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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
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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

28



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

3211

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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313



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
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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
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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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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

363



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

373



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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FIGURE 318
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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

333

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

399



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
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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

3102



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

410



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
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