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THE SECRETARY OF THE INTERIOR

WASHINGTON

April21, 1987

Dear Reader:

The Alaska NationalInterestLands ConservationAct (ANILCA) of 1980 set aside
more than 100 millionacres of land in Alaska as nationalparks,preserves,wildlife
refuges,and wilderness areas. At thattime, the Congress specificallyleftopen the
question of futuremanagement of the 1.5-million-acrecoastalplainof the 19-million-
acre ArcticNationalWildlifeRefuge because of the area'spotentiallyenormous oil
and gas resources and itsimportantwildlifevalues.

ANILCA directed the Department of the Interiorto conduct biologicaland
geologicalstudies of the ArcticRefuge coastalplain,and to provide the Congress
with the resultsof those studiesand a recommendation on future management of the
area. The following report culminates more than 5 years of biologicalbaseline
studies,surface geologicalstudies,and two seasons of seismic explorationsurveys.
The ArcticRefuge coastalplainisrated by geologistsas the most promising onshore
oiland gas explorationarea in the United States. Itis estimatedto containmore
than 9 billionbarrelsof recoverableoil,an amount approximatelyequal to Prudhoe
Bay, which currentlyprovides one-fifthof U.S. domestic oilproduction.

In 1986, U.S. domestic oilproduction dropped 9 to 10 percent;production is
predictedto drop an additional4 to 5 percent in 1987, ifprices do not drop this
year. At the same time, U.S. oil consumption, which has exceeded domestic
productionsince the 1960's,is expected to increase. Our oilimports are projected
to exceed 50 percent of consumption in the 1990's. America's growing relianceon
imported oilfor the rest of the century could have potentiallyserious ramifications
forour nationalsecurity.

The followingreportanalyzes the potentialenvironmental consequences of five
management alternativesforthe coastalplain,ranging from opening for lease of the
entirearea for oiland gas development, to wilderness designation. A legislative
environmental impact statement has been integratedintothe report.

Public hearings were held in January 1987 on a draft report and
recommendation. These hearings were attended by representatives of the
Governments of Canada and Alaska,Alaska Natives,other interestedparties,and the
general public. Seven thousand of the 11,000 comments received favored opening
the ArcticRefuge coastalplainforoiland gas leasingand development.

Based on the analyses conducted, public comment on the draftreport,the
nationalneed fordomestic sources of oiland gas, and the Nation'sabilityto develop
such resources in an environmentally sensitivemanner as demonstrated by two
decades of success at Prudhoe Bay and elsewhere, I have selectedas my preferred
alternative,making availablefor considerationthe entireArcticRefuge coastalplain
for oiland gas leasing. Although the entirearea should be considered for leasing,
only a percentage would actuallybe leased,an even smaller percentage would be
explored,and--ifoilisdiscovered--astillsmallerpercentage would be developed.
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The step-by-stepenvironmental planning, review, and evaluationprocedures
included in a leasing program provide the best opportunityfor the Department to
decide what areas to lease,based on the most accurate and advanced information
availableat each step of the leasingprocess. Although the exact process depends
upon the leasingprogram establishedby the Congress, compliance with the National
Environmental Policy Act is required for each lease sale,explorationplan,and
development and production plan.

The followingreportprovides informationcriticalforthe Congress to consider in
determining the future management of the Arctic Refuge coastalplain. The
Congress must enact legislationto authorizean oiland gas leasingprogram for the
area. We willwork with the Congress to ensure thatany leasingprogram developed
willavoid unnecessary adverse effectson the environment.

Legislativeproposals are currentlyin the Congress to establishthe formula for
sharingwith the Stateof Alaska any revenues from an oiland gas leasingprogram in
the ArcticRefuge coastalplain.There also isa proposalthatwould directa portion
of the Federal share of such revenues to conservationactivities.We look forward to
working with the Congress on such matters as well as in determining future
management of the Arctic Refuge coastalplain. My preliminaryrecommendation
(Chapter Vill)will become finalupon formal transmittalto the Congress of the
followingreport.

Sincerely,

@
DONALD PAUL HODEL



SUMMARY
ARCTIC NATIONAL WILDLIFE REFUGE, ALASKA, COASTAL PLAIN RESOURCE ASSESSMENT
Report and Recommendation to the Congress/FinalLegislativeEnvironmental Impact Statement

APRIL 1987
Preparedby the U.S.Fishand WildlifeService,incooperationwiththe U.S.GeologicalSurveyand

the Bureau of Land Management, Departmentofthe Interior,Washington,D.C. 20240.
TYPE OF ACTION The Porcupinecaribouherd has shown some

Recommendation forlegislativeactionconcerning preferenceforcalvingon the 1002 areaincludingthe upper

futuremanagement of the 1.5-million-acrecoastalplainof Jago Riverarea (84,000acresor 5.4percentof the1002

the 19-million-acreArcticNationalWildlifeRefuge(referredto area).A potentialconsequencewould be displacementof

hereinas the "1002area"),locatedinnortheasternAlaska. portionsof the herd seekingto calveinthe upper Jago
Riverarea-thecase onlyifthe areawere the siteof a

DESCRIPTION OF THE PROPOSED ACTION majorproducingoilfield.Itisunlikely,though possible,
The Secretaryof the Interiorrecommends to the thatsuch displacementwould resultin any appreciable

Congress of the UnitedStatesthatitenact legislation declineinherdsize.
directingthe Secretaryto conductan orderlyoiland gas
leasingprogramforthe 1002 areaat such pace and in The potentialeffectsofoiland gas activitieson the
such circumstances as he determineswillavoid area'smuskoxen are unknown, althoughbiologistspredict
unnecessaryadverseeffecton the environment. thatmajoreffectscould be: (1)substantialdisplacement

fromcurrentlyused habitatand (2)a slowingoftheherd's
The 1002 area isthe Nation'sbestsingleopportunity growthrate,as distinguishedfroma diminutioninherdsize.

to increasesignificantlydomesticoilproduction.Itisrated
by geologistsas the most outstandingpetroleum Potentialeffectson Nativesubsistencefallintotwo
explorationtargetinthe onshoreUnitedStates.Data from categories:the villageof Kaktovikand villagesoutsidethe
nearbywellsin the Prudhoe Bay areaand in the Canadian 1002 area. Inthecase ofKaktovik,a majorrestrictionof
BeaufortSea and Mackenzie Delta,combined with subsistenceactivitiescouldoccur. Thiswould likelyresult
promisingseismicdatagatheredon the 1002 area,indicate from the physicalchanges proximateto Kaktovikwhich
extensionsof producingtrendsand othergeologic couldinterferewithtraditionalactivities.Subsistenceeffects
conditionsexceptionallyfavorablefordiscoveryof one or on villagesoutsidethe 1002 area,includingthose in
more supergiantfields(largerthan500 millionbarrels). Canada, areexpectedto be minimal.

ALTERNATIVES TO THE PROPOSED ACTION
There is a 19-percentchance thateconomically

Alternativesforthe Congressthatwere discussedinrecoverableoiloccurson the 1002area.The averageofall
the reportand legislativeenvironmentalimpactstatementestimatesof conditionaleconomicallyrecoverableoil
include:(1)Authorizeleasinglimitedto a partofthe1002resources(the'mean")is3.2billionbarrels.Based on this
areabased on environmentalconsiderations(AlternativeB):estimate,1002 area productionby the year2005 could
(2)authorizefurtherexplorationonly,includingexploratoryprovide4 percentof totalU.S.demand: provide8 percent
drilling(AlternativeC); (3)continuecurrentrefugestatusof U.S.production(about660,000barrels/day);and reduce
withno furtheroiland gas activityallowed(AlternativeD);importsby nearly9 percent.Thisproductioncouldprovide
and (4)designatethe areaas wilderness(AlternativeQ.net nationaleconomic benefitsof $79.4billion,including
For purposes of environmentalimpactstatementanalysis,Federalrevenuesof$38.0billion. AlternativeD isconsideredthe 'no action"alternative.

ENVIRONMENTAL EFFECTS
CONTACTS

Potentialimpactswere assessed for exploration, Noreen Clough 202-343-4313
developmentdrilling,and production.impactspredictedfor Divisionof Refuges
explorationand developmentdrillingwere minoror negligible U.S.Fishand WildlifeService
on allwildliferesourceson the 1002area. Productionofoil 18thand C Street,NW
isexpectedto directlyaffectonly12,650acres or 0.8 Washington,D.C. 20240
percentofthe 1002 area. Consequenceson speciessuch
as brown bears.snow geese,wolves,moose, and the Oswald Girard 703-648-4428
CentralArcticcaribouherd are expectedto be negligible, DeputyAssistantDirectorforEngineeringGeology
minor,or moderate. U.S.GeologicalSurveyM.S. 109

`12201SunriseValleyDrive
Potentialmajor effectson wildlifefromproductionare Reston,Virginia22092

limitedto the Porcupinecaribouherd and reintroduced
muskoxen. "Majorbiologicaleffects"were definedas: RobertSchrott 202-653-2263

.'widespread,long-termchange in habitatavailabilityor Divisionof Geologyand MineralResources

qualitywhich would likelymodifynaturalabundance or Bureau of Land Management

distributionof species.Modificationwillpersistat leastas 18thand C Streets,NW

longas modifyinginfluencesexist." Washington,D.C. 20240

SUMMARY V11
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ARCTIC NATIONAL WILDLIFE REFUGE, ALASKA,
COASTAL PLAIN RESOURCE ASSESSMENT

CHAPTER I

INTRODUCTION

BACKGROUND

The Arctic National WildlifeRefuge, in the (II) To fulfillthe internationaltreatyobligationsof the

northeasterncomer of Alaska,was firstestablishedas the United Stateswith respectto fishand wildlifeand

ArcticNationalWildlifeRange by PublicLand Order 2214 in theirhabitats;

1960, for the purpose of preserving unique wildlife,
wilderness,and recreationalvalues. The original8.9-million- (111) To provide, in a manner consistentwith the

acre Range was withdrawn from allforms of appropriation purposes set forthin subparagraphs (1)and (!Q.

under the publicland laws, includingmining laws but not the opportunityforcontinuedsubsistenceuses by

including mineral leasing laws. This order culminated localresidents;and

extensiveeffortsbegun more than a decade earlierto

preservethisunique partof Alaska. (IV) To ensure,to the maximum extentpracticableand

in a manner consistentwith the purposes set

The Alaska NationalInterestLands ConservationAct forthin paragraph (I),water qualityand necessary

(ANILCA), passed in 1980, established16 NationalWildlife water quantitywithinthe refuge.

Refuges in Alaska. among them the 19-million-acreArctic

NationalWildlifeRefuge, hereafterreferredto as Arctic The Arctic Refuge offers wildlife,scientific,

Refuge. The ArcticRefuge today encompasses the existing recreational,and estheticvalues unique to the Arctic

8.9-million-acrewildliferange and approximately10 million coastalecosystem. In the ArcticRefuge,a person traveling

additionalacres of adjoininglands west toward the Trans- on footor by boat can traversea fullrange of North Slope

Alaska PipelineSystem (TAPS) and south to the Yukon landscapes and habitats,because of the proximityof the

Flats. Approximately8 millionacres,comprisingmost of Arcticcoast to the mountains. Mt. Chamberlin,9,020 feet;

the originalArcticNationalWildlifeRange, was designated Mt. Isto,8,975 feet; Mt. Hubley, 8,915 feet;and Mt.

wilderness. Michelson,8,855 feet-thefour tallestpeaks in the Brooks

Range-are inthe ArcticRefuge. The ArcticRefuge contains

ANILCA also redefinedthe purposes of the Arctic the only extensive activeglaciersin the Brooks Range.

Refuge: Found on the refugeis a fullcomplement of arcticfloraand

fauna, includingthe calvinggrounds for the Porcupine

(I) To conserve fishand wildlifepopulationsand caribou herd, one of the largestIn Alaska (approximately

habitatsin theirnaturaldiversityincluding,but not 180,000 caribou),and habitatforthe threatened arctic

limitedto,the Porcupine caribou herd (including peregrinefalcon,lessersnow goose, and other migratory

participationin coordinatedecologicalstudiesand birdspecies,and reintroducedmuskoxen.
management of thisherd and the Western Arctic

caribou herd), polar bears, grizzlybears, During the 1970's the Alaskan arcticcoastalplain

muskoxen, Dail sheep, wolves, wolverines,snow was the siteof severalstudieson oiland gas potential,

geese, peregrine falcons and other migratory possibleoiland gas transportationcorridors,and biological

birds,and Arcticchar and grayling; resources (U.S. Department of the Interior,1972, 1976).
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The Alaska NaturalGas TransportationSystem studieson adequate informationand the fullparticipationof the

the Range includedextensivebiologicalstudies,as did Congress.' [Senate Report 413, 96th Cong. list
studiesforthe planningand developmentof the TAPS to Sess.at241(1979)).

the west of the Range.
Therefore,the Congress created section1002 of

Duringthe 7 yearsANILCA was beingconsideredin ANILCA to dealwiththe issue.
the Congress,and particularlyduring1977-80,the issueof

oiland gas explorationand development on the 1.55-million-

acre ArcticRefuge coastalplainwas fullydebated. Some

members wanted the coastal plain designated as
wilderness,and some favoredopening itto oiland gas
leasing.As explainedinthe 1979 Senate Report:

PURPOSE AND NEED FOR

'The Committee was particularlyconcerned withthe
THIS REPORT

ANWR [ArcticNationalWildlifeRange]. In hearings Specifically,section1002 of ANILCA requiresthe
and in markup, conflictingand uncertaininformation Secretaryofthe Interior:

was presentedto the committeeabout the extentof
oiland gas resourceson the Range and the effect 1. To conduct a comprehensive,continuingbaseline
development and productionof those resources study of the fishand wildliferesourcesof the Arctic

would have on the wildlifeinhabitingthe Range and Refuge 1002 area (fig.1-1).[Throughoutthisreport

the Range itself.The nationallyand internationally the term '1002 area"refersto thatpartof theArctic
recognized wildlifeand wildernessvaluesof the Refuge definedas the "coastalplain"by section
Range are describedin the discussionof the 1002(b)oftheANILCA];
Committee amendments to Title111.The Committee
was determined that a decision as to the 2. To developguidelinesfor,initiate,and monitoran oil

development of the Range be made only with and gas explorationprogram;and

166' 162' 158' 154' 150' 146' 142' 138'
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(ArcticRefuge),the NationalPetroleumReserveinAlaska (NPRA),and Prudhoe Bay. Four highestpeaks inthe
Brooks Range: C, Mt. Chamberlin;1,Mt. Isto;H, Mt. Hubley;M, Mt. Michelson.
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3. To preparea "Reportto Congress" which describes OIL AND GAS EXPLORATION PROGRAMS
the fishand wildliferesourcesof the 1002 area;
identifiesand estimatesthe volume and arealextent Section 1002(a)of ANILCA authorizedoiland gas

of potentialhydrocarbon resources;assesses the explorationon the 1002 area ina manner thatwould avoid

potentialimpacts of development; discusses significantadverse effectson fish,wildlife,and other

transportationof oiland gas; discussesthe national resources. Explorationincludedsurface geologicaland

need for domestic sources of oiland gas; and geophysicalwork but not exploratorydrilling.

recommends whether further exploration,
development,and productionof oiland gas should The FWS published an environmentalimpact

be allowed.
statementin February1983, and finalregulationsgoverning
explorationon the 1002 areawere publishedinthe Federal

The U.S. Fishand WildlifeService(FWS) has lead Registeon April19, 1983 (48FederalRegiste16838-16872:

responsibilityfor meeting these Congressionalmandates. 50 CFR 37). As requiredby section1002(d),the

Under an interagencymemorandum ofunderstanding(MOU) regulationswere developed to ensure that exploratory

dated June 1983,the Bureau of Land Management (BLM) activitiesdid not have a significantadverse effecton fish

and the GeologicalSurvey (GS) have assistedthe FWS by and wildlife,theirhabitats,or the environment(FWS and

providingtechnicalexpertisein reviewingindustry-proposed others,1982,1983).

explorationplans, conducting geologicstudies and
assessingthe hydrocarbonpotentialof the 1002 area.as - During the summers of 1983-85,explorationcrews

wellas developingthisreport. The statusof these from 15 companies visitedthe 1002 area. No surface

activitiesisreportedherein. vehicleswere allowed;access was by helicopter.The work
involvedfieldobservations,surfacemeasurements, mapping,

BASELINE STUDY OF FISH AND and collectionofrock samples. Samples were analyzedfor
WILDLIFE RESOURCES age and geochemistry (hydrocarbon-generationpotential)

The FWS began biologicalbaselinestudiesof
and porosityand permeability(hydrocarbon-reservoir

selectedfishand wildlifespecies of the 1002 area during
potential).The FWS carefullymonitoredallactivities,and
no adverse effectsan fishor wildlifewere observedfrom

the springof 1981. An initialbaselinereportthatdescribed helicopter-supportedsurface explorationduring summer
the 1981 fieldseason (spring-fall)and reviewedexisting months. -1
literaturewas publishedin April1982. The resultsof
subsequent fieldseasons (1982-85)were documented in The FWS issued one permitfor a helicopter-
four annual baselineupdate reportsand a finalbaseline supportedgravitysurveythatwas conducted duringthe late
report. (See "Referencescited"forthe listingof these summer of 1983. The permittee(internationalTechnology
publications.)The finalbaselinereportwas publishedin Ltd.)collectedapproximately1,300gravityreadingsfrom the
December 1986. ground along a 1x2-milegridcoveringthe entire1002 area.

