOLUME 18 HAZARDSHAZARD OCSEAP OA PP 226268

EITTREIM SL GRANTZ AND 01 ITN 1977 CENOZOIC SEDIMENTATION

AND TECTONICSTECTONIC OF HOPE BASIN SOUTHERN CHUKCHI SEA ABS AMERICAN

ASSOCIATION PETROLEUM GEOLOGISTBULLETIN 613 465

ENERGY INTERFACE ASSOCIATESASSOCIATE INC 1979 TECHNOLOGYREVIEW OF ARCTIC
OFFSHORE OILGASOILGA OPERATIONSOPERATION US GEOLOGICALSURVEY PALOSPALO VERDESVERDE

ESTATESESTATE CALIFORNIA

ENERGY INTERFACE ASSOCIATESASSOCIATE INC 1980 ASSESSMENT OF ARCTIC OFFSHORE

PIPELINESPIPELINE OFFICE OF PIPELINE SAFETY REGULATION DEPARTMENTOF TRANSTRAN

PORTATION WASHINGTON DC

ENERGYMODELINGFORUM 1982 WORLD OIL IARY REPORT

86



ENGINEERINGCOMPUTEROPTECNOMICSOPTECNOMIC 1977 AN ASSESSMENT OF MARINE TRANSPOR
TATION COSTSCOST RELATED TO POTENTIAL PORT SITESSITE IN ALASKA JOINT FEDERAL

STATE LAND USE PLANNING COMMISSION FOR ALASKA ANCHORAGEAK

ENVIRONMENT CANADA 1975 FRASER RIVER DREDGINGGUIDELINESGUIDELINE FISHERIESFISHERIE AND

MARINE SCIENCE PACIFIC REGION TECHNICAL REPORTSERIESSERIE NO PACT752
VANCOUVER BC

EXXON COMPANY USA 1980 WORLD ENERGYOUTLOOK

EXXON COMPANY USA 1979 TECHNICAL SEMINAR ON ALASKAN BEAUFORT SEA

GRAVEL ISLAND DESIGN EXXON PRODUCTION RESEARCH COMPANY HOUSTON
TX

FRYER 1970 PLANNING MARINE STRUCTURESSTRUCTURE FOR ALASKASALASKA ARCTIC REGIONSREGION
IN NORTHERN ENGINEER VOL 17

GARRATT DH AND PR KRY 1978 CONSTRUCTION OF ARTIFICIAL ISLANDSISLAND AS

BEAUFORT SEA DRILLING PLATFORMSPLATFORM IN JOURNAL OF CANADIAN PETROLEUM

TECHNOLOGYAPRILJUNE 1978 PP 7379

GARRISON GR EA PENCE AND HR FELDMAN 1973 STUDIESSTUDIE IN THE MARGINAL
ICE ZONE OF THE CHUKCHI SEA ACOUSTIC AND OCEANOGRAPHICDATA FOR 1972
APPLIED PHYSICSPHYSIC LABORATORY UNIVERSITY OF WASHINGTON SEATTLE WA

GARRISON GR AND BECHER 1975 MARGINAL SEA ICE ZONE OCEANOGRAPHIC
MEASUREMENTSMEASUREMENT BERING AND CHUKCHI SEASSEA 1973 AND 1974 PREPAREDFOR

ARCTIC SUBMARINE LABORATORY NAVAL UNDERSEA CENTER SAN DIEGO CA

GARRISON GR 1976 CHUKCHI SEA OCEANOGRAPHY 1975 MEASUREMENTSMEASUREMENT AND

REVIEW OF COASTAL CURRENT PROPERTIESPROPERTIE APPLIED PHYSICSPHYSIC LAB UNIVERSITY
OF WASHINGTONSEATTLE WA

GAUDE DJ BAUDAISBAUDAI JS WATTSWATT 1981 NEW RIG FOR ICE PLATFORM

DRILLING IN OCEAN INDUSTRY 1614144

GERM AND TAU RHO ALPHA 1979 GAZETTER OF COASTAL AND OFFSHORE

FEATURESFEATURE OF THE CHUKCHI AND BEAUFORT SEASSEA US GEOLOGICAL SURVEY
OPENFILE REPORT791563 RESTON VA

GLOBAL MARINE ENGINEERINGCOMPANY 1978 PRELIMINARY FEASIBILITY STUDY
OF TANKER TRANSPORTATION SYSTEM SERVING THE NORTHWEST COAST OF

ALASKA OFFICE OF COMMERCIAL DEVELOPMENT MARITIME ADMINISTRATION
WASHINGTONDC

GRANTZ ML HOLMESHOLME AND BA KOSOSKI 1975 GEOLOGICFRAMEWORK OF THE

ALASKAN CONTINENTAL TERRACE IN THE CHUKCHI AND BEAUFORT SEASSEA US

GEOLOGICALSURVEY OPENFILE REPORT 75124 MENLO PARK CALIFORNIA

GRANTZ EITTREIM AND BOUCHER 1976 SEISMIC AND TECTONIC HAZARDSHAZARD

IN THE HOPE BASIN AND BEAUFORT SHELF IN ENVIRONMENTAL ASSESSMENT OF

THE ALASKAN CONTINENTAL SHELF PRINCIPAL INVESTIGATORSINVESTIGATOR ANNUAL REPORTSREPORT
NOAA BOULDER COLORADO

87



GRANTZ ARTHUR AND SL EITTREIM 1977 GEOLOGIC FRAMEWORK AND RELATED
HYDROCARBONPOTENTIAL OF BEAUFORT AND NORTHERN CHUKCHI SEASSEA ABS
AMERICAN ASSOCIATION PETROLEUM GEOLOGISTSGEOLOGIST BULLETIN 613 465466

GRANTZ EITTREIM AND OT WHITNEY 1981 GEOLOGYAND PHYSIOGRAPHY
OF THE CONTINENTAL MARGIN NORTH OF ALASKA AND IMPLICATIONSICATION FOR THE

ORIGIN OF THE CANADA BASIN IN THE OCEAN BASINSBASIN AND MARGINSMARGIN VOL
AEM NAIVN CHURKIN JR AND EG STEHLI EDS PLENUM PRESSPRES PP
439492

GRANTZ DINTER ER HILL SD MAY RH MCMULLEN RL ILL
AND REMNITZ 1982 GEOLOGICFRAMEWORKHYDROCARBONPOTENTIAL AND
ENVIRONMENTAL CONDITIONSCONDITION FOR EXPLORATION AND DEVELOPMENTOF PROPOSED
OIL AND GAS LEASE SALE 87 IN THE BEAUFORT AND NORTHEAST CHUKCHI SEASSEA
US GEOLOGICALSURVEYOPENFILE REPORT82482 MENLO PART CA

GRANTZ AND SD MAY 1982 PRELIMINARYLOOK AT THE GEOLOGICSTRUC
TURE OF THE UNITED STATESSTATE CHUKCHI SHELF ABSTRACT PRESENTED AT THE
ALASKA GEOLOGICAL SOCIETY SYMPOSIUM ANCHORAGE ALASKA FEBRUARY 17
1982

HARPER JR 1978 COASTAL EROSION RATESRATE ALONGTHE CHUKCHI SEA COAST NEAR

BARROW ALASKA IN ARCTIC 314428433

HARRISON GR 1979 THE NEED FOR ACTIONORIENTED AND IN THE CANADIAN
ARCTIC IN MARINE TRANSPORTATIONAND HIGH ARCTIC DEVELOPMENT POLICY
FRAMEWORK AND PRIORITIESPRIORITIE CANADIAN ARCTIC RESOURCESRESOURCE COMMITTEE OTTAWA
ONTARIO PP 4588

HARRISON WD AND TE OSTERKAMP 1977 DELINEATION OF MOST PROBABLE
AREASAREA FOR SUBSEA PERMAFROST IN THE CHUKCHI SEA FROM EXISTING DATA IN
ENVIRONMENTAL ASSESSMENT OF THE ALASKAN CONTINENTAL SHELF VOLUME 17
HAZARDSHAZARD OCSEAP NOAA PP 424466

HARTWELL AD 1973 CLASSIFICATION AND RELIEF CHARACTERISTICSCHARACTERISTIC OF NORTHERN
ALASKASALASKA COASTAL ZONE ARCTIC IN 26 244252

HEIDEMAN JC 1979 OCEANOGRAPHICDESIGN CRITERIA IN TECHNICAL SEMINAR
ON ALASKAN BEAUFORT SEA GRAVEL ISLAND DESIGN EXXON USA ANCHORAGE
AK

HERMAN ED 1974 MARINE GEOLOGYAND OCEANOGRAPHYOF THE ARCTIC SEASSEA
SPRINGERVERLAY NEW YORK

HOPKINSHOPKIN DM AND RW HARTZ 1978 SHORELINE HISTORY OF CHUKCHI AND
BEAUFORT SEASSEA AS AN AID TO PREDICTINGOFFSHORE PERMAFROST CONDITIONSCONDITION
ENVIRONMENTAL ASSESSMENT OF THE ALASKAN CONTINENTAL SHELF ANNUAL

REPORTSREPORT 12 OCSEAP BOULDER CO 503574

HOUTZ RE 1979 ACOUSTIC CHARACTERISTICSCHARACTERISTIC OF THE SHELVESSHELVE BETWEEN ALASKA
AND THE USSR TECHNICAL REPORT FOR THE EARTH PHYSICSPHYSIC PROGRAM
OFFICE OF NAVAL RESEARCH LAMONTDOHERTY GEOLOGICAL OBSERVATORY
COLUMBIA UNIVERSITY NY

88



HUFFORD GL 1977 NORTHEAST CHUKCHI SEA COASTAL CURRENTSCURRENT GEOPHYSICAL
RESEARCH LETTERSLETTER 410 457460

HUFFORD GL BD THOMPSONAND LD FARMER 1977B SURFACE CURRENTSCURRENT OF
THE NORTHEAST CHUKCHI SEA ANNUAL REPORTRU81 OCSEAP ARCTIC PROJECT

HUME JD AND SCHALK 1967 SHORELINE PROCESSESPROCESSE NEAR BARROW ALASKA
COMPARISONOF THE NORMAL AND THE CATASTROPHIC IN ARCTIC 20

PP 86103

HUME JD SCHALK MARSHALL AND PW HUME 1972 SHORTTERM CLIMATE
CHANGESCHANGE AND COASTAL EROSION BARROW ALASKA ARCTIC 254 272278

HUNKINSHUNKIN KL 1965 TIDE AND STORM SURGEOBSERVATIONSOBSERVATION IN THE CHUKCHI SEA
IN LIMNOLOGYAND OCEANOGRAPHY10 2939

ICF INC 1982 ALASKA NATURAL GAS DEVELOPMENT AN ECONOMIC ASSESSMENT
OF MARINE SYSTEMSSYSTEM FINAL REPORT REPORTPREPAREDFOR US DEPARTMENT
OF TRANSPORTATIONMARITIME ADMINISTRATION WASHINGTONDC

INGHAM MC BA RUTLAND PW BARNESBARNE GE WATSON DIVOKY ET AL
1972 WEBSEC70 AN ECOLOGICALSURVEYIN THE EASTERN CHUKCHI SEA US
COAST GUARD OCEANOGRAPHICREPORT50

JAHNSJAHN H0 1980 ARCTIC PLATFORMSPLATFORM IN OUTER CONTINENTAL SHELF FRONTIER
TECHNOLOGY PROCEEDINGSPROCEEDING OF SYMPOSIUMHELD IN 1979 MARINE BOARD
NATIONAL RESEARCH COUNCIL NATIONAL ACADEMYOF SCIENCESSCIENCE WASHINGTON
DC

JAZRAWI AND KHANNA 1977 MONOCONE MOBILE GRAVITY PLATFORM FOR
THE ARCTIC OFFSHORE IN PROCEEDINGSPROCEEDING FOURTH POAC CONFERENCE ST
JOHNSJOHN NEWFOUNDLANDPP 170184

JOHNSON MW 1956 THE PLANKTON OF THE BEAUFORT AND CHUKCHI SEA AREASAREA OF
THE ARCTIC AND ITS RELATION TO THE HYDROGRAPHYARCTIC INSTITUTE OF
NORTH AMERICA TECHNICAL PAPER

JOY 1978 HINDCAST STUDY OF COMBINED WAVE AND STORM SURGE EVENTSEVENT
FOR MODEL TEST STUDY OF EROSION OF OFFSHORE ARTIFICIAL ISLANDSISLAND INTER
SEA RESEARCH CORPORATION

JOY JW 1979 HINDCAST STUDY OF EXTREME SURGE WAVESWAVE AND CURRENT
CONDITIONSCONDITION NEAR PRUDHOE BAY ALASKA INTERSEA RESEARCH CORPORATION

KEELEY 1981 CANADIAN ARCTIC PACE QUICKENSQUICKEN OFFSHORE JULY 1981 PP
111115

KENNEDY JL 1976 BILLION DOLLAR PLUSPLU FORTIESFORTIE PROJECT IN FULL SWING
IN OFFSHORE PLATFORM AND PIPELINING THE PETROLEUM PUBLISHING COMPANY
TULSA OKLAHOMA 1976 PP 710

KLEIN 1957 PRINCIPAL TRACKSTRACK AND MEAN FREQUENCIESFREQUENCIE OF CYCLONESCYCLONE AND
ANTICYCLONESANTICYCLONE IN THE NORTHERN HEMISPHERE RESEARCH PAPER 40 US
WEATHER BUREAU DEPARTMENTOF COMMERCEWASHINGTON DC

89



KNECHT HI SB STUBBSSTUBB AND PR ERB 1979 FLOATINGCAISSON VESSEL

SYSTEM FOR OIL PRODUCTION IN DEEP WATER OFFSHORE TECHNOLOGYCON

FERENCE HOUSTON TX

KOBAYASH ET AL 1981 EROSION PREDICTION FOR EXPLORATIONAND PRODUC
TION STRUCTURESSTRUCTURE IN THE ARCTIC OTC PAPER NO 4114 1980 OFFSHORE
TECHNOLOGYCONFERENCEHOUSTON

KOVACSKOVAC AJ GOW AND WF DEHN 1976 ISLANDSISLAND OF GROUNDED SEA ICE
COLD REGIONSREGION RESEARCH AND ENGINEERING LABORATORYREPORT NO 764
HANOVER NH

KOVACSKOVAC HL MCKIM AND CJ MERRY 1975 ISLANDSISLAND OF GROUNDED ICE IN

ARCTIC 283 PP 213216

KOVACSKOVAC AND DS SODHI 1980 SHORE ICE PILEUP AND RIDEUP FIELD
OBSERVATIONSOBSERVATION MODELSMODEL THEORETICAL ANALYSESANALYSE COLD REGIONSREGION SCIENCE AND

TECHNOLOGY PP 209288

KOVACSKOVAC AND WF WEEKSWEEK 1981 DYNAMICSDYNAMIC OF NEARSHORE ICE ANNUAL REPORT
RESEARCH UNIT 88 OCSEAP COLD REGIONSREGION RESEARCH AND ENGINEERINGLABORA

TORY HANOVER NH

KRAMER LS VC CLARK AND GJ CANNELOSCANNELO 1978 PLANNINGFOR OFFSHORE

OIL DEVELOPMENT GULF OF ALASKA OCS HANDBOOK ALASKA DEPARTMENTOF

COMMUNITYAND REGIONALAFFAIRSAFFAIR DIVISION OF COMMUNITYPLANNING JUNEAU
AK

LJUNGBLADDK 1981 AERIAL SURVEYSSURVEY OF ENDANGEREDWHALESWHALE IN THE BEAUFORT

SEA CHUKCHI SEA AND NORTHERN BERING SEA NAVAL OCEAN SYSTEMSSYSTEM CENTER
TECHNICAL REPORT449 PREPAREDFOR BUREAU OF LAND MANAGEMENTALASKA
OCS OFFICE ANCHORAGEAK

MAGOON LB AND GE CLAYPOOL 1981 TWO OIL TYPESTYPE ON THE NORTH SLOPE OF

ALASKA IN APRIL AAPG BULLETIN 644652

MARLOW MS CARLSON AK COOPER KARL MCLEAN MCMILLIN AND
MB LYNCH 1981 RESOURCE REPORT FOR PROPOSED OCS SALE NO 83
NAVARIN BASIN ALASKA US GEOLOGICALSURVEY OPENFILE REPORT81252

MASON JP 1980 SUBSEA PRODUCTION SYSTEMSSYSTEM IN OUTER CONTINENTAL SHELF

FRONTIER TECHNOLOGY PROCEEDINGSPROCEEDING OF SYMPOSIUMHELD IN 1979 MARINE

BOARD NATIONAL RESEARCH COUNCIL NATONAL ACADEMYOF SCIENCE WASHING
TON DC

MASUELT BECK FW AND KM WIIG 1977 THE ECONOMICSECONOMIC OF OFFSHORE OIL AND

GAS SUPPLIESSUPPLIE LEXINGTONBOOKSBOOK LEXINGTON MA

MCKENZIE MB AND BM JOHANSSON 1979 MARINE TRANSPORTATIONOF ARCTIC

HYDROCARBONSHYDROCARBON OFFSHORE TECHNOLOGYCONFERENCE PAPER NO 3631 HOUSTON
TX

MCMULLEN JOHN ASSOCIATESASSOCIATE INC 1980 NATIONAL PETROLEUM RESERVE

ALASKA MARINE TRANSPORTATIONSYSTEM ANALYSISANALYSI MARITIME ADMINISTRA

TION US DEPARTMENTOF COMMERCEWASHINGTON DC

810



MILLER DJ TG PAYNE AND GYRE 1969 GEOLOGYOF POSSIBLE PETROLEUM

PROVINCESPROVINCE IN ALASKA US GEOLOGICALSURVEY BULLETIN NO 1094 RESTON
VA

MILTON 1978 EARLY PRODUCTION SYSTEMSSYSTEM NECESSARY IN TODAYSTODAY OIL

ECONOMICSECONOMIC OIL AND GAS JOURNAL OCTOBER 1978

MOORE DJ 1964 ACOUSTICREFLECTION RECONNAISSANCE OF CONTINENTAL
SHELVESSHELVE EASTERN BERING AND CHUKCHI SEASSEA IN PAPERSPAPER IN MARINE

GEOLOGYSHEPARDCOMMEMORATIVEVOLUME RL MILLER ED THE MACMIL

LAN CO NEW YORK

MORGRIDGE DL AND WB SMITH JR 1972 GEOLOGY AND DISCOVERY OF

PRUDHOE BAY OIL FIELD EASTERN ARCTIC SLOPE ALAKA IN STRATIGRAPHIC
OIL AND GAS FIELDSFIELD AAPG MEM 16 PP 489501

NAIDU AS AND TC MOWATT 1975 DISPERSAL PATTERNSPATTERN OF CLAY MINERALSMINERAL IN

THE ALASKA CHUKCHI SEA ARCTIC OCEAN PROCEEDINGSPROCEEDING OF INTERNATIONAL CLAY
CONFERENCE NATIONAL AUTONOMOUSAUTONOMOU UNIVERSITY OF MEXICO MEXICO CITY
MEXICO

NATIONAL ACADEMY OF SCIENCESSCIENCE 1980 OUTER CONTINENTAL SHELF FRONTIER

TECHNOLOGY PROCEEDINGSPROCEEDING OF SYMPOSIUMHELD IN 1979 MARINE BOARD
NATIONAL RESEARCH COUNCIL WASHINGTONDC

NATIONAL ACADEMYOF SCIENCESSCIENCE 1981 RESEARCH IN SEA ICE MECHANICSMECHANIC MARINE

BOARD NATIONAL RESEARCH COUNCIL NATIONAL ACADEMY OF SCIENCESSCIENCE
WASHINGTON DC

NATIONAL ACADEMYOF SCIENCESSCIENCE 1982 UNDERSTANDINGTHE ARCTIC SEAFLOOR FOR

ENGINEERINGPURPOSESPURPOSE COMMITTEE ON ARCTIC SEAFLOOR ENGINEERING MARINE

BOARD NATIONAL RESEARCH COUNCIL NATIONAL ACADEMYOF SCIENCESSCIENCE
WASHINGTON DC

NATIONAL PETROLEUM COUNCIL 1980 REFINERYFLEXIBILITY

NATIONAL PETROLEUM COUNCIL 1981 US ARCTIC OIL AND GAS COMMITTEE ON

ARCTIC OIL AND GAS RESOURCESRESOURCE WASHINGTON DC FINAL REPORTAND TASK

GROUPPAPERSPAPER

NEW ENGLANDRIVER BASIN COMMISSION 1976 ONSHORE FACILITIESFACILITIE RELATED TO

OFFSHORE OIL AND GAS DEVELOPMENTBOSTON MA

NIEBAUER HJ 1980 RECENT FLUCTUATIONSFLUCTUATION IN METEOROLOGICALAND OCEANO

GRAPHICPARAMETERSPARAMETER IN ALASKA WATERSWATER ALASKA SEA GRANT REPORT7912
UNIVERSITY OF ALASKA FAIRBANKSFAIRBANK AK

OCS ENVIRONMENTAL ASSESSMENT PROGRAM 1978 ENVIRONMENTAL ASSESSMENT OF

THE ALASKAN CONTINENTAL SHELF INTERIM SYNTHESISSYNTHESI BEAUFORTCHUKCHI
NATIONAL OCEANIC AND ATMOSPHERICADMINISTRATION ENVIRONMENTAL RESEARCH