The 1002 area baselinestudiesrepresentmore than Duringthe wintermonths, when most wildlifespecies
60 staff-yearsof researcheffort(thatis,data collection, were absent or were presentin lessernumbers, seismic
analysis,and synthesis).Fifty-sevenseparatefieldstudies operationswere permitted.More than 1,300 linemilesof
defined(1)the ecology,distribution,and abundance of fish seismicdatawas acquiredduringthe wintersof 1983-1984
and wildlifespecies.(2) wildlifehabitatswithinthe 1002 and 1984-1985. The seismicprogram providedsubsurface
area.and (3)the impactsof seismicexplorationon tundra data on the area'soiland gas potential.As the only
vegetation. explorationtechnique involvingmechanized surface

Section303 of ANILCA, which reestablishedexisting
transportation,itposed the greatestpossibilityof adverse

refuges,specifiedthata purpose of the ArcticRefuge was
environmentaleffects. Therefore,to avoid significant

to conserve fishand wildlifepopulations.Among the
adverseimpacts,the FWS:

species or groups of species mentioned in section 1. Allowed only one permittee(GeophysicalService
303(2)(B)(i)that were studiedon the 1002 area were Inc.),representingan industrygroup of 23-25
caribou,muskoxen, wolves, brown bear, wolverines, companies,to collectseismicdata,
migratorybirds,and fish,as wellas the vegetation.The
Fish and WildlifeServicestaffwas assistedby the Stateof 2. Restrictedactivitiesinsensitivewildlifeareas (such as
Alaska Department of Fish and Game, Canadian Wildlife near bear dens)or where snow coverwas insufficient
Service,Yukon Department of Renewable Resources, to protectthe tundra,
researchersfrom the CooperativeWildlifeResearch Unitat
the Universityof Alaska,and volunteers. Investigative

techniques includedvisualobservations,aerialcensuses,
radio telemetry,and satellitetracking. These baseline
studiesofthe 1002 areaare the basisforthe descriptionof
the biologicalenvironmentinChapter 11and the analysisof isymbol indicatesmodificationof draftreport.See

environmentalconsequences inChapter V1. page 6 forfullexplanationof symbols.
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3. Limitedthe number of linemilesof seismicsurveyto 6. The recommendations of the Secretarywith respect

onlythatamount necessaryto yielddata from which to whether furtherexplorationfor,and the

to develop a credibleoiland gas resource development and productionof,oiland gas within

assessment,and the coastalplainshould be permittedand, Ifso,what
additionallegalauthorityisnecessaryto ensure that

4. Placed full-timeFWS monitorson each seismiccrew. adverseeffectsof such activitieson fishand wildlife,
theirhabitats,and otherresourcesare avoidedor

By restrictingor reroutingoverlandtravelinareas of minimized(ChapterVill).
inadequatesnow cover or sensitivevegetation,the monitors

effectivelylimitedadverse environmentalimpacts. They also - The firstseven chaptersofthisreportalsoconstitute

collecteddata on the severityof the seismicsurveys' a legislativeenvironmentalimpactstatement(LEIS)pursuant
surfaceimpact in relationto snow depth,topography,and to section1506.8of the Councilon EnvironmentalQuality's

vegetationtype. Severalmore seasons of followupstudies (CEO) regulationsto implementNEPA (40CFR 1500-1508).

on long-term impacts, ifany, willsupplement their Chapters V and VI in particulardiscuss and evaluatefive

observationsof short-termsurfacedisturbance. major alternativesfrom which the Secretary's
recommendation (ChapterVill)has been derived. Those

REPORT PREPARATION
alternativesare forthe Congress to: (A)authorizefull
leasingofthe entire1002 area:(B)authorizeleasinglimited

Under provisionsof the MOU, an 'Interagency to a partofthe 1002 area;(C)authorizefurtherexploration,

Advisory Work Group' was formed in March 1984 to includingexploratorydrilling,only:(D) continuecurrent

oversee the preparationof thisreport. The work group, refugestatuswith no furtheroiland gas activityallowed;

headed by the FWS, comprised FWS, GS, and BLIVI and (E)designatethe area as wilderness.For the purpose

representatives. The group calledon more than 50 of EIS (environmentalimpact statement)analysis,alternative

technicalexpertswithinthe threebureaus to contributeto A is consideredthe "proposedaction"and AlternativeD is

varioussectionsof thisreport.Contributorsare listedat consideredthe 'no action'or baselinealternative.-

the frontof thisreport.
Estimates of conditionaleconomicallyrecoverable

This document providesthe basisforthe Secretary resources describedin Chapter IIIform the basis for

of the Interior'srecommendation to the Congress hypotheticaloilexploration,development,production,and

concerningfuturemanagement of the 1002 area. The transportationscenariosoutlinedin Chapter IV which are

document fulfillsthe requirementsof both section1002(h)of used in the LEIS to determineand measure environmental

ANILCA and section102(2)(C)ofthe NationalEnvironmental impacts,and to discussthe nationalneed in ChapterVII.

PolicyAct (NEPA) of1969.
- Any Congressionallyauthorizedoiland gas program

Section1002(h)ofANILCA mandates thatthe report on the 1002 area would have some degree of cumulative

must contain:
effectwith other existingand potentialactivitieson the
NorthSlope of Alaska,includingStateand Federaloffshore

1. The identification,by means otherthan drillingof leasingprograms,oiland gas explorationprogramsto the

exploratorywells,of those areas withinthe coastal east in the Canadian Arctic,and furtherFederalor State

plainthathave oiland gas productionpotentialand leasingon the North Slope. Also possibleis the further

an estimateof the volume of the oiland gas expansionof oiland gas activitiesinand around Prudhoe

concerned (Chapter111). Bay. Chapter VI includesa generaldiscussionof the
potentialfor cumulativeeffects.Where informationis

2. The descriptionof the fishand wildlife,theirhabitats, availablefor a particularspecies,cumulativeeffectsare

and other resources thatare withinthe areas added to the individualimpactdiscussions.-

identifiedunder paragraph(1)(Chapter11).
- Leasingand operationswould be subjectto all

3. An evaluationof the adverseeffectsthatthe carrying
appropriateFederal and State regulationsand further

out of furtherexplorationfor,and the development
environmentalevaluationat appropriatestages of the

and productionof,oiland gas withinsuch areasmay development.Depending on the decisionof the Congress,

have on the resourcesreferredto in paragraph(2) this programmatic LEIS may sufficefor initialleasing.

(ChapterVI).
However, explorationproposalsnormallyrequireshe-specific
NEPA evaluations,and a development and production

4. A descriptionof how such oiland gas,Ifproduced proposalwould requirea site-specificEIS. Any futureEIS

withinsuch area,may be transportedto processing on development of the 1002 area would, to the extent

facilities(ChapterIV). appropriate,be tieredon thisprogrammaticLEIS.-

5. An evaluationof how such oiland gas relatesto the
nationalneed foradditionaldomesticsources of oil
and gas (ChapterVill.
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Itleasesare eventuallydeveloped,allapplicable - PUBLIC INVOLVEMENT -
Federaland Stateregulationswould apply to oilexploration, During the earlystages of preparinga preliminary
development,production,and transportationunlessthey draftreportand detailedLEIS fordepartmentalreview,legal
were superseded by the legislationenacted by the actionwas takenagainstthe Departmentand the Fishand
Congress to open the 1002 area to leasing,and any WildlifeServiceby Trustees for Alaska and other
implementingregulations.Currentlymore than 36 Federal environmentalgroups inTrusteesfor Alaska,et al,Civ.No.
and 5 Stateof Alaska laws,and 111 separateregulations A85-551 (D.AK. Feb. 25, 1986). The plaintiffscontended
found in 6 separatetitlesin the Code of Federal thatthe Department'splans (thatis,to circulatethe
Regulationsapplyto oiland gas activitiesinAlaska. Some report/LEISfor publiccomment concurrentlywith its
examples are the NationalWildlifeRefuge System submittalto Congress and to forward any comments
AdministrationAct; Fish and WildlifeCoordinationAct; receivedand the Department'sresponses subsequently)
Endangered Species Act; Clean Water Act; CoastalZone failedto fullycomply with NEPA, and thatthe Department
Management Act; Alaska NativeClaims SettlementAct; must providean opportunityfor publicparticipationin
AlaskaEnvironmentalConservationAct,Title46; Alaska Oil preparationof the reportILEISinadvance of itssubmittalto
PollutionControl Law; and Alaska Coastal Management Congress. The courtruledinfavorof the plaintiffs.By
Act.- courtorder dated February25, 1986,the Departmentwas

- Section303 of ANILCA, which establishesadditions
directedto prepareboth a draftand a finalreport/LEIS,and

to existingrefuges,requiresthatthe ArcticRefuge be
permitpublicreviewand comment on the draftreport/LEIS.

managed 'tofulfillthe internationaltreatyobligationsofthe
The courtfurtherdirectedthatpublicmeetingson the draft

United States with respectto fishand wildlifeand their
report/LEISbe held inAlaskaand elsewhereand thatthe

habitats* * *` [Section303(2)(B)(ii)].Internationaltreaties
Department'sresponses to publiccomments be published

and agreements relatedto fishand wildlifespeciesthatare
locallybeforeor at the time the finalreport/LEISis

eitherresident,transient,or occasionallyfound in the 1002
submittedto the Congress. Itwas the positionof the

area,include:
Department and the Servicethat a draftreport/LEISneed
not be circulatedin advance and thata singledetailed

1. Convention on Nature Protectionand Wildlife
report/LEIS,as providedforin 40 CFR 1506.8(b)(2),fully

Preservationinthe Western Hemisphere,October 12,
complieswiththe requirementsof NEPA.

1940 (56 Stat.1354,TS 081),ArticleVII,Migratory Even though the government feltthatthe district
Birds. court'srulingwas incorrect,the Departmentof the Interior

began the administrativeprocess laiddown by the district
2. Convention between the United States and Great courtbecause a finalreport/LEIShad alreadybeen delayed

Britain(forCanada) for the Protectionof Migratory beyond the September 1986 deadline establishedby
Birds(39Stat.1702;TS 628),as amended. ANILCA. Subsequently,the Department unsuccessfully

argued an appealofthe decision.
3. Conventionwiththe Union ofSovietSocialistRepublics

on the Conservationof MigratoryBirdsand Their On November 24, 1986, the draftreport/LEISwas
Environment(TIAS9073). made availableforpublicreviewand comment. Originally

scheduledto close January23, 1987,the comment period
4. Conventionbetween the UnitedStatesof Americaand was extendedto February6, 1987,at the requestof the

Japan for the Protectionof Birds and Their Governorof Alaskaand others. Publicmeetingswere held
Environment(25 U.S.T.3329,TIAS 7990). January 5, 1987, in Anchorage, Alaska,January6 in

Kaktovik,Alaska,and January 9 in Washington,D.C.
5. Agreement on the Conservationof PolarBears (TIAS Copies of the report/LEISwere sent to allFederal,State

8409). and localagencieswith jurisdictionby law or special
expertise;to the Government of Canada and the Yukon and

6. InternationalConventionforthe Regulationof Whaling, Northwest Territories;to conservationorganizations;to
Whaling Convention Act of 1949 [16 U.S.C. 916- affectedNativeregionaland villagecorporationsand other
916(1)]. ArticleIIIof the act establishedthe organizations;and to the oiland gas industry.
InternationalWhaling Commission.

During the comment period,11,361letterswere

7. Convention on InternationalTrade in Endangered received.The vast majorityof these letterswere generally
Speciesof WildFauna and Flora(TIAS8249). a statementas to either(1)make the 1002 area available

for oiland gas leasing,or (2)make the 1002 area a

designated wilderness. Of those letters,7,491 favored
leasingand 3,707 favoredwildernessdesignation.Letters

were receivedfrom individualsin everyStatein the Union
and Canada. Organizations,withsuch diversepositionsas
the Wilderness Society and the Alaska Oil and Gas
Association,were responsiblefor821 ofthe comments.
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Substantivecomments on the contentof the report U.S. Department of the Interior,1976,Alaska naturalgas

itselfwere receivedfrom 117 respondents. To facilitate transportationsystem-Final environmentalimpact

analyses,the comments were broken down intothe statement:Washington, DC, 9 unnumbered volumes,

followingcategories:Federalgovernments,Stateand local variouslypaginated.

governments,industry,organizations,and privateindividuals. U.S. Fish and WildlifeService,1982,Initialreport,baseline

Each of the 1,651 substantivecomments was reviewed. study of the fish,wildlife,and theirhabitats,Section

General responses are containedin the 'Summary of 1002(c) of the Alaska NationalInterestLands

Consultationand PublicComments" sectionof thisreport ConservationAct: Anchorage, U.S. Fishand Wildlife

and and duplicatedin the appendixto thisreport(v.2). Service,Region 7, 507 p.

The reportwas modified as appropriatebased on U.S. Fish and WildlifeService,1983, 1982 update report,

comments received.Throughout the report,the symbol - baselinestudy of the fish,wildlife,and theirhabitats,

indicates(1)passages thathave been significantlymodified Section1002(c)of the Alaska NationalInterestLands

from the draftLEIS publishedin November 1986 and (2) ConservationAct (G.W. Garner and P. E. Reynolds,

new material. editors):Anchorage,U.S. Fish and WildlifeService,
Region 7,379 p.

U.S. Fish and WildlifeService,1984, 1983 update report,
baselinestudy of fish,wildlife,and theirhabitats,

DEPICTION OF CIVIL BOUNDARIES
Section1002(c)of theAlaska NationalInterestLands
ConservationAct (G.W. Garner and P. E. Reynolds,

"Civilboundariesare the limitinglinesofjurisdictional
editors):Anchorage, U.S. Fish and WildlifeService,

authorityfor the variouslevelsof government. These
Region 7, 614 p.

boundaries are shown on topographicquadrangle(and
U.S. Fish and WildlifeService,1985, 1984 update report,

other]maps of the GeologicalSurvey,but they are
baselinestudy ofthe fish,wildlife,and theirhabitats,

invariablyderivedfrom anothersource. The Survey does
Section1002(c)of theAlaska NationalInterestLands

not make originalboundary surveys,and the boundaries
ConservationAct (G.W. Garner and P. E. Reynolds,

shown on the maps are not intended as conclusive
editors):Anchorage, U.S. Fish and WildlifeService,

evidenceof land ownershipor jurisdictionallimits.Original
Region 7,v. 1--p.1-361;v.2--p.362-777.

boundary surveysexecuted by the appropriateorganization
U.S. Fish and WildlifeService,1986, Finalreport,baseline

providethe definitiveevidence for settlingboundary
studyof the fish,wildlife,and theirhabitats,Section

questions. Nevertheless,the boundariesshown on Survey
1002(c) of the Alaska NationalInterestLands

quadranglemaps are oftenregardedby the generalpublic
ConservationAct (G.W. Garner and P. E. Reynolds,

and localauthoritiesas representingauthoritativelocations.
editors):Anchorage, U.S. Fish and WildlifeService,

For thisreason,boundariesare delineatedon these maps
Region 7, v.1--p.1-392;v.2--p.393-695.

as carefullyas possiblefrom availablesource documents;
U.S. Fish and WildlifeService,1987, 1985 update report,

but the factremainsthatthe source documents,not the
baselinestudy of the fish,wildlife,and theirhabitats,

topographicmaps, have primarylegalsignificancewith
Section1002(c)of the AlaskaNationalInterestLands

respectto boundaries."From Thompson (1981,p.73).
ConservationAct (G.W. Garner and P. E. Reynolds,
editors):Anchorage, U.S. Fish and WildlifeService,
Region 7,inpress.

U.S.Fish and WildlifeService,U.S. GeologicalSurvey,and
Bureau of Land Management, 1982, Proposed oiland

REFERENCES CITED gas explorationwithinthe coastalplainof the Arctic
NationalWildlifeRefuge, Alaska--Draftenvironmental

FWS and others,1982, 1983--SeeU.S. Fish and Wildlife impactstatementand draftregulations:Washington,

Service,U.S. GeologicalSurvey,and Bureau of Land DC, chapterspaginatedseparately.

Management, 1982, 1983. U.S.Fish and WildlifeService,U.S.GeologicalSurvey,and

Thompson, M. M., 1981,Maps forAmerica-Cartographic Bureau of Land Management, 1983,Proposed oiland

productsof the U.S. GeologicalSurvey [2d edition]: gas explorationwithinthe coastalplainof the Arctic

U.S.GeologicalSurvey,265 p. NationalWildlifeRefuge,Alaska-Finalenvironmental

U.S. Department of the Interior,1972, Proposed Trans- impact statementand preliminaryfinalregulations:

Alaska Pipeline-Finalenvironmentalimpact statement: Washington,DC, chapterspaginatedseparately.

Washington, DC, prepared by SpecialInteragency U.S. Fish and WildlifeService,U.S. GeologicalSurvey,and

Task Force forthe FederalTask Force on Alaskan oil Bureau of Land Management, 1986,ArcticNational

development,6 volumes,variouslypaginated;v. 1-- WildlifeRefuge, Alaska,coastal plainresource

Introductionand summary: v.2--Environmentalsetting assessment-Draftreportand recommendation to the

of the proposed Trans-AlaskaPipeline;V. 3-- Congress of the United States and legislative

EnvironmentalSettingbetween Port Valdez,Alaska, environmentalimpact statement(N. K. Clough,P. C.

and west coast ports;v.4--Evaluationofenvironmental Patton,and A. C. Christiansen,editors):Washington,

impact;v. 5--Alternativesto the proposed action;v. D.C.,XIV + 172 p.,5 p1s.,34 figs.,23 tables,

6-Consultationand coordinationwithothers. November 1986.
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CHAPTER 11

EXISTING ENVIRONMENT

INTRODUCTION PHYSICAL GEOGRAPHY AND PROCESSES

The existingenvironment(thischapter)and PhysicalGeography
subsequent analysisof environmentalconsequences
(ChapterVI)aredescribedinterms ofthreecomponents: The 1.55-million-acre1002 area,locatedIn the
physical,biological,and human. northernmostpartof theArcticRefugebetweenthe Brooks
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importantnearbygeographicfeatures.
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Range and the BeaufortSea (fig.11-1),more than 250 miles Except for about 4 percent of scatteredbedrock

above the ArcticCircle,is in the tundra-coveredArctic outcrops,the 1002 area is covered by a thinmantle of

Coastal PlainProvince,the only extensionof the Interior unconsolidated,frozen sediments of Cenozoic age that

Plainsof North America inAlaska (Wahrhaftig,1965). Itis range in thicknessfrom a few feetto about 100 feet(fig.

bounded on the north by the BeaufortSea, and on the 11-2).The outcrops are mainlypoorlyconsolidatedTertiary

east by the northeast-flowingAichilikRiver. The south siltstone,mudstone, sandstone, and conglomerate in the

boundary follows township lines and approximates the Marsh Creek and middle Jago Riverareas;a few minor

1,000-footelevationcontour. The north-flowingCanning outcrops of Cretaceous and Jurassic shales along the

and StainesRiversare the west boundary of the 1002 area lower Jago River;and Cretaceous and Jurassicshale,near

and the ArcticRefuge. The 1002 area constitutesabout 75 the Niguanak Riverand in the SadlerochitSpring area.

percent of the totalcoastalplainof the ArcticRefuge.
Oil seeps have been found in the Manning Point

The 1002 area is about 104 miles in lengthat latitude area,about 6 miles north of the 1002 area,and near Angun

69051'N. Maximum width is about 34 miles;minimum is 16 Point,withinthe 1002 area. Oil-stainedsandstones crop

miles,south of Camden Bay. The area has 10 major out near the middle reaches of the KatakturukRiver;and

northward-flowingriversand 14 smallerriversor named oil-bearingsands and shales havingan odor of oilcrop out

creeks. The majorityof largeriversare braided;nearlyall along the lower Jago River,about 10 milessouth of Barter

the creeks, even the many small unnamed ones, have Island.

extensivetributarysystems.
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and not what could be borrowed forfill.Geology by Carter,Ferrians,and Galloway (1986).
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Despite the arcticclimate prevailingduring the The average monthly temperatures, however, can

Pleistoceneepoch, about 90 percentof the 1002 area is markedly affectthe environment and man's activities.From

unglaciated. A largevalleyglacierextended northeastward year to year,the average monthly temperatures,especially

approximately12 milesintothe area and probablyabout 7 in winter,vary widely. At BarterIsland,the average January

milesalong the Tamayariak River(southwestcorner of 1002 temperaturewas +4.50F in 1981, -21.80Fin 1983. At Umiat,

area,map unitm on fig.11-2).Smaller valleyglaciers the average January temperature was -11.20F in 1982,

extended about 4 miles intothe area along the Hulahula -42.10Fin 1984. In summer, variationsare lesspronounced

River,just across the 1002 area boundary along the Jago but more important because the accumulationof degree

River,and 2 milesalong the AichilikRiver. Glacialfluvial days above freezing(thaw index) greatlyinfluencesthe

deposits and eolianmaterialsare widespread, even in depth of thaw inthe soiland the rateofthe meltingof ice

unglaciatedareas. on water bodies. Some of the importantaverage monthly

temperature data and temperature-relatedthaw indicesare
The BeaufortSea coastline,with itsnarrow beaches, tabulated below. The thaw indicesshow that usually

is low-lying,graduallyreceding,and irregularin shape. It approximatelythree times as much heat energy is received

has numerous points,many offshoreshoals,mudflats,spits, at the ground surfaceinthe Umiat area duringthe summer

bars,and low-lyingbarrierislandsbehind which are shallow months, but that the effectof an unusuallywarm summer

lagoons. The coast is punctuated by deltas,the most can be relativelymuch greaterat BarterIsland.

pronounced being those of the Canning, Hulahula-Okpilak,
Jago, and AichilikRivers. Tides are small;the dailytide Average temperatures and thaw index,

rarelyexceeds 1 foot,and the maximum annual tideisless BarterIslandand Umiat,1976-84

than 3 feet. Wind tidesoccasionallyexceed the maximum

lunartides duringperiods of open water,particularlyin late

September-early October. The coast is characterizedby
Barter Umiatbluffscommonly 4-5 feet high,locallyas high as 25 feet.
Island

The 50-toottopographic contour is generally2-3 miles

inland,except at BarterIsland,which isonly about 3 miles

wide but ishigherthan 50 feetinthe centralarea. Inthe Average temperature(OF):

low-lyingCanning River delta a comparable elevationis Coldest month ..........................-33.1 -42.1

found about 8 milesinland.
Warmest month ........................+42.9 +58.0

Thaw index (degreedays above
Lagoons and bays are generallyshallow,3-12 feet freezing):

deep, except forthe greater-than-15-footdepths in Camden Maximum (summer)..................793 2183
Bay, where the 18-footdepth contour iswithinabout 200 Minimum (summer)...................456 1371
yards of shore. Camden Bay offersthe best reasonably Average (summer) ....................549 1671
deep, protected harborage along the coast of the 1002

area.
- In the Arctic,chillfactoris more importantthan air

temperaturein evaluatingtemperature'seffect.Strong winds

coupled with cold temperaturesproduce chilltemperatures
sometimes colder than -100OF (-35OFand a 30-mph wind)

(Selkregg,1975). The average wind-chillfactorat Barter

Climate IslandduringFebruary 1984 was -80OF (-33.10Fand 15.5-

mph wind). The combinationof darkness and extreme cold

The climateof the 1002 area is arcticmarine, in winter makes outdoor work difficultand often

characterizedby extremely low winter temperatures and hazardous.-

short,cool summers. Winds are persistentthroughoutthe

year. Blizzardsoccur frequentlyduring the long, dark Precipitationon the 1002 area is lightbut frequent,

winter. Along the coast the climateis moderated by the occurringas drizzlein the summer and as lightsnow inthe

sea and is less extreme. Meteorologicaldata are limited; winter. Published summaries indicatethat the annual

those of most valueforthisstudy are the marine data from precipitationat Barter Islandaverages 6.28 inches and

Barter Island(Kaktovik)and the data from Umiat (tothe ranged from 2.93 inches in 1974 to 12.22 inches in 1955.

west and about 75 miles inland,fig.1-1),which has more of Average summer precipitationis 0.52 inch in June, 1.01

an arcticcontinentalclimate. Umiat is the closestarea for inches in July,and 1.09 inches in August. The reported

which inlandclimaterecords exist.The recorded minimum remaining 3.66 inches generallyfallsas snow throughout

forBarterIslandwas -59OF in February 1950; the maximum the restofthe year. Rainfallrarelyexceeds 0.5 inch inany

was +780F, July 1978. For Umiat the minimum was -65OF one day (threetimes inthe last15 years). On the North

in February 1977 and the maximum 850F in July 1977. Slope, relativehumidity is generallyhigh during the

The maximum and minimum temperatureslastonly briefly, summer--80-95 percent along the coast. During winterit

oftenonly minutes,and thus do not reallyaffecteitherthe fallsto about 60 percent. Absolute humidityin winteris

environment or man's activities. generallylow, often5-20 percent.
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Snow can fallat any time inthe 1002 area,although In the winter,blowing snow and whiteoutscan create

snowfall is greatest during September-November and conditionsin which neithershadows, nor horizon,nor

January,with a lesserfallinMay. Melting begins in late clouds are discernible,and depth perceptionand orientation

May and is largelycompleted in earlyJune. Winds are lost. At BarterIsland,blowingsnow reduces visibility

continuallyredistributesnowdrifts,baring inlandridgetops to 6 milesor less about 10-22percentofthe winter.This

and driftingin the valleys,with driftsadjacentto stream is in additionto lossof visibilitycaused by fog.

cutbanks sometimes 20 feetdeep. Higher microsites,such

as tussock tops and high-centerpolygons,are frequently At Barter Island,the sun is continuouslyabove the

exposed, with hard-packed snow driftedbetween them. horizonfrom May 15 to July27, and continuouslybelow

Felixand others (1987),travelingwith the seismiccrews in the horizonfrom November 24 to January 17. In winter,

the spring of 1985, noted thatthe area west of the when the sun is not more than 60 below the horizon,

SadlerochitRiver had significantlyless snow than the twilightpermits many activities;at that latitudemoonlight

eastern part of the 1002 area. According to numerous can be an important source of illumination.Twilight

measurements taken throughout the 1002 area from January amounts to 6 or 7 hours in lateNovember and isreduced

to May, average depths of snow actuallyaccumulated on to about 3 hours by December 21.

the ground were 12 inches in 1984 and 9 inches in 1985;

measured depths ranged from 0 inches to at least32 The arctic winter is characterizedby frequent

inches (Felixand others,1987). temperatureinversions.Whereas the airtemperaturein the

lower atmosphere normally decreases with increasing

- During 1955-84, the recorded average seasonal altitude,in a temperatureinversion,colderairis overlainby

snowfallat BarterIslandwas 42.1 inches;the minimum was a warmer layer of air. During the summer, surface

19.9 inches in 1980-81,and the maximum 71.4 inches in temperaturesare warmer and fewer inversionsoccur.

1961-62. Because the wind blows almost continuously,the

snow crystalsbreak up and pack much likefinesand;the Freezeup normallybegins in earlyto mid-September.

snow often develops a densityof about 0.4. As a result Drierareas freezefirst,sometimes cyclingbetween freeze

the actualwinterprecipitationmay be about fourtimes the and thaw forseveraldays. Wet tundra and ponds freeze

3.66 inches officiallyreported(Black,1954). Wyoming-type over next, then lakes and riversand protected shallow

snow gauges indicatethatsnowfallis somewhat less at lagoons. Inwet areas as long as 8 weeks may be required

Barter(an average of 5.4inches of moistuteover the last6 to completelyfreezethe "activelayer"(thatlayerabove the

years)than at Deadhorse (an average of 6.2 inches of permafrostwhich annuallyfreezesand thaws). A sudden

moistureover the last 10 years) (George Clagett,Soil cold snap, particularlyifaccompanied by wind, can freeze

ConservationService,unpublished data).- over allthe areas withina day or two. Freezeup inthe sea

depends on latesummer water temperatures,nearness of

Easterly winds predominate most of the year. the ocean icepack,winds, and prevailingairtemperatures.

However, during January-Aprilwesterly winds are often Generally,at leastthe nearshore sea is iced over by early

associated with storms. The windiest month usuallyis to mid-October.

January (mean 15.0 mph) and the calryiestmonth, July

(mean 10.7 mph). The peak gust (westerly)recordedat Thickness of the iceon the sea, lakes,and riversis

BarterIslandwas 75 mph in January 1980. Ice storms,or determined by numerous factors,includinginsulatingvalue

occasionallyheavy rains,occur in October and January. and thickness of the snow cover. Data from the Arctic

The coast of the 1002 area can be subjectedto storms coast indicateice thicknesses of 2 feetin mid- to late

rollingin from the Beaufort Sea during the open-water November, 3 feetin mid- to lateDecember, and 4 feetby

season. Even though BarterIsland,the barrierislands,the mid- to lateJanuary. At the end of winter,the average

shallow lagoons,and often nearby sea ice providesome maximum thickness of seasonal sea ice and fresh-water

shelter,these storms can severelyerode the coastline. lakeice isabout 6 feet. Near the cutbank of a riveror a

sea bluffwhere snowdriftsmay be deep, the ice may be

In the 1002 area,particularlyalong the coastlineand only 15-20 inchesthick,whereas in the middle of the riverit

up to 5 milesinland,fog frequentlyreduces visibility.Along may be 6 feet thick. Similarly,should the winter

the coast,fog occurs most frequentlyduring summer. At temperaturesbe average or even mildand the snowpack be

BarterIsland,itreduces visibilityto 6 milesor less about verylight,the icemay be as much as 7.5-8feetthick.

27 percent of the time during May-September, reachinga

maximum of 31.5 percent in August. Fog occurs an The ground is frozen untilJune. Rivers fed by

average of 10 percent of the time duringthe restof the meltingsnow inthe foothillsmay startto flow as earlyas

year. Inland,Umiat has fog about 15 percentof the time mid-May. Ponds, lakes,lagoons,and nearshore sea ice

during September-May, and less than 10 percent during begin to meft in earlyJune. Ice on deeper lakesmay not

June-August. completelymelt untilearlyto mid-July. Ice breakup in

coastal lagoons and nearshore areas depends on runoff

Stratusclouds are prevalentin the Arcticduring from the land, offshore grounding,and ocean currents.

summer months, oftenpersistingforweeks. The base of Where runoffis negligible,meltingfollowsa patternsimilar

these clouds isoftenbelow 700 feet.At BarterIslandand to that in deeper lakes. Meltingof iceoffrivermouths is

Umiat,clouds cover the sky 54 percentof the year. markedly different:fresh-waterrunoffbegins in lateMay,
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depositingriversediments on top of the ice;channels are Permafrost thickness decreases markedly in alldirections
often cut both on top and intobottom ice surfaces,and withina few miles. In the NPRA, the maximum known
largeholes may be cut through by riverwaters drainingin thicknessis 1,330 feet,inlandnear Barrow (Brewer,1955b).
a swiding,fast-cuttingmanner. Nearshore,land-fastsea ice At Umiat the thicknessranges approximatelyfrom 700 to
often does not completelymelt in place but floatsaway, 960 feet. No wells have been drilledthrough the
beginningas earlyas lateJune. permafrostin the 1002 area;about 9 miles south of the

southwest corner of the 1002 area,at the Exxon Canning
Permafrost River well,the measured thickness of permafrostis 928

feet.Thickness of the activelayerinthe 1002 area ranges
Permafrostisdefinedas a thicknessof soilor other from lessthan 1 footto 5 feetand averages about 2 feet.

superficialdeposit,or even of bedrock,at a variabledepth

beneath the surface of the earth in which a temperature Depending on theirdepth and arealextent,lakes and
below freezing(320F)has existedcontinuouslyfor a long riversinfluencethe shape ofthe permafrosttable. Shallow
time (from2 years to tens of thousands of years)(Muller, lakes freezeto the bottom and are directlyundedain by
1947). Itmay includesoil,rock,minerals,interstitialand permafrost. Deep lakes (7+ feetdeep) typicallydo not
segregated ice (the latteras wedges or, lessfrequently, freezeto the bottom and consequentlyare underlainby a
lenses),organic matter,or other materialsboth naturally thaw bulb in the permafrosttable (Brewer,1958a, b).
occurringand those buried by man. Permafrostis often Shallow riversand creeks freezeto the bottom,with the
considered to be synonymous with "perenniallyfrozen permafrosttableusuallya few inches to a few feetbeneath.
ground"; however, itneed not be "frozenhard,"because Some deeper rivers,such as the Canning, may have
the materialcould containwater having an elevatedsalinity, unfrozenpockets of water in deeper parts(7 feetor more
as is often found in the National Petroleum Reserve in atfreezeup),but may be frozento the bottom inshallower
Alaska (NPRA), or could containliquidhydrocarbons,such areas. Thus, the permafrosttablebeneath a rivermay be
as oilseeps found in northern Alaska. Because of very irregular. The effects of surface featureson
confiningpressures,such as at the base of permafrost,the distributionof permafrostare shown infigure11-3.
containedwater could have a depressed freezingpoint. Or,

because of low water content and particle-surfaceforces, Studies of sea-water temperatures,seismic surveys,
the materialcould be unfrozen. The volume of ice in and boreholes in the Mackenzie Bay, Flaxman Island,
permafrostsoils,particularlyin the firstfew tens of feet Prudhoe Bay, Harrison Bay, and Barrow areas (figs.1-1,II-
below the ground surface,can be severaltimes the volume 1) indicatethat subsea permafrostoccurs nearshore inthe
of the mineralcomponents; itcan even approximate pure BeaufortSea and probablyextends in a thinlayerout to
ice. At the otherextreme some gravelmay containlittle,if water depths approximating500 feet. Subsea temperatures
any, ice. range between the fresh-waterfreezingpointand the sea-

water freezingpoint,that is,from approximately30.10F at
Except fora small area at SadlerochitSpring,which 15.0 feetbelow sea bottom inthe Chukchi Sea offBarrow

flows year round, the 1002 area is believedto be (Brewer,1955a, 1958a) to 29.50F at 22.3 feetin Harrison
completely underlainby permafrost(Ferriansand others, Bay offAtigaruPoint,to 29.30F at 17.7feetin Prudhoe Bay
1969). off Reindeer Island (the lattertwo temperaturesfrom

Osterkamp and Harrison,1985). Permafrosttemperaturesin
The minimal permafrost-temperaturedata availablefor the nearshore BeaufortSea parallelmean annual bottom-

BarterIslandsuggest an average permafrosttemperatureof water temperatures (Selkregg,1975),approximately31.10F
+17.80F to +15.80F. Similartemperatures have been found to 30.80F for the Chukchi Sea, and 30.OOF to 29.70F for
in a seriesof shotholesextendingfrom the coast inland20 the Beaufort Sea. Where the water in the shallow
miles on the 1002 area (T. E. Osterkamp, oral nearshore areas freezes to bottom, the permafrost
communication to Max Brewer, 1986). Temperatures also temperatures decrease markedly, and the permafrost-

vary with season and depth (Brewer,1958a, fig.3). Near temperature profilesare similarto those found on land

Barrow permafrost temperatures range from about 31OF (Osterkamp and Harrison,1985). Farther east, eroded

under the ocean at a depth of 70 feet,where annual pingos,with the remains of theircores of ice,occur well

change is negligible(Brewer,1958a),to about 18.50F offshorein Mackenzie Bay.

beneath sandy unvegetated beaches, to about 15OF under
dry tundra,to a minimum of about 13OF under very wet, Few data are availableconcerning(1)amounts ofice
low-centered polygonaltundra (Brewer, 1976). Similar in subsea sediments, (2) whether the ice is mostly
temperaturesand variationsin temperatureare believedto interstitial,and (3)whether,at leastnearshore,a significant
occur throughout the 1002 area. portionof itis segregatedas ice wedges. Informationis

also lackingregardingnear-surfacevariabilityin icecontent

resultingfrom shorelineregression(about3.3 feetper year),

The greatestreported thickness of permafrost in because of migratingspits,bars,and barrierislands,and

Alaska isabout 2,250 feetnear Prudhoe Bay; thisthickness because of inflowof warmer water from maj.or rivers.

is betievedto resultfrom an anomalous thermalconductivity

because of the unusually thick gravel in that area.
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Permafrost-relatedstream data forthe 1002 area are a verticalstringerof ice. This ice limitsexpansion of

sparse. But data from the ShaviovikRiver.35 mileswest of warming permafrost in summer and the adjacentmineral

the ArcticRefuge, are pertinentbecause the Shaviovikhas soilsare displacedupward; repeated crackingand widening

many characteristicscommon to most riversinthe 1002 of the ice wedges over many years eventuallyresultsin

area except the Canning and Aichilik.The Shaviovikis elevated ridges of materialon each side of the wedges

shallow and has many bars,few potholes,heavy spring (Lachenbruch and others,1962). Polygonalground isthe

runoff,summer low- and high-waterperiods,and low water common surfacefeaturein the 1002 area. Most polygons

at freezeup. The average annual temperature in shallow range in diameterfrom 30 to 200 feet and are easily

sediments beneath the over (Brewer,1958a) is about 5.40F recognized;some in the southern partof the 1002 area are

warmer than beneath the adjacent well-drainedtundra, masked by tussock-typetundra. Usuallyeach polygon is

though well below the freezingpoint of fresh water. separatedfrom the adjacentpolygons by icewedges a few

Measurements from the upper partof the geothermalprofile inches to severalfeetwide at the permafrosttable, These

beneath a narrow sand bar in midriverdo not indicatean ice wedges are 10-18 feet deep and are interconnected.

unfrozenzone in the riverchannel on eitherside of the bar Some small streams may have originatedby the meltingof

in latewinter. Temperature data from the 15- and 25-foot a long seriesof ice wedges. Beaded streams,the beads

depths suggest thatwater is presentinthe channel at the located at the intersectionsof ice wedges, followthis

time of freezeup, which delays the freezingprocess. pattern.

Temperature profilesthrough and beneath shallowlakes are

similar. Apparently,shallow liversfreezeto the bottom; Most polygonal areas contain "low-centered'

sands and gravelsinthe riverbottoms rest on permafrost polygons, characterizedat the outer edges by upthrust

and, by earlyNovember, are alsofrozen. ridges that impede drainagefrom the polygon, givingthe

enclosed area a rice-paddyappearance.

Icewedges form when the upper few feetof ground,

exposed to temperatureswell below freezing,contractsand Where slopes near streams or some lakebanks allow

cracks,usuallyin a polygonalpattern. Hoarfrostforms in drainage, "high-centered"polygons may occur, These

these cracks and is cemented by spring meltwater,leaving polygons originatedin the same manner as low-centered

Hill
Shallow S all

Creek
cleeplake Large

Ocean deeplake

C_

J

Figure 11-3.-Schematic diagram showing the effectof surface features on the distributionof

permafrostinthe continuouspermafrostzone. Modifiedfrom Lachenbruch, Brewer, Greene,

and Marshall(1962).
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polygons, but during exceptionallywarm summers with overlyinga fibrouslayer containingsand, sift,and small
deeper thaw, the tops of the icewedges melt,water drains cobbles. That fibrouslayer,inturn,overliesmineralsoilsof
off,and the soiland tundra slump intothe voids. The loam, silt,or sand. In well-drainedareas thaw progresses
slumping, when continued over tens of years,produces to greaterdepths,and mineralsoilsnear the base of the

ditchesbetween the polygons,thus leavingthe polygons ..
active layer" may have a pronounced brownish

as erosionalremnants separated by partlyfilledvoids. appearance, owing to an accumulation of well-hurnified
organic matter.