LABORATORY BOULDER CO

OCEAN INDUSTRY 1978 TRENDSTREND IN SUBSEA PRODUCTION SYSTEMSSYSTEM JULY 1978 PP
1920

811



OFFSHORE 1981 OFFSHORE ALASKA DEVELOPMENTEXPECTEDTO REQUIRE FOUR TYPESTYPE
OF PLATFORMSPLATFORM JULY 1981 PG 119

OFFSHORE 1981 SYSTEMSSYSTEM CREATED TO COMBAT ICY OBSTACLESOBSTACLE SEPTEMBER 1981
PP 109115

OFFSHORE 1982 CAISSONSCAISSON SHOULD ENHANCE BEAUFORT DRILLING JANUARY 1982
PP 150152

OIL AND GAS JOURNAL 1981 BEAUFORT DELINEATION LOGSLOG HEFTY OIL GAS FLOWSFLOW
VOL 79 NO 33 AUGUST 19 1981

PAQUETTE RG AND RH BOURKE 1974 OBSERVATIONSOBSERVATION ON THE COASTAL CURRENT
OF ARCTIC ALASKA JOURNAL OF MARINE RESEARCH 322 PP 195207

PAQUETTE RG AND RH BOURKE 1981 OCEAN CIRCULATION AND FRONTSFRONT AS
RELATED TO ICE MELTBACK IN THE CHUKCHI SEA IN JOURNAL OF GEO
PHYSICAL RESEARCH 86C5 PP 42154230

PARKER WB 1975 THE COMPARISONOF OFFSHORE AND ONSHORE TERMINAL FA
CILITY LOCATIONSLOCATION ON ALASKASALASKA NORTHWEST COAST PROCEEDINGSPROCEEDINGOF THE SECOND
INTERNATIONAL CONFERENCE ON PORTSPORT AND OCEAN ENGINEERINGUNDER ARCTIC
CONDI TIONSTION

PATTON WW JR 1973 RECONNAISSANCE GEOLOGYOF THE NORTHERN YUKON
KOYUKUKPROVINCE ALASKA US GEOLOGICALSURVEY PROFESSIONAL PAPER
7744 RESTON VA

PEWE TL DM HOPKINSHOPKIN AND AH LACHENBRUCH 1958 ENGINEERING GEOLOGY
BEARINGON HARBOR SITE SELECTION ALONGTHE NORTHWEST COAST OF ALASKA
FROM NOME TO POINT BARROW US GEOLOGICALSURVEY RESTON VA

PEYTON RH 1968 ICE AND MARINE STRUCTURESSTRUCTURE OCEAN INDUSTRY MARCH
1968

PHILLIPSPHILLIP RL REISSREIS KEMPEMA REIMNITZ AND RICHARDSRICHARD 1982
RECONNAISSANCE MARINE GEOLOGIC INVESTIGATIONSINVESTIGATION NORTHEAST CHUKCHI SEA
1981 ENVIRONMENTAL ASSESSMENT OF THE ALASKAN CONTINENTAL SHELF
PRINCIPAL INVESTIGATORSINVESTIGATOR REPORTSREPORT NOAA BOULDER CO

PIPELINE AND GAS JOURNAL AUGUST 1979 DAS ISLAND LNG PLANT

POTOCSKY GJ 1975 ALASKAN AREA 15 AND 30DAY ICE FORECASTINGGUIDE
NAVAL OCEANOGRAPHICOFFICE WASHINGTON DC

PRITCHARD OJ 1982 FROM EXPLORATION TO PRODUCTION IN PROCEEDINGSPROCEEDING
ARCTIC OIL AND GAS DEVELOPMENT CONFERENCE HELD IN SAN FRANCISCO
OCTOBER 1982 BY THE ENERGYBUREAU OF NEW YORK NEW YORK

PRITCHARD RS 1978 DYNAMICSDYNAMIC OF NEARSHORE ICE ENVIRONMENTAL ASSESSASSES
MENT OF THE ALASKAN CONTINENTAL SHELF ANNUAL REPORTSREPORT OCSEAP
BOULDER CO PP 3949

PUBLIC WORKSWORK OF CANADA 1972 HERSCHEL ISLAND MARINE TERMINAL STUDY
OTTAWA

812



RALSTON TD 1977 ICE FORCE DESIGN CONSIDERATIONSCONSIDERATION FOR CONICAL OFFSHORE

STRUCTURESSTRUCTURE IN PROCEEDINGSPROCEEDING FOURTH POAC CONFERENCE ST JOHNSJOHN
NEWFOUNDLANDPP 741752

REIMER RW JC SCHEDVIN AND RS PRITCHARD 1981 CHUKCHI SEA ICE

MOTION PROCEEDINGSPROCEEDING OF THE 6TH INTERNATIONAL CONFERENCE ON PORT AND

OCEAN ENGINEERING UNDER ARCTIC CONDITIONSCONDITION POAC QUEBEC CANADA PP
10381046

REMNITZ PW BARNESBARNE TC FORGATSCH AND CA RODERICK 1972 IN

FLUENCE OF GROUNDINGICE ON THE ARCTIC SHELF AT ALASKA IN MARINE

GEOLOGY VOL 13 PP 323334

REIMNITZ AND PW BARNESBARNE 1974 SEA ICE AS GEOLOGICAGENT ON THE

BEAUFORT SEA SHELF OF ALASKA IN THE COAST AND SHELF OF THE BEAU

FORT SEA JC REED AND JE SATER EDS ARCTIC INSTITUTE OF NORTH

AMERICA ARLINGTON VA

REIMNITZ LJ TOIMIL AND PW BARNESBARNE 1978A ARCTIC CONTINENTAL SHELF

MORPHOLOGYRELATED TO SEAICE ZONATION BEAUFORT SEA ALASKA JOURNAL

OF MARINE GEOLOGY 2834 PP 179210

REIMNITZ LJ TOIMIL AND PW BARNESBARNE 1978B STAMUKHI ZONE PROCESSESPROCESSE

IMPLICATIONSIMPLICATION FOR DEVELOPINGTHE ARCTIC OFFSHORE AREA IN JOURNAL OF

PETROLEUM TECHNOLOGYJULY 1978 PP 982986

REIMNITZ AND DK MAURER 1979 EFFECTSEFFECT OF STORM SURGESSURGE ON THE BEAU

FORT SEA COAST NORTHERN ALASKA IN ARCTIC 324329344

ROGERSROGER GOLDEN AND HALPERN INC 1981 ARCTIC SUMMARYREPORT OUTER

CONTINENTAL SHELF AND ONSHORE OIL AND GAS ACTIVITIESACTIVITIE AND IMPACTSIMPACT IN THE

ARCTIC SUMMARYREPORT US GEOLOGICAL SURVEY OPENFILE REPORT
81621 RESTON VA

ROGERSROGER JC AND JL MORACK 1978 GEOPHYSICALINVESTIGATIONSINVESTIGATION OF OFFSHORE

PERMAFROST PRUDHOE BAY ALASKA PROCEEDINGSPROCEEDING OF THIRD INTERNATIONAL

CONFERENCE ON PERMAFROST VOL PP 581563

RUPPEL BD AND AG MCHENDRIE 1976 FREEAIR GRAVITY ANOMALYMAP OF THE

EASTERN CHUKCHI AND SOUTHERN BEAUFORT SEASSEA US GEOLOGICAL SURVEY
MISCELLANEOUSMISCELLANEOU FIELD STUDIESSTUDIE MAP MFD785 RESTON VA

SACKINGER WM 1980 REVIEW OF TECHNOLOGYFOR ARCTIC OFFSHORE OIL AND

GAS RECOVERY VOLUME SECOND EDITION US DEPARTMENTOF ENERGY
WASHINGTONDC

SCHUMACHERGM 1976 BATHYMETRICMAP OF CHUKCHI SEA AND ARCTIC OCEAN
US GEOLOGICALSURVEYOPENFILE REPORT76823 RESTON VA

SEARBY HW AND HUNTER 1971 CLIMATE OF THE NORTH SLOPE ALASKA NOAA

TECHNICAL MEMORANDUM NWS AR4 NATIONAL WEATHER SERVICE ANCHORAGE
AK

813



SEIFERT ET AL 1979 APPLICATION OF BIOLOGICAL MARKER CHEMISTRY TO

PETROLEUM EXPLORATION IN PROCEEDINGSPROCEEDING OF THE TENTH WORLD PETROLEUM

CONGRESSCONGRES PP 425440

SELLMAN PU KL CAREY KEELER AND AD HARTWELL 1972 TERRAIN AND

COASTAL CONDITIONSCONDITION ON THE ARCTIC ALASKAN COASTAL PLAIN SPECIAL REPORT
NO 165 COLD REGIONSREGION RESEARCH AND ENGINEERING LABORATORY HANOVER
NH

SHAPIRO LH AND JJ BURNSBURN 1975 SATELLITE OBSERVATIONSOBSERVATION OF SEA ICE

MOVEMENT IN THE BERING STRAIT REGION IN CLIMATE OF THE ARCTIC
UNIVERSITY OF ALASKA FAIRBANKSFAIRBANK AK PP 379386

SHAPIRO LH MF BATESBATE AND WD HARRISON 1979 MECHANICSMECHANIC OF ORIGIN OF

PRESSURE RIDGESRIDGE SHEAR RIDGESRIDGE AND HUMMOCK FIELDSFIELD IN LANDFAST ICE
ENVIRONMENTAL ASSESSMENT OF THE ALASKAN CONTINENTAL SHELF ANNUAL

REPORTSREPORT OCSEAP BULDER CO PP 366423

SHARMA GS 1979 THE ALASKAN SHELF HYDROGRAPHIC SEDIMENTARY AND

GEOCHEMICAL ENVIRONMENT SPRINGERVERLAGNEW YORK

SHELL 1980 THE NATIONAL ENERGYOUTLOOK 19801990

SHORT AD 1975A OFFSHORE BARSBAR ALONGTHE ALASKAN ARCTIC COAST JOURNAL

OF GEOLOGY 832 PP 209221

SHORT AD AND WJ WISEMAN JR 1975B COASTAL BREAKUPIN THE ALASKAN

ARCTIC IN GEOLOGY SOCIETY OF AMERICA BULLETIN 862199202

SHORT AD 1979 BARRIER ISLAND DEVELOPMENTALONG THE ALASKANYUKON

COASTAL PLAINSPLAIN GEOLOGICALSOCIETY OF AMERICA BULLETIN 90 PART

PP 35

SMITH PA RW HARTZ AND DW HOPKINSHOPKIN 1980 OFFSHORE PERMAFROST

STUDIESSTUDIE AND SHORELINE HISTORY AS AN AID TO PREDICTING OFFSHORE PERMA

FROST CONDITIONSCONDITION ENVIRONMENTAL ASSESSMENT OF THE ALASKAN CONTINENTAL

SHELF ANNUAL REPORTSREPORT OCSEAP PP 159256

STENNING DG AND CG SCHUMANN 1980 ARCTIC PRODUCTION MONOCONE 1974

OFFSHORE TECHNOLOGYCONFERENCEHOUSTON TX

STEWART RJ AND MB KENNEDY 1978 AN ANALYSISANALYSI OF US TANKER AND

OFFSHORE PETROLEUM PRODUCTION OIL SPILLAGE THROUGH1975 PREPAREDFOR

US DEPARTMENTOF THE INTERIOR OFFICE OF POLICY ANALYSISANALYSI WASHINGTON
DC

STRINGER WJ 1978A NEARSHORE ICE CONDITIONSCONDITION BY MEANSMEAN OF SATELLITE AND

AERIAL REMOTE SENSING ANNUAL REPORTRU 257 OCS ENVIRONMENTAL ASSESSASSES

MENT PROGRAM ARCTIC PROJECT

STRINGER WJ 1978B MORPHOLOGYOF BEAUFORT CHUKCHI AND BERING SEASSEA NEAR

SHORE ICE CONDITIONSCONDITION BY MEANSMEAN OF SATELLITE AND AERIAL REMOTE SENSING
IN ENVIRONMENTAL ASSESSMENT OF THE ALASKAN CONTINENTAL SHELF ANNUAL

REPORTSREPORT VOLUME OCSEAP BOULDER COLORADO

814



SWIFT WH RE BROWN LU KIN MM ORGILL PL PETERSON AND WW

WADDEL 1974 GEOGRAPHICALANALYSISANALYSI OF OIL SPILL POTENTIAL ASSOCIATED
WITH ALASKAN OIL PRODUCTION AND TRANSPORTATIONSYSTEMSSYSTEM PREPAREDFOR

US COAST GUARD OFFICE OF RESEARCH AND DEVELOPMENTBATTELLE MEMORIAL
INSTITUTE PACIFIC NW LABORATORIESLABORATORIE RICHIAND WA

TELEKI DG MA HAMPTONAND LE GARRISON 1979 ENVIRONMENTAL HAZARDSHAZARD

ON THE UNITED STATESSTATE CONTINENTAL SHELF IN PROCEEDINGSPROCEEDING OF THE FIFTH

INTERNATIONAL CONFERENCE ON PORT AND OCEAN ENGINEERING UNDER ARCTIC

CONDITIONSCONDITION POAC UNIVERSITY OF TRANDHEIM NORWAY PP 435448

TEXACO 1981A UNITED STATESSTATE ENERGYOUTLOOK 19802000

TEXACO 1981B FREE WORLD ENERGYOUTLOOK

THOM HC 1973A DISTRIBUTIONSDISTRIBUTION OF EXTREME WINDSWIND OVER OCEANSOCEAN IN

AMERICAN SOCIETY OF CIVIL ENGINEERSENGINEER WATERWAYSWATERWAY HARBORSHARBOR AND COASTAL

ENGINEERINGDIVISION JOURNAL 991 PP 117

THOM 1973B EXTREME WAVE HEIGHT DISTRIBUTIONSDISTRIBUTION OVER OCEANSOCEAN IN
AMERICAN SOCIETY OF CIVIL ENGINEERSENGINEER WATERWAYSWATERWAY HARBORSHARBOR AND COASTAL

ENGINEERINGDIVISION JOURNAL 993 PP 355374

TININERMANSTININERMAN WJ 1982 DESIGN INSTALLATION AND OPERATIONDESCRIBED FOR

BEAUFORT SEA PIPELINESPIPELINE OIL AND GAS JOURNAL MAY 10 1982

TOIMIL 1979 ICE GOUGECHARACTERISTICSCHARACTERISTIC IN THE ALASKAN CHUKCHI SEA IN
CIVIL ENGINEERING IN THE OCEANSOCEAN VOL II AMERICA SOCIETY OF CIVIL

ENGINEERSENGINEER NEW YORK NY PP 863876

TOIMIL AND GRANTZ 1976 ORIGIN OF BERGFIELD IN THE NORTH

EASTERN CHUKCHI SEA AND ITS INFLUENCE ON THE SEDIMENTARYENVIRONMENT
IN ALMA JOHNSON ED ARCTIC ICE DYNAMICSDYNAMIC JOINT EXPERIMENTAIDJEX
BULLETIN NO 34 DIVISION OF MARINE RESOURCESRESOURCE UNIVERSITY OF WASHING
TON SEATTLE WA

TORNFELT EE 1982 CULTURAL RESOURCESRESOURCE OF THE CHUKCHI AND BEAUFORT SEASSEA
SHELF AND SHORE TECHNICAL PAPER NO ALASKA OCS OFFICE BUREAU OF

LAND MANAGEMENTANCHORAGEAK

US ARMY CORPSCORP OF ENGINEERSENGINEER 1970 SEV ARCTIC ENVIRONMENT DATA PACKAGE
COLD REGIONSREGION RESEARCH AND ENGINEERINGLABORATORY HANOVER NH

US COAST AND GEODETIC SURVEY 1979 UNITED STATESSTATE COAST PILOT ALASKA
CAPE SPENCERTO ARCTIC OCEAN WASHINGTONDC

US DEPARTMENTOF COMMERCEMARITIME ADMINISTRATION 1973 ARCTIC ENERGY
TRANSPORT STUDY OFFICE OF RESEARCH AND DEVELOPMENT WASHINGTON
DC

US DEPARTMENTOF COMMERCEMARITIME ADMINISTRATION 1981 ARCTIC MARINE

TRANSPORTATIONDISCUSSION PAPER WASHINGTONDC

815



US DEPARTMENTOF COMMERCE OFFICE OF CLIMATOLOGYAND OCEANOGRAPHICANA

LYSISLYSI DIVISION 1961 CLIMATOLOGICAL AND OCEANOGRAPHICATLASATLA FOR

MARINERSMARINER VOLUME NORTH PACIFIC OCEAN US DEPARTMENTOF COMMERCE
US NAVY WASHINGTONDC

US DEPARTMENTOF THE INTERIOR BUREAU OF LAND MANAGEMENT1981 NATIONAL

PETROLEUM RESERVE IN ALASKA DRAFT ENVIRONMENTAL ASSESSMENT ALASKA
STATE OFFICE ANCHORAGEAK

US DEPARTMENTOF THE INTERIOR OFFICE OF MINERALSMINERAL POLICY AND RESEARCH

ANALYSISANALYSI 1979 FINAL REPORT OF THE 1056 ECONOMIC AND POLICY
ANALYSISANALYSI WASHINGTON DC

US NAVY 1968 OCEANOGRAPHICATLASATLA OF THE POLAR SEASSEA PART HYDRO
GRAPHICOFFICE WASHINGTONDC

VOELKER RP BRENNAN AND CW PARKER 1981 EVALUATING COMMERCIAL

ARCTIC MARINE TRANSPORTATIONWITH POLAR CLASSCLAS ICEBREAKERSICEBREAKER PROCEEDINGSPROCEEDING
OF THE SNAME SPRINGMEETINGSTARSYMPOSIUM OTTAWA ONTARIO CANADA

WANG JL VIVATRAT AND JR RUSER 1982 GEOTECHNICAL PROPERTIESPROPERTIE OF

ALASKA OCS MARINE SILTSSILT 4412 OFFSHORE TECHNOLOGYCONFERENCE
HOUSTON TX

WATT BJ 1982 DESIGN OF STEEL STRUCTURESSTRUCTURE FOR THE CANADIAN OFFSHORE

FRONTIERSFRONTIER PROCEEDINGSPROCEEDING OF THE CANADIAN STRUCTURAL ENGINEERING
CONFERENCEVANCOUVER BC

WEBSTER BD 1982 EMPIRICAL PROBABILITIESPROBABILITIE OF THE ICE LIMIT AND FIFTY
PERCENT ICE CONCENTRATION BOUNDARYIN THE CHUKCHI AND BEAUFORT SEASSEA
NOAA TECHNICAL MEMORANDUM NWS AR34 NATIONAL WEATHER SERVICE AN

CHORAGE AK

WEEKSWEEK WF WD TUCKER FRANK AND FUNGCHAROEN1978 CHARACTER

IZATION OF THE SURFACE ROUGHNESSROUGHNESAND FLOE GEOMETRYOF THE SEA ICE OVER

THE CONTINENTAL SHELVESSHELVE OF THE BEAUFORT AND CHUKCHI SEASSEA ICSIAIDJEX
CONFERENCE ON SEA ICE PROCESSESPROCESSE AND MODELSMODEL UNIV OF WASHINGTONPRESSPRES
SEATTLE WA