Soilsand Other Materials
Water Resources

The 1002 area is crossed by numerous north-flowing
riversthat head inthe glaciatedmountains risingabout 6-12 - Despitethe factthat 99 percentof the 1002 area is
miles south of the area'sboundary. Outwash plains,active classifiedas wetlands,freewater is limitedand confinedto

flood plains,riverterraces,and eoliandepositsthatresulted the shallow zone above permafrost.The estimated800- to

from winds during glaciationhave covered much of the 1,000-foot-thickimpermeable permafrost precludes obtaining

1002 area with a thin mantle of unconsolidated,though nonsalinewater from withinthiszone. Although no wells

frozen,sediments a few feetto about 100 feetthick. have penetratedthe permafrostzone inthe 1002 area,any
water that might occur beneath that zone probably would

The valleysof largerstreams are underlainby large be brackishor at leastmoderately saline(Cederstrom and

quantitiesof coarse sand and gravel(fig.11-2,map unitgs). others,1953; Hopkins and others,1955; Brewer, 1958a, b,

The Tamayariak, Katakturuk, Okpilak,Okerokovik,and 1974;Williams,1970).-

Kogotpak Rivers,and especiallythe Canning, Sadlerochit,

Hulahula,Jago, and AichilikRivers,are heavilybraided and Only a few largelakesare present inthe 1002 area.

have extensiveunvegetated gravelbars. Gravelalso occurs A few shallow thaw lakesare found near the coast east of

in the south part of the 1002 area between the Canning the Canning River delta,and east of the Hulahula-Okpilak

River and Marsh Creek, along tops and flanksof ridges Riverdeltas,the latterbeing on Nativeland and outsidethe

between the Katakturuk and SadlerochitRivers,and on 1002 area. Except for two near the Canning delta,the

spitsand bars along the coastline.On the spitsand bars lakes each cover less than 1 square mile;most have

the deposits range from fineto medium sandy gravelto basins less than 7 feet deep and freezeto bottom by late

sand. Granulardepositstypicallypresent in stream valleys winter.

range from coarse to medium sandy gravelscontaining

cobbles, along the south boundary of the 1002 area. Rapid spring snownrielt(10-14days) causes water to
Downstream toward the Beaufort Sea the materialsare accumulate on and flow over the riverice,fracturingand
progressivelyfinergrained;in the deltaicareas they range rapidlyeroding it. Large chunks of ice break loose from
from fineto medium sand. Sand dunes occur in the the banks and bottoms of the river,and floatdownriverand
Canning, Hulahula-Okpilak, and Jago River deltas. may lodge in constrictedareas,causing jams and extensive
Numerous sizablesandy shoals are prominent between the springflooding,particularlyinthe deltas. Even ifthisdoes
deltasof the Sadlerochitand OkpilakRivers. not occur, the riversrun very fullbecause of the rapid

snownrielt. Surface runoff often resembles sheetflow,
Soils are poorly developed and frequentlywater because of the frozen ground. Suspended-sediment

saturated,and can generallybe classed as tundra soils, content is very high, perhaps 75 percent of annual
wetland soils,or sand dunes. They tend to be stickyand transport (Walker, 1973), and riverbanksare severely
claylikeand are in the beginningprocess of leaching,even eroded, highercutbanks oftenbeing undercut. By the third
in better drained areas, because of cold ground or fourthweek inJune, riversmay subside to summer low-
temperatures,the presence of permafrost,and the thinness water stage. Late summer or fallrainsrapidlybringthe
of the "activelayer." Polygonal patterningis well riversto one or more floodstages. Warm weather may
developed, although surface expressiontends to be more also cause the rapid riseof glacialriverssuch as the
pronounced adjacentto breaks in slope,especiallythose Hulahula, Jago, and Okpilak. Low water prevailsat the
associated with drainage. A soilsstudy in the valleysof time of freezeup;by midwinter,most riversgo dry or freeze
the upper Okpilak and Jago Rivers(Brown and Tedrow, to bottom throughoutmost of theirlength,with the possible
1964) reportedmineraluniformityin the soils,with quartz exceptionof a few basins or 'potholes"near the mouth of
and feldspareach amounting to 40-50 percentin the sands, the Canning and perhaps one or two other major rivers.
and heavy-mineralsuitesconsistingof opaques, epidote, Even earlyinthe freezeupperiod,ifthe basins,or potholes,
tourmaline,chlorite,actinolite,zircon,and minor amounts of in the lower Canning are connected to the sea, water may
other minerals. In view of the geomorphic historyof the be brackishbecause of sea-waterintrusion.The Canning
1002 area, this type of mineral composition may be Riverhas not been intensivelystudied. Long-term studies
assumed to prevailthere. of the much-largerColvilleRiver(having3.5timesthe length

and approximately11 times the drainage basin of the

Except in the sand dunes, on ridgetops,and in Canning) show that streamflowceases duringwinter,and

unvegetatedgravelareas, much of the 1002 area is covered salt-waterintrusionseventuallyreach as far as 58 km (35

by a 1- to 2-inch-thickorganic mat of livingvegetation miles)upstream (Walker,1973).
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Severalsprings occur along the north edge of the than about 6 feetdeep),the ice isoftenfrozento bottom,

easternBrooks Range. The largestof these isSadlerochit and water may puddle on top untilthe ice becomes free

Spring,justinsidethe south boundary of the 1002 area (fig. and floats.Moats form along the shore inearlyJune,and

11-2). The springflows year round; rate of dischargeand by earlyto mid-Julythe lagoons are generallyice free.

water temperatureare variable.Variousdischargesreported Freezeup begins in lateSeptember-earlyOctober. -

forthe springrange from 21.2 cubic feetper second (cfs)

(Craigand McCart, 1974) to 35-53 cfs (Craig,1977),and By the time the lagoons are ice free,the influxof

88.3 cfs (Williams,1970). Warm termperaturesof between fresh water, coupled with some ocean current-flushingof

43OF (Craigand McCart, 1974) and 50-58OF (Craig,1977) hypersalinebrinesformed beneath the iceduringthe winter,

have been measured. - drasticallyreduces salinity,oftenfrom as much as 32-33

parts per thousand (ppt)to <10 ppt. Salinitygradually

Numerous small springs have been found on rivers increasesduringthe balance of the summer owing to the

or in valleyssouth of the 1002 area where largeicingshave influxof marine water through inletsand lowered discharges

been observed (FEIS, 1983; Williams,1970). Selected of freshwater.

physicalparameters have been measured for some springs

(U.S.Fish and WildlifeService,1982). Icings(aufeis),

especiallythose reportedon rivers,requireinvestigationto

determine whether they resultfrom discharge from true Erosion and Mass Movement

springs or from freezingof meltwater in areas having

relativelysteep gradient. Water and wind are the major shapers of the

landscape because permafrost often is susceptibleto

Turbidityfrom suspended sediment impairs water erosion,as are the unconsolidatedsediments suppliedby

quality.Suspended-sediment concentrationsare highestin earliernearby glaciers,and exposed riverchannels,deltas,

the major streams and riversduringspring breakup and late and offshorebars and barrierislands. Water causes the

summer and fallhigh-flowperiods. During low-flowperiods most erosion,especiallyduring breakup. Itflushesheavy

most streams are almost clear. However, the Canning, sediment loads onto the sea ice;itundercuts high banks

Hulahula,Okpilak,Jago, and AichilikRiversare somewhat and ice-richterraces,causing frozen blocks of soilto fall

turbid,owing to glacialinflowfrom tributaries.Some into the rivers;and itbuildsdeltasand mudflats. Even

shallow lakes are turbidduring summer, when wind and though the resultsof lateralerosionare obvious in the

wave actiondisturbbottom sediments. Aside from periods multi-channelbraidingof the major rivers,the gradientsof

of turbidity,the water in most riversand lakesis virtually streams crossingthe 1002 area demonstrate the potential

colorless. Tea-colored water, resultingfrom high forverticalerosion. Gradientsrange from approximately12

concentrationsof dissolvedorganic materials,is found in feet per mile on the Canning River,to 30 feet on the

some smallertundra streams and ponds. Hulahula and Aichilik,to 40 feeton the Katakturukand

Sadlerochit,to about 50 feetper mileon Marsh Creek,

- Water qualityof lakes and streams is lessened in which cuts through ridges of Tertiarysandstone and

winter because salts and dissolved organicmaterialare conglomerate.

excluded from the downward-growing ice, Dissolved

oxygen levelscan be depressed in the water thatremains Erosion along the coast and offshoreduringopen

unfrozen owing to lack of aerationand the extended water is less obvious. Leffingwell(1919)and MacCarthy

darkness that limitsphotosynthesis. The concentrationof (1953) suggested that bluffsand beaches erode

those materialsdepends on the ratioof waterto iceas the approximately3 feet per year;Leffingwellalso reportedan

ice thickens. Water in lakes and riverpools thatfreezes extreme shorelinerecession rate of more than 30 feetper

nearlyto the bottom is usuallyunpotableby latewinter. year. Wiseman and others (1973)measured 164 feetof

During summer, however, dissolvedoxygen (DO) is at or blufferosion on the east end of Pingok Island,west of

near saturationinlakesand streams. - Prudhoe Bay, during3 weeks in 1972; thiswas also an

extreme. Beach erosion variesgreatlydepending on storm

Coliform-bacteriacounts in lakes and ponds peakin intensityand nearness of pack ice from place-to-placeand

earlyJune because of the "washing action"of surface year-to-yearalong the entireBeaufortcoast. Three to 6

runoff.A secondary peak followsinmid- to latesummer in feetof erosionper year may be the average. Erosionand

areas where large concentrationsof waterfowlarrivefor
deposition of eroded sands and gravelproduces barrier-

moltingand staging(Boyd and Boyd, 1963). islandor spit migration,especiallywhere no vegetationis

established.Such migrationcan introducemajor variations

- Icein lagoons begins breakup inearlyJune with an
in the temperatureand thicknessof subsea permafrost.

influxof fresh,silt-laden,relativelywarm water from riverand

stream runoffand snowmelt. Much water initiallyflows over Thaw lakes elongated north-southare characteristic

the top of the sea ice;silt,as thickas 4-6 inches and of the Arctic coastal plain fartherwest, but are not a

thinningseaward, has been deposited on the ice (Walker, pronounced featurein the 1002 area,where the few small

1973). Overflows can continue for severalmiles offshore, lakes,except in the Canning-Tamayarialkdelta,are oriented

untilmeeting cracks in the ice. In shallowlagoons (less eitherrandomly or somewhat east-west. Because prevailing

14 ARCTIC REFUGE RESOURCE ASSESSMENT



Table II-I.--Ambientair concentrationsmeasured at BIOLOGICAL ENVIRONMENT
Prudhoe Bay, April1979-March 1980, compared with

nationalambient airqualitystandards. Terrestrialand Fresh-Water Environments

[Data from Crow and others (1981). Concentrations in VEGETATION

micrograms/cubic meter. Monitoring data collectedby

Radian Corporationon behalfof ARCO. Alaska'sambient The ArcticRefuge coastal plainis in the tundra

air qualitystandards are identicalwith the national region (Aleksandrova,1980),where moderatelywet to dry

standards,except thatthe Statehas an annual standardfor habitatsare mostly continuouslyvegetatedwith low-growing

totalsuspended particulates(TSP) at 60 ug/rn3i (generallyless than 1 foot high)plantssuch as sedges,

grasses,mosses, lichens,small herbs, and dwarf shrubs.

Tallershrubs are restrictedto drainagesand to south-facing

slopes. Soils are underlainby permafrost having thaw

NAAOS Measured concentration-- depths of less than 6 inches in coldercoastalareas to

Pollu- Time Concen- Site1 Site2 more than 36 inches in some riverbeds.

tant period tration High 2d high High 2d high

Early classificationscategorizingthe ArcticRefuge

soils,landforms,vegetation,and land cover were developed

N02 .............Annual 100 4 3.5 from interpreted,color-infraredphotographs (scale1:60,000)

and from a ground-truthreconnaissancesurvey in1981. A

CO ...............Annual 17.1 13.3 preliminaryLandsat land cover map based on high-altitude

6-hr 110,000 86 70 95 75 satellitephotography and a derived simplificationwere

1 -hr 140,000 312 303 343 307 produced in October 1981 (Walkerand others,1982). A

second revisedland-covermap was produced in 1984; field

S02 ..............Annual 80 0.5 0.4 verificationof that revisionis ongoing. For example,

24-hr 1365 9 7 verificationshows that willows are not easilyvisibleon

3-hr 11,300 25 18 13 11 Landsat photographs and may be underrepresentedon

currentmaps. The 17 cover classes identifiedinthe 1002

03 ................Annual 47.5 51.0 area are one forest,three scrub, four herbaceous,four

1-hr 1235 113 105 113 113 scarcely vegetated, and fiveother types (table11-2).

Dominant vegetationwithineach 1002 area terraintype is

TSP ..............Annual 75 11.4 6.7 discussed under that terraintype. Each vegetationtype

24-hr+ 1260 3294 3119 3112 64 and correlationsamong classificationsystems are described

1,2150+ in the finalbaselinereport(Garnerand Reynolds,1986).

- The FWS is currentlyexaminingthe statusof 30 plant

1May be exceeded once per year. taxa inAlaska that may be threatenedor endangered with

21260 ug/m3 is primarystandard; 150 Ug/m3 extinction.This listwas publishedDecember 15, 1980 (45

issecondary standard. FR 82480), with supplements published in 1983 (48 FR

3Surface winds: at site1, 45 mph, with gusts 53640) and 1985 (50 FR 39526). One candidate plant

to 60 mph; atsite2,47 mph. species,Thlaspiarcticum,occurs in the 1002 area (Murray,

1980b; Felix,Lipkin,and others,1985). An endemic of the

Alaska-Yukon region,T. arcticurnis known from several

widely disjunctareas. Within the ArcticRefuge scattered

populationshave been found in eightlocationsrangingfrom

alpinesiteson the upper Okpilak,Sadlerochit,and Canning

Riversto gravelbars,riverterraces,and dry bluffson the

Noise 1002 area along Marsh Creek and the KatakturukRiver(pi.

1N. Itis also found in shrub tundra,dwarf heath, and

Ambient noise levelsover most of the 1002 area are occasionallyin tussock tundra. At leastthree of these

low and resultpredominantly from naturalsources or
sites (OkpilakLake, Katakturuk River,and Marsh Creek)

processes. During the winter,the principalsounds are
containmore than 100 plantseach. This small,white to

those associatedwith the wind. Noise carriesconsiderable lilac-coloredmustard plantflowersvery earlyand is easily

distances(but not upwind), especiallyduringcalm,cold
overlookedwhen past flowering.-

(-400F) conditionsbecause of the increasedairdensity.

Water noises,includingthose ofwave action,occur during

the summer. Manmade sounds are confinedto village
activitiesand to some isolatedactivities,such as hunting.
Othermanmade sourcesare aircraft,vehicle,and equipment
operations.
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winds are not greatlydifferent,the general absence of - Air Quality
north-southorientationsuggests thatthe smallthaw lakes

found there are enlargedmore by freezingand thawing than Human activitycurrentlyaffectsair qualityin Arctic

by mechanical (current)erosion. Alaska only near villagesand the Prudhoe Bay/Kuparuk

development area. Air qualityis stronglydependent on
Although precipitationis light,in summer the soilsare localmeteorologicalconditionsand topography.

frequentlywater-saturatedbecause (1)evaporationratesare

low, (2) the permafrostbarrierprevents water loss to Strong temperature inversionson the coastalplain,
underground aquifers,and (3)irregularitiesin the permafrost particularlyduringthe winter,often begin near ground level
table impede surface drainage. Despite the fact that and hinderverticalaircirculationand mixing. An inversion,
saturationisusuallyconducive to solifluctionand creep or ifcoupled with low,near-surfacewind speeds, can produce
slump in areas of steeper terrain,the surfaceimpact of prolonged stagnantairconditions,especiallyinareas having

these processes is not widespread because of the topographic obstructionssuch as hillsand mountains.

generallycoarse materialinvolved.But once the surfaceis Although inversions are common in the 1002 area,

disturbed,these processes can become active,especially persistentsurfacewinds tend to preventairstagnation.
along coastalbluffs,terraceescarpments, lakemargins,and

ridge slopes. Locallyalong a stretchof the Katakturuk In recentyears Arctichaze has been reported,with
Riverand near Marsh and CarterCreeks, landslideshave the suggestionthat some pollutantsoriginatefrom the Ural

occurred in weathered and poorlyinduratedTertiaryshale, Mountains (USSR) industrialcomplex (Rahn and Lowenthal,

siltstone,and sandstone. In allareas having any 1984). In April1986, the NationalOceanographic and

appreciable slope and exposed mineral soil,the soil Atmospheric Administration(NOAA) made one flightto

migrates graduallydownslope because of seasonal frost- investigateArctichaze over Prudhoe Bay. At the time of

jackingof individualsoilgrains. the flight,there was a pervasive haze from several
thousand feet to 20,000 feet in elevation,with clean air

Wind erosion is generallyconfinedto the Canning, between that layerand the ground (RussellSchnell,NOAA,

Hulahula,Okpilak,and Jago River deltas (where active unpublisheddata). At higheraltitudes,the sulfurdioxide,

dunes are found along theirwestern banks) and to sandy nitrousoxides, nitricacids,and ozone typicallyfound in

riverbluffs,exposed bars in braided rivers,and exposed haze from the USSR were present. Lower levelsof the

spitsand barrierislands. Though considered to be a haze were relativelyclean, indicatingthatthere was no

summer phenomenon, wind erosion occurs during much of contributionto Arctichaze from Prudhoe Bay activities.

the year,in exposed areas along riverbluffsand on barrier

islands. Carbon-dioxideconcentrationsin the Arcticnaturally

Seismicity
show an annual cycle (Kelleyand Weaver, 1966; NOAA,

1975). Concentrations are higher during the winterand
There has been some earthquakeactivityin the 1002 under the snow (Kelleyand Weaver, 1966);they are attheir

area, but historicallythe levelof thisactivityis low. minimum in August, corresponding closelyto the maximum
Earthquakes of magnitude 6 and largeron the Richterscale vegetativebloom on the tundra.
of intensityare potentiallydestructive;earthquakes of

magnitude 5 could cause localdamage. Since the mid- Data on airqualityin the 1002 area have not been
1960's epicentersof at least6 shocks (5 of them offsnore) acquired. However, because human activityis low, air
having magnitude greaterthan 4.0 have been locatedwithin qualityin the 1002 area and the restof the ArcticRefuge is
about 40 miles of the 1002 area between longitudes143OW expected to be generallyvery good, with ambient
and 1460W. Uncertaintiesin epicenterlocationsare concentrationsforairpollutantsnearlyat background levels.
estimatedto be about 25 miles. Current airpollutantconcentrationsare expected to result

No active faultsare known through surface
from a combinationof naturalsources and the residueof

reconnaissance, but more detailedgeologicinvestigations Arctic haze. Particulatematter(PM) can occur at high

might reveal evidence of geologicallyrecent movements.
concentrationseven in remote areas and in the absence of

There is evidence of offshore seismic activityin the
human activitydue to windblown dust,soilor other surface

Beaufort Sea. The area historicallyis one of the least cover.

seismicallyactivein the State (U.S.Department of the
Some data are availablefrom Alaska'sNorth Slope.

Interior,1976, "Alaska"volume, map on p. 84).
Table 11-1summarizes monitoringdata collectedat Prudhoe

Seismically active faultsmay occur; accordingly, Bay for a fullyear. The EnvironmentalProtectionAgency

earthquake potentialwithinor adjacentto the 1002 area (EPA) reviewedthese data and accepted them as meeting

may be specifiedas a maximum expectableearthquake of itssiting,qualityassurance,and other monitoringguidelines.

magnitude 5.5 (U.S. Department of the Interior,1976, During the data-collectionperiod,North Slope production

"Alaska" volume, p. 86; Page and others,1972). The averaged about 1.5 millionbarrelsper day. ArcticRefuge

maximum expectable earthquake is the largestearthquake airqualityis assumed to be at leastas good as the

that may reasonablybe expected to occur. The probability ambient concentrationsshown in table11-1.

of such an earthquake islow.
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Table 11-2.--Landsat-identifiedvegetationcoverclassesandcorrelationwiththeU.S.FishandWildlifeService
wetlandclassifications,1002 areaofthe ArcticNat;onalWildlifeRefuge.

[Becauseofrounding,does notadd to 100 percent.Classnames were developedduringmapping forArctic
NationalWildlifeRefugecomprehensiveconservationplanand arenotidenticalwithearlierclassnames by
D. A.Walkerand others(1982).WetlandtypesfromCowardinand others(1979)]

Wetlands

Cover class Acres Percent Classification Acres

Deciduousforesttallscrub.. 20 <0.1 Palustrine,forested,broad-leaveddeciduous, 20
temporarilyflooded.

Totalforest.......................... <.1

Dry prostratedwarfscrub.... 10,330 0.7 Non-wetland...............................................................-
Moistprostratedwarf 389,180 25.2 Palustrine,scrub-shrub,broad-leaveddeciduous, 389,180
scrub. saturated.

Mesic erectdwarfscrub......113,000 7.3 Palustrine,scrub-shrub,broad-leaveddeciduous 113,000
emergent,persistent,saturated.

Totalscrub..........................33.2

Verywet graminoid................3,910 0.3 Palustrine,emergent,permanentlyflooded.............3,910
Wet graminoid........................211,430 13.7 Palustrine,emergent,semipermanently 211,430

floodedor seasonallyflooded.
Moist/wettundracomplex.... 238,660 15.4 Palustrine,emergent/scrub-shrub,broad-leaved 238,660

deciduous,semipermanentlyfloodedor
seasonallyflooded.

Moist graminoidtussock 465,350 30.1 Palustrine,emergent/scrub-shrub,broad- 465,350
tundra. leaveddeciduous,saturated.
Totalherbaceous............... 59.5

Scarcelyvegetatedscree..... 430 <0.1 Non-wetland...............................................................
Scarcelyvegetatedflood 21,100 1.4 Palustrine,scrub-shrub,broad-leaveddeciduous, 21,100
plain. temporarilyflooded.

Barrenfloodplain..................30,350 2.0 Riverine,unconsolidatedshore,temporarily 30,350
floodedor seasonallyflooded.

Barrenscree...........................230 <.1 Non-wetland...............................................................
Totalscarcelyvegetated
areas.................................3.4

Clearwater(lakes, 17,290 1.1 Palustrine,open water,permanentlyflooded;or 17,290
ponds,rivers). lacustrine,limnetic,open water,permanently

flooded;or riverine,open water,permanently
flooded.

Clouds-snow-ice....................2,530 .2 Non-wetland...............................................................
Shallowwater.........................450 <.1 Riverine,unconsolidatedshore/openwater........... 450
Offshorewater.......................40,880 2.6 Marine,subtidal,open water;or estuarine, 40,880

subtidal,open water.
Shadow ...................................1,160 .1 Not applicable............................................................
Totalother...........................4.0

TOTAL ..................................1,546,300 100.1 .....................................................................................1,531,620
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WETLANDS Frost-scarsare oftena component of tussock tundra and

can constituteas much as 80 percent of the surface.

Approximately99 percent (1.53millionacres)of the Paralleland subparallelwater tracks,commonly present,

1002 area is classifiedas wetland accordingto the FWS give the slopes a ribbedappearance. These water tracks

Classificationof Wetlands and Deep-water Habitatsof the are shallow,vegetated drainage channels that conduct

U.S. (Cowardin and others,1979) (table11-2).The FWS snowmelt waters, and perhaps subsurfacewaters,during

defineswetlands as lands transitionalbetween terrestrial the thaw season. Stringbogs are oftenfound in the

and aquaticsystems where the water tableisusuallyat or channels,suggestingslow mass movement of the saturated

near the surfaceor the land iscovered by shallowwater. soil. Vegetation in the water tracksis commonly dwarf

Wetlands must have one of the followingthree attributes shrubs, mainly dwarf birchand diamond-leafedwillow.

(1) at least periodically,the land supports predominantly

hydrophytes;(2)the substrateis predominantlyundrained

hydricsoils;(3)the substrateis nonsoiland is saturated RIVER FLOOD PLAINS

with water or covered by shallowwater at some time during

the growing season of each year. (Note: The FWS has - River environments (about25 percent of the 1002

prepared a preliminarylistof hydrophytes and other plants area) are among the most complex terrains.They include

occurring in wetlands of the United States in this the barren deltasand braided channels of the largerrivers,

classificationsystem. The U.S. Soil ConservationService the terracesand alluvialareas associatedwith old river

has prepared a listof hydric soilsfor use in this channels, and the deltaicformationsat the base of the

classificationsystem.) foothillsthat possibly represent an ancient sea level

(Instituteof Arcticand Alpine Research, Universityof

Non-wetland, upland habitatin the 1002 area is Colorado, unpublished data, 1982). Riverinesystems

generallyrestrictedto sparsely vegetated sites outside consist of an activechannel and one or more terraces.

activefloodplainswhere the depth to permafrostis great Most major rivershave braidedchannels about 0.6 to 2.5

enough to allow for well-drainedsoils. Areas having a mileswide. Most of the diamond-shaped islandsbetween

dense vegetativecover are characterizedby permafrost channels are inundated sporadicallyeach year during

occurringat shallow depth due to the insulatingeffectof snowmelt from lateMay to earlyJune. These islandsmay

the organicmat. The soilin these areas remains saturated be eitherunvegetated or vegetated. Unvegetated islands

at or near the surfacethroughout most of the growing are subjectto intensivewater and icescouring,and consist

season. The vegetationis composed mainlyof species of gravelwith littlesoildevelopment. Vegetated islandsare

typicallyadapted forlifein saturatedsoilconditions. elevatedslightlyabove the normal high water mark because

of channel cuttingand have a wide range of vegetation

coverage, depending upon the extent and frequency of

TERRAIN TYPES inundation.Ifpresent,soilsconsistof variousthicknesses

of siltloam, loam, and finesandy loam over graveland

Six regionallysignificantterraintypes (Walkerand gravellysands. -

others,1982) occur withinthe 1002 area. Five are

discussed below. The sixthis the 131 square miles of Land cover associatedwith riversystems ranges from

ocean water withinthe 1002 boundary (5 percent). totallybarren rivergravels and mud to tundra

indistinguishablefrom thatin nonalluvialareas. The braided

FOOTHILLS channels are subjected to intensedisturbanceduringspring

breakup. In addition,meandering streams and braided
Foothillscover about 45 percentof the 1002 area. riversare constantlychanging theirchannels. Slightlymore

Between the Canning and SadlerochitRivers,an east-west stableareas are often only partiallyvegetated but may
distanceof about 47 miles,low foothillsrisefrom Camden contain a wide varietyof taxa, making them among the

Bay to the base of the SadlerochitMountains, 18-34miles most floristicallyrich sitesin the region. Willows are

from the seacoast. The hillsare as high as 1,250feetand common on vegetatedgravelbars and may form extensive

are interspersedwith the drainages of the Tamayariak River, thickets;however, these thicketsare not nearly so

Katakturuk River,Marsh Creek, Carter Creek, Itkilyariak extensiveas the riparianwillowcommunities found farther

Creek, and the SadlerochitRiver (fig.11-2).Barren gravel west along the Sagavanirktok,Kuparuk, and ColvilleRivers

crops out on the crestsof severalhills,particularlynear the (fig.1-1). The relativelylimitedsupply of riverinewillow

KatakturukRiver. East of the SadlerochitRiverthe foothills withinthe 1002 area is of significanceto severalwildlife

arefartherfrom the coast. species,as are riparianareas that are often snow4ree

earlierthan other parts of the coastalplain. Smaller

Vegetationis dominated by sedges and tussock- streams and quiet interchannelareas of the largerrivers

forming sedges. Dwarf willowor birch are common but have lush sedge and willowstands. Willow heightvaries

sparsely distributed. Mosses and lichensare important with the amount of winter snow cover and summer

components of tundravegetation.The main Landsat cover temperature regime. Willows near the coast are mostly

classes in the foothillsare moist graminoidtussock tundra, prostrate,whereas near the south boundary of the 1002

mesic erectdwarf scrub,and moist prostratedwarf scrub. area,shrubs occasionallyexceed 6 feetin height.
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Land-cover categoriesfor thisarea include clear MOUNTAINS

water, barren and scarcely vegetated flood plain,wet

graminoid, moist/wet tundra complex, dry prostratedwarf Alpine terrainreprese

'
nts onlya few square milesin

scrub, and moist graminoidtussock tundra. the 1002 area (about 0.05 percent),mostly above 1,970 feet

elevationwest of SadlerochitSpring. SadlerochitSpring is

of specialinterestbecause poplar and other distinctplant

HILLY COASTAL PLAINS
speciesoccur there (Murray,1980a).

Extensive areas of gentlyrollingtopography cover
Vegetation communities in these areas are complex

more than 22 percent of the 1002 area. East of the and are interspersedwith unvegetated rocks and talus

Hulahula River and parallelto the coast are numerous
slopes. The characterof the well-vegetatedslopes varies

considerably,but the more completelyvegetatedareas have
slightlyelevatedridgesand depressions,most having less

extensivemoss mats with numerous prostrateshrubs, such
than 100 feetof relief.Flat,gentlysloping(5 percentor

as mountain avens, prostratewillow,and small forbs.
less) interfluveareas contain complexes of moist/wet

Limestone areas are of particularinterestbecause unique
tussock tundra associated with poorly developed flat-

assemblages of plants,such as the bryophytes associatedcentered ice-wedge polygons. Ridges are mainlyvegetated
with seeps in limestone,are present (Brown and Berg,with moist prostratedwarf scrub, moist graminoidtussock,
1980; Steere and Murray, 1976). The main land-coverand moist/wettundra complex, Frostboilsand hummocky
classes includebarren and scarcelyvegetatedscree and

ground are common. The depressions between ridges
dry prostratedwarf scrub.

containthaw-lakesof clearwater and wet graminoidtundra.

Stream drainages are well definedand have largeexpanses

of relativelywelldrained terrain.

- Special Terrestrial and Aquatic
Environments

FLAT THAW-LAKE PLAINS

Within the 1002 area,four distinctareas have been

Thaw-lakes, drained lake basins,and expanses of identifiedfortheirspecialnaturalcharacteristics.

low-centered ice-wedge polygons occur locally,primarily

near the flatbraided-riverdeltas,and cover 3 percentof the SAIDLEROCHIT SPRING SPECIAL AREA
1002 area. Thaw-lakes are generallyelliptical,shallow (2 to

6 ft),and geornorphologicallyshort-lived.They form as a - Sadlerochit Spring and the immediate area (640

resultof disruptionof the vegetationand organiccover of acres),inthe southern partof the 1002 area west of the

the polygonizedtundra. Thaw of the ice-rich,near-surface SadlerochitRiver (pi.1A), have been nominated as a

materialsand meltingof icewedges can resultina pool of NationalNatural Landmark (Blissand Gustafson, 1981).

standing water and development of a shallow pond that The NationalNaturalLandmark program was establishedto
eventuallybecomes a thaw lake. The best examples of encourage the preservationof areas illustratingthe diverse

thaw-lake topography are: (1)at the confluenceof the ecologicaland geologic character of the United States.

Canning and Tamayariak Rivers,(2)a narrow coastalbeft Areas qualifyingas NationalNaturalLandmarks must be

extendingeast of the Canning and Tamayariak Rivers,and free of disturbance and capable of retainingand

(3)a narrow zone between the deltaofthe HulahulaRiver perpetuatingtheirinherentnaturalqualities,as well as

and a pointa few miles east of the Jago River. having exceptionalscientificresearch and education values.

SadlerochitSpring is unique on the coastal plainbecause

Except for the vegetated basins of relativelyrecently of its large discharge and almost constanttemperature,

drainedlakes,some form of microrelief,mostly low-centered which maintains an open channel for nearly5 miles

polygons and stringbogs, is nearlyalways presenton downstream during the coldestpart of the year. Located

thaw-lakeplains. on the coastal plainnear the foothills,itis one of the

largestperennialsprings on the North Slope of Alaska.

The microtopography of thaw-lakeplains(elevation Reported dischargesrange from 21.2 to 88.3 cfs (Craigand

variationsof only a few feet)isthe major influenceon the McCart, 1974; Craig,1977; Williams,1970); itswaters are

distributionof plant communities, and small elevation warm (500-580F)and support a dense populationof tiny

differencescreatedistinctpatternsof plantcommunities and organisms (macro-invertebrates)(400 to 500 per cubic foot)

soilassociations (Wiggins,1951; Cantlon,1961; Britton, and populationsof arcticchar and arcticgrayling(Craig,

1957; D. A. Walker,1981). The perched watertableisvery 1977; Craig and McCart, 1974; Williams,1970). Sadierochit

closeto the surface,or slightlyabove, formost ofthe area Springisa winteringarea forfish(pi.1PJ; such placesare

except forpolygon rims and lakebluffs.The Landsat land- extremely limitedon the 1002 area and are generally

cover categoriesin the thaw-lakeplainsincludemoist/wet associatedwith the largersprings. Severalplantand bird

tundra complex, moist prostratedwarf scrub,wet and very species not found anywhere else this far north are

wet graminoid,clearwater,dry prostratedwarf scrub,and associated with this spring, Muskoxen use the area

moist graminoidtussock. throughoutthe year.-
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The SadlerochitSpring Special Area, as designated suggested that specificareas for inclusionin the natural

by regulations for exploration in the 1002 area, area system (thatis,Research NaturalArea)be selectedby

encompasses an approximately4,000-acrearea within112 refugepersonnel. No selectionshave been made.

mileofthe springoutletand extends 1/4mileon each side

ofthe riverdownstream 5 milesto the aufeisfield[50 CFR

37.32(g)].The springand itssurroundingarea have been

identifiedas a specialarea primarilyfor the unusual plant

communities and associated diverse wildlife(pl.1A).

Because of the spring'sspecialvalues,explorationactivities

have been prohibited.The SadlerochitSpring area is used Coastal and Marine Environment
for traditionalsubsistence harvest, particularlyin winter,

when people from Kaktovikcamp at the springand hunt Coastal-marine habitatsin the 1002 area include
and fish(Jacobson and Wentworth, 1982). offshore, nearshore, open coast, delta,and barrier

island/lagoon-mainiandshore areas,and those parts of the
- KONGAKUT RIVER--BEAUFORT LAGOON - coastal uplands directlyaffectedby storm surges and

marine saline intrusions. These areas provide essential
An area of approximately133,700 acres at the mouth shelter,stagingareas,and other lifesupports to resident

of the Kongakut River,and extendingalong the coast from and migratoryfishand wildlifepopulations. Beaches, spits,
Demarcation Bay to Angun Lagoon, was identifiedas a and bars occur throughoutthe area. Although permafrost
potentialNationalNatural Landmark (Koranda and Evans, probablyunderliesthese sites,itdoes not enter intothe
1975). Most of this proposed NationalNaturalLandmark soiltaxonomy. The inlandextent of coastal habitats,
lieseast of the 1002 area within the Arctic Refuge biologicallydefinedas the maximum inlandreach of storm
Wilderness. However, about 25,000 acres extends intothe surges,is identifiedin many areas by the "strandline"of
extreme northeastcornerof the 1002 area. The area was largedriftlogs and other debris,and by the extentto
recommended for designation as a National Natural which saltspray and ingressof salinewater affectsthe
Landmark because itcontains: vegetativecover along the coast.

1. An offshore bar and lagoon ecosystem which The North Slope Borough (NSB) Coastal
supports a relativelydiverse marine biota and Management boundary includesState lands withinthe 3-
terrestrialbiota using the area for nesting and nautical-mileoffshore territoriallimit,extending inland
migrationrests. approximately25 miles,and State lands up certainstreams

2. An Arcticriverwhich flows from the mountain front
to includeanadromous fishspawning and fishoverwintering

and enters the lagoon ecosystem, perpetuatingthe
habitat. The NSI3 developed a Coastal Management

marine conditionsof freshwater throughout most of
Program approved by the Stateon April17, 1985, under the

the summer, and the presence of spruce treesin the
framework of the FederalCoastal Zone Management Act

upper course of the river,accompanied by elements
and the Alaska Coastal Management Act of 1977 (AS

of the borealflora(Koranda and Evans, 1975).
44.19.891-894 and 46.40).However, the FederalOfficeof

Ocean and Coastal Resource Management in the

- ANGUN PLAINS -
Development of Commerce denied approval on August 8,

1986. The Program was not approved because the Federal
officialsfeltitdid not provideadequate considerationof the

On the eastern end of the 1002 area,one complete nationalinterestin energy facilitysitingas requiredby
township (T.6 N., R. 38 E.)was identifiedas a potential Section306(c)(8)of the Coastal Zone Management Act. It
NationalNaturalLandmark primarilybecause of itsspecial did not provide an adequate balance between energy
geologic features. The area servesas " * * * a good development and subsistence use, but insteadunduly
example of the glacialgraveloutwash plainsfound near the restrictedenergy facilitysiting.
areas of maximum Pleistoceneglaciation"(Detterman,1974).

Concurrent with the Coastal Management Program,

the NSI3 initiatedplanningprograms and socioculturaland

- JAGO RIVER - economic studies. The NSB Comprehensive Planand Land

Management Regulationsbecame effectiveJanuary 1, 1983.

Ithas been proposed (Viereckand Zasada, 1972)

that parts of the Jago River drainage be includedin a Under section307(c)l of the FederalCoastal Zone

system of "EcologicalReserves" in Alaska. The area Management Act, Federal activitiesdirectlyaffectingthe

contains a complete array of tundra and flood-plain coastalzone must be consistentwith the approved State

vegetationtypes and provideshabitatfora cross-sectionof Coastal Management localprogram to the " * * * maximum

allArcticSlope wildlifespecies. The drainage containsa extent practicable."The NSB Coastal Management Plan

glacierand outwash, an arcticriversystem, deltasand noted that the Hulahula,Okpilak,and AichilikRiverswithin

dunes, an arcticcoastallagoon system, smalltundra lakes the 1002 area had values warrantingspecialattention(NSB,

and streams, and offshore islands. The proposals 1984a).
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Goals of the State-approved NSI3 Coastal The traditionalcalvinggrounds of the PCH extend
Management Program relevantto government and economic throughout the Arcticfoothillsand coastalplainfrom the
activitiesin the area are described at the end of this Canning Riverin Alaska to the Babbage Riverin Canada.
chapter under "State and Local Politicaland Economic Includingthe entire1002. area, the calving grounds
Systems." Most applicableto the coastaland marine encompass nearly8.9 millionacres (pi.2A and fig.11-5).
environmentis the program goal of protectingthe natural From year-to-year,the distributionof caribou on these
environment and itscapacity to support subsistence calving grounds varies considerably,with most calving
activities. usuallytakingplace in the area between the HulahulaRiver

and the Canadian border (fig.11-5).
- During the recent seismic and surface geologic

explorationprograms on the 1002 area,the FWS consulted Spring migrationsto the calvinggrounds startin
closelywith the Stateof Alaska,Divisionof Govemmental April-Mayfrom winterranges,which are usuallysouth of
Coordination,to ensure thatthe explorationproposalswere the ContinentalDivide in Alaska and in centralYukon

consistentwith the State'sCoastal Management Program. Territoryand adjacentNorthwest Territoriesin Canada (fig.

Ifdevelopment is allowed on the 1002 area,the FWS would 11-4). Timing and routes of PCH migrationsvary annually

continue thiscoordination. The State would reviewall depending on winterdistributions,snow conditions,and the

projectsand development plans for consistencywith onset of spring weather. Most PCH cariboumigratefrom
coastalzone management standards.- Canada, moving westward along the northernfoothillsof

the Brooks Range to reach theircalvinggrounds. In some

years caribou also pass through the firstsnow-free

mountain valleyseast of the AichilikRiverin Alaska. As

Fish and Wildlife Resources springprogresses,caribou inthe foothillsspread northward

along a broad front,mostly followingthe major river

The fishand wildlifeon the 1002 area are discussed corridorsand associated terraceswhere snowmelt has

by species,in fivecategories:terrestrialmammals, marine advanced.

mammals, birds,fish,and threatened and endangered

species.

TERRESTRIAL MAMMALS

- CARIBOU -

148, 144- 140- 136, 1321The Porcupineand part of the CentralArcticcaribou 1

herds are found withinthe 1002 area duringvarioustimes SE,

of the year. Each herd has specificdistributions,
movement patterns,and herd dynamics.