WILIMOVSKY NJ AND JN WOLFE EDS 1966 ENVIRONMENT OF THE CAPE
THOMPSONREGION ALASKA US ATOMIC ENERGY COMMISSION OAK RIDGE
TN

WISEMAN WJ JM COLEMAN GREGORY SA HSU AD SHORT JN

CD WALTERSWALTER JR AND LD WRIGHT 1973 ALASKAN ARCTIC COASTAL

PROCESSESPROCESSE AND GEOMORPHOLOGYTECHNICAL REPORT 149 COASTAL STUDIESSTUDIE

INSTITUTE LOUISIANA STATE UNIVERSITY

WOODWARDCLYDECONSULTANTSCONSULTANT 1978 OFFSHORE ALASKA SEISMIC EXPOSURESTUDY
ALASKA SUBARCTIC OFFSHORE COMMITTEE SAN FRANCISCO CALIFORNIA

WOODWARDCLYDECONSULTANTSCONSULTANT 1980 GRAVEL REMOVAL STUDIESSTUDIE IN ARCTIC AND

SUBARCTIC FLOODPLAINSFLOODPLAIN IN ALASKA US FISH AND WILDLIFE SERVICE OFFICE

OF BIOLOGICALSERVICESSERVICE WASHINGTON DC

816



WRIGHT 1977 ARTIFICIAL ISLANDSISLAND IN THE BEAUFORT SEA REVIEW OF

POTENTIAL ENVIRONMENTAL IMPACTSIMPACT FISHERIESFISHERIE AND MARINE SERVICE
ENVIRONMENTAL SECRETARIAT OTTAWA ONTARIO

ZABILANSKY LJ DE AND FD HAYNESHAYNE 1975 ICE FORCESFORCE ON MODEL

STRUCTURESSTRUCTURE CANADIAN JOURNAL OF ENGINEERING24

ZUBOV 1945 ARCTIC ICE TRANSLATION US NAVAL ELECTRONICSELECTRONIC

LABORATORY SAN DIEGO CA





APPENDIX

PETROLEUM GEOLOGY RESERVOIR

AND TECHNICAL ASSUMPTIONSASSUMPTION



OF

INTRODUCTION

PETROLEUM GEOLOGY RESERVOIR AND PRODUCTION ASSUMPTIONSASSUMPTION A2

111 INTRODUCTION A2

112 SUMARY OF BARROW ARCH PLANNING AREA PETROLEUM GEOLOGY A2

REGIONAL FRAMEWORK A2

STRUCTURE A5

AREA CENTRAL CHUKCHI SHELF A6

AREA NORTH CHUKCHI BASIN A7

STRATIGRAPHY A9

RESERVOIR ROCKSROCK AND TRAPSTRAP

SOURCE ROCKSROCK A12

COMPARISONTO OTHER ARCTIC MARGINBASINSBASIN 13

113 ASSUMPTIONSASSUMPTION 13

1H INITIAL PRODUCTION RATE

11311 OIL A13

NONASSOCIATED GAS A15

RESERVOIR DEPTH A15

RECOVERABLE RESERVESRESERVE

11331 TECHNICAL INTRODUCTION A16

11332 ESTIMATE FOR BARROW ARCH PLANNING AREA A17

1134 PRODUCTION PROFILESPROFILE A18

11341 OIL A18

ASSOCIATED GAS



OF CONTINUED

NONASSOCIATED GAS A2O

1135 FIELD SIZE AND DISTRIBUTION A21

IQ TECHNOLOGY AND TECHNICAL ASSUMPTIONSASSUMPTION A23

1111 INTRODUCTION A23

PRODUCTION SYSTEMSSYSTEM SELECTED FOR ECONOMIC EVALUATION A23

PIPELINE DISTANCESDISTANCE AND TRANSPORTATIONOPTIONSOPTION A24

OTHER TECHNICAL ASSUMPTIONSASSUMPTION A25

WELL SPACING

GENERAL CONSIDERATIONSCONSIDERATION FOR OIL A25

11 NONASSOCIATED GAS A26

WELL ALLOWANCESALLOWANCE A26

11 WELL COMPLETIONRATESRATE A27

111421 EXPLORATIONWELLSWELL A27

DEVELOPMENTWELLSWELL A27



APPENDIX

PETROLEUM GEOLOGY RESERVOIR AND TECHNICAL ASSUMPTIONSASSUMPTION

THISTHI APPENDIX DESCRIBESDESCRIBE THE RESERVOIR PRODUCTION AND TECHNICAL

ASSUMPTIONSASSUMPTIONTHAT ARE THE ESSENTIAL PARAMETERSPARAMETER FOR THE ECONOMIC ANALYSISANALYSI

THE ROLE OF THESE ASSUMPTIONSASSUMPTION AND THE OVERALL STUDY METHODOLOGYARE DES

CRIBED IN MORE DETAIL IN APPENDIX OF OUR FINAL REPORTENTITLED LUST GEORGE

BASIN PETROLEUM TECHNOLOGYASSESSMENT OCS LEASE SALE NO 70 DAMESDAME MOORE

198OC MANYOF THE ASSUMPTIONSASSUMPTIONOF THISTHI STUDYARE UNIQUETO THE BARROW ARCH

PLANNING AREA THISTHI APPENDIX IS DEVOTED TO DESCRIPTION OF THE PETROLEUM

GEOLOGYOF THE BARROW ARCH LEASE SALE AREA AND RELATED RESERVOIR ENGINEERING

ASSUMPTIONSASSUMPTION AND TECHNICAL ASSUMPTIONSASSUMPTION THAT ARE SPECIFIC TO THE ANALYSISANALYSI

AI



PETROLEUM GEOLOGY RESERVOIR AND PRODUCTION

111

SECTION REVIEWSREVIEW THE PETROLEUMGEOLOGYOF THE BARROW ARCH OCS

PLANNINGAREA TO PROVIDE THE GEOLOGICSPECIFICATIONSSPECIFICATION FOR THE RESERVOIR

AND PRODUCTIONASSUMPTIONSASSUMPTION THAT ARE ESSENTIAL PARAMETERSPARAMETER FOR THE ECONOMIC

ANALYSISANALYSI THE ASSUMPTIONSASSUMPTION ARE PRESENTEDIN SECTION 113

GEOLOGYFROM THE WESTERN PART OF ALASKASALASKA NORTH SLOPE KNOWN PRINCIPAL

LY FROM WELLSWELL DRILLED ALONG THE NORTHWEST COAST CAN BE CORRELATED INTO

PARTSPART OF THISTHI PLANNING AREA BUT NO COST WELLSWELL OR OTHER WELLSWELL HAVE BEEN

DRILLED ANYWHEREIN THE PLANNING AREA IN THE NORTH CHUKCHI BASIN PORTION

OF THE PLANNING AREA THE GEOLOGYIS BELIEVED TO BE MUCH DIFFERENT THAN

TYPICAL NORTH SLOPE GEOLOGYAND DUE TO PACK ICE COVER IN THISTHI AREA ABOUT 80

PERCENTOF THE YEAR MARINE SEISMIC EXPLORATIONHAS BEEN VERY LIMITED AND

COMPROMISEDAS TO LOCATION ALTHOUGHTHE AMOUNT AND QUALITY OF GEOLOGICAL

INFORMATION VARIESVARIE GREATLY THERE IS INSUFFICIENT GEOLOGICAND GEOPHYSICAL

DATA TO MAKE PREDICTIONSPREDICTION WITH HIGH DEGREE OF CERTAINTY ON RESERVOIR

CHARACTERISTICSCHARACTERISTIC IN THE BARROW ARCH PLANNING AREA OUR APPROACHIN THISTHI

STUDY WAS TO EXPLORETHE ECONOMIC AND ENGINEERING IMPACTSIMPACT OF DIVERSE GEO

LOGIC AND RESERVOIR CHARACTERISTICSCHARACTERISTIC THAT DIVERSITY HOWEVER SHOULD FALL

WITHIN THE RANGE OF CONDITIONSCONDITION INDICATED BY THE AVAILABLE DATA AND DATA FROM

PRODUCINGBASINSBASIN WITH SIMILAR GEOLOGICSETTINGSSETTING

112 OF BARROW ARCH PLANNING AREA PETROLEUM

1121

GEOLOGICALLY THE BARROW ARCH PLANNING AREA CONTAINSCONTAIN VARIETY OF

GEOLOGICALFEATURESFEATURE MAKING IT MUCH MORE COMPLEXTHAN THE BERING SEA PLAN

NING AREASAREA WHICH ESSENTIALLY CONTAINED ONE BASIN OR SERIESSERIE OF CLOSELY

ASSOCIATED BASINSBASIN THE BARROW ARCH PLANNINGAREA EXTENDSEXTEND NORTHWARD FROM AN

EASTWEST LINE TOUCHINGTHE ALASKA COAST AT POINT HOPE

A2



FROM SOUTH TO NORTH THE FOLLOWINGGEOLOGICAL FEATURESFEATURE ARE INCLUDED

NORTHERN ONEFIFTH OF HOPE BASIN OCCASIONALLYREFERRED TO AS PART

OF THE SOUTH CHUKCHI BASIN CONSISTING OF INFERRED TERTIARY

SEDIMENTARYROCKSROCK

THE HERALD ARCH BROAD POSITIVE FEATURE EXPOSING ROCKSROCK AS OLD AS

MISSISSIPPIAN QUARTZITESQUARTZITE IN ITS CORE

THE CENTRAL CHUKCHI SHELF WHICH INCLUDESINCLUDE VERY THICK SEDIMEN

TARY SECTION AND MANY NORTHWEST TRENDING ANTICLINESANTICLINE IN THE

OFFSHORE EXTENSION OF THE COLVILLE TROUGHFROM THE NORTH SLOPEOIL

AND GAS PROVINCE

THE NORTH CHUKCHI BASIN WHICH IS FILLED WITH GREAT THICKNESSESTHICKNESSE OF

INFERRED CRETACEOUSCRETACEOU AND TERTIARY ROCKSROCK CONTAINING SHALE DIAPIRSDIAPIR

BECAUSE OF THE DIFFICULTIESDIFFICULTIE OF CONDUCTINGSEISMIC EXPLORATION IN SEASSEA

MOST OFTEN COVERED WITH PACK ICE AND THE FACT THAT SEISMIC LINE SPACING HAS

BEEN 80 KILOMETERSKILOMETER 50 MILESMILE GEOLOGICAL INFORMATION IN THE NORTH CHUKCHI

IS CERTAINLY NOT BASED ON IDEAL SEISMIC DATA BREAK OCCURSOCCUR IN THE CON

TINENTAL SHELF IN THE NORTHEASTERN PORTION OF THE NORTH CHUKCHI BASIN WHERE

THE BATHYMETRYPLUNGESPLUNGE INTO THE CHUKCHI BORDERLAND BUT THE REMAINDER OF THE

BARROW ARCH PLANNING AREA INCLUDING THE OTHER FEATURESFEATURE DESCRIBED IN THISTHI

SECTION LIE ON THE REMARKABLYLARGE AND FLAT CHUKCHI CONTINENTAL SHELF

CRUSTAL PLATE TECTONICSTECTONIC IS DEMONSTRATED BY CONTINENTAL RIFTING AND

CONTINENTAL BREAK UP ON THE CHUKCHI SHELF PORTION OF THE BARROW ARCH PLAN

NING AREA AND HAS DIVIDED THE SHELF INTO TWO DISTINCT STRUCTURAL AND STRATI

GRAPHIC DOMAINSDOMAIN SEPARATEDBY SUBSIDENCE HINGE LINESLINE SEAFLOOR SPREADINGOR

CRUSTAL THINNING FORMED THE NORTH CHUKCHI BASIN PROBABLY DURING EARLY

CRETACEOUSCRETACEOU TIME AND IT NOW CONTAINSCONTAIN MORE THAN 16 KILOMETERSKILOMETER 52500 FEET OF

YOUNGER MOSTLY TERTIARY SEDIMENTSSEDIMENT THE DOMAIN THAT LIESLIE SOUTH OF THE

HINGE LINE IS DOMINATED BY THE ARCTIC PLATFORM WHICH EXTENDSEXTEND ALL ACROSSACROS

NORTHERN ALASKA NORTH OF THE BROOKSBROOK

A3



WHEREASWHEREA THE PHYSIOGRAPHYIS SIMPLE THE GEOLOGICAL FEATURESFEATURE RANGE FROM

QUARTZITE ARCHESARCHE TO SHALE DIAPIRSDIAPIR AND THE AGE OF ROCKSROCK PERSPECTIVE FOR OIL

AND GAS RANGE FROM MISSISSIPPIAN THROUGHTERTIARY BASED ON SEISMIC INTER

PRETATIONSPRETATION IT IS QUITE POSSIBLE THAT SEDIMENTARYROCKSROCK REPRESENTING ALL

SYSTEMSSYSTEM FROM PRECAMBRIAN TO QUATERNARYARE PRESENT IN THISTHI STUDY WE WILL

CONSIDER MAINLY ROCK UNITSUNIT KNOWN TO BE CAPABLE OF OIL OR GAS PRODUCTIONON

THE NORTH SLOPE OR THOUGHTTO HAVE GOOD RESERVOIR POSSIBILITIESPOSSIBILITIE BASED ON

LITHOLOGIC CHARACTERISTICSCHARACTERISTIC

IN CONSIDERING THE REGIONAL GEOLOGY IT IS IMPORTANT TO RELATE THE

BARROW ARCH PLANNING AREA TO THE OIL PROVINCE COMMONLYKNOWN AS THE NORTH

SLOPE THE HABITAT OF THE GIANT PRUDHOE BAY AND KUPARUKOIL FIELDSFIELD AND MANY

OTHER OIL AND GAS OCCURRENCESOCCURRENCE NORTH SLOPE GEOLOGYEXTENDSEXTEND WELL INTO AREA

AND IS ESPECIALLY RELEVANT TO THE ATTRACTIVE NEARSHORE EXPLORATION TARGETSTARGET

THE NORTH SLOPE ENCOMPASSESENCOMPASSE ALL THE LAND NORTH OF THE BROOKSBROOK RANGE

DRAINAGE DIVIDE IT IS SUBDIVIDED INTO THREE PHYSIOGRAPHICPROVINCESPROVINCE FROM

SOUTH TO NORTH THE BROOKSBROOK RANGE THE FOOTHILLSFOOTHILL GENERALLYSUBDIVIDED INTO

NORTHERN AND SOUTHERN FOOTHILLSFOOTHILL AND THE COASTAL PLAIN TRENDING IN

SUBPARALLEL EASTERLY DIRECTION THESE PROVINCESPROVINCE REFLECT UNDERLYINGGEOLOGIC

TRENDSTREND THE NORTH SLOPE IS COMPOSEDOF THREE MAIN STRUCTURAL ELEMENTSELEMENT THE

BROOKSBROOK RANGE OROGEN BELT OF VERY DEFORMED ROCKSROCK THE COLVILLE TROUGH

AND THE BARROW ARCH THESE STRUCTURAL ELEMENTSELEMENT CORRESPONDGENERALLYTO THE

RESPECTIVE PHYSIOGRAPHIC PROVINCESPROVINCE IN THE CONTEXT OF THE ENTIRE WORTH

SLOPE THE BARROW ARCH IS CERTAINLY BEST KNOWN AS THE BARROWCANNINGRIVER

ARCH WHICH IS THE LOCUSLOCU OF CURRENT OIL AND GAS EXPLORATIONALONGTHE ARCTIC

COAST FROM THE WESTERN BOUNDARY OF THE ARCTIC WILDLIFE RANGE TO POINT

BARROW AT POINT BARROW THE ARCH BRINGSBRING OLDER ROCKSROCK FAIRLY NEAR TO THE

SURFACE AND THEN RISESRISE EVEN HIGHER TO BRING BASEMENT ROCKSROCK TO THE SURFACE IN

THE WESTERN CHUKCHI SEA

THISTHI ARCH IS BROAD REGIONAL BASEMENT HIGH THAT SEPARATESSEPARATE THE COLVILLE

TROUGHON THE SOUTH FROM THE ARCTIC OCEAN BASIN VERY DENSE DEVONIAN ROCKSROCK

FORMINGTHE ECONOMIC BASEMENT FOUND AT RELATIVELY SHALLOW DEPTHSDEPTH ALONGTHE

BARROW ARCH SLOPE GENTLY SOUTHWESTERLYINTO THE COLVILLE TROUGHWHICH IN
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THE BARROW ARCH PLANNING AREA IS MARKED BY THE AXISAXI OF THE HANNA TROUGH

THE HANNA TROUGHINTERSECTSINTERSECT THE COAST NEAR POINT LAY HERE THE COLVILLE

HANNA TROUGHMAY BE AS DEEP AS 10600 METERSMETER 34779 FEET AND CONTAINSCONTAIN MANY

SLUMPANTICLINESANTICLINE CLOSELYRESEMBLINGTHOSE OF THE FOOTHILLSFOOTHILL PHYSIOGRAPHIC

PROVINCE WHICH OCCUPIESOCCUPIE THE MAJORPART OF THE COLVILLE TROUGHON THE NORTH

SLOPE GEOPHYSICALEVIDENCE STEVE MAY US GEOLOGICALSURVEY PERSONAL
COMMUNICATION STRONGLYSUGGESTSSUGGEST THAT THISTHI MULTITUDE OF SOUTHWEST TRENDING

OFFSHORE ANTICLINESANTICLINE TERMINATE ABRUPTLY ABOUT 150 KILOMETERSKILOMETER 93 MILESMILE

OFFSHORE

THE SURFACE OUTCROPSOUTCROP THE SUBSURFACE WELL DATA CRUDE OIL CHARACTER

ISTICSISTIC AND OIL AND GAS FIELD PERFORMANCEHISTORIESHISTORIE ON THE NORTH SLOPE

PROVIDEVERY USEFUL INFORMATION TO TRANSFER TO STUDY OF THE NORTH SLOPE

RELATED AREASAREA OF THE CHUKCHI SHELF HOWEVER THERE IS GEOPHYSICALEVIDENCE

THAT THE WESTERN HALF OF THE BARROW ARCH PLANNING AREA HAS BEEN STRONGLY

INFLUENCED AND POSSIBLY RADICALLYCHANGEDBY ONE OR MORE PLATE TECTONIC

EPISODESEPISODE THAT COULD GREATLY EFFECT THE STRATIGRAPHY STRUCTURE AND THE

RESERVOIR QUALITIESQUALITIE

WATER BOTTOMSBOTTOM LYING WITHIN KILOMETERSKILOMETER MILESMILE OF ALASKA COASTLINE

ARE OWNED BY THE STATE OF ALASKA APPROXIMATELY700 KILOMETERSKILOMETER 378 NAUTI

CAL MILESMILE OF ALASKA COASTLINE ADJOIN THE SOUTHEASTERN CHUKCHI SHELF

THE US GEOLOGICALSURVEYRAN 24 CHANNEL SEISMICREFLECTION SURVEYSSURVEY ON

THE CHUKCHI SHELF USING RECONNAISSANCE GRID SPACINGOF ABOUT 80 KILOMETERSKILOMETER

50 MILESMILE IN 1977 1978 AND 1980 USINGTHE SURVEY SHIP SP LEE THISTHI DATA

AUGMENTEDAND IN SEVERAL WAYSWAY CHANGEDTHE ORIGINAL STRUCTURAL INTERPRETA

TIONSTION MADE USING SINGLE CHANNEL DATA RUN FROM ICE BREAKING COAST GUARD

CUTTERSCUTTER SINCE 1969 USING SPARKER AND AIRGUN ENERGY SOURCESSOURCE SONOBUOY

REFRACTION LINESLINE TOTAL MAGNETICMEASUREMENTSMEASUREMENT AND LIMITED GRAVITY MEASURE

MENTSMENT WERE ALSO OBTAINED IN THE SURVEYSSURVEY RUN FROM COAST GUARD CUTTERSCUTTER

GRAVITY DATA HAS NOT BEEN VERY USEFUL FOR GEOLOGICALINTERPRETATIONSINTERPRETATION ON THE

CHUKCHI SHELF STEVE MAY US GEOLOGICALSURVEY PERSONALCOMMUNICATION

AS



CENTRAL CHUKCHI

IT IS INFERRED THAT THE HERALD FAULT ZONE IS AN EXTENSION OF THE THRUST

BELT OF EXPOSED LL INCLUDESINCLUDE LISBURNE LIMESTONE ROCKSROCK IN THE

LISBURNE NIL IS NEAR CAPE LI SBURNE NORTH OF CAPE LI SBURNE THE HERALD FAULT

ZONE CROSSCUTSCROSSCUT THE EASTWEST TRENDING THRUST FOLDSFOLD THAT TREND OFFSHORE FROM

THE ARCTIC FOOTHILLSFOOTHILL OF THE BROOKSBROOK RANGE AND ARE RELATED TO THE IF AND

THRUSTINGOF THE BROOKSBROOK RANGE MOUNTAIN BUILDING ACTIVITY

THE HERALD FAULT ZONE THUSTHU APPEARSAPPEAR TO POSTDATE THE THRUST FAULTSFAULT
THRUSTFOLDSTHRUSTFOLD AND DETACHMENT FOLDSFOLD OF THE EXTENSION OF THE ARCTIC FOOTHILLSFOOTHILL

INTO THE CHUKCHI SHELF THE AMOUNT OF NORTHWARD THRUSTING ON THE HERALD

ARCH IS UNKNOWN BUT WOULD BE OF CONSIDERABLE MAGNITUDE THE PORTION OF THE

BARROW ARCH PLANNING AREA LYING IN THE NORTH PART OF THE HOPE BASIN AND IN

THE HERALD ARCH AREA IS INCLUDED GEOLOGICALLYIN AREA THE CENTRAL CHUKCHI

SHELF BECAUSE THERE IS POSSIBILITY THAT THE OIL AND GAS TRAPSTRAP WHICH

WOULD BE EXPLORATION OBJECTIVESOBJECTIVE COULD BE LOCATED BELOW THE OVERTHRUST

PLATESPLATE OF THE HERALD ARCH OR UNDER PART OF THE NORTHEASTERN PORTION OF THE

HOPE BASIN THESE SUBTHRUST PLATE OBJECTIVESOBJECTIVE WOULD BE MORE CLOSELY RELATED

TO THE FOOTHILLSFOOTHILL PROVINCEGEOLOGYOF AREA THAN TO THE HOPE BASIN

THE THICK SECTIONSSECTION OF MIDDLE CRETACEOUSCRETACEOU BEDSBED NORTH OF CAPE LISBURNE ARE

DEFORMED BY LARGE NORTHWEST TRENDING FOLDSFOLD THAT DIE OUT NEAR LONGITUDE
167W THESE ANTICLINAL FOLDSFOLD ARE CONTINUATION OF THE FOLDSFOLD OF THE

NORTHERN FOOTHILLSFOOTHILL PHYSIOGRAPHICPROVINCEOF THE SOUTHERN SLOPE THEY

ARE STRONGEST AND HAVE FAULTED CORESCORE NEAR THE HERALD ARCH THEY DECREASE IN

AMPLITUDE NORTHWARD AND DIE OUT INTO GENTLEMONOCLINE NEAR THE LATITUDE OF

ICY CAPE 450 KILOMETERSKILOMETER 280 MILESMILE SOUTHWEST OF BARROW THE FOLDSFOLD ARE

DETACHED FROM THE STRUCTURE OF THE ROCKSROCK BELOW AND CONFORM TO THE STRUCTURAL

STYLE KNOWN AS DECOLLEMENT OFTEN ASSOCIATED WITH THRUST FAULTING IN THE

ELLESMERIAN ROCKSROCK UNDERLYINGTHE DETACHMENT SURFACE STRUCTURAL CLOSURESCLOSURE AND

TRUNCATION SURFACESSURFACE COULD PROVIDE EXPLORATIONTARGETSTARGET

THE BARROW ARCH DOMINATESDOMINATE THE NORTHERN HALF OF AREA CENTRAL CHUKCHI

BASIN AND BRINGSBRING FRANKLINIAN ROCKSROCK CONSIDERED TO BE ECONOMIC BASEMENT TO
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WITHIN 230 METERSMETER 750 FEET OF THE SEABED FROM THE CREST THE BASEMENT

ROCKSROCK SLOPE SOUTHWESTWARD TO THE AXISAXI OF THE HANNA TROUGHWHERE THESE SAME

FRANKLINIAN ROCKSROCK LIE AT 106 KILOMETERSKILOMETER 34779 FEET OVERLYING THE

BASEMENT IS THE ELLESMERIAN SERIESSERIE INCLUDING THE LISBURNE LIMESTONE AND

JURASSIC SANDSTONESSANDSTONE KNOWN TO PRODUCEOIL AND GAS NEAR THE CREST OF THE BARROW

ARCH AT PRUDHOE BAY WHERE THE RESERVOIR ROCKSROCK ARE TRUNCATED BY IMPERMEABLE

YOUNGER ROCKSROCK BROAD ANTICLINESANTICLINE NORMAL FAULTSFAULT UPDIP PINCHOUTSPINCHOUT ONLAP AS

WELL AS EROSIONAL TRUNCATION TRAPSTRAP COULD POSSIBLY OCCUR ON THISTHI BROAD

INCLINED SHELF THE RECONNAISSANCE TYPE SEISMIC SURVEYSSURVEY RUN IN THISTHI AREA

HOWEVER DO NOT PROVIDE SPECIFIC INTERVAL INFORMATION ON WHICH TO DETERMINE

WHERE STRUCTURAL CLOSURE EXISTSEXIST BASED ON GEOPHYSICALDATA GRANTZ 1982

SPECULATESSPECULATE ON THE NORTHERN LIMIT OF THE ELLESMERIAN ROCKSROCK SEE FIGURE

AI THISTHI LINE PROBABLYREPRESENTSREPRESENT THE DISAPPEARANCEOF THE KINGAK SHALE

AND THE JURASSIC SANDSTONESSANDSTONE THAT IT MAY CONTAIN SUBSURFACE WELL DATA

ONSHORE AT PEARD BAY INDICATESINDICATE THAT THE LISBURNE FORMATION HAS ALREADYBEEN

COMPLETELYTRUNCATED AGAINST THE BARROW ARCH RISING TO THE NORTH BUT ALMOST

1000 METERSMETER 3281 FEET OF LISBURNE WERE CUT IN THE TUNALIK WELL 161 KILO

METERSMETER 100 MILESMILE SOUTH OF PEARD BAY

NORTH CHUKCHI

THISTHI BASIN IS STRUCTURALLYAND STRATIGRAPHICALLY QUITE DIFFERENT FROM

THE CHUKCHI SHELF LYING TO THE SOUTH IT IS DOMINATED BY THICK CRETACEOUSCRETACEOU

AND TERTIARY SEDIMENTARYPRISMSPRISM THAT RAPIDLY FILLED THE BASIN FORMED BY

SEAFLOOR SPREADINGEPISODE RELATED TO THE FORMATION OF THE HUGECANADA BASIN

LYING ALMOST 160 KILOMETERSKILOMETER 100 MILESMILE NORTH OF POINT BARROW THE NORTH

CHUKCHI BASIN CONTAINSCONTAIN MORE THAN 16 KILOMETERSKILOMETER 52000 FEET OF SEDIMENTSSEDIMENT

ABOVE THE ECONOMIC BASEMENT NOTABLE FEATURE IS THE OCCURRENCE OF SHALE

DIAPIRSDIAPIR ITS CRETACEOUSCRETACEOU BEDSBED HAVE BEEN BROKEN INTO MANY ROTATED SLUMP

BLOCKSBLOCK BOUNDED BY NORMAL FAULTSFAULT THESE CRETACEOUSCRETACEOU AGE BEDSBED ARE APPROXIMATE

LY THE SAME AGE AS THE NANUSHUK GROUPOF ROCKSROCK FROM WHICH THE NIA OIL

FIELD IS CAPABLEOF PRODUCINGOIL

STRATA IN THE SOUTHERN PART OF THE NORTH CHUKCHI BASIN DIP AS MUCH AS

0H NORTHERLY FARTHER TO THE NORTH DIPSDIP DECREASE TO LESSLES THAN 10 NORTHER

LY
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THE DEPOSITIONAL AXISAXI OF THE NORTH SLOPE COLVILLE BASIN IS CLOSE

TO THE SOUTHERN EDGE THE BASIN IS VERY ASSYMETRICAL WITH THE DEEPEST

PORTION BEING ONLY 80 KILOMETERSKILOMETER 50 NORTH OF THE BROOKSBROOK RANGE THE

COLVILLE BASIN IS FILLED MOSTLY WITH MESOZIC AND TERTIARY ROCKSROCK SHED INTO

THE BASIN FROM SOUTHERN SOURCE AREA THAT LAY IN APPROXIMATELYTHE SAME

POSITION NOW OCCUPIED BY THE BROOKSBROOK RANGE ONSHORE AND THE HERALD ARCH

OFFSHORE PRIOR TO THE DEVELOPMENTOF THE COLVILLE BASIN GEOLOGIC HIGH

EXISTED IN APPROXIMATELY THE POSITION OF THE PRESENT CANADA BASIN SEDI

MENTSMENT OF MIDPALEOZOIC TO EARLY CRETACEOUSCRETACEOU AGE WERE SHED TO THE SOUTH FROM

THISTHI NORTHERN HIGH AND CARBONATE ROCKSROCK OF PALEOZOIC AGE WERE LAID DOWN ON

ITS FLANKSFLANK FORMING THE ELLESMERIAN SEQUENCE THESE ROCKSROCK WERE PARTIALLY
ERODED DURING PERIOD OF UPLIFT PRIOR TO DEPOSITION OF THE YOUNGER SEDI

MENTSMENT FROM THE SOUTHERN SOURCE AREASAREA RESULTING IN AN UNCONFORMITYTHAT

TRUNCATESTRUNCATE THE OLDER ROCKSROCK IN SEVERAL AREASAREA ALONG THE BARROW ARCH THISTHI

UNCONFORMITYFORMSFORM PART OF THE TRAPPING MECHANISM OF THE PRUDHOE BAY OIL

FIELD AND ALSO WOULD BE OPERATIVE ON THE SOUTHERN FLANKSFLANK OF THE BARROW ARCH

IN ITS OFFSHORE EXTENSION IN THE CHUKCHI SEA

ON THE BASISBASI OF LIMITED SEISMIC SURVEYSSURVEY AND NO WELL DATA OR MEASURED

SURFACE SECTIONSSECTION THE NORTH CHUKCHI BASIN IS THOUGHTTO CONTAIN THICK

SEQUENCE OF CLASTIC SEDIMENTARYROCKSROCK OF CRETACEOUSCRETACEOU AND TERTIARY AGE CON

SISTING OF MAINLY SHALLOW MARINE CLASTIC BEDSBED FROM SOUTHERLY SOURCE

1124 ROCKSROCK AND

IN AREA CENTRAL CHUKCHI AREA THERE ARE FOUR MAIN ROCK UNITSUNIT KNOWN

TO HAVE RESERVOIR POTENTIAL THESE INCLUDE THE SADLEROCHIT FORMATION OF

PERMOTRIASSIC AGE THE LISBURNE GROUP OF MISSISSIPPIANPENNSYL AGE

THE KUPARUKRIVER SANDSSAND OF JURASSIC OR EARLIEST CRETACEOUSCRETACEOU AGE AND THE SAG
RIVER SANDSTONE OF JURASSIC AGE NUMEROUSNUMEROU YOUNGER SEDIMENTSSEDIMENT OF CRETACEOUSCRETACEOU

OR TERTIARY AGE WHICH OCCUR IN THE KUPARUK OIL FIELD UGNUCRETACEOUSUGNUCRETACEOU OR

WITHIN THE NANUSHUK GROUP IN SMALL OIL FIELDSFIELD IN THE NPRA COULD BE RESER

VOIR ROCKSROCK BUT GENERALLYTEND TO BE THINNER AND LESSLES POROUSPOROU THAN THE OLDER

KNOWN RESERVOIR ROCKSROCK
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THE SADLEROCHIT FORMATION HAS CONSIDERABLE LATERAL VARIATION IN

RESERVOIR CHARACTERISTICSCHARACTERISTIC PROBABLY DUE TO DIFFERENCESDIFFERENCE IN SOURCE AREA

GEOGRAPHYAND THE RELATIVE POSITION OF DEPOSITIONAL AREA TO THE SOURCE

OF THE SEDIMENTSSEDIMENT

THE VARIATION IN THE AMOUNT OF SAND IN THE FORMATION IS CAUSED BY THESE

DEPOSITIONALDIFFERENCESDIFFERENCE PRUDHOE BAY OIL FIELD IS ACTUALLY FORTUNATE

COINCIDENCE OF LARGETRAP IN CONJUNCTIONWITH CENTER OF SAND DEPOSITION

FROM THE SADLEROCHIT FORMATION THE AMOUNT OF SAND IN THISTHI FORMATION

DECREASESDECREASE TO THE NORTHWEST OF PRUDHOE BAY IN THE DIRECTION OF THE BARROW

ARCH PLANNINGAREA HOWEVER THE POSSIBILITY OF OTHER DEPOSITIONAL CENTERSCENTER

ALONG THE LATERAL EXTENT OF THE SADLEROCHIT FORMATION MAKESMAKE IT DRILLING

TARGET WITHIN THE CENTRAL CHUKCHI SHELF WHERE IT HAS NOT BEEN REMOVED BY

EROSION FROM THE BARROW ARCH OR BURIED TOO DEEPLY IN THE HANNA TROUGH

TRAPSTRAP COULD BE COMBINATIONSCOMBINATION OF STRUCTURE AND STRATIGRAPHY SUCH AS AT

PRUDHOE BAY OR DUE TO TRUNACTATION AND SEALING BY CRETACEOUSCRETACEOU UNCONFORMITY

ON THE BARROW ARCH

SHELFTYPE CARBONATE ROCKSROCK OF THE LISBURNE GROUP DEPOSITED ALONG THE

FLANKSFLANK OF NORTHERN HIGH LAND AREA ARE RESERVOIRSRESERVOIR IN THE PRUDHOE BAY OIL

FIELD AND CONTAIN SHOWSSHOW OF OIL AND GAS OVER WIDE AREA OF NORTHWESTERN

ALASKA AN EXPLORATORYWELL OPERATEDBY UNION OIL COMPANYSPUDDEDIN 1982

AT TUNGAKCREEK ABOUT 35 KILOMETERSKILOMETER 22 MILESMILE NORTHEAST OF POINT LAY ON THE

NORTHWEST COAST AND BORDERINGTHE CENTRAL CHUKCHI AREA AREA THISTHI WELL

MAY HAVE BEEN AN ATTEMPT TO FIND THE UPDIP TRUNCATED EDGE OF THE LISBURNE

FORMATION ON THE RISE OF THE BARROW ARCH THE LISBURNE IS FOUND OVER WIDE

AREA OF THE NORTH SLOPE BUT IS NOTEABLYABSENT ON AND NEAR THE CRESTSCREST OF

POSITIVE AREASAREA SUCH AS THE MEADE ARCH WHICH RUNSRUN NORTHSOUTH THROUGH

NPRA AT SMITH BAY ABOUT 160 KM 100 MILESMILE SOUTHEAST OF POINT BARROW AND

EAST OF THE PRUDHOE BAY OIL FIELD BEING LOW IN THE ELLESMERIAN SERIESSERIE OF

ROCKSROCK THE LISBURNE IS SEVERELYTRUNCATED OFF ON THE SOUTH FLANK OF THE

BARROW ARCH BUT IT REMAINSREMAIN AN ATTRACTIVE EXPLORATIONTARGET SOME CONTROL

AS TO ITS ZERO THICKNESSTHICKNES IS PROVIDEDBY THE HUSKY PEARD BAY WELL WHICH

FOUND THE LISBURNE MISSING AND THE TUNALIK WELL SEE FIGURE AI WHICH

ENCOUNTERED THICK LISBURNE SECTION BUT CURIOUSLY THE LISBURNE WAS CUT BY
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NEARLY 305 METERSMETER 1000 FEET OF VOLCANIC ROCKSROCK IT IS BELIEVED THAT GOOD
RESERVOIR ROCKSROCK COULD DEVELOP IN THE LISBURNE IN AREA CENTRAL CHUKCHI

BASIN DUE TO DOLOMITIZATION REEFING AND OTHER MECHANISMSMECHANISM THAT DEVELOP
POROSITY IN CARBONATE ROCKSROCK

THE KUPARUK RIVER SANDSTONESSANDSTONE ARE NOW PRODUCINGOIL FROM THE KUPARUK
RIVER OIL FIELD ABOUT 68 KILOMETERSKILOMETER 40 MILESMILE WEST OF THE PRUDHOE BAY OIL

FIELD AND FORM SEPARATE OIL POOL IN THE PRUDHOE BAY OIL FIELD THESE

SANDSSAND WERE DEPOSITED IN SHALLOW MARINE ENVIRONMENT FROM NORTHERN SOURCE

AND USUALLY OCCUR AS MULTIPLE RESERVOIRSRESERVOIR AGGREGATING15 TO 21 METERSMETER 50 TO

70 FEET THICK RESERVOIRSRESERVOIR ARE GENERALLYLENTICULAR BUT LARGE AND COULD BE

PRESENT IN BROAD BAND IN THE NORTHERN PART OF THE CENTRAL CHIH BASIN

WITH STRATIGRAPHICTRAPSTRAP BEING FAVORED BECAUSE OF THE LENTICULAR NATURE OF

THE SANDSSAND

STRATIGRAPHIC EQUIVALENT SANDSSAND TO THE SAGAVANIRKTOKRIVER SANDSTONE OF

JURASSIC AGE IN THE PRUDHOE BAY OIL FIELD MAY ALSO BE AN IMPORTANTAND WIDE

SPREAD EXPLORATION TARGET SOUTH OF THE LINE ON FIGURE AI INDICATING THE

NORTHERN LIMIT OF ELLESMERIAN ROCKSROCK THISTHI SANDSTONE WOULD PROBABLYBE LESSLES

THAN 30 METERSMETER 100 FEET IN NET THICKNESSTHICKNES BUT WOULD EXHIBIT FAIRLY GOOD
LATERAL UNIFORMITY TRAPSTRAP WOULD BE STRUCTURAL OR TRUNCATION ON THE RISE OF

THE BARROW ARCH

SANDSTONESSANDSTONE OF LOWER CRETACEOUSCRETACEOU AGE DERIVED FROM SOUTHERN SOURCE

EQUIVALENT TO RESERVOIRSRESERVOIR FOUND AT THE UMIAT OIL FIELD IN THE NANUSHUK GROUP
COULD BE WIDESPREAD IN AREA CENTRAL CHUKCHI IN BOTH STRUCTURAL AND

STRATIGRAPHIC TRAPSTRAP GAS RESERVOIRSRESERVOIR WOULD ALSO CERTAINLY BE EXPECTED
BECAUSE THISTHI THICK CLASTIC WEDGEIS COAL BEARING IN TERMSTERM OF TOTAL HYDRO

CARBONSCARBON THESE ROCKSROCK HAVE HIGH POTENTIAL

SKETCHY GEOPHYSICAL DATA AND THE ABSENCE OF ANY WELL DATA OR OUT

CROPPINGROCKSROCK REQUIRESREQUIRE THAT COMMENTSCOMMENT ABOUT THE RESERVOIR ROCKSROCK AND TRAPSTRAP OF

THE NORTH CHUKCHI BASIN AREA BE STATED IN VERY GENERAL TERMSTERM SINGLE
CHANNEL REFLECTION PROFILESPROFILE INDICATE NORTH DIP OF 15 IN THE ROCKSROCK ON THE

SOUTH RIM OF THE CHUKCHI BASIN AND LESSLES THAN NORTHERLYDIPSDIP BASINWARD TO
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THE NORTH NORTH CHUKCHI SEDIMENTSSEDIMENT ARE THOUGHTTO BE DEPOSITEDON OCEANIC