NORTHWEST
The Porcupine caribou herd (PCH) is an international

68' -
11C TERRITORIES

resource, estimated by the Alaska Department of Fish and

Game (ADF&G) to contain180,000 animals in 1986. The d C'.
rMherd is increasingand is the sixthlargestherd in North

America (Whitten,1987). The Western Arctic herd

(population220,000-240,000)is the only herd in Alaska

largerthan the PCH (Williamsand Heard, 1986). Earlier 661-

estimatesof the PCH populationswere as low as 101,000

(LeResche, 1972). The most currentphotocensus of the

herd was for135,000 animalsin 1983 (Whitten,1984);more a IDO MILES

I
recent estimates are projectionsusing productivityand a 100 KILOMETERS TERRITORY
mortality estimates. The lower levelsof earlierestimates I

I

may reflecteithera trulysmallerpopulationor lessaccurate
or less complete surveytechniques,or a combinationof

these factors. Caribou populationsfluctuateunpredictably Figure 11-4.--Generalrange, migrationroutes (arrows),

over the long term. The long-termmaximum and minimum and winter range (shaded) of the Porcupine caribou

populationof the PCH and the carryingcapacityof the herd. Solidcirclesindicateexploratorydrillholes.

area are unknown.

The PCH ranges over 96,100 square miles of

northeastAlaska and northwest Canada (figs.11-4and 11-5),

and constitutesthe largestpopulationof largemammals

shared by the two nations.
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and composite map of allconcentrated calving areas for 1972-86, including maximum extent of scattered calving (1 map).
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PCH caribou have calved on the 1002 area every Calculateddensitiesranged from 46 to 128 caribou

year for which detailedrecords have been kept (1972-86). (includingcows, calves,and yearlings)/squaremileforeach

(See fig.11-5.)Usuallythey begin to arriveon theircalving calving concentrationarea, 1983-85 (FWS, unpublished

grounds duringmid- to lateMay. The firstcalvesare born data). Priorto 1983,cariboudensitiesinareas identifiedas

duringthe lastweek of May; peak calvingoccurs during concentrationareas are largelyunknown. However, limited

June 4-8. Although calvinghas been observed ina variety measurements made in 1972 near the Jago Rivershowed

of terrains,most calves are born in snow-freeareas of densitiesrangingfrom 8.2 to 375 caribou/squaremileduring

sedge tussock uplands. Vegetation provides camouflage; June 10-17 (McCourt and others,1974). As the difference
this background presumably reduces predationon calves. between high densityconcentrated calvingareas,and low

Also,predatordensitiesare apparentlylower in these areas density peripheralor scatteredcalving areas is readily
and, subsequently,calfsurvivalis better(U.S.Fish and apparent, use of the term "concentrated"by previous

WildlifeService,1982; Mauer and others,1983; Whittenand observers was assumed to reflectdensitiesof similar

others,1984, 1985). magnitude.

Detailedobservationsof the PCH calvingareas were On the basis of intensivecounts using helicopters,

made during 1972-86. The earlierinformation,1972-77,was as well as radio-telemetrysurveys, calvingconcentration

gathered as part ofthe ArcticGas studiesfora proposed areas were found to containpredominantlyadultfemales

gas pipelinefrom Prudhoe Bay across the ArcticRefuge to and theircalves,and peripheralareas had proportionately

Canada. The Canadian WildlifeServiceand Yukon Wildlife more barren females,yearlings,and young males (Whitten

Branch conducted studies of the PCH during 1978-81 and others,1984; FWS, unpublisheddata). Consequently,

because of their concerns with potentialoiland gas the concentratedcalvingareas have been deemed to be

developments in the Yukon and Northwest Territories.The the most importantcalvingareas because (1)they support

most detailedstudies were part of the section 1002 most ofthe parturientfemalesand theircalves,and (2)they

baselinestudy, 1981-85,by the FWS in cooperationwith are the areas having the highestcariboudensities.

the ADF&G and Canadian wildlifebiologists.As a resultof

these studies,areas have been delineatedwhere caribou

were most abundant (concentrationareas)at the peak of

calvingactivity(pi.2A and fig.11-5). The open rollinghillsand adjacentthaw-lakeplains

between the Hulahula and AichilikRivershave supported

calvingconcentrationsduring 10 of the 15 years,1972-86.

Precise boundaries of concentrations vary annually.

Densitiesfor entirecalvingconcentrationareas in However, there has been a consistentand continuedfocus

each year, 1983-85,were calculatedusing data collected on thisarea by calvingcaribouforseveralgenerations(fig.

from radio-collaredfemales and with the followingsix 11-5). The repeated use of certainportions of the

assumptions. concentrated calving area and the generally high

reproductivesuccess of cows calvingin or near the area

1. The distributionof radio-collaredadultfemale caribou impliespreferenceand value over other areas. Thus, these

are representativeof thatsegment of the herd at the areas are considered valuableand importantto the PCH.

timeof calving. Of the 3 millionacres identifiedas concentratedcalving

areas,828,000 acres (28percent)are withinthe 1002 area.

2. The population of the PCH was 135,000,149,000,

and 165,000 in 1983, 1984, and 1985, respectively

(Whitten,1987).
During years when snowmelt on the coastalplainis

3. Adult females (thoseat least3 years old)make up early,a broad zone north of the foothillsis used for

35 percent of the totalpopulation(Whittenand calving. In such years calvingconcentrationstend to be

Cameron, 1981). more northerlyand scatteredcalvingextends to the coast.

In years when calvingis skewed to the east,usuallydue to

4. The natalityrateis80 percent (Bergerud,1980). latesnowmelt on the coastalplainand/or deep snow on

migrationroutes,there has been a distinct,consistent

5. Yearlings make up approximately12 percentof the westward movement to the coastalplainaftercalving.The

totalPCH population(Whittenand Cameron, 1981). annual variabilityin concentratedcalvingareas is illustrated

in figure11-5. Directionalmovement lessens once caribou

6. One-thirdof the yearlingsare on the calvinggrounds have reached the calvinggrounds. During and immediately

at calvingtime;up to 60 percentof these are in aftercalving,foraging caribou use vegetated riparian

peripheralareas and the remaining 40 percent in habitatsas well as tussock uplands. Riparianareas (pl.

concentrationareas (Whittenand others,1984; FWS, 2N are used as travelcorridorsand feedingareas inboth

unpublished data). springand summer (Garnerand Reynolds,1986).
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In allyears of study,1972-86,a majorityof the PCH The postcalving season is the low point of the
used the 1002 area forcalvingand/or postcalv'Ingactivities. annual physiologicalcycle when energy reserves of

Recentlythe percentage of PCH cows using the 1002 area parturientcows are especiallylow. The stressesof winter,

for calvingwas estimatedto be 74 percentin 1983, 35 pregnancy, migration,birth,lactation,hairmolt,antler

percent in 1984, 82 percent in 1985, and 24 percent in growth, and insect harassment draw heavilyupon this

1986. The 1983-86 estimates were extrapolatedfrom segment of the population (Dauphine, 1976; White and

locationaldata from radio-collaredcows (Garner and others,1975). Access to insect-reliefhabitatand forage

Reynolds, 1984, 1985, 1987; FWS, unpublished data). In duringthisperiod may be criticalto herd productivity.In
1984, 38 percentof the PCH calved adjacentto the 1002 earlyJuly the herd usuallymoves east and south,vacating

area,east of the AichilikRiver,then withina week moved the 1002 area by mid-July. Insome years,residualgroups

with theircalvesonto the 1002 area to jointhe 35 percent numbering as many as 15,000 animals have remained on

thatcalved on the area. Although only 24 percent of the the 1002 area and adjacentfoothillsand mountains through
PCH calved in the 1002 area in 1986, essentiallythe entire August. Occasionally,remnants of such groups (up to

herd moved intothe 1002 area afterthe calvingperiod. 2,000 animals) have wintered in northernmountains and

foothills.

In Arcticareas, caribou reproductionis highly

synchronous. The majorityof calvingoccurs withina 2- to A draftinternationalagreement formanagement of the
3-week period,when a singlecalfis born to most adult PCH has been negotiatedbetween the Governments of the

females(3 years old). Caribou calvesare precocious,able United States and Canada, The State of Alaska and

to stand and nurse within1 hour afterbirth.They are Canadian Territorialgovernments, as well as localusers,

capable of travelwith adultswithina week. The first24 participatedin the negotiations.Other interestedparties

hours of lifeiscritical,when a behavioralbond is formed also attended the meetings. The purpose of the draft
between the calfand its mother (Bergerud,1974; Lent, agreement is to facilitateU.S./Canadiancooperationand

1964). coordinationof programs and activitiesaimed at long-term

conservationof the PCH. The agreement willensure that

the PCH, itshabitat,and interestsof users ofthe PCH are

Aftercalving,small bands of cows with newborn giveneffectiveconsiderationin evaluatingproposed activities

calvesgraduallymerge intolargergroups. Yearlings,barren within the range of the herd. All activitieshaving a

females,and bullsoccupying the southern and eastern potentialimpact on the conservationof the PCH or its

peripheryof the calvinggrounds begin to mix with the habitatwillbe subjectto impact assessment and review

cows and calves, ultimatelyforming huge postcalving and may requiremitigationunder the agreement. The

aggregations. By lateJune or earlyJuly aggregationsof agreement would establish an eight-member International

80,000 or more caribou are common. Postcalving Porcupine Caribou Board, made up of four members from

movements and aggregations show considerableannual each country,to make recommendations and provideadvice

variation. on those aspects of conservationof the PCH that require

internationalcoordination. The Board would serve as a

means of exchanging informationon and facilitating

Although rathersmall in proportionto the herd's cooperative planning for the PCH throughout itsrange.

entirerange, the calving/postcalvingarea is an important, The draftagreement,initialedby the principalnegotiatorsin

identifiablehabitatrepeatedlyused by the PCH during Seattle,Washington, December 3, 1986, is being reviewed

these criticallifestages. The reason forrepeatedcaribou and discussed through public informationalmeetings in

use of thisarea is unclear.Varyingcombinationsof several both countriesbefore signing.

factorsin any givenyear--forexample, advanced emergence

of new vegetation,scarcityof predators,earlysnowmelt,
topography, and/or proximityto insect-reliefhabitat The PCH is harvestedin both the UnitedStatesand

(Cameron, 1983)--areprobably responsiblefor the annual Canada. The harvestby individualNativevillagesis highly

variationsin use. variable,depending upon herd movements. Recent annual

harvests from the PCH by Kaktovik,the only village

adjacent to the 1002 area, have ranged from 25 to 75

As temperaturesriseinmid- to lateJune, swarms of animals (Pedersen and Coffing,1984). Annual harvest of

mosquitoes emerge in the 1002 area. Harassment on the PCH throughout itsrange was estimatedat 3,000-5,000

warm, calm days by these insectsdrivesthe caribouinto animals (LeBlond,1979). The harvest variesgreatlyfrom

dense aggregationsand resultsin theirmovement to areas villageto villageand from year to year withinthe same

of relief.The groups usuallymove intothe wind,seeking village.The annual harvestat ArcticVillage,Alaska,ranges

reliefon points,riverdeltas,mudflats.aufeis,largegravel from 200 to 1,000 (LeBlond,1979). During 1963-86 annual

bars, barrierislands,shallows of lagoons, and higher harvest of the PCH withinCanada averaged approximately

elevationsin the mountains (pl.2@@). In some years there 1,800 animalsfor the years in which data were available

can be a gradualwestward shiftacross the coastalplain (Yukon TerritoryWildlifeBranch, Canadian WildlifeService,

and northernfoothills. unpublished data).
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Table 11-3.--ObservedmuskoxrangewithintheArctic MOOSE
NationalWildlifeRefuge and withinthe 1002 area,1982-85.

- Patternsof moose distributionnorth of the Brooks
Range vary seasonally(pl.1g. Winter concentrations
occur south of the 1002 area where as many as 203 and

Within Within Percentof 239 moose have been counted in the Canning and
Arctic 1002 area totaluse Kongakut River drainages,respectively(Garner and
Refuge (acres) area within Reynolds,1986). A few moose are scatteredinotherriver
(acres) 1002 area drainages(U.S.Fish and WildlifeService,1982;Martinand

Garner,1984,1985). -

High seasonalor year- In lateMay or earlyJune smallwidely dispersed
round use with groups of moose move northwardalong ripariansystems.
calving.......................251,000 207,000 82 Moose using the 1002 area have dispersed from

High seasonalor year- populationsto the south and use a varietyof habitatsin
round use without Julyand earlyAugust. The number of moose at any one
calving.......................211,000 158,000 75 time probablydoes not exceed 25. In lateAugust,moose

Totalobserved range, beginto aggregate;the largestgroups are found south of
includinghigh-use the 1002 area in October duringthe rut. Most moose
areas........................1,116,000 760,000 68 usingthe 1002 area move southwardto winterinvalleysof

the Brooks Range. Riparianwillowspecies comprisea
major part of the forageused by moose; mountainalder,

Though not migratory,muskoxen apparentlymove in where available,isan importantwinterfood.

response to seasonal changes in snow cover and
Subsistencehuntersfrom Kaktoviktake one or twovegetation. In summer and fall,they are oftenfound in

moose annually(Jacobson and Wentworth,1982). Otherriparianhabitatsalong major drainages,where they feedon
hunters harvest a few moose, generallylessthan 10willowsand forbs. Inwinterand springmany animalsmove
annually,from the North Slope ofthe ArcticRefuge. Mostto adjacentuplands havinglesssnow coverin orderto
of this harvestis in the Canning Riverand Kongakutfeed on tussock sedges (Reynoldsand others,1985).
drainages,and nearlyallisoutsidethe 1002 area.PreliminaryFWS data indicatethat muskoxen apparently

reduce both theirmovements and activityduringwinter,
probablyas an adaptationto conserveenergy. Table 11-3
and plate2C show the extentof muskoxen habitatwithin
the ArcticRefuge and 1002 area and delineatethose
seasonal or year-rounduse areas where muskoxen have
been observed most frequently,yearafteryear.

Hunting of muskoxen on the ArcticRefuge under
permit from the Alaska Department of Fish and Game
startedin 1983. Fivebull-onlypermitshave been issued
annually;the 1983,1984,1985,and 1986 harvestswere 4,
5,4,and 3,respectively.

DALL SHEEP

Althoughthe estimatedtotalpopulationof Dailsheep
within the original8.9-million-acreArcticRefuge is
approximately6,800,Dailsheep are rareon the 1002 area,
because suitablehabitatis lacking. The Sadlerochit
Mountainscontainan estimated270 sheep, and constitute
the northernmostextentof theirrangein NorthAmerica (T.
G. Smith,1979).

Traditionalsummer range consistsmainlyof alpine
slopes and meadows. Winter range,limitedmostly by
topography,consists of usuallysouth-facingwindblown
slopes and ridges. FWS surveysindicatethatDallsheep
have used the lowerfoothillterrainnear SadlerochitSpring,

17

mostlyinwinter;in summer, they cross thistundraarea in
moving to other habitats(D. Ross and M. A. Spindler,
unpublisheddata,1981).
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ARCTIC FOXES

Arctic foxes move seasonally between summer

breeding habitatsin tundra and winter habitatsalong the

northernAlaska coast and onto the sea ice (Chesemore,

1967). Their range is limitedby habitatand interspecific

competitionwith red foxes. Periodicoutbreaks of rabies

can reduce fox populations.Productivityof foxes is related

to abundance of microtines(smallrodents).Foxes regulate

theirfood supply, despite fluctuatingprey availability,by

caching food in earlysummer when prey is abundant and

utilizingthese food caches and carrionin latesummer
when fewer prey are available.At Demarcation Bay arctic

foxes spent most of theirtime in medium-relief,low-center

polygon and meadow habitats,preying on smallmammals

and bird nests (Burgess,1984). In 1979 when rodents

WOLVES
were at low populationlevels,foxes at Demarcation Bay

depended mainly on birds and eggs. No pups were

Wolves are found throughout Alaska'sNorth Slope.
produced thatyear (Burgess,1984).

The populationdensityis lower on the 1002 area than in Arcticfoxes are trapped in the winterby Kaktovik
areasfarthersouth. Wolves occupy largehome ranges. In residentsfor fur. The number taken annuallyfluctuates
winterwolves tend to congregate in areas of overwintering accordingto theirabundance. In years of abundance more
caribou and possibly moose or Dall sheep. Daily than 100 foxes may be taken. Most trappingiswithin15
movement depends on availabilityof prey. Estimates of miles of the coast, mainly on or near Barter Island
density for restrictedgeographic areas vary widely,but (Jacobson and Wentworth, 1982).
most fallwithinthe range of 6 to 200 square milesper wolf

(Mech, 1970). Wolves mate inMarch, and pups (usually4-

7 per litter)are born indens 2 months later.Althoughthe

1002 area appears to containsuitabledenning habitat,no WOLVERINES

dens have been found. Dens have been found in

mountainous terrain10 to 40 milessouth of the 1002 area. Wolverinesfrequentalltypes of terrainfound in Arctic

The number of wolves using the 1002 area on a seasonal areas,as evidentfrom observationsand tracks. Riversand

basis islow and apparentlydoes not exceed 5-10 animals mountains are frequently associated with territorial

annually. boundaries. Snowdrifts are importantfor wolverineden

sites,and, in the tundra,remnant snowdriftsin small

- Populations in or adjacentto the 1002 area were drainages are used by females for rearingtheiroffspring

depressed inthe late1970'sby an outbreakof rabies.A (Magoun, 1985).

similaroutbreak occurred in 1985 when nine dead wolves,
includingsixradio-collaredanimals,were found. Fiveof the A few wolverines inhabitthe 1002 area. Accurate

animals were confirmed as rabid. Historicalden siteson populationfiguresare unavailable,but a rough estimateof

the Kongakut, Hulahula,and AichilikRiverswere deserted in the 1002 area populationcan be made from the wolverine

1985, and the death from rabiesof breedingwolves was densitiesand assumptions used by Magoun (1985)for

suspected as the reason. However, four new dens were estimatingthe population in the Western Arctic. Using

found, three occupied by wolves which were remnants of Magoun's assumptions,the estimateddensityforthe 1002

earlierpacks. -
area is 90 wolverines. This figuremay not be accurate:

Magoun's area and the 1002 area are not identical;Magoun

Wolves on the North Slope prey on caribou,moose, studied a virtuallyunexploited population whereas

sheep, ground squirrels,smallrodents,and birds. Wolves
wolverines in the 1002 area and environsare routinely

are typicallyassociatedwith drainage systems which they harvested by Kaktovik residents. Furthermore, sighting

use as travelcorridors.They are also attractedto riparian records forthe 1002 area are sparse;recent FWS studies

areas because of the abundance of prey,includingground have resultedinvery few sightings.

squirrels.Duringthe summer when prey is most abundant,

wolves are distributedthroughout all1002 area habitat
Wolverines feed opportunisticallyand have been

types (U.S.Fish and WildlifeService,1982; Haugen, 1984,
reportedpursuing largeungulatessuch as caribou,moose,

1985: Weiler and others,1985). Wolves are hunted and and Dall sheep, though they are more commonly

trapped by Kaktovik residents,who harvestmost in the scavengers than predators. In the Arctic,ground squirrels

Hulahula, Sadlerochit,and Okpilak Riverareas (Jacobson are an important food (Rausch and Pearson, 1972).

and Wentworth, 1982;Weilerand others,1987). Generally, Caribou are scavenged, particularlyduring May and June

fewer than 10 wolves are harvestedannually,usuallysouth
when they are numerous. DuringJune and July,wolverines

of the 1002 area. prey on birdsand eggs.
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Kaktovikresidentshunt wolverinesmost frequentlyin Denning occurs in lateSeptember and October,
the foothillsand northern mountainous areas of the depending on soilconditions(thetop soilmust be frozen
Sadlerochit,Hulahula,and OkpilakRivers. ADF&G records to support den excavation)and weather (Pearson,1976;
indicatethatan average of about one wolverineper year is Reynolds and others,1976; Garner and others,1983, 1984,
harvested; this may be an underestimatebecause of 1985). Most dens are inthe foothillsand mountains south
incomplete reporting. Magoun (1985)believedthat harvest of the 1002 area;only seven of 199 (3.5percent)known
in Game Management Unit26A (Western Arctic)was 2 to den siteswithinthe northeastportionof the ArcticRefuge
10 times greaterthan reported. During the winterof 1980- have been found on the 1002 area (Garnerand others,
81, seven wolverines were taken by Kaktovik residents 1983, 1984, 1985; Garner and Reynolds, 1986). Cubs are
(Jacobson and Wentworth, 1982). Wolverines are born in January and earlyFebruary. Littersrange from one
sometimes harvested by trappers near the villageof to three;the average litterforbears usingthe 1002 area is
Kaktovik.These animals are mostly subadultsthatmay be 1.9 (Garner and others,1984). Brown bears emerge from
dispersingonto the 1002 area from the foothillsto the winterdens in lateAprilthrough May. On the 1002 area
south. Itis not known whether the 1002 area wolverine the survivalrateamong cubs and yearlingsranges from
populationis residentor transient. zero to 100 percent. Causes of juvenilemortalityare not

well known, but a major cause is probablythe killingof
juvenilesby mature males such as occurs in other brown

bear populations(Stringham,1983).