CRUST OR VERY THIN CONTINENTAL CRUST AND POSSIBLY COULD FORM OIL AND GAS

TRAPSTRAP BY DIFFERENTIAL COMPACTIONOVER REMNANT HIGH STANDING BLOCKSBLOCK OR ON

UPTHROWNFAULT BLOCKSBLOCK THE RATHER STEEPLY DIPPING MARINE ROCKSROCK ON THE

SOUTHERN RIM OF THE NORTH CHUKCHI BASIN COULD PROVIDE THE LOCUSLOCU FOR TRAPSTRAP

ASSOCIATED WITH VARIOUSVARIOU TYPESTYPE OF OFFSHORE SAND LENSESLENSE BUT IT MUST BE EM

PHASIZED THAT THERE IS NO RELIABLE DATA ON THE PRESENCE OR ABSENCE OF

RESERVOIR ROCKSROCK IN THISTHI AREA ROTATED SLUMPBLOCKSBLOCK BOUNDED DOWN TO THE

BASIN NORMAL FAULTSFAULT ALSO SEEN ON SEISMIC PROFILESPROFILE COULD PROVIDE TRAPSTRAP IF

RESERVOIR QUALITY ROCKSROCK EXIST

IT SEEMSSEEM LIKELY THAT MANY PERHAPSPERHAP 50 DIAPIRSDIAPIR WILL BE FOUND IN THE

CHUKCHI BASED ON THE FACT THAT FIVE HAVE ALREADY BEEN IDENTIFIED ON THE

BASISBASI OF THE ALMOST RANDOM SEISMIC SURVEYSSURVEY EXPLORING FOR DIAPERSDIAPER IS

SOMETHINGLIKE EXPLORING FOR PINNACLE REEFSREEF IN THAT BOTH ARE NONLINEAR

STRUCTURESSTRUCTURE AND CONSIDERABLE AMOUNT OF LUCK IS HELPFULIN LOCATING THEM

UNTIL RECENTLY IT HAS BEEN GENERALLYACCEPTED THAT THE SOURCE OF

PRUDHOE BAY OIL IS MARINE SHALE OF CRETACEOUSCRETACEOU AGE MORGRIDGEAND SMITH

1972 RECENTLY MAGOONAND CLAYPOOL1982 SUGGESTTHAT MEDIUM GRAVITY

HIGH SULFUR OILSOIL FOUND ALONGTHE BARROW ARCH AT PRUDHOE AND POINT BARROW ARE

DERIVED FROM CARBONATE OR OTHER IRON DEFICIENT SOURCE ROCK AND THAT THE

HIGHER GRAVITY LOW SULFUR OILSOIL OF THE UMIAT CAPE SIMPSONAND SKULL CLIFF

ARE DERIVED FROM SILICA RICH CLASTIC SOURCE ROCK WORK BY SIEFERT ET AL

1979 COMPARINGBIOLOGIC MARKER COMPOUNDSCOMPOUND IN THE OILSOIL AND SHALE EXTRACTSEXTRACT

CONCLUDED THAT MAJOR SOURCESSOURCE OF THE PRINCIPAL OIL ACCUMULATIONSACCUMULATION WERE THE

TRIASSIC SHUBLIK FORMATION PHOSPHATICCALCAREOUSPHOSPHATICCALCAREOU SHALE THE JURASSIC

KINGAK SHALE AND DEEPLY BURIED 3480 METERSMETER FEET UPPER CRETA

CEOUSCEOU SHALESSHALE IN ADDITION THEY DETERMINED THAT THE ENCASING SHALE WAS THE

UNIQUE SOURCE FOR THE OIL RECOVERED FROM THE KUPARUKRIVER SANDSTONESSANDSTONE WITHIN

THE KINGAK SHALE
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SOURCE ROCKSROCK ARE WIDESPREADAND ABUNDANT IN THE CENTRAL CHUKCHI BASIN

ESPECIALLY SOUTH OF THE LINE ON THE BARROW ARCH WHERE THE SHUBLIK FORMATION

AND OTHER CARBONATE ROCKSROCK HAVE NOT BEEN REMOVED BY EROSION WITH ABUNDANT

SOURCE ROCKSROCK IT IS EXPECTEDTHAT TRAPSTRAP WILL BE FILLED TO THE SPILL POINT IN

THE CENTRAL CHUKCHI BASIN EXCEPT IN AREASAREA OF INTENSE DEFORMATION

BASED ON THE TREMENDOUSTREMENDOU THICKNESSTHICKNES 16 KILOMETERSKILOMETER FEET OF

PROBABLEMARINE SHALESSHALE THOUGHTTO EXIST IN THE NORTH CHUKCHI BASIN AREA

AND HIGH HEAT FLOW EXPECTEDBECAUSE OF THE THIN OR ABSENT CONTINENTAL CRUST

THE NORTH CHUKCHI IS EXPECTED TO CONTAIN EXCELLENT OIL AND GAS SOURCE

ROCKSROCK

1126 TO OTHER ARCTIC MARGIN

SINCE THE CENTRAL CHUKCHI BASIN IS ACTUALLY AN EXTENSION OF NORTH SLOPE

GEOLOGYCOMPARISONSCOMPARISON TO THE NORTH SLOPE HAVE BEEN DRAWN UNDER ALL SUB

HEADINGSHEADING OF THE PETROLEUMGEOLOGYSECTION HOWEVER AS STATED EARLIER

THE GEOLOGICORIGIN STRATIGRAPHYAND STRUCTURE OF THE NORTH CHUKCHI BASIN

APPEAR TO BE QUITE DIFFERENT THAN THE NORTH SLOPEBASIN AND THE AMOUNT AND

QUALITY OF THE INFORMATION AVAILABLE IS VERY MUCH LESSLES THE BARTER ISLAND

AREA OF THE EASTERN BEAUFORT BASIN NEAR THE ALASKACANADA BORDER RESEMBLESRESEMBLE

THE NORTH CHUKCHI IN THAT THEY ARE THE DEEPEST BASINSBASIN ALONG THE PRESENT

NORTHERN ALASKA CONTINENTAL MARGIN AND BOTH CONTAIN THE THICK SHALESSHALE AND

DYNAMICSDYNAMIC TO PRODUCESHALE DIAPIRSDIAPIR THE EASTERN BEAUFORT BASIN IS PRODUCTIVE

OF OIL AND GAS IN THE MCKENZIE RIVER DELTA AREA

113

1131 PRODUCTION

11311 OIL

INITIAL WELL PRODUCTIONRATE IS USED IN THE ECONOMIC ANALYSISANALYSI AS AN

INDEX OF RESERVOIR PERFORMANCEIN THE ABSENCE OF SPECIFIC DATA ABOUT RESER

VOIR CHARACTERISTICSCHARACTERISTIC PAY THICKNESSTHICKNES POROSITY PERMEABILITY DRIVE MECHAN

AI



ISM ETC INITIAL PRODUCTIONRATE REFERSREFER TO THE SUSTAINED AVERAGE

PRODUCTIVITY OF WELL OVER THE FIRST 45 PERCENT OF ITS TOTAL PRODUCTION

AFTER WHICH EXPONENTIAL DECLINE OCCURSOCCUR THE INITIAL PRODUCTIVITY PER WELL

INFLUENCESINFLUENCE THE NUMBER OF WELLSWELL THAT HAVE TO BE DRILLED TO EFFICIENTLY DRAIN

RESERVOIR ASSUMINGSTANDARD WELL SPACING 65 HECTARESHECTARE ACRESACRE AND THE

MAXIMUM NUMBER OF WELLSWELL THAT CAN BE DRILLED FROM SINGLE PLATFORMDICTATED

BY THE RESERVOIR DEPTH AND WELL SPACING LIMITATIONSLIMITATION THE PEAK THROUGHPUTOF

PRODUCING SYSTEM CAN BE ESTIMATED USING THE INITIAL WELL PRODUCTIVITY

ASSUMPTION

INITIAL PRODUCTIONRATE FOR WELLSWELL ON ANTICLINESANTICLINE IN THE BARROW ARCH

PLANNING AREA IS ASSUMED TO AVERAGE 2000 BARRELSBARREL PER DAY IN AREA AND

1000 BARRELSBARREL PER DAY IN AREA THE ESTIMATED DEPTH OF WELLSWELL IN AREA

SHOULD RANGE BETWEEN 1524 AND 7620 METERSMETER 5000 AND 25000 FEET AN

OVERALL AVERAGE OF 3048 METERSMETER 10000 FEET IS USED AS BASE CASE IN AREA

AND 2286 METERSMETER 7500 FEET IS USED IN AREA AT THISTHI DEPTH THE MOST

FAVORABLE RATIO OF POROSITY PERMEABILITY AND PRESSURE IS ANTICIPATED TO

OCCUR

THE INITIAL PRODUCTIVITY ASSUMED FOR WELLSWELL PRODUCINGFROM STRATIGRAPHIC

TRAPSTRAP WILL VARY WIDELY AS DEPTHSDEPTH OF THESE TRAPSTRAP RANGE FROM VERY SHALLOW TO

VERY DEEP CONSIDERING THAT SOME OF THE PRODUCTIVEPOTENTIALIN AREA MAY

ORGINATE FROM CLEAN CLASTICSCLASTIC IN TRUNCATION TRAPSTRAP AN INITIAL WELL PRODUC

TIVITY OF 2000 BARRELSBARREL OF OIL PER DAY IS ALSO ASSUMED FOR STRATIGRAPHICAND

COMBINATION STRUCTURAL AND STRATIGRAPHIC TRAPSTRAP IN AREA RESERVOIRSRESERVOIR ARE

THOUGHTTO HAVE LESSLES FAVORABLE RESERVOIR CHARACTERISTICSCHARACTERISTIC DUE TO THE RELA

TIVELY RAPID FILLING OF THE NORTH CHUKCHI BASIN CONSEQUENTLY INITIAL

PRODUCTIVITY IS PLACED AT 1000 BARRELSBARREL OF OIL PER DAY IN STRATIGRAPHIC

TRAPSTRAP

WITHIN CERTAIN TECHNICAL AND ECONOMIC CONSTRAINTSCONSTRAINT THE NUMBER OF WELLSWELL

AND THEIR SPACING CAN BE VARIED DEPENDING UPON THE INITIAL WELL PRODUC

TIVITY 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 INCREASING THE NUMBER OF WELLSWELL WILL
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DECREASE THE WELL SPACING IN GENERAL THE DEEPERTHE RESERVOIR THE MORE

EXPENSIVE ARE THE DEVELOPMENTWELLSWELL AND THE LONGERTHE DRILLING TIME THUSTHU
IT IS MORE ADVANTAGEOUSADVANTAGEOU TO INCREASE THE NUMBER OF WELLSWELL IN SHALLOW RE

SERVOIRSSERVOIR 1500 METERSMETER 4500 FEET OR LESSLES TO OVERCOME LOW INITIAL WELL

PRODUCTIVITIESPRODUCTIVITIE THAN IT IS FOR DEEPERRESERVOIRSRESERVOIR

IN THISTHI STUDY WE HAVE FIXED THE NUMBER OF WELLSWELL TO OBTAIN RECOVERY

RATE THAT PRODUCESPRODUCE ABOUT 10 PERCENT OF TOTAL ASSUMED RESERVESRESERVE IN THE PEAK

YEARSYEAR OF PRODUCTION OUR PRODUCTION PROFILE WHICH ASSUMESASSUME SECONDARY

RECOVERY PRODUCESPRODUCE APPROXIMATELY45 PERCENTOF RESERVESRESERVE DURING PEAK PRODUC
TION PRIOR TO THE ONSET OF DECLINE SEE ALSO DISCUSSION OF RECOVERABLE

RESERVESRESERVE SECTION 1133 AND PRODUCTIONPROFILE SECTION 1134

11312

IN AREA THICK COAL BEDSBED IN THE LOWER CRETACEOUSCRETACEOU DELTASDELTA FAVOR HIGH
GAS POTENTIAL TOTAL RESERVESRESERVE MAY BE LARGEBUT THEY ARE LIKELY TO BE SPREAD
IN NUMEROUSNUMEROU SMALL FIELDSFIELD INITIAL PRODUCTIVITY PER WELL FOR NONASSOCIATED

GAS IS ESSENTIALLY UNKNOWN AT THISTHI TIME GEOCHEMICAL DATA ON SHALE WELL

CUTTINGSCUTTING ARE NEEDED TO DETERMINE THE ABILITY OF GIVEN POTENTIAL SOURCE

ROCK UNIT TO GENERATEOIL ANDOR GAS IN AREA THISTHI CRITICAL INFORMATION

IS NOT AVAILABLE TO US AT THISTHI TIME FOR ECONOMIC ANALYSISANALYSI WE WILL ASSUME

GAS WELL PRODUCTIVITY OF 15 MILLION CUBIC FEET PER DAY

1132

THE GEOPHYSICAL RECORDSRECORD INDICATE RESERVOIR DEPTHSDEPTH MAY RANGE FROM VERY

SHALLOW 600 TO 3000 METERSMETER 2000 TO 10000 FEET TO VERY DEEP 1500 TO

7600 METERSMETER TO 25000 FEET WE ASSUMED RESERVOIR DEPTHSDEPTH IN AREA

OF 3000 METERSMETER 10000 FEET AND IN AREA OF 2286 METERSMETER 7500 FEET

ANALYSISANALYSI OF THE USGSUSG SEISMIC DATA PROVIDESPROVIDE LIMITED CONTROL FOR THE RESERVOIR

DEPTH ASSUMPTIONSASSUMPTION THE ECONOMIC ANALYSISANALYSI REFLECTED ONLY ONE TARGET DEPTH

3000 METERSMETER 10000 FEET IN AREA WHICH IS WEIGHTEDTOWARD THE DEEPER
LISBURNE PLAY IN AREA THE SHELF EDGE ANTICLINESANTICLINE FAULT TRAPSTRAP AND

DIAPIRSDIAPIR OBJECTIVESOBJECTIVE APPEAR TO AVERAGE ABOUT 2286 METERSMETER 7500 FEET DEEP
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RESERVOIR DEPTH IN THISTHI ANALYSISANALYSI DEFINESDEFINE THE NUMBER OF PRODUCING

SYSTEMSSYSTEM REQUIREDTO EFFICIENTLYPRODUCE GIVEN FIELD SIZE AND IN COMBINA

TION 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 PRODUCEIS 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 DEPTHDICTATESDICTATE THE

RATE OF DEVELOPMENTWELL COMPLETIONTHAT IN TURN AFFECTSAFFECT THE TIMING OF

PRODUCTION STARTUP AND PEAK PRODUCTIONAND THE SCHEDULE OF INVESTMENT

RETURN THE WELL COMPLETION RATE ALSO AFFECTSAFFECT THE DEVELOPMENTDRILLING

EMPLOYMENT

AN ASSESSMENT OF RECOVERABLE RESERVESRESERVE IN VIRGIN BASINSBASIN SUCH AS THESE

IS VERY SPECULATIVE 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 RELATIONSHIP BETWEEN THESE PARAMETERSPARAMETER

MOST OF WHICH ARE STATISTICAL IN NATURE
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IN STUDY FOR API ARPSARP 1967 AND SUBSEQUENTPAPER BY THE SAME

AUTHOR ARPSARP 1968 JJ ARPSARP PRESENTSPRESENT APPROACHFOR CALCULATING

THE RECOVERY FACTOR FOR SOLUTION GAS DRIVE AND WATER DRIVE RESERVOIRSRESERVOIR THE

FORMULA ALSO GIVESGIVE TABULATED RANGESRANGE OF RECOVERY FACTORSFACTOR FOR SOLUTION GAS

WITH SUPPLEMENTALDRIVE GAS CAP AND GRAVITY DRAINAGERESERVOIR DRIVE

MECHANISMSMECHANISM IN ORDER TO USE THE FORMULA KNOWLEDGEOR ESTIMATE OF THE

FOLLOWINGDATA IS NEEDED

POROSITY

WATER SATURATION

OIL FORMATION VOLUME FACTOR

PERMABILITY

OIL AND WATER VISCOSITIESVISCOSITIE

INITIAL AND ABANDONMENT PRESSURESPRESSURE

IT SHOULD BE NOTED THAT ORDER TO CALCULATE RECOVERABLE RESERVESRESERVE IN

BARRELSBARREL AN ESTIMATE OF BOTH RESERVOIR THICKNESSTHICKNES AND AREAL EXTENT IS NEEDED

PROBABLYTHE MOST DIFFICULT QUESTION TO ANSWER IN ESTIMATING RECOVERY

FACTORSFACTOR IS THE EFFECT OF PRODUCTIONRATESRATE THE ANSWER TO THISTHI IS BASED ON

COMPLEXRELATIVE PERMEABILITY EFFECTSEFFECT ARPSARP 1967 1968 STUDIESSTUDIE DO NOT

TAKE THISTHI INTO ACCOUNT BECAUSE OF THE LACK OF DATA ON RELATIVE PERMEABILITY

FOR BARROW ARCH PLANNING

GREAT DIFFERENCE EXISTSEXIST IN THE RECOVERY RATESRATE FOR NORTH SLOPE OIL

FIELDSFIELD ON THE LOW END OF THE SCALE FOR RESERVOIR RECOVERIESRECOVERIE INFORMATION

IS AVAILABLE TO INDICATE THAT THE KUPARUKRIVER OIL FIELD WILL YIELD ABOUT

31 BARRELSBARREL PER ACREFOOT ON PRIMARY AND 62 BARRELSBARREL PER ACREFOOT ON SECON

DARY FOR TOTAL OF 93 BARRELSBARREL PER ACREFOOT AT THE HIGH END THE SAD

LEROCHIT SANDSSAND WILL PROBABLYYIELD 350 BARRELSBARREL PER ACREFOOT ON PRIMARY AND

AN ADDITIONAL 250 BARRELSBARREL PER ACREFOOT ON SECONDARYFOR TOTAL OF 600

BARRELSBARREL PER ACREFOOT
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ASSUMING RECOVERY FACTOR OF 200 BARRELSBARREL PERACRE FOOT AND NET PAY

THICKNESSESTHICKNESSE OF 200 FEET RECOVERABLE RESERVESRESERVE PER ACRE APPROXIMATE40000

BARRELSBARREL FOR PRIMARYRECOVERY SECONDARYRECOVERY WOULD ADD AN ADDITIONAL 50

PERCENT TO THE PRIMARY RECOVERY AMOUNT THESE FIGURESFIGURE ARE USED FOR BOTH

AREA AND AREA IN THISTHI STUDY

TABLE AI SHOWSSHOW MAXIMUM RECOVERY PER PRODUCINGSYSTEM FOR VARIOUSVARIOU

RESERVOIR DEPTHSDEPTH FOR THESE RECOVERABLE RESERVESRESERVE WE EMPHASIZED60000

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 INCORPORATESECONDARYRECOVERY IN THE PRODUCINGSYSTEM AND PROCESSPROCES

EQUIPMENTDESIGN SINCE RETROFITTING FOR SECONDARYRECOVERY PROGRAM COULD

BE EXCEEDINGLYEXPENSIVE

AN ASSUMPTIONON 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 ASSUMINGSIMPLE RESERVOIR

GEOMETRY THISTHI ASSUMPTION IN COMBINATION WITH RESERVOIR DEPTH AND WELL

PRODUCTIVITY ALLOWSALLOW AN ESTIMATE OF THE NUMBER OF PRODUCINGSYSTEMSSYSTEM AND

WELLSWELL REQUIRED TO DRAIN GIVEN FIELD BEST CASE PRODUCINGSYSTEM

IE FEWEST PRODUCINGSYSTEMSSYSTEM INSOFAR AS RESERVOIR GEOMETRYWOULD PRO

BABLY OCCUR IN THE CASE OF SIMPLE ANTICLINE OBVIOUSLY COMPLEXFAULTED

RESERVOIR WITH THE SAME RESERVESRESERVE WOULD NECESSITATE DIFFERENT PRODUCING

SYSTEM CONFIGURATION MORE SYSTEMSSYSTEM OR EVEN SUBSEA WELLSWELL IF THE INCRE

MENTAL RECOVERY COULD NOT ECONOMICALLYJUSTIFY INVESTMENT IN AN ADDITIONAL

SYSTEM SUBSEA WELLSWELL MAY BE REQUIREDIN COMPLEXRESERVOIR TO DRAIN ISO

LATED PORTIONSPORTION THAT COULD NOT BE REACHED FROM DIRECTIONALLYDRILLED WELLSWELL

1134

OIL

THE THREE BASIC PRODUCTIONPROFILEASSUMPTIONSASSUMPTION ARE ABOUT 40 TO 45

PERCENT OF THE RESERVESRESERVE ARE CAPTUREDDURING PEAK PRODUCTIONPRIOR TO THE
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TABLE AI

MAXIMUM AREA REACHED WITH

WELLSWELL FROM

DEPTH OF MAXIMUM RECOVERY PER PLATFORM
RESERVOIR MAXIMUM AREA PRODUCED

MILLION 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 FIGURE321 FOR GEOMETRYBELOW KICKOFF

POINT

ASSUMESASSUME SECONDARYRECOVERY

FOR SHALLOW RESERVOIRSRESERVOIR THE AREA OF COVERAGE IS VERY SENSITIVE TO

THE DEPTHOF THE KICKOFF POINT

RESERVOIR DEPTH EVALUATED IN THISTHI STUDY THISTHI IS NEAR THE LIMIT OF
HORIZONTAL REACH FOR DIRECTIONAL DRILLING THE AREA AND RECOVERY
MAXIMUMSMAXIMUM ARE THEREFORE ONLY APPROXIMATE AND WILL NOT CHANGE WITH

FURTHER INCREASESINCREASE IN DEPTH

SOURCE DAMESDAME MOORE
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ONSET OF DECLINE NO MORE THAN 10 PERCENTOF TOTAL RESERVESRESERVE ARE CAPTURED

EACH YEAR OF PEAK PRODUCTION AND DECLINE IS EXPONENTIALAT APPROXIMATE

LY 10 TO 15 PERCENT PER YEAR

THE TIMING OF PRODUCTIONSTARTUP AND BUILDUP TO PEAK IS GOVERNEDBY

THE NUMBER OF DEVELOPMENTWELLSWELL THE RESERVOIR DEPTH RATE OF WELL IPLE

TION AND NUMBERSNUMBER OF RIGSRIG ONE OR TWO OPERATING IN THE PLATFORM FOR THE

BARROW ARCH ANALYSISANALYSI PRODUCTION IS ASSUMED TO COMMENCE IN THE SIXTH OR

SEVENTH YEAR AFTER THE DECISION TO DEVELOP AND STEPSSTEP UP TO PEAK AS FUNC

TION OF WELL COMPLETIONRATE NUMBERSNUMBER OF WELLSWELL AND FIELD SIZE BY ABOUT THE

TWELFTH YEAR AFTER DECISION TO DEVELOP OFFSHORE LOADING PLATFORMSPLATFORM TAKE AN

EXTRA YEAR TO COMPLETEAND DELAY PRODUCTIONFOR ONE YEAR

WHILE RECOGNIZING THE COMPLEX RESERVOIR DYNAMICSDYNAMIC RELATED TO THE PRO

DUCTION OF ASSOCIATED GAS THE ECONOMIC MODEL REQUIRESREQUIRE THE ANALYTICAL

SIMPLIFICATION OF CONSTANT RATIO OF ASSOCIATED GAS TO OIL PRODUCTIONAT

THE ASSUMED GASOIL RATIO GOR THUSTHU AN INITIAL GOR OF 500 STANDARD CUBIC

FEET OF GAS PER BARREL OF OIL IN AREA AND 600 STANDARD CUBIC FEET PER

BARREL OF OIL IN AREA FOR EXAMPLE IS MAINTAINED THROUGHOUTTHE LIFE OF

THE OILPRODUCING FIELD

11343

THE PRINCIPAL PRODUCTION ASSUMPTIONSASSUMPTION CONCERNING NONASSOCIATED GAS

PRODUCTIONARE ABOUT 75 PERCENT OF THE RESERVESRESERVE ARE CAPTURED DURING

PEAK PRODUCTION AND DECLINE IS EXPONENTIAL AND RAPID THEREAFTER THE

FACTORSFACTOR AFFECTING PRODUCTIONTIME ARE ESSENTIALLY THE SAME AS THOSE FOR OIL

THE MAIN DIFFERENCE IS THAT PEAK GAS PRODUCTIONGENERALLY OCCURSOCCUR EARLIER

BECAUSE FEWER WELLSWELL ARE REQUIRED TYPICALLY GAS FIELD PRODUCTIONCOMMENCESCOMMENCE

IN THE SIXTH YEAR AFTER THE DECISION TO DEVELOP AND PEAK COMMENCESCOMMENCE IN THE

NINTH YEAR

FLOTE THISTHI IS ESSENTIALLY PLATEAU IN THE PRODUCTIONPROFILEWHERE GAS

IS PRODUCEDAT CONSTANT RATE FOR NUMBER OF YEARSYEAR IE PRODUCTIONAT

PEAK IS ESSENTIALLY FLAT



SIZE AND

THREE TYPESTYPE OF TRAPSTRAP OF ECONOMIC IMPORTANCEMAY BE PRESENT IN EACH

PLANNING AREA THESE ARE

AREA

RELATIVELY SHALLOW CLOSED ANTICLINESANTICLINE RESULTING FROM THRUSTING OR

SLUMPING

RELATIVELY DEEP CLOSED ANTICLINESANTICLINE PROBABLYDUE TO COMPRESSIONAL

FORCESFORCE

UPDIP PINCHOUTSPINCHOUT ONLAP AND EROSIONAL TRUNCATION TRAPSTRAP ON THE RISE

OF THE BARROW ARCH

AREA

SMALLSCALE DOMING RESULTING FROM UPWARD PRESSURE FROM SHALE

DIAPIRSDIAPIR AND SMALL CIRCUMFERENTIAL TRAPSTRAP FORMED BY UPWARPING OF

RESERVOIR ROCKSROCK BY PIERCEMENTDIAPIRSDIAPIR

CLOSED ANTICTINESANTICTINE PARALLEL TO THE EDGE OF THE CONTINENTAL SHELF

CAUSED IN PART BY DIFFERENTIAL COMPACTIONOVER THE EDGE

UPDIP PINCHOUT ONLAP AND TRUNCATION TRAPSTRAP MAINLY NEAR SOUTH

MARGIN OF NORTH CHUKCHI BASIN

INDICATIONSINDICATION OF ALL POTENTIAL TRAPSTRAP ARE VISIBLE ON THE USGSUSG SEISMIC

LINESLINE IN THE BARROW ARCH PLANNINGAREA BUT DETAILED SEISMIC SURVEYSSURVEY WOULD BE

NECESSARY TO PROVIDE AN INDICATION OF STRUCTURAL CLOSURE ONLY DRILLING

WILL ACTUALLYCONFIRM CLOSURE

ASSUMING THAT TRAPSTRAP WILL BE HYDROCARBONBEARING AND ASSUMING SEISSEI

MIC DATA WERE AVAILABLE TO IDENTIFY STRUCTURESSTRUCTURE AND ESTIMATE THE AREASAREA OF

CLOSURE ETC THE ALL IMPORTANTECONOMIC PROBLEMWOULD BE THE PREDICTION OF

PERCENT FILLUP THE APPROACHUSED TO PREDICT FILLUP WOULD BE AN ANALOGY

BASED ON STATISTICAL COMPARISONSCOMPARISON WITH KNOWN PRODUCTIVEBASINSBASIN IT SHOULD BE

EMPHASIZED HOWEVER THAT ANY ANALOGICAL APPROACHTO PREDICTION OF PETROLEUM

RESOURCESRESOURCE IS EXTREMELYSPECULATIVE EACH BASIN IS UNIQUE ONE CRITICAL
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DIFFERENCE IN GEOLOGIC PARAMETERSPARAMETER CAN COMPLETELY NEGATE THE EFFECT OF MANY

SIMIL ARITIESARITIE

FACTORSFACTOR AFFECTING PERCENT FILLUP ARE THE RICHNESSRICHNES OF THE SOURCE ROCK

AND QUALITY OF RESERVOIR ROCK IN ADDITION TRAP DENSITY IS ALSO AN

IMPORTANTFACTOR GENERALLY THE GREATER THE TRAP DENSITY THE SMALLER THE

FILLUP AS EXAMPLESEXAMPLE THE AVERAGE PERCENTFILLUP OF PRODUCTIVECLOSURESCLOSURE IN

THE PACIFIC MARGIN LOS ANGELESANGELE AND VENTURA BASINSBASIN ARE 40 AND 15 PERCENT

FULL RESPECTIVELY ON THE LESSLES DEFORMED COASTAL PLAIN PROVINCE OF THE

NORTH SLOPE FILLUP IS THOUGHTTO BE NEARLY100 PERCENTIN THE KUPARUKOIL

FIELD

UNFORTUNATELY THERE IS NO RELIABLE WAY TO ESTIMATE PERCENT FILLUP

WE ASSUME THAT FILLUP OF 50 PERCENTWOULD BE PROPER COMPROMISEBETWEEN

THE EXTREMESEXTREME THAT ARE LIKELY TO BE ENCOUNTERED

THE FIELD SIZESSIZE SELECTED FOR ECONOMIC SCREENINGWERE CONSISTENT WITH

OR REFLECT THE FOLLOWINGFACTORSFACTOR

ANTICIPATED ECONOMIC CONDITIONSCONDITION AND THE REQUIREMENTTO EXAMINE

REASONABLE RANGE OF ECONOMIC SENSITIVITIESSENSITIVITIE

GEOLOGY DISCUSSED ABOVE WHICH INDICATESINDICATE THAT GIANT FIELDSFIELD

BILLION BARRELSBARREL OR MORE ARE POSSIBILITY AND

NATIONAL PETROLEUM COUNCIL AND US GEOLOGICAL SURVEY RESOURCESRESOURCE

ESTIMATESESTIMATE

THE FIELD SIZESSIZE EVALUATED IN THISTHI STUDY THEREFORE RANGED FROM 300

MILLION BARRELSBARREL TO 125 BILLION BARRELSBARREL FOR OIL AND 15 TRILLION CUBIC FEET

FOR NONASSOCIATED GAS IT SHOULD BE NOTED THAT ONCE NUMBER OF FIELD

SIZESSIZE WITH CERTAIN RESERVOIR CHARACTERISTIC AND MATCHED ENGINEERINGHAVE

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
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III TECHNOLOGY AND TECHNICAL ASSUMPTIONSASSUMPTION

THISTHI SECTION OUTLINESOUTLINE THE TECHNICAL AND TECHNOLOGYASSUMPTIONSASSUMPTION BEHIND

THE ECONOMIC ANALYSISANALYSI THE PRINCIPAL AIM OF WHICH WAS TO EVALUATE THE

RELATIONSHIPSRELATIONSHIP AMONG THE ENGINEERING STRATEGIESSTRATEGIE THAT MAY BE ADOPTED TO

DEVELOP BARROW ARCH OIL AND GAS RESOURCESRESOURCE AND THE MINIMUM FIELD SIZESSIZE

REQUIREDTO JUSTIFY EACH TECHNOLOGYAS FUNCTION OF GEOLOGICCONDITIONSCONDITION IN

THE SALE AREA

11 SYSTEMSSYSTEM SELECTED FOR ECONOMIC

BASED UPON THE RESULTSRESULT OF THE PETROLEUMTECHNOLOGYASSESSMENT CHAPTER
30 THE FOLLOWINGPRODUCTIONSYSTEMSSYSTEM WERE SELECTED FOR ECONOMIC SCREENING

CAISSONRETAINED GRAVEL ISLANDSISLAND OR GRAVELISLANDSISLAND IN 15 METERSMETER 50

FEET OF WATER WITH MARINE LAND PIPELINESPIPELINE TO MARINE TERMINAL

AT POINT BELCHER AND TRANSPORT VIA ICEBREAKING SHUTTLE TANKERSTANKER TO

AN ALEUTIAN TRANSSHIPMENTTERMINAL

CAISSONRETAINED GRAVEL ISLANDSISLAND IN 15 METERSMETER OF WATER WITH

MARINE PIPELINE TO SHORE AND AN OVERLAND PIPELINE TO TAPSTAP

MONOCONESMONOCONE OR CAISSONRETAINED GRAVEL ISLANDSISLAND IN 37 121 FEET

METERSMETER OF WATER WITH MARINE AND LAND PIPELINESPIPELINE TO MARINE TERMI

NAL AT POINT BEICHER AND TRANSPORT VIA ICEBREAKING SHUTTLE

TANKERSTANKER TO AN ALEUTIAN TRANSSHIPMENTTERMINAL

AN APLA AND MONOCONESMONOCONE IN 37 METERSMETER OF WATER WITH APLA STORAGEAND

OFFLOADING FOR TRANSPORTVIA ICEBREAKING SHUTTLE TANKERSTANKER TO AN

ALEUTIAN TRANSSHIPMENTTERMINAL

A2



MONOCONESMONOCONE IN 37 METERSMETER OF WATER WITH MARINE AND LAND PIPELINESPIPELINE TO

MARINE TERMINAL AT POINT BELCHER AND TRANSPORT VIA ICEBREAKING

SHUTTLE TANKERSTANKER TO AN ALEUTIAN TRANSSHIPMENTTERMINAL

CAISSONRETAINED GRAVEL ISLAND IN 37 METERSMETER OF WATER WITH MARINE

PIPELINESPIPELINE TO SHORE AND AN OVERLAND PIPELINE ACROSSACROS THE LISBURNE

PENINSULA TO MARINE TERMINAL AT CAPE THOMPSONWITH TRANSPORT VIA

ICEBREAKING TANKERSTANKER TO TRANSSHIPMENTTERMINAL IN THE ALEUTIANSALEUTIAN

1113 DISTANCESDISTANCE AND TRANSPORTATION

DISTANCESDISTANCE FROM POTENTIAL DISCOVERYSITESSITE TO THE POTENTIAL SHORE TERMINAL

SITESSITE ARE DESCRIBED AND ILLUSTRATED IN CHAPTER40 THE FOLLOWINGPIPELINE

DISTANCESDISTANCE WERE SELECTED FOR ECONOMIC EVALUATION

60 KILOMETERSKILOMETER 37 MILESMILE OF MARINE TRUNK AND FEEDER PIPELINESPIPELINE AND

ONSHORE PIPELINESPIPELINE TO MARINE TERMINAL

60 KILOMETERSKILOMETER OF MARINE TRUNK AND FEEDER PIPELINESPIPELINE AND ONSHORE

PIPELINESPIPELINE TO 500KILOMETER 311MILE OVERLAND PIPELINE TO

TAPSTAP

89 KILOMETERSKILOMETER 55 MILESMILE OF MARINE TRUNK AND FEEDER PIPELINESPIPELINE AND

ONSHORE PIPELINESPIPELINE TO MARINE TERMINAL

19 KILOMETERSKILOMETER 12 MILESMILE OF MARINE FEEDER PIPELINE TO AN APLA

TERMINAL

130 KILOMETERSKILOMETER 81 MILESMILE OF MARINE TRUNK AND FEEDER PIPELINESPIPELINE TO

MARINE TERMINAL AND

147 KILOMETERSKILOMETER 91 MILESMILE OF MARINE TRUNK PIPELINESPIPELINE AND ONSHORE

PIPELINESPIPELINE TO MARINE TERMINAL
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1114 TECHNICAL

111411 CONSIDERATIONSCONSIDERATION FOR

BASED ON RESERVOIR DEPTHSDEPTH INITIAL WELL PRODUCTIVITY AND RECOVERABLE

RESERVESRESERVE PER HECTARE THERE WILL HAVE TO BE ENOUGHWELLSWELL TO MEET THESE

PRODUCTIONCRITERIA

PRODUCE ABOUT 10 PERCENTOF RESERVESRESERVE EACH YEAR FOR PEAK PRODUCTION
AT SPACING GENERALLY BETWEEN 32 AND 65 HECTARESHECTARE 80 AND 160

ACRESACRE

ALLOW EXHAUSTION OF RECOVERABLE RESERVESRESERVE WITHIN 20 TO 25 YEARSYEAR

WELL SPACINGSSPACING CONSISTENT WITH INDUSTRY PRACTICE REFLECTINGMAXIMUM

EFFICIENCY 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 PLATFORMFOR WELL SPACINGSSPACING OF 32 AND 65 HECTARESHECTARE

80 AND 160 ACRESACRE BASED ON INDUSTRY PRACTICESPRACTICE IN THE UPPER COOK INLET
WELL SPACING FOR THE BARROW ARCH OIL FIELDSFIELD COULD RANGE BETWEEN 16 AND 65

HECTARESHECTARE 40 AND 160 ACRESACRE PER WELL IN SHALLOW RESERVOIRSRESERVOIR WITH LOW IP
WELLSWELL SPACING MAY BE AS LOW AS 16 HECTARESHECTARE 40 ACRESACRE THE OIL WELLSWELL IN

MCARTHUR RIVER FIELD IN UPPER COOK INLET FOR EXAMPLE ARE NOW COMPLETED
WITH 32HECTARE 80ACRE SPACING ALTHOUGH THE ORIGINAL SPACING WAS 65

HECTARESHECTARE 160 ACRESACRE THISTHI WAS REDUCED BY INFILLING AS FIELD DEVELOPMENT
PROCEEDED

AT PRUDHOE BAY HIGH PRODUCTION IS CURRENTLY COMINGFROM WELLSWELL ON

MODERATE SPACING IN THISTHI UNITIZED FIELD ULTIMATE WELL SPACING AT PRUDHOE

BAY MAY BE LESSLES ALTHOUGH THE ACTUAL RESERVOIR MANAGEMENT STRATEGY WILL

DEPEND UPON RESERVOIR PERFORMANCE REASONABLE ASSUMPTION THEREFORE IS

THAT STANDARD INDUSTRY WELL SPACING OF BETWEEN 32 AND 65 HECTARESHECTARE 80 AND
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160 ACRESACRE WILL BE ADOPTED FOR BARROW ARCH OIL FIELDSFIELD OIL FIELDSFIELD MAY BE

DEVELOPEDINITIALLY ON 65HECTARE SPACING BUT SUBSEQUENTLYREDUCED BY

INFILLING TO 32HECTARE SPACING

AS NOTED IN PREVIOUSPREVIOU SCENARIO STUDIESSTUDIE WELL SPACING IN ALASKA FRONTIER

AREASAREA IS LIKELY TO BE SET BY THE MARKET DEMAND FOR GAS OR FRONTIER CON

STRAINTSSTRAINT ON THE ABILITY TO CONVERT GAS TO LNG RATHER THAN BY INDUSTRY

DESIRE TO MAXIMIZE RECOVERY CONSISTENT WITH RESERVOIR ENGINEERING AND

PETROLEUMGEOLOGY WELL SPACING UP TO 486 HECTARESHECTARE 1200 ACRESACRE MAY ALLOW

SUFFICIENT GAS PRODUCTIONTO RUN POTENTIAL LNG CAPACITY WELL SPACING IN

THE USUAL US RANGE OF 65 TO 130 HECTARESHECTARE 160 TO 320 ACRESACRE MAY HAVE

LITTLE RELEVANCE TO GAS PRODUCERSPRODUCER IN THE BARROW ARCH PLANNING AREA IF THERE

IS LIMITED MARKET FOR GAS

GIVEN 60METER 200FOOT PAY SECTION 20 PERCENTPOROSITY 60F

TEMPERATURE CORRECTION 14 PSI ATMOSPHERICPRESSURE 108 BILLION CUBIC

FOOT RESERVOIR WOULD PRODUCE65 BILLION CUBIC FEET AT 130HECTARE 320

ACRE WELL SPACINGASSUMING RECOVERY FACTOR OF 60 PERCENT

111413

CERTAIN NUMBER OF WELLSWELL IN FIELD ARE NONPRODUCINGWELLSWELL THESE

WELLSWELL MAY BE WATER INJECTION WELLSWELL REQUIRED AS PART OF SECONDARY

RECOVERY PROGRAM ABANDONED WELLSWELL AND GAS INJECTION WELLSWELL DRILLED

EITHER AS PART OF PRESSURE MAINTENANCE PROGRAM OR BECAUSE THERE WAS NO

MARKET FOR ASSOCIATED GAS WE HAVE ASSUMED THAT WELL ALLOWANCESALLOWANCE WILL BE UP

TO ONE IN THREE WELLSWELL SINCE WATER FLOODING IS LIKELY THISTHI IS CONSISTENT

WITH EXPERIENCEIN PRODUCINGFIELDSFIELD ALTHOUGHTHE RATIO WILL BE MUCH LESSLES FOR

GAS NJEC PROGRAMSPROGRAM IN OUR ANALYSISANALYSI WE HAVE ASSUMED EARLY INITIATION

OF SECONDARYRECOVERY PROGRAM HOWEVER IT SHOULD BE EMPHASIZEDTHAT THE

NUMBER OF NONPRODUCINGWELLSWELL WILL VARY CONSIDERABLYWITH RESERVOIR CHAR

ACTERISTICSACTERISTIC AND RESERVOIR MANAGEMENTPROGRAM WELL ALLOWANCESALLOWANCE ARE FACTORED

INTO THE ECONOMIC AND MANPOWER ANALYSESANALYSE

A26



11 COMPLETION

14

AS INDICATED IN THE PETROLEUMGEOLOGYREVIEW THE DEPTH TO BASEMENT

VARIESVARIE CONSIDERABLYACROSSACROS THE BARROW ARCH 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 PROBABLY LIE AT