BROWN BEARS
Kaktovik residentsharvest an average of 2 brown

bears annually. The bears are taken opportunisticallyon

Brown bears seasonallyuse the 1002 area. Brown
the 1002 area or farthersouth inthe foothillsor mountains

bears northof the Brooks Range are at the northernlimitof
(Jacobson and Wentworth, 1982). The sportharvestwithin

theirrange. At periods of greatestabundance (in June) the ArcticRefuge north of the Brooks Range averages 2-4

use is estimated at one bear per 30 square miles,or brown bears annually.Virtuallyallsport harvestis south of

approximately108 bears (Garner and others,1984). These the 1002 area.

populations are characterizedas having low reproductive

ratesas a resultof shortperiods of food availability,large

individualhome ranges (95 to 520 square miles),and

habitatsthat provide littleprotectivecover (Reynolds and

others, 1976; Reynolds, 1979; Garner, Weiler,and Martin, ARCTIC GROUND SQUIRRELS AND OTHER RODENTS

1983).
Arcticground squirrelsare found throughoutthe 1002

Brown bears are found throughout the entire1002 area in colonies restrictedto well-drainedsoilsfree of

area. They appear in lateMay and are generallymost permafrost. Ground squirrelshibernatefrom lateSeptember

abundant during June and July when caribou are most through May (Garner and Reynolds, 1986). Activity

plentiful.The bears breed duringthissame period.There resumes in the spring, before the snow begins to

are two known high-useareas. One, used by 50-70 adult disappear. Mating is followedby a 25-day gestationperiod.

bears and cubs, is in the southeasternpartof the 1002 Young ground squirrelsgrow rapidlyin preparationfor

area where caribou calvingis concentrated. The second, winterhibernation.

used by 15-20 bears,is a much smallerarea along the

upper reaches of the KatakturukRiver(pl.1P). Moderate- Ground squirrelsare a subsistencefood forKaktovik

use areas (30-80bears) are locatedbetween and around residents. They are also importantin the dietsof snowy

the high-use areas and are generallyused for a shorter owls, rough-legged hawks, brown bears, golden eagles,

period(June-July).(Notethatbear numbers from each use arcticfoxes,red foxes,and wolves.

area cannot be added because they representdifferent

times of residency. Each bear may use more than one or Other rodents found on the 1002 area includethe

allareas delineated.)Aftercaribouleavethe 1002 area in collaredlemming, brown lemming, and tundra vole. Red-

earlyJuly,brown bears graduallymove south intothe backed voles and tundra voles may occur in the foothillsin

foothillsand mountains (Garner and others,1983, 1984, the southernpart of the 1002 area. The brown lemming is

1985). Riparianareas are used as travelcorridors.Brown the leading herbivorealong the coast, and in high

bear habitat changes seasonally according to food populationyears can account for more plantconsumption

availability(U.S.Fish and WildlifeService,1982). Spring than ungulates(Batzliand others,1980). Theirimpacton

foods includevegetation,carrion,caribou,ground squirrels, the vegetationiscyclicand corresponds to the 3- to 5-year

and rodents. River courses frequentlycontain abundant populationcycle. Lemmings and voles are activeallyear,

prey as well as preferredvegetation.During mid- to late grazingfrozen plantmaterialand breeding under the snow.

summer, brown bears shiftto eatinghorsetail,grasses,and Maximum populationdensitiesoccur aftersuccessfulwinter

sedges. In the fall,they eat wild sweetpea roots, reproduction. Shallow snow depths resultin low

crowberries,blueberries,bearberries,and ground squirrels temperatures under the snow, creatingan energy stress

and other rodents (Phillips,1984). thatcan reduce winterreproductivesuccess.
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MARINE MAMMALS Three differentparts of the 1002 area (pi.1g) have

Fourteen species of marine mammals may occur off been generallydelineatedas confirmed clenningareas,that

the coast of the ArcticRefuge. Some ofthese-4he spotted is,areas in which polar bear dens and clenningactivity

seal and walrus--areoccasionalvisitors.Others such as have been observed duringmore than one winter. Dens or

the killerwhale, gray whale, humpback whale, finwhale, clenningactivitieshave also been observed in other1002

narwhal,harbor porpoise,and hooded seal are rarelyseen area locations,but data are inadequateto confirmrecurrent

because thispartof the BeaufortSea is at the extreme use. Ten of the 12 land dens found through radio

margin of theirranges. Fiveofthe species were evaluated: telemetrystudies(1981-86)have been locatedon the Arctic

polarbear,ringedseal,bearded seal,beluga whale, and the
Refuge;the othertwo were on Hershel Island,Canada. -

endangered bowhead whale.
Female polarbears that den on land move onshore

- All marine mammals in U.S. waters are protected to seek out den sitesin October and November, depending

under the Marine Mammal ProtectionAct of 1972 (16 U.S.C. on ice movement and ice buildup (Lentferand Hensel,

1361). The goal of thatAct is to restoreand maintain 1980). Denning females give birthto 1 or 2 cubs in

marine mammal populations at theiroptimum sustainable December or January,and bears emerge in lateMarch or

population levels,as well as to protect subsistence earlyApril,depending upon weather conditions.The female

opportunitiesfor Alaska Natives. The Act establishesa and cubs generallyremain near the den, making short

moratorium on the taking (includingharassment) and foraysfor 1 to 2 weeks untilthe cubs gain strengthand

importationof marine mammals except by Alaska Nativesfor become acclimatedto outside conditions.Soon thereafter,

nonwastefulsubsistence or handicraftpurposes. Required they move to the sea iceto feed on seals. Many females

negotiationsto encourage internationalarrangements for with new cubs concentratetheirforagingon the shore-fast

research and conservation of allmarine mammals have ice,which can extend out to 30 miles.

resultedin the 1976 internationalagreement on polarbears

as discussed inthatsection.

POLAR BEARS

-

Polarbears are closelyassociatedwith pack ice of

the Arctic Ocean throughout most of the year. The

BeaufortSea populationof polarbears isestimatedto be

1,300-2,500(Amstrup and others, 1986). Some females

move to coastal areas,and occasionallyfartherinland,

duringOctober and November to seek maternityden sites.

Pregnant polar bears,and latertheircubs, probably spend When the nearshore ice breaks up inthe spring,the

more time on the 1002 area than other segments of the bears move with the sea ice and many concentrateat the

polar bear population. Other groups of polar bears south edge of the pack ice. This positionvariesseasonally

seasonally frequentthe coastal peripheryof the area. but usuallyis between the coast and latitude720N.

Recapture of polar bears marked by the FWS in recent

years indicatesthat an influxof females accompanied by Except for a shore lead,the Beaufort Sea is ice

cubs as old as 20 months and subadultanimals coincides covered year-round. Nearshore open water begins to

withthe fallice-edgeadvance to the shoreline.- freeze in September or October, and nearshore ice does

not melt untilMay or earlyJune. Male and nondenning

- Polarbear dens have been found as faras 250 miles female polar bears inhabitthe sea ice throughout the

offshoreand 32 milesinland. Eighty-fivepercent of dens winter. The distributionof polarbears isinfluencedby the

located in 1983-86 were offshore. The onshore area from availabilityof theirmajor prey species,ringed and bearded

the Colvilledeltato the Canadian border is used by the seals,which concentratein areas of driftingpack ice

BeaufortSea populationfor denning. However, the most (Lentfer,1971; Stirlingand others,1975). Ringed seals

consistentlyused land clenningareas were on and adjacent probably constitute95 percent of the polarbear's diet

to the 1002 area where 1-2 dens were found by radio (Burnsand Eley,1978).

telemetryin 5 of the 6 years between winter1981-82,when

the FWS began a continuingstudy of North Slope polar Polarbears are protectedunder the provisionsof the

bears, and winter 1986-87 (Amstrup, 1986; FWS, Marine Mammal ProtectionAct of 1972. Additionally,an

unpublisheddata). The idealclenningsitesare riverbanks, internationalagreement forthe conservationof polarbears

draws, and the leeward side of bluffsand hillswhere snow was ratifiedin 1976 by the governments of Canada,

accumulation is sufficientto support den construction. Denmark, Norway, the Union of SovietSocialistRepublics,

Sixteendens were found in the 1002 area between 1951 and the United States of America. The treatyrequires

and 1986 through FWS radiotelemetrystudiesand Native management of shared populationsby consultation.Article

reports (pl.IIE;Garner and Reynolds,1986, table15, p. 11requiresthat appropriateactions be taken to protect

293; FWS, unpublished data). Another fivedens have been ecosystems of which polar bears are a part,especially

locatedon icenear the 1002 area. - clenningand feeding sites.
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Large numbers of polar bears have concentrated Bowhead whales are taken for subsistence by
seasonally in some years along the coast of the Arctic Kaktovikresidents,During 1981-85 the annual harvesthas
Refuge near the villageof Kaktovikwhere whale carcasses averaged one whale, with an average of one additional
can be scavenged (Amstrup and others,1986). Each year whale struckand losteach year.
many bears are availableto localsubsistencehunters,but

in most recent years the killhas been small (FWS, BIRDS
unpublished data). Annual subsistence harvestof polar - One hundred thirty-fivespecies of birds have been
bears by localresidentswas as high as 23 to 28 in 1980- recorded on the ArcticRefuge coastalplain(Garnerand
81;at leastone polarbear was confirmedas being taken in Reynolds,1986, 1987). The majorityare migratory,present
each of the following6 years,with two bears being taken only from May to September. Six species are considered
in 1984-85 and three in 1985-86 (table11-7)(Schliebe,1985; permanent residents--rockand willow ptarmigan,snowy owl,
Jacobson and Wentworth, 1982; FWS, unpublished data). common raven, gyrfalcon,and American dipper. The
Restrictingthe take of females and familygroups to ensure common and hoary redpoll,ivorygull,and Ross' gullare
populationstabilitywas a purpose of the November 1986 occasionallyseen inwinteron the 1002 area. Twenty-one
agreement between the North Slope Borough Fish and species are found offshore,mostly from lateJuly to mid-
Game Management Committee and the InuvialuitGame September, with distributiongenerallylimitedto within35
Council in Canada. - miles of shore. Sixteenoffshorespeciesbreed locallyon

coastal tundra or barrierislands (Bartels,1973; Divoky,
SEALS AND WHALES 1978). Greatest concentrations of summer resident

waterbirds on the ArcticRefuge occur in two general
Ringed seals, bearded seals and, occasionally, habitats: shallow coastal waters and tundra wetlands

spotted sealsare found inthe BeaufortSea and alongthe (pl.3, A and

coast north of the coastalplain,includingthe lagoons of

the 1002 area (Garnerand Reynolds, 1986; U.S. Fish and - Birds begin using coastallagoons when the snow
WildlifeService,1982). Although thereissome evidenceof melts in lateMay and riveroverflowscover lagoon deltas,
ringed seals withinthe refuge in summer and fall,their providingthe firstopen water of the season. Habitatuse
primary habitats are generallyoutside the 1002 area. duringthe breedingseason (mainlyJune and July)varies
Ringed seals use stable,shore-fastice as theirprimary with birdspecies. Peak numbers ofbirdsare oftenseen in
pupping habitat(T.G. Smith,1980). To improve chances August and September duringstagingand earlymigration.
of successfullyrearingpups, older,more-dominant female Smaller numbers are present untilfreezeup in late
ringedseals selectand activelydefend territorieson stable September or early October,when most birds leavethe
shore-fasticefor pupping. Subadult and younger females area. -

are forced to constructlairson activepack ice,increasing
the chances of predationby polar bears. Bearded seals - Lagoon areas are importantduringallphases of the
are chieflyassociatedwith the pack-iceedge throughout avian lifecycle. More than 35,000 waterbirdsof up to 33
the year. Primary breeding and pupping habitat is species (primarilyoldsquaw) may use the coastallagoons
associatedwith the ice edge. A smallnumber of bearded duringthe open-water period (July-September)(Garnerand
seals remain in northernice-bound areas. The extentof Reynolds,1986). As many as 11,000 birdsmay be present
activepack ice use by seals withinthe 1002 area is not ina lagoon at one time. Some birdsmove from terrestrial
well understood. However, seals in Canada do occupy nestinghabitatsintoshallowlagoons, bays, and sand spits
activepack ice,a preferredhuntingarea forpolarbears (T. to molt, finding protectionfrom predationduring this
G. Smith, 1980). flightlessstage. The lagoons are also importantfeeding

areas for oldsquaw, eiders,scoters,and other ducks,
Kaktovik residents harvest spotted, ringed,and loons,phalaropes,terns,gulls,jaegers,and black guillemots

bearded seals for subsistence,though relativelyfew are (Divoky,1978). -
taken (Jacobson and Wentworth, 1982).

Migratory birds range internationally;nesting and
Bowhead and gray whales are listedas endangered winteringgrounds and migrationroutesmay occur not only

species. Gray whales are occasionallyfound in the in differentcountriesbut on differentcontinents. Inter-
BeaufortSea northof the 1002 area (U.S.Fish and Wildlife nationaltreatiesforthe protectionof migratorybirdshave
Service, 1982). The bowhead whale inhabitswaters been ratifiedbetween the United Statesand the Union of

offshorefrom the ArcticRefuge in September and October SovietSocialistRepublics,Japan, Canada, and Mexico. In

duringitsfallmigrationalong the BeaufortSea coast. The addition,measures forthe protectionof migratorybirdsare

southern boundary of the bowheads' fallmigrationcorridor contained in the Convention on Nature Protectionand
is generallythe 66-foot isobath,although they are WildlifePreservationin the Western Hemisphere, an
occasionallyseen in shallowerwater. These whales feed in agreement to which the United States isa party.
Demarcation Bay east of the 1002 area;they also may use

waters offthe 1002 area (NationalMarine FisheriesService, Species-specificinformationfollows,under five
1983). Belukha (beluga)whales also migratethrough categories: swans, geese, and ducks; seabirdsand
waters north of the 1002 area. shorebirds;raptors;ptarmigan;and passerines.
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SWANS, GEESE, AND DUCKS the 400- and 1,000-footcontours. Staginggeese move as

faras 225 mileswest of theirsouthward migrationcorridor

- Tundra swans are common breeding birds of the on the Mackenzie Riverto take advantage of the food

thaw-lakeplains. As many as 100 nests and 280 to 485 resources on the Yukon and the ArcticRefuge coastal

adultswans have been counted on the 1002 area during plain. The geese feed heavilyto accumulate fatreserves

annual surveys (Garnerand Reynolds,1986). Swans arrive forthe fallmigrationflight.Significantweight gains have

in lateMay and early June and concentrate on the been reported in fallstagingsnow geese on the North

Canning-Tamayariak delta,the Hulahula-Okpilakdelta,Barter Slope (Patterson,1974; Brackney,Masteller,and Morton,

Islandlakes,Jago River wetlands, the Aichilik-Egaksrak 1985a).-

deltas,and lakes in the Demarcation Bay area (pi.3N.

Spring surveys in 1982-85 showed an average densityof 1 As many as 10,000 greaterwhite-frontedgeese and

swan per 0.67 square mile in concentrationareas. These 10,000 black brantuse the ArcticRefuge coastalplainfor

areas apparently offerhighlydesirableswan nestingand fallstaging and migrationfrom lateAugust through mid-

feeding habitat. Average densityfor the overall2,960- September. The white-frontedgeese congregate with snow

square-milearea studiedwas 1 swan per 7.7 square miles. geese and move east duringmigration(Martinand Moitoret,

Swans depart the breeding grounds from lateAugust to late 1981) to the Mackenzie River,then south through the

September, those swans with young being lastto leave Mackenzie Rivervalleyand intothe Canadian Provincesand

(U.S. Fish and WildlifeService,1982; Bartelsand Doyle, the western U.S. (Koski,1977a, b; Bellrose,1980; Barry,

1984a, b; Bartelsand others,1984; Brackney and others, 1967). Coastal salt marshes and mudflats in the river

1985a,b). - deltasare especiallyimportanthabitatfor the westward-

migratingblack brant at thistime (pi.3P). During spring

Four species of geese regularlyuse the 1002 area: migration,reported arrivaldates for geese range from mid-

Canada geese, black brant,greaterwhite-frontedgeese, and May to earlyJune (Martinand Moitoret,1981; Garner and

lessersnow geese. Canada geese and black brant may Reynolds, 1987). Brant rely heavilyon vegetated coastal

breed there each year; however, the size of the breeding mudflats during spring migrationwhen the availabilityof

populationis unknown, and the coastalplainis not a major suitableforagingareas is criticalto ensure healthyarrivalon

nesting area. Geese nest on islands and peninsulas the breeding grounds.

associatedwith the drained-basinwetlands of the thaw-lake

plainsand riverflood plains. Canada geese with broods Several species of ducks use the 1002 area,the
seek lakes and lagoons for protectionshortlyaftertheir coastallagoons, and nearshore BeaufortSea waters during

goslings hatch. Brant breeding areas are usuallyfound summer. Ducks arriveduring springmigrationin lateMay
near the mouths of largerivers.In lateJune, nonbreeding and early June (Martin and Moitoret,1981; Garner and

and failedbreeding pairsbegin to molt. Some of these Reynolds, 1986). Early-arrivingducks are attractedto

individualsmay move west priorto molting(pi.3D). Several overflowwater at rivermouths untilopen water becomes
hundred molting Canada geese and brant have been availablein nearby lakes and wetlands. Northern pintail,

observed in lateJuly and earlyAugust along the Arctic American wigeon, greaterscaup, oldsquaw, common eider,
Refuge coastline. and kingeiderbreed on the 1002 area;the oldsquaw isthe

most numerous breeder. Nesting densitythroughout the

- Staging lessersnow geese congregate on the Arctic 1002 area is generallylow; locally,nesting densitiesin

Refuge coastalplainin mid-August and may remain through wetland complexes around riverdeltasand other coastal

lateSepiember (pi.3P). These geese nest chieflyon areas may be higher.

Banks Island(200,000breeding birds),Anderson Riverdelta

(10,000breeding birds),and KendallIsland(1,000breeding Probably more importantthan breeding habitat,the

birds)(Krebs,1983) in Canada and, priorto fallmigration, lakes and wetlands, coastal lagoons, and nearshore

most move westward intothe 1002 area only as faras the BeaufortSea waters provideimportantmoltingand staging

Hulahula River. Severalhundred snow geese may use the areas for severalduck species. Oldsquaw are the vast

Canning River delta and Katakturuk Plateau during fall majorityof waterbirdsusing the 1002 area. As many as

staging. More than 595,000 birdswere estimatedfor the 33,000 postbreeding oldsquaw congregate in coastal

entirestagingarea on the coastalplaininAlaska and the lagoons,nearshore waters,and largeopen lakes duringthe

Yukon Territory,Canada in 1985 (FWS, unpublisheddata). midsummer molt period and remain throughoutthe summer.

The maximum estimatedforthe ArcticRefuge coastalplain The movement of oldsquaw and common and king eider

(the1002 area plus adjacentWilderness coastalplain)was continuesto latesummer. Fallmigrationincludesmovement

325,760 in 1978 (Spindler,1978),with an 11-yearaverage of of females,juveniles,and late-moltingindividualsalong the

136,000. The average number of geese using the 1002 Beaufort seacoast. Many ducks that breed outsidethe

area is 105,000,an approximate average of 22 percent of 1002 area use coastallagoons and nearshore waters as

the Western Arcticpopulation.Distributionof stagingsnow stagingareas duringmolt and fallmigration.In midsummer,

geese on the 1002 area is highlyvariable. Preferred scoters (especiallysurf scoters)and eiders(especially

stagingareas shiftannuallyamong the Niguanak-Okerokovik common eiders) move westward along shorelinesand

area,the Jago-Bitty-Okerokovikarea, the Jago-Bitty-Okpilak lagoons. At the same time,pintailsmigrateeastward over

Riverarea,and the lower Aichilikand Angun Riversbetween the coastaltundra.
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Waterfowl and theireggs are taken forsubsistence. the foothillsand mountains of the Brooks Range; gyrfalcons

The largestharvest occurs from May through earlyJune, nest on the cliffsalong riversor on isolatedupland cliffs;

though birdsare taken throughoutthe summer (Jacobson and owls nest on the open tundra (pi.3P). These birds
and Wentworth, 1982). From July 1985 to July 1986, use the coastal plainmostly as a feedingarea. Raptors

Kaktovik residents harvested approximately513 geese, generallyarrivein mid-May, except for gyrfalconswhich are
mostly brant,and 251 ducks (S. Pedersen, ADF&G, residentand begin nestingas earlyas March. Raptors
unpublished data).Virtuallyallspecies of waterfowlare prey upon small rodents,ptarmigan,waterfowl,and other

used, oldsquaw being the most abundant and geese the birds,and so theirpopulationsand distributionsvary with
most prized.- the availabilityof prey. Snowy owl and short-earedowl

populationpeaks are directlyrelatedto the microtinecycle.

SEABIRDS AND SHOREBIRDS Concentrations of 25-75 golden eagles (mostlyimmature
birds) are found on the PCH calvinggrounds and

Seven species of seabirdsare known to breed inthe postcalvingareas,where they prey on young calves and

1002 area: three jaegers(pomarine,parasitic,and long- scavenge cariboucarcasses (Mauer,1985). -

tailed),two gulls(glaucousand Sabine's),arctictern,and

black guillemot. Jaegers are widely distributedover all PTARMIGAN

habitattypes, but theirbreedingpopulationis comparatively

small except in years of high microtinepopulations. Willow ptarmigan and rock ptarmiganare common

Glaucous gullsand arcticterns are widely distributed, breeders and fairlycommon winterresidentsof the 1002

reaching greatestdensitiesin tundra wetlands near the area. Both species are less common near the coast than

coast,but they occur in limitednumbers on the 1002 area. inland,but rock ptarmiganare more common than willow

Sabine's gullsand black guillemotsare highlylocalized. ptarmiganat coastalsites. Littleis known of the wintering

The only known nestingareas of Sabine'sgullin the 1002 statusof these species on the 1002 area,althoughthey

area are on the Canning Riverdelta. Black guillemotsnest are present. A general northward migrationof willow
only on the coastalbeaches and shorelines,Gulls,terns, ptarmiganoccurs in Apriland earlyMay as flockstotaling

and jaegersfeed and nest along the coastlineand major severalthousand birds move from the Brooks Range north

coastal rivers. Jaegers feed on small birds,eggs, insects toward the 1002 area. In the spring,ptarmigan are
lemmings, and carrion(U.S.Fishand WildlifeService,1982). commonly observed in riparianwillowor on exposed ridges

and bluffswhere the earliestsnowmelt occurs; laterthey
- Shorebirdsare present on the coastalplainfrom mid- move elsewherefor nesting. Rock ptarmigannest in nearly

May through the end of September inallhabitats(pi.3g. allhabitatsexcept the very wet sites;willowptarmigan

Tundra habitatswithinriverdeltaareas and riparianhabitats preferdrierupland siteswith moist sedge shrub or tussock
are particularlyimportantto nestingand stagingshorebirds. habitat.Inthe postbreedingseason, flocksand broods of
Eighteen species of shorebirds have been recorded as both species usuallymove intoriparianwillowhabitat.
breedingon the coastalplain. Most abundant are pectoral

and sernipalmatedsandpipers,lessergolden plovers,red- Willow and rock ptarmigan are frequentlyhunted for
necked and red phalaropes,ruddy turnstones,and long- subsistence by Kaktovik residents. In midwinter,willow
billeddowitchers. Other common breeders are Baird's,stilt, ptarmigan are hunted on the 1002 area. Rock ptarmigan
and buff-breastedsandpipers; dunlin;black-belliedand are hunted mostly inthe spring(April-May).

semipalmated plovers;and wandering tattlers.Occasionally

snipes and whimbrels nest on the coastalplain.Along the

coast, seasonal fluctuationsin shorebird numbers are PASSERINES
characterizedby highs each year in mid-June (arriving

birds),earlyJuly (nonbreedingtransients),and lateAugust Many passerines,or perchingbirds,use the 1002
(departingbirds). More than 2 millionshorebirdsare area duringsummer (pi.3g. Erect riparianwillowstands
estimatedto be presenton the coastalplainfrom mid-June support the highest nesting density and diversityof
to mid-July(U.S.Fish and WildlifeService,1982). Mudflats passerinespecies. The common and hoary redpolls,white-
on riverdeltas,particularlythe Canning, Okpilak/Hulahula, crowned sparrow, yellow wagtail,and American tree
and Jago, and thaw-lake ponds along the coast are sparrow are largelyrestrictedto riparianwillowthicketsor
importantstopping pointsfor severalspecies of migratory adjacentriparianDryas terraceor gravelbars which also
shorebirds.- support willow growth. Savannah sparrows use similar

habitats,but are also found in uplands, tussocks,and

RAPTORS coastalareas. Snow buntingsseem to be limitedto bluffs

near the coast and around buildings.Lapland longspurs
- Rough-legged hawks, golden eagles, gyrfalcons, are the most abundant species nestinginalltundra types.

merlins,snowy and short-earedowls, as wellas the Only two passerinespecies are resident,the common raven

threatenedarcticperegrinefalconare found on the coastal and the American dipper. Some raven nestingareas are

plain. (Additionaldetailsare in the subsequent sectionon shown on plate 3D. American dippers are probably

the peregrinefalcon.) Rough-legged hawks nest on river restrictedin winterto the only open water available,which

bluffsand near steep foothillslopes;golden eaglesnest in is near Sadlerochitand ShublikSprings.
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FISH The drainagesthat originatein or transectthe 1002

area range from smallintermittent-flowtundra streams to the

Fish in the Arctic have developed extreme Canning River which has an estimated 50-year flood

adaptations to a harsh environment. There is a limited discharge of 13,500 efs (Childersand others,1977).The

period in which food is availableto fishand generallya integrityof riparianareas is importantfor maintenance of

limitedarea in which they can surviveduring the long waterqualityand fishstocks on the coastalplain.Most of

winter.- the water resultsfrom precipitation,surfacepermafrost-thaw
processes, deep-lake drain,or springs. Peak flows are

Coastalwaters of the BeaufortSea inAlaska contain associatedwith snowmelt in earlysummer or with rainfall

62 marine and anadromous species,includingarcticchar, during latesummer and fall.By lateOctober,most rivers

arcticcisco,arcticflounder,arcticcod, borealsmelt,and have no measurable flow. As riffleareas freezeto the

fourhornsculpin(Craig,1984). Nearshore waters and the bottom, overwinteringfishbecome isolatedin deeper pools,

brackish lagoons provide migrationalcorridorsfor spring areas, or brackish riverdeltas. Substantial

anadromous fishand are extremelyimportantfeedingareas movement from summer feedingareas to smalloverwintering

forthese species. areas has been recorded (West and Wiswar, 1985). Ice

accumulationis thickestfrom lateMarch through earlyMay.

Marine nearshore waters are importantspawning and

overwinteringareas for some marine fishessuch as arctic Availablefish overwinteringhabitat,such as deeper

cod, arcticflounder,and fourhornsculpin. Riverdeltasare pools, is greatlyreduced in earlyspring. Although pool

also believed to be important overwinteringareas. depth is important,severalother factorsaffectsuitabilityfor

Suitabilityof deltasforoverwinteringdepends largelyon the overwintering. These factors,which ultimatelyaffect

salinitytolerancesof species using the areas. dissolved oxygen concentration,include density of

organisms in the pool area, species' physiological

- The Canning Riverhas been studied more than any tolerances,volume of the pool, temperature,amount of

other fresh-watersystem in the 1002 area. Species organic matter,and the influenceof springs. Overwintering

reportedincludearcticchar, arcticgrayling,round whitefish, habitatis probably the greatestfactor limitingArctic

ninespinestickleback,and burbot. Arcticflounder,fourhom anadromous and fresh-waterfishpopulations(pi.1E).
sculpin,broad whitefish,arcticcisco,and leastciscohave

been reported in the lower rivernear the mouth. Pink, Springs supply most, ifnot all,of the free-flowing

chum, and sockeye salmon have been reported in the water during latewinter. The importance of springsfor

Canning Riverbut are thought to be straysfrom other spawning, rearing,and overwinteringarcticfishpopulations

systems. Lake troutare found inseverallakes withinthe has been well documented in the ArcticRefuge and other

Canning Riverdrainage but outsidethe 1002 area. Other Arctic areas. Macro-invertebrates (aquatic insects

streams in the 1002 area (pi.1D thatsupport major fish consumed by fish)are generallymuch more abundant and

populationsare listedbelow. - diverse in springs and spring-fedsections of stream

channels than in other ArcticRefuge stream habitats

Articchar
(Glesne and Deschermeier,1984).

Lakes are uncommon in the 1002 area. The few that
Arctic existare generallythaw lakes located along the coast.

Riversystem grayling Resident Anadromous Lakes less than 6 or 7 feetdeep generallylackfish over-

winteringcapabilities:they eitherfreezeto the bottom by

latewinteror theirwater qualityis poor due to freeze

Tamayariak River......... X
concentrationsof dissolvedsolidsand low dissolved-oxygen

ItkilyariakCreek .......... X X
levels. Lakes near the coast may be brackish,owing to

SadlerochitRiver......... X X
saltwaterintrusionor windblown ocean spray. In contrast

Hulahula River............. X X
to lakesfurtherinland,some shallow coastallakesmay be

Akutoktak River........... X
importantsummer feeding areas for anadromous and marine

OkpilakRiver ............. X
fish,depending on access.

AichilikRiver................X X Coastal lakes near the Canning Riverdelta,sampled

during summer, have contained arcticchar, arcticgrayling,

These and many other smallerstreams and coastal arcticflounder,round whitefish,and broad whitefish(Ward

takes have populations of ninespine sticklebacks. The and Craig,1974). In deeper mountain and foothilllakes

other major streams (KatakturukRiver,Marsh Creek, Carter south of the 1002 area,arcticchar,arcticgrayling,and/or

Creek, Jago Riverand tributaries,Niguanak River,Sikrelurak laketroutmay be found. The lakesbest known and most

River,Angun River,and Kogotpak River)apparentlydo not widelyused forrecreationand subsistenceare Lake Peters

support major fish populations. They may support fish and Lake Schrader in the headwaters of the Sadlerochit

locallyand serve as summer feedingareas fora few fish River. These containallthree of the aforementionedfish

but seemingly lackadequate overwinteringhabitat. species.
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Most Nativesubsistenceuse of fishoccurs along the Peregrinefalcons are highlymigratoryand spend a
coast. Arcticchar and arcticciscoare the primaryspecies relativelyshorttime in Alaska. Arcticperegrinesgenerally
caught during summer when they are present in large arriveat theirNorth Slope eyriesbetween April21 and May
numbers inthe ArcticRefuge lagoons. The arcticciscois 7, layand incubate eggs between May 15 and July21, and
an internationalresource believed to originatein the young fledge(leavethe nest)duringAugust (U.S.Fish and
Mackenzie River in Canada. Some subsistence use of WildlifeService,1982). Generally,the breeding season is

arcticcod occurs in winterin apparent response to its definedas the periodfrom April15 to August 31.

increasedabundance duringthattime, Arcticcod (Lowry

and others,1978) also constitutemore than 95 percentof There appears to be a significantmovement of arctic

the dietof ringedseals which, in turn,are the major prey peregrinefalconsthrough the 1002 area from lateAugust to

of polar bears. Some winter subsistence fishingalso mid-September (Martinand Moiteret,1981; U.S. Fish and

occurs at fresh-wateroverwinteringsites.The most notable WildlifeService,1982). The number and timing of these

of these are Fish hole 1 and Fish hole 2 on the Hulahula observationssuggest that at leastsome North Slope arctic

River (pl.1B) where arcticchar and arcticgraylingare peregrines migrate along the coast of the BeaufortSea.
caught through holes in the riverice. The lagoons,rivermouths, and bays concentrateshorebirds

and waterfowl,which are favoredprey of the peregrine.

Sport fishingis currentlyminimalbecause of difficulty

in access and seasonal limitationson fishabundance. Nesting of peregrinesin the ArcticRefuge north of

the ContinentalDivide was documented in 1972-73 when

three sitesnear the confluence of the Marsh Fork and

THREATENED AND ENDANGERED SPECIES Canning River40 miles south of the 1002 boundary were

occupied (Roseneau, 1974),and in 1984 and 1985, when

- The Endangered Species Act of 1973 (16 U.S.C. pairsnested along the Canning and AichilikRiversoutside

1531) provides for the conservationof endangered and the 1002 area. SeveralsightingsduringJune and July have

threatened species. Taking, importing,transporting,or been reportedfrom the 1002 area (U.S.Fish and Wildlife

sellingendangered and threatened species is prohibited Service,1982; Amaral, 1985; Amaral and Benfield,1985;

under the Act, except fornonwastefulsubsistencepurposes Oates and others, 1986). The significanceof these

by Alaskan Natives or non-Natives who are permanent observationsis unclear,as the birdsdid not appear to be

residents of Alaskan villages. Federal agencies are associatedwith nest sites,yetthe observationsdo indicate

prohibitedfrom any action that would jeopardizethe that,in additionto those present duringmigration,a few

continuedexistenceof listedspecies.- scatteredperegrines(possiblynonbreeders)can be found

inthe 1002 area during the breeding season.

BOWHEAD AND GRAY WHALES

Bowhead and gray whales are listedas endangered HUMAN ENVIRONMENT
under the Endangered Species Act of 1973, as amended.

Both species migrate into or through the BeaufortSea, Population

north of the 1002 area, although sightings of gray whales

are rare. In-migrations of bowheads occur after spring The North Slope Census Region comprises the entire

breakup, and out-migrations take place before fallfreezeup. 88,281-square-mile northern coast of Alaska. The region is

sparsely populated, having a density of one person per 220

ARCTIC PEREGRINE FALCON square miles. With the exception of Anaktuvak Pass, the

human population liveson or near the coast. The majority

Listed as a threatened species under the Endangered of residents are Inupiat Eskimo, but about 6,200

Species Act of 1973, the arctic peregrine falcon is the only nonresidents are employed in isolated,self-sufficientlarge to

terrestrialthreatened or endangered species found in the medium-sized industrialor militaryenclaves (NSB, 1984a).

1002 area. In Alaska, most peregrine falcons nest on

ledges of cliffsor bluffs along rivercourses, but cliffhabitat Population figures for the Census Region are derived

is not abundant in the Arctic Refuge north of the Brooks for several purposes and must be checked to see which

Range. But a few peregrines have been reported nesting data are used. For example, the U.S. Census 1980

there in past years (Cade, 1960; Roseneau and others, population was 4,199 but did not include workers at

1976; Amaral, 1985; Amaral and Benfield, 1985). Prudhoe Bay as "residents"; the 1980 population including

Historically,peregrines occupied eyries along the Canning, both residents and the nonresident workforce was 9,234

Katakturuk, Sadlerochit, Hulahula, Jago, Aichilik,and (NSB, 1984b). In comparison, the 1970 population of

Kongakut Rivers (U.S. Fish and Wildlife Service, 1982). Prudhoe Bay was 217.

Among the eyries formerly or potentially occupied by

peregrines within the Arctic Refuge, only two are within the The NSB Comprehensive Plan uses an annual

1002 area. These sites are on bluffs along the Sadlerochit population growth rate of 2 percent and assumes a

River near the spring and at Bitty Benchmark on the Jago doubling of the Eskimo population for the region in 35

River (pl.3Q). years (3,034 in 1980 to 6,000 by 2015).
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Kaktovikis the only settlementnear the 1002 area. Existing Land Use

The 1980 U.S. Census listedKaktovik'spopulationas 165,

a 34-percentincreaseover the 1970 population,The 1983 SUBSISTENCE USE

population shows another increase, although counts

differed:185, accordingto an April1983 populationcount - Responsibilitiesforsubsistencemanagement and use

by Pedersen, Coffing,and Thompson (1985),and 203 on Federal lands are derived from TitleVIIIof ANILCA.

according to the North Slope Borough (NSI3,1984b). Under section803, "subsistenceuses" are definedas "the

Nearly 90 percent of the populationis of NativeInupiat customary and traditionaluses by ruralAlaska residentsof

Eskimo descent. The populationincreasesince 1970 has wild,renewable resources for directpersonal or family

primarilyresultedfrom the returnof residentsformerlyliving consumption as food, shelter,fuel,clothing,tools,or

in Barrow to the villagebecause of improved housing and transportation;for the making and sellingof handicraft

employment opportunities.Key featuresof the community articlesout of nonedible byproducts of fishand wildlife

are familyand culturalties,tiesto the land,and economic resources taken for personal or familyconsumption;for

opportunityfor both jobs and subsistence. Community barter,or sharing for personalor familyconsumption; and

growth willprobably continueifcurrenttrendsfor services for customary trade."Under the Marine Mammal Protection

and other villageimprovements continue (U.S.Bureau of Act of 1972, and the Endangered Species Act of 1973,

Land Management, 1978). Alaska Natives are also permitted,under certain

circumstances,to harvest marine mammals and endangered

- Sociocultural System
or threatenedspecies when such harvestisforsubsistence

purposes. -

In both the Inupiatand the Athabascan culturesof
- Fish and wildlifepopulationsin or adjacentto the

the Arctic,subsistenceproductionis closelyand intricately

tiedto a largerculturalframework of values The harvestof
1002 area are utilizedfor subsistence by communities in

renewable resourcesforlocalconsumption isthe culturalas northern Alaska and in the northernYukon. Because itis

wellas