DEPTHSDEPTH RANGING FROM LESSLES THAN 1500 METERSMETER 5000 FEET TO ABOUT 7500

METERSMETER 25000 FEET CONSEQUENTLY OTHER FACTORSFACTOR APART THERE WILL BE

CONSIDERABLE VARIATION IN THE COMPLETIONSCHEDULESSCHEDULE 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 ACCORDINGTO GEOLOGIC CONDITIONSCONDITION 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

111422

POTENTIAL RESERVOIR DEPTHSDEPTH RANGE FROM 1000 TO 5000 METERSMETER 3000 TO

15000 FEET SINCE MOST OF THE DEVELOPMENTWELLSWELL WILL BE DRILLED DIREC

TIONALLY FROM PLATFORMSPLATFORM THEIR ACTUAL LENGTH MEASURED DEPTH WILL BE

GREATER DIRECTIONAL WELLSWELL DRILLED INTO THE SADLEROCHIT RESERVOIR 2400 TO

2800 METERSMETER OR 8000 TO 9000 FEET AT PRUDHOE BAY TAKE AN AVERAGE OF 30

DAYSDAY TO DRILL WE WILL ASSUME 46 DAYSDAY FOR THE 3000METER 10000FOOT

RESERVOIRSRESERVOIR ASSUMED IN THE BARROW ARCH BASIN ANALYSISANALYSI WELLSWELL DRILLED FROM

OFFSHORE PLATFORMSPLATFORM MAY BE DRILLED ON THE BATCH PRINCIPLE

A2
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APPENDIX

ECONOMIC ASSUMPTIONSASSUMPTION

AND

FIELD DEVELOPMENT COMPONENT COSTSCOST AND SCHEDULESSCHEDULE

ECONOMIC

WE HAVE ADOPTED THE SAME ECONOMIC ASSUMPTIONSASSUMPTION MADE FOR OUR RECENTLY

COMPLETED BASIN STUDY DAMESDAME MOORE 1982A EXCEPT FOR CHANGESCHANGE IN

PRICESPRICE AND COSTSCOST NO FACTORSFACTOR HAVE CHANGEDSINCE COMPLETIONOF THAT STUDYTHAT

WOULD WARRANT ANY CHANGESCHANGE IN OUR ECONOMIC ASSUMPTIONSASSUMPTION

IN KEEPING WITH OUR EARLIER ANALYSESANALYSE THE CHUKCHI SEA ECONOMIC ANALYSISANALYSI

DOESDOE NOT REFLECT THE SIGNIFICANT COST INFLATION THAT COULD OCCUR AS RESULT

OF EQUIPMENTBOTTLENECKSBOTTLENECK RESULTING FROM THE PROLIFERATION OF OCS LEASE SALE

ACTIVITY IN OTHER ALASKA OCS AREASAREA OUR STUDIESSTUDIE HAVE BEEN MANDATED TO

EVALUATE EACH SALE INDIVIDUALLY AND IN ISOLATION THE COMBINED OR CUMULATIVE

ECONOMIC SOCIOECONOMIC AND INFRASTRUCTURE EFFECTSEFFECT OF SEVERAL CLOSELY

SPACEDCHRONOLOGICALLY LEASE SALESSALE ARE NOT REFLECTED

OUR ECONOMIC ASSUMPTIONSASSUMPTION FOR THE CHUKCHI SEA ARE SUMMARIZED BELOW

VALUE OF WE HAVE ASSUMED 12 PERCENT DISCOUNT RATE

BRACKET AFTERTAX REAL HURDLE RATESRATE CONSTANT 1982 DOLLAR

PRICESPRICE AND COSTSCOST ARE USED

THE VALUE OF OIL FOB IN THE ALEUTIANSALEUTIAN IS 3150

THISTHI RESULTSRESULT LAIDIN LOS ANGELESANGELE PRICE OF 3415 PER BARREL

GAS THE VALUE OF GAS IS ASSUMED TO BE 675 PER

THOUSAND CUBIC FEET CIF AN LNG TANKER AT POINT CONCEPTION THISTHI

PRICE IS BASED ON AN EQUIVALENT VALUE PER BTU OF DIESEL OIL 4250

PER BARREL UNL IKE EARLIER ANALYSESANALYSE THE CAL IFORNIA RATHER THAN

THE NETBACK ALASKA VALUE IS USED IN THISTHI STUDY THISTHI WAS DONE

BI



BECAUSE THE GAS IS ASSUMED TO BE LIQUIFIED OFFSHORE AND TRANSPORTED
BY DEDICATED TANKERSTANKER DIRECT TO MARKET COST FOR REGASSIFICATION IS

ASSUMED TO BE 070 PER THOUSAND CUBIC FEET

INCOME TAX WE HAVE ASSUMED RATIO OF 46 PERCENT
OF TAXABLE INCOME AFTER VARIOUSVARIOU DEDUCTIONSDEDUCTION

WE HAVE ASSUMED 1623 PERCENT OF THE VALUE OF PRODUC
TION

CREDITSCREDIT DEPRECIATIONAND INVESTMENT TAX CREDITSCREDIT OF

10 PERCENTAPPLYTO TANGIBLE INVESTMENTSINVESTMENT DEPRECIATIONOF TANGIBLE
INVESTMENTSINVESTMENT ARE CALCULATED BY THE UNITSOFPRODUCTION METHOD NO

DEPLETION IS ALLOWED OVER THE PRODUCTIONLIFE 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 INTANGIBLEDRILLING COSTSCOST TO THE MAXIMUM EXTENT PERMISSIBLE
BY LAW EXPENSESEXPENSE INCURRED BEFORE PRODUCTIONARE ASSUMED TO BE

EXPENSEDAGAINST OTHER CASH FLOWSFLOW OF THE PRODUCER

THE ALLOCATION OF TANGIBLE INVESTMENT COSTSCOST VARIESVARIE WITH THE COMPON

ENT PARTSPART OF OFFSHORE DEVELOPMENT 5050 SPLIT BETWEEN TANGIBLE
AND INTANGIBLE OFFSHORE DEVELOPMENTCOSTSCOST IS USED IN THISTHI ANALYSISANALYSI

CONTINUOUSCONTINUOU DISCOUNTING OF CASH FLOW IS

ASSUMED TO BEGIN WHEN THE FIRST DEVELOPMENTINVESTMENT IS MADE

THISTHI ASSUMESASSUME THAT TIME LAGSLAG AND COSTSCOST FOR PERMITSPERMIT ETC FROM THE

TIME OF FIELD DISCOVERY TO INITIAL DEVELOPMENTINVESTMENT ARE

EXPENSEDAGAINST CORPORATE OVERHEAD THISTHI IS CRITICAL ASSUMPTION
THAT 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 DETAILED ON

TABLE B9
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COST DATA

THISTHI SECTION PRESENTSPRESENT COST ESTIMATESESTIMATE FOR THE FIELD DEVELOPMENTAND

OPERATIONSOPERATION USED IN THE ECONOMIC ANALYSISANALYSI EXPLORATIONCOSTSCOST ARE NOT INCLUDED

SEE DISCUSSION IN APPENDIX THE COST ESTIMATESESTIMATE GIVEN WERE DEVELOPEDBY

ENGINEERINGSTAFF OF SFBRAUN AND SUPPLEMENTEDBY DAMESDAME MOORE

SEVERAL IMPORTANT QUALIFICATIONSQUALIFICATION NEED TO BE DISCUSSED WITH RESPECT TO

ESTIMATING PETROLEUMFACILITY AND EQUIPMENTCOSTSCOST FOR FRONTIER AREASAREA SUCH AS

THE BARROW ARCH PLANNING AREA PREDICTIONSPREDICTION ABOUT THE COSTSCOST OF PETROLEUM

DEVELOPMENTIN FRONTIER AREASAREA WHERE NO EXPLORATIONHAS YET OCCURRED CAN BE

RISKY OR EVEN SPURIOUSSPURIOU SUCH PREDICTIONSPREDICTION RELY ON EXTRAPOLATIONOF COSTSCOST

FROM KNOWN PRODUCINGAREASAREA SUITABLY MODIFIED FOR LOCAL GEOGRAPHIC ECONOMIC

AND ENVIRONMENTAL CONDITIONSCONDITION FURTHER COST PREDICTIONSPREDICTION REQUIRE IDENTIFICA

TION OF PROBABLETECHNOLOGIESTECHNOLOGIE TO DEVELOP PRODUCE AND TRANSPORT OCS OIL AND

GAS NO OFFSHORE AREA DEVELOPEDTO DATE HAS THE PARTICULARCOMBINATION OF

SEA ICE WATER DEPTHSDEPTH WEATHER REMOTENESSREMOTENES AND LACK OF HARBOR AND ONSHORE

FACILITIESFACILITIE THAT CHARACTERIZE THE BARROW ARCH PLANNING AREA AS SUCH THERE

IS LITTLE OR NO ENGINEERING AND DIRECT COST EXPERIENCE UPON WHICH TO MAKE

THESE COST ESTIMATESESTIMATE

PETROLEUM DEVELOPMENTCOST DATA ARE BASED ON EITHER DIRECT COST EXPER

IENCE OF PROJECTSPROJECT IN CURRENT PRODUCINGAREASAREA SUCH AS THE GULF OF MEXICO AND

NORTH SEA OR ABOUT TO BE PRODUCEDAREASAREA SUCH AS THE US OR CANADIAN BEAU

FORT SEA OR PROJECTIONSPROJECTION BASED UPON EXPERIENCE ELSEWHERE MODIFIED FOR THE

TECHNICAL AND ENVIRONMENTAL CONSTRAINTSCONSTRAINT OF THE FRONTIER AREA FOR 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

PRODUCTIONTECHNOLOGIESTECHNOLOGIE AND RELATED COSTSCOST FOR THE ARCTIC OCEAN BASINSBASIN HAS

BEGUNONLY IN RECENT YEARSYEAR



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 NORTON SOUND DAMESDAME MOORE 0A ST GEORGE
BASIN DAMESDAME MOORE 0C AND NAVARIN BASIN DAMESDAME MOORE 1982

CONSIDERABLE DATA BASE ON PETROLEUMFACILITY COSTSCOST FOR OFFSHORE AREASAREA WAS

OBTAINED THAT PROVIDED SUPPLEMENTALINFORMATION FOR THISTHI STUDY THOSE DATA

WERE BASED ON PUBLISHED LITERATURE INTERVIEWSINTERVIEW WITH OIL COMPANIESCOMPANIE CONSTRUC

TION COMPANIESCOMPANIE AND GOVERNMENTAGENCIESAGENCIE INVOLVED IN OCS RESEARCH

ADDITION TO THE DIFFICULTIESDIFFICULTIE IN OBTAINING RELEVANT AND COMPARABLE

COST DATA WHICH APPLIED AS WELL TO OUR EARLIER BERING SEA STUDIESSTUDIE THE

EXTREME ICE CONDITIONSCONDITION AND LACK OF COMPARABLEDEVELOPMENTEXPERIENCE IN THE

ARCTIC REGIONSREGION IMPOSED EVEN GREATER COST ESTIMATION UNCERTAINTIESUNCERTAINTIE AS

RESULT BARROW ARCH COST ESTIMATESESTIMATE ARE EVEN MORE SPECULATIVE THAN THOSE FOR

EARLIER STUDIESSTUDIE WHERE PRIMARY SOURCE DATA WERE UNAVAILABLE PARTICULARLY
IN THE CASE OF GAS PRODUCTION COST ESTIMATESESTIMATE WERE OBTAINED FROM THE

NATIONAL PETROLEUM COUNCIL RECENT REPORT ARCTIC OIL AND 1981



COST AND FIELD DEVELOPMENT SCHEDULE

AS EXPLAINED IN CHAPTER60 OF THISTHI REPORT THE PURPOSE OF THE ECONOMIC

ANALYSISANALYSI IS NOT TO EVALUATE SPEC PROSPECT WITH RELATIVELY WELL

KNOWN RESERVOIR AND HYDROCARBONCHARACTERISTICSCHARACTERISTIC BUT TO BRACKET THE DEVELOP

MENT ECONOMICSECONOMIC OF THE LEASE AREA WHICH COMPRISESCOMPRISE NUMBER OF PROSPECTSPROSPECT THAT

WILL HAVE RANGE OF RESERVOIR AND HYDROCARBONCHARACTERISTICSCHARACTERISTIC THISTHI

REQUIRESREQUIRE SET OF ASSUMPTIONSASSUMPTION ON RESERVOIR AND HYDROCARBONCHARACTERISTICSCHARACTERISTIC

AND TECHNOLOGYSEE APPENDIX THE FACILITIESFACILITIE COST DATA PRESENTED IN

TABLESTABLE BI THROUGHB8 PRESENTTHESE ASSUMPTIONSASSUMPTION

IT SHOULD BE EMPHASIZED THAT FIELD DEVELOPMENTCOSTSCOST ACTUALLY VARY

CONSIDERABLYEVEN FOR FIELDSFIELD WITH SIMILAR RECOVERABLE RESERVESRESERVE PRODUCTION

SYSTEMSSYSTEM AND ENVIRONMENTAL SETTING SOME OF THE IMPORTANTFACTORSFACTOR IN THISTHI

VARIABILITY ARE RESERVOIR CHARACTERISTICSCHARACTERISTIC QUALITY OF THE HYDROCARBON

STREAM DISTANCE TO SHORE PROXIMITY OF OTHER FIELDSFIELD AND LEAD TIME FROM

DISCOVERYTO FIRST PRODUCTION FOR EXAMPLE PLATFORMPROCESSINGEQUIPMENT

COSTSCOST VARY SIGNIFICANTLY WITH RESERVOIR CHARACTERISTICSCHARACTERISTIC INCLUDING DRIVE

MECHANISM HYDROCARBONPROPERTIESPROPERTIE AND ANTICIPATED PRODUCTIONPERFORMANCE

ANALYTICAL SIMPLIFICATION HOWEVER REQUIRESREQUIRE THAT COSTSCOST VARY WITH THROUGHPUT

WHILE THE OTHER PARAMETERSPARAMETER ARE FIXED BY ASSUMPTION IN ORDER TO FOCUSFOCU ON

THE KEY DEVELOPMENTISSUESISSUE AND KEEP THE ANALYSISANALYSI MANAGEABLE NOT ALL THESE

ECONOMIC SENSITIVITIESSENSITIVITIE CAN BE ACCOMMODATED

OTHER FACTORSFACTOR SUCH AS MARKET CONDITIONSCONDITION ALSO PLAY ROLE IN FIELD

DEVELOPMENTCOSTSCOST THE PRICE AN OPERATOR PAYSPAY FOR CONCRETE PLATFORM FOR

EXAMPLE WILL BE INFLUENCED BY AVAILABILITY OF FABRICATION AND GRAVING DOCK

FACILITIESFACILITIE AND WHETHER HE IS IN BUYERSBUYER OR SELLERSSELLER MARKET SIMILARLY

OFFSHORE CONSTRUCTION COSTSCOST WILL BE INFLUENCED BY LEASE RATESRATE FOR CON

STRUCTION AND SUPPORT EQUIPMENT LAY BARGESBARGE DERRICK BARGESBARGE TUGSTUG ETC

WHICH WILL VARY ACCORDINGTO THE LEVEL OF OFFSHORE ACTIVITY NATIONALLY OR

INTERNATIONALLY

THE COSTSCOST PRESENTEDIN TABLESTABLE BI THROUGHB8 REFLECT OUR ESTIMATESESTIMATE OF

THE FACILITY AND EQUIPMENT COSTSCOST BASED ON THE STATED SIMPLIFYING ASSUMP

TIONSTION ALL THE COST FIGURESFIGURE ARE GIVEN IN 1982 DOLLARSDOLLAR

B5



BRIEFLY DISCUSSED BELOW ARE THE PRINCIPAL UNCERTAINTIESUNCERTAINTIE RELATINGTO THE

COST ESTIMATESESTIMATE FOR THE VARIOUSVARIOU FACILITY COMPONENTSCOMPONENT IMPORTANTASSUMPTIONSASSUMPTION
ARE NOTED IN THE TABLESTABLE

1111 FABRICATION AND INSTALLATION TABLE

COST ESTIMATESESTIMATE ARE PRESENTED FOR FOUR TYPESTYPE OF OFFSHORE PRODUCTION

SYSTEMSCONCRETE MONOCONESMONOCONE GRAVEL ISLANDSISLAND CAISSONRETAINED GRAVEL ISLANDSISLAND

AND ARTIFICIAL PRODUCTION AND LOADING ATOLLSATOLL APLA IN WATER DEPTHSDEPTH

REPRESENTATIVEOF THE HIGH INTEREST AREASAREA IN THE CHUKCHI BASIN THESE COSTSCOST

INCLUDE DESIGN MANUFACTURE TOWOUT AND INSTALLATION OF MONOCONESMONOCONE AND

RETAINING STRUCTURESSTRUCTURE AND MOBILIZATION AND OPERATION OF GRAVEL DREDGESDREDGE

1112 PROCESSPROCES EQUIPMENTTABLESTABLE B2 AND

THERE IS LITTLE DIFFERENCE IN COST RELATED TO THE DECISION TO PRODUCE

OR REINJECT ASSOCIATED GAS FOR THE RANGE OF FIGURESFIGURE AND TYPE OF CONSTRUC

TION WE HAVE ASSUMED THE MAJOR COST IS EQUIPMENTINSTALLATION NOT THE COST

OF HARDWARE COSTSCOST FOR WATERFLOOD ARE INCLUDED AS ARE COSTSCOST FOR DRILLING

EQUIPMENT DRILLING SUPPLIESSUPPLIE AND OPERATINGCOSTSCOST ARE INCLUDED IN THE COST

OF WELLSWELL THE GASOIL RATIO IS ASSUMED TO BE 5001 FOR ALL OIL FIELDSFIELD

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 FLOWING LIFE OF THE WELL IF NATURAL

GAS PRODUCTION IS NOT ECONOMICALLYFEASIBLE REINJECTION OF ASSOCIATED GAS

IS THE ONLY VIABLE SOLUTION TO THE FLARING BAN IMPOSED UPON PRODUCING
FIELDSFIELD

ON OFFSHORE PLATFORMSPLATFORM ESPECIALLY GRAVEL ISLANDSISLAND OR APLASAPLA SPACE

REQUIREMENTSREQUIREMENT FOR LARGER PROCESSPROCES VESSELSVESSEL PIPELINESPIPELINE AND THE INCREASED

86



EQUIPMENT REQUIREMENTSREQUIREMENT FOR GAS PROCESSINGUSUALLY WILL NOT DRAMATICALLY

AFFECT THE PLATFORMCOSTSCOST

THE COSTSCOST FOR PLATFORM PROCESSPROCES EQUIPMENT FOR SECONDARY RECOVERY

PROGRAM EG WATER INJECTION ARE MUCH REDUCED IF PLANNEDFROM THE BEGIN

NING WHEN WATER IS INJECTED SOME OF THE DRILLING SLOTSSLOT MUST BE USED THUSTHU

REDUCING THE NUMBER AVAILABLE FOR PRODUCTIONAND IN TURN REDUCING THE

PRODUCTIONRATE AND REVENUE FLOW ALSO MORE SPACE IS REQUIREDFOR EQUIP

MENT HOWEVER GIVEN THE PLATFORM DESIGNSDESIGN CONSIDERED THISTHI WOULD HAVE

LITTLE EFFECT ON OVERALL INSTALLED PLATFORMCOSTSCOST

1113 WELLSWELL TABLE

PRODUCTION WELLSWELL ARE ASSUMED TO BE DRILLED FROM PLATFORMMOUNTEDRIGSRIG

TWO RIGSRIG WOULD BE USED INITIALLY IN DEVELOPINGTHE SPECIFIED OIL FIELDSFIELD

THESE RIGSRIG ARE ABLE TO DRILL WELL EVERY 56 DAYSDAY FOR TOTAL OF 13 WELLSWELL

PER PLATFORMPER YEAR DURING PRODUCTIONSTEPUP ONCE THE INITIAL DRILLING

PERIOD IS OVER ONE RIG WOULD BE REMOVED WHILE THE SECOND WOULD REMAIN ON

THE PLATFORMFOR WORKOVERSWORKOVER

GAS WELLSWELL ARE SIMILAR IN DESIGN AND COST TO OIL WELLSWELL SINCE FEWER

WELLSWELL ARE ASSUMED DRILLED FROM EACH PLATFORM ONLY SINGLE RIG WOULD BE

INSTALLED ON EACH GAS PLATFORM

1114 PIPELINESPIPELINE TABLE

BECAUSE OF THE UNIQUECONSIDERATIONSCONSIDERATION OF LANDFALLSLANDFALL HOOKUPSHOOKUP TRENCHING

BURYING AND MOBILIZATION AND DEMOBILIZATION IT WAS NECESSARY TO COST OUT

THE PIPELINE REQUIREMENTSREQUIREMENT OF EACH SCENARIO INDIVIDUALLY THESE COSTSCOST APPEAR

IN TABLE B5 WHERE APPROPRIATE THE COST OF EACH OF THE ABOVE CONSIDERA

TIONSTION WAS FACTORED INTO THE COST ESTIMATESESTIMATE FOR EXAMPLE SCENARIO 4A

WHERE MOBILIZATION OCCURSOCCUR FOR ONLY ONE PIPE STRING THE COST FOR THAT STRING

REFLECTSREFLECT THE EXTRA MOBILIZATIONDEMOBILI COSTSCOST FOR THE LAY BARGE

B7



THE COSTSCOST FOR PIPELINE IN THE CHUKCHI SEA ARE MUCH HIGHER THAN THOSE

REPORTEDIN TECHNOLOGYASSESSMENTSASSESSMENT FOR THE SUBARCTIC DUE TO THE VERY SHORT

ESTIMATED 70DAY OPENWATER WORKINGSEASON

1115 TERMINAL COSTSCOST TABLE

PARTICULAR UNCERTAINTYEXISTSEXIST REGARDINGCRUDE OIL TERMINAL COSTSCOST IN THE

MORE REMOTE AREASAREA OF ALASKA OIL TERMINAL COSTSCOST WILL VARY AS FUNCTION OF

THROUGHPUT QUALITY OF CRUDE UPGRADING REQUIREMENTSREQUIREMENT 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 LITTLE

COST EXPERIENCE TO PROJECT TERMINAL COSTSCOST IN ALASKA EXCEPT COOK INLET AND

ALYESKASALYESKA VALDEZ TERMINAL FURTHER AFIELD THERE IS THE NORTH SEA EX

PERIENCE OF THE RELATIVELY REMOTE FLOTTA AND SULLOM VOE TERMINALSTERMINAL LOCATED IN

THE ORKNEY AND SHETLAND ISLANDSISLAND RESPECTIVELY CONSEQUENTLY THESE COSTSCOST

ARE MORE SPECULATIVE THAN MOST PRESENTEDIN THISTHI REPORT

TWO STUDIESSTUDIE HAVE ADDRESSED THE ECONOMICSECONOMIC OF TERMINAL SITING AND MARINE

TRANSPORTATIONOPTIONSOPTION IN THE BERING SEA GLOBAL MARINE ENGINEERING 1977

ENGINEERING COMPUTERSCOMPUTER OPTECONOMICSOPTECONOMIC 1977 THIRD STUDY ADDRESSINGTHESE

PROBLEMSPROBLEM WAS CONDUCTED FOR THE ALASKA OIL AND GAS ASSOCIATION OGA AND IS

CURRENTLYPROPRIETARY

AS INDICATED IN TABLE 86 IT IS ASSUMED THAT THE POINT BEICHER OR CAPE

THOMPSONMARINE TERMINAL WOULD COMBINE THE FUNCTIONSFUNCTION OF PARTIAL PROCESSING

FACILITY TO UPGRADECRUDE FOR TANKER TRANSPORTAND STORAGEAND LOADING

TERMINAL IT IS ASSUMED THAT AN ALEUTIAN ISLAND TERMINAL WOULD SERVE AS

TRANSSHIPMENTFACILITY FOR FIELDSFIELD THAT MAY EMPLOY OFFSHORE LOADING

ANDOR TRANSSHIPMENTTERMINAL WHERE CRUDE FROM THE CHUKCHI SEA WOULD

BE TRANSFERRED FROM ICEBREAKING TANKERSTANKER TO CONVENTIONAL TANKERSTANKER BOUND FOR

THE LOWER 48 STATESSTATE THE ALEUTIAN TERMINAL INCLUDESINCLUDE THE COST OF DEEP

WATER MOORING FOR LOADING VLCC TANKERSTANKER AND THE COST OF TANKER BALLAST

TREATMENT FACILITIESFACILITIE ALL COSTSCOST FOR TERMINALSTERMINAL OF 300000 BARRELSBARREL PER DAY

B8



THROUGHPUTAPPLYTO ALL SCENARIOSSCENARIO EXCEPT SCENARIO FOR THAT SCENARIO THE

100000 BARRELSBARREL PER DAY THROUGHPUTCOSTSCOST APPLY

ESTIMATESESTIMATE FOR TANKERSTANKER TUGSTUG AND WORKBOATSWORKBOAT TABLE

PRODUCTION OF THE CHUKCHI BASINSBASIN OIL AND GAS RESOURCESRESOURCE REQUIRESREQUIRE

ICEBREAKING OIL AND LNG TANKERSTANKER AND ICEBREAKING WORKBOATSWORKBOAT AND TUGSTUG IN

ALL OIL DEVELOPMENT CLASSCLAS 15 MILLION BARREL 200000 DWT TANKERSTANKER ARE

ASSUMED FOR THE SHUTTLE BETWEEN THE CHUKCHI SEA AND THE ALEUTIAN ISLAND

TERMINAL

NO ICEREINFORCED LNG TANKERSTANKER EXIST AT PRESENT ALTHOUGHTHEY ARE BEING

DESIGNED THE DESIGN CONFIGURATIONAND COST FOR THOSE VESSELSVESSEL IS TAKEN FROM

THE NATIONAL PETROLEUM COUNCIL SECTION OF THE 1981 DRAFT

WORKBOATSWORKBOAT WITH ICEBREAKING CAPABILITY WOULD BE REQUIRED AT CHUKCHI

SEA TERMINAL AND TO SERVE THE OFFSHORE PLATFORMSPLATFORM COSTSCOST ON TABLE B7 ARE

BASED ON 290FOOT OWTH VESSEL DEVELOPING 18000 HORSEPOWER THESE

ESTIMATESESTIMATE WERE PROVIDEDBY SFBRAUN

1117 OPERATINGCOSTSCOST TABLE

THE COSTSCOST FOR OWNING AND OPERATING OFFSHORE PRODUCTIONUNITSUNIT PIPE

LINESLINE MARINE TERMINALSTERMINAL AND SHIPSSHIP ARE SHOWN ON TABLE B8 THESE COSTSCOST WERE

OBTAINED FROM THE NATIONAL PETROLEUM COUNCIL 1981 AND FROM MCMULLIN

1980 GENERAL AND ADMINISTRATIVE COSTSCOST DECLINE SIGNIFICANTLY AS THE

OF PLATFORMSPLATFORM INCREASE DISTINCTION IS MADE BETWEEN THE HIGH LEVEL

OF ADMINISTRATIVE SUPPORT REQUIRED DURING CONSTRUCTION AND THE LOWER LEVEL

OF ADMINISTRATIVE ACTIVITY NEEDED ONCE THE PRODUCTIONROUTINE IS ESTABLISHED

1118 COSTSCOST

IN THE ECONOMIC ANALYSISANALYSI 10 PERCENT OF THE TOTAL FIELD DEVELOPMENT

COSTSCOST INCLUDING PIPELINESPIPELINE AND TERMINALSTERMINAL HAS BEEN ADDED TO THE TOTAL



CAPITAL EXPENDITURESEXPENDITURE FOR COSTSCOST THAT CANNOT BE READILY CLASSIFIED EG
FLARE BOOMSBOOM THISTHI COST IS BASED ON REVIEW OF THE NORTH SEA FIELD DEVEL

OPMENT COSTSCOST

1119 OF CAPITAL EXPENDITURESEXPENDITURE AND METHOD OF ANALYSISANALYSI TABLE

THE COST TABLESTABLE PRESENTEDIN THISTHI APPENDIX ARE THE BASIC INPUTSINPUT IN THE

ECONOMICANALYSISECONOMICANALYSI EACH CASE ANALYZED ESSENTIALLY DEFINED BY RECOVERABLE

RESERVESRESERVE RESERVOIR CHARACTERISTICSCHARACTERISTIC AND PRODUCTION TECHNOLOGYTYPE OF

PLATFORM TRANSPORTATIONOPTION DISTANCE FROM SHORE TERMINAL TO COST

PARTICULAR CASE THE ECONOMIST MATCHESMATCHE THE ENGINEERING TO THE ASSUMED

RESERVOIR CONDITIONSCONDITION SELECTSSELECT THE PRODUCTION TECHNOLOGY AND TAKESTAKE THE

RELATED REQUIREDCOST COMPONENTSCOMPONENT FROM TABLESTABLE BI THROUGHB8 USING BUILD

ING BLOCK APPROACH IN SOME CASESCASE THISTHI INVOLVESINVOLVE DELETION OR SUBSTITUTION OF

FACILITY OR EQUIPMENTITEM THE RESERVOIR ENGINEERING OF CASESCASE IS FURTHER

EXPLAINED IN APPENDIX

THE COST COMPONENTSCOMPONENT OF EACH CASE ARE SCHEDULED AS INDICATED ON TABLE

B9 THE SCHEDULESSCHEDULE OF CAPITAL COST EXPENDITURESEXPENDITURE ARE BASED UPON TYPICAL

DEVELOPMENTSCHEDULESSCHEDULE IN OTHER OFFSHORE AREASAREA MODIFIED FOR THE ENVIRONMENTAL

CONDITIONSCONDITION OF THE CHUKCHI BASIN AND MAKING CERTAIN ASSUMPTIONSASSUMPTION ON FIELD

CONSTRUCTION SCHEDULESSCHEDULE

BI



TABLE BI

ESTIMATESESTIMATE FOR INSTALLED PLATFORMSPLATFORM AND ARTIFICIAL

WATER INSTALLED COST

UH UH MILLIONSMILLION

CONCRETE MONOCONESMONOCONE 36 120 480

60 200 6702

GRAVEL ISLANDSISLAND 15 50 165

CAISSONRETAINED 15 50 130

GRAVEL ISLANDSISLAND 27 90 216

36 120 340

IN ADDITION TO FABRICATION OF THE GRAVITY STRUCTURE IN LOWER

48 YARD THESE ESTIMATESESTIMATE INCLUDE THE COST OF PLATFORMINSTALLA

TION WHICH INVOLVESINVOLVE SITE PREPARATION TOWOUT SETDOWN AND

PILE DRIVING THE ABOVE ESTIMATESESTIMATE DO NOT INCLUDE ANY ALLOWANCE

FOR THE INSTALLATION OR HOOKUP OF TOPSIDE FACILITIESFACILITIE SEE
TABLESTABLE B2 AND B3

AT THISTHI DEPTH 36METER 120FOOT MONOCONE WOULD BE PLACED ON

SUBMERGEDBERM ISLAND 24 METERSMETER 80 FEET HIGH

SOURCE SFBRAUN

BIL



TABLE

COST ESTIMATESESTIMATE FOR PLATFORM EQUIPMENT
AND FACILITIESFACILITIE FOR OIL PRODUCTION

PEAK CAPACITY OIL COST
BA PER MILLION

100000 TO PIPELINE 3OO

NOTESNOTE THE COST OF TOPSIDE FACILITIESFACILITIE WOULD BE ESSENTIALLY THE 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 SIGNIFICANTLYLOWER RATIOSRATIO
ARE ENCOUNTERED THESE COSTSCOST COULD BE UP TO 20 PERCENT LOWER
WATERFLOOD EQUIPMENTIS INCLUDED

SOURCE SFBRAUN
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TABLE B3

COST ESTIMATESESTIMATE FOR PLATFORM EQUIPMENT
AND FACILITIESFACILITIE FOR GAS PRODUCTION

PEAK CAPACITY GAS

TH MCF PER

250330 PRODUCTIONEQUIPMENT

COST

MILLION

360

NOTESNOTE THE COST OF TOPSIDE FACILITIESFACILITIE WOULD BE ESSENTIALLY THE SAME FOR

ALL THE PLATFORMTYPESTYPE BEING CONSIDERED

THE ABOVE COST

COMMI SSI ONI NG
CONCURRENT WITH

MOBILIZATION AND

ESTIMATESESTIMATE INCLUDE INSTALLATION HOOKUP AND

IT IS ASSUMED THAT MODULE INSTALLATION WOULD BE

PLATFORM INSTALLATION THUSTHU AVOIDING SECOND

DEMOBILIZATION OF THE EQUIPMENT

THISTHI COST ONLY APPLIESAPPLIE TO OFFSHORE LOADING EQUIPMENT ONSHORE

LNG EQUIPMENTIS DISCUSSED UNDER TERMINALSTERMINAL

SOURCE NATIONAL PETROLEUM COUNCIL 1981

813



TABLE

COST ESTIMATESESTIMATE OF PRODUCTION WELLSWELL
OIL OR GAS

COST MILLION
UH UH 19

PRODUCTION WELL

DRILLED FROM ONPLATFORM 3000 10000 60

RIG

SOURCE SFBRAUN

NOTESNOTE WELL IS ASSUMED TO BE DIRECTIONALLY DRILLED BELOW THE MUD
LINE

INCLUDESINCLUDE RIG COST FOR TWO RIGSRIG ONE OF WHICH WILL REMAIN ON THE
PLATFORM FOR WORKOVERSWORKOVER IN THE GAS SCENARIOSSCENARIO INCLUDE ONE RIG

INCLUDESINCLUDE MOBILIZATION COSTSCOST OPERATING COST AND CONSUMABLESCONSUMABLE

B14



TABLE
B5

ESTIMATESESTIMATE
FOR

MARINE

ONSHORE
OIL

AND

GAS

COST

MARINE
UH

COST

MILLION
UH

ONSHORE

IL

LB

TRUNK

KM

ML

22

43

POINT
FRANKLIN
TO

POINT
BELCHER

113

FEEDER

29

KM

ML

12

74

34

KM

21

ML

22

SEE

ABOVE

43

SEE

ABOVE

113

74

PLUSPLU

498

KM

310

POINT
LCH

TO

TAPSTAP

INCLUDING

PUMP
STATIONSSTATION

3A

3B

TRUNK

43

KM

27

MI

26

138

WAINWRIGHT
TO

POINT
LCH

93

FEEDERSFEEDER

296

KM

ML

12

74

27

KM

17

ML

26K

3C

TRUNK

43

KM

27

ML

28

158

WAINWRIGHT
TO

POINT
LCH

121

FEEDERSFEEDER

296

KM

12

74

27

KM

17

MI

28

4A

FEEDERSFEEDER

296

KM

ML

12

82

NONE

4B

TRUNK

86

KM

54

ML

32

424

WAINWRIGHT
TO

POINT
BELCHER

93

FEEDERSFEEDER

296

KM

ML

12

27

KM

17

ML

26

TRUNK
51

KM

32

ML

16

168

CAPE
SABINE
TO

CAPE
THOMPSON

350

97

KM

60

MI

16

INCLUDING

ONE

PUMP

STATION

AS

TRUNK

43

KM

27

36

223

WAINWRIGHT
TO

POINT
BELCHER

130

FEEDERSFEEDER

296

KM

74

27

KM

17

ML

30

OTESOTE

TRENCHING
ANDOR
INSULATION
IS

ASSUMED
WHERE

REQUIRED

INCLUDESINCLUDE

MOBILIZATIONDEMOBILI
OF

SHIPTYPE
LAY
BARGE

INCLUDESINCLUDE
COST

OF

LSH

AND

HOOKUPSHOOKUP

OURCE

SFBRAUN

BIS



TABLE B6

COST OF OIL

PEAK THROUGHPUT CHUKCHI
TH BARRELSBARREL PER UH TERMINAL CAPITAL UH TERMINAL CAPITAL

100 500 600

300 950 1300

NOTESNOTE INCLUDING FACILITIESFACILITIE FOR ANY FINAL CRUDE STABILIZATION
STORAGEOF 10 DAYSDAY THROUGHPUTAND DOCKINGAND LOADINGFOR
SHUTTLE TANKERSTANKER

INCLUDESINCLUDE FACILITIESFACILITIE FOR DOCKING AND UNLOADINGSHUTTLE TANKERSTANKER
STORAGEOF 10 DAYSDAY THROUGHPUT TANKER BALLAST WATER TREAT
MENT DIESEL FUEL STORAGE SHUTTLE TANKER MAINTENANCE AND
VLCC DOCKINGAND LOADING

SOURCE SFBRAUN AND DAMESDAME MOORE
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TABLE

ESTIMATESESTIMATE OF COSTSCOST AND ANNUAL OPERATING

EXPENSESEXPENSE FOR TANKERSTANKER AND WORK BOATSBOAT

ANNUAL OPERATING

CAPITAL COST COST

MILLION MILLION

ICECAPABLE 200000 DWT 380 29

OIL TANKER

ICECAPABLE 140000 CUBIC METERSMETER 310 31

LNG TANKER

ICEBREAKING WORKBOATSWORKBOAT SUPPORT
VESSELSVESSEL 140 FEET 75 28

TUGSTUG PORT DUTY 60 22

SEA 60 35

SOURCESSOURCE SFBRAUN AND NATIONAL PETROLEUM COUNCIL
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TABLE B8

AND GENERAL AND ADMINISTRATIVE COST FOR CHUKCHI OIL
MILLION 1982

SCENARIO

PRODUCTION

MARINE
ONSHORE TO TERMINAL

TO TAPSTAP

TAPSTAP

TANKERSTANKER
ICE BREAKERSBREAKER

SEA DUTY
PORT DUTY
SUPPORTVESSELSVESSEL

20

131
65OBBL

119 119 119 119 119 40

22 22 22 22 22 22
35 35 35 35 35 35 35
28 28 28 56 56 56 28

216

22
35

56

SOURCE NATIONAL PETROLEUM COUNCIL 1981 DAMESDAME MOORE

LB 3A 38 GIS

80 80 80 80 80 80 40 890

RECEIVING 20 20 20 20 18 40
TRANSSHIPMENT 42 42 42 42 42 38

TOTAL ANNUAL COST 347 347 275 376 376 356 239 451

OPERATINGCOST 312 312 248 338 338 320 215 406

GENERAL ADMINISTRATIVE 35 35 27 38 38 36 24 45

B18



TABLE B9

LA IB

ISLAND OR MONOCONECONSTRUCTION

DECK EQUIPMENT

PIPELINESPIPELINE

PIPELINESPIPELINE TO TAPSTAP OR CAPE THOMPSON

TERMINALSTERMINAL

TANKERSTANKER

SUPPORTVESSELSVESSEL

WELLSWELL

YEAR

PERCENT OF EXPENDITURE

10 30 30 30

10 25 25 25 15

10 15 50 25

10 15 25 25 25

20 20 25 20 10

19 25 25 19

25 25 25 25

15 30 30 25

3B

ISLAND OR APLA CONSTRUCTION

DECK EQUIPMENT

PIPELINESPIPELINE

TERMI NAL

OIL TANKERSTANKER EXC SCENARIO

TANKERSTANKER SCENARIO

LNG TANKERSTANKER

SUPPORTVESSELSVESSEL

WELLSWELL

10 25 25 25 15

10 25 25 25

10 15 50 25

20 20 25 20

19 25 25

25 25 25

14 20 25 25

25 25 25 25

15 30

NOTESNOTE YEARSYEAR ARE COUNTED FROM DECISION TO DEVELOP

OF CAPITAL INVESTMENTSINVESTMENT FOR PETROLEUM

FACILITIESFACILITIE IN THE CHUKCHI SEA

15

10

19

11

30 25

19
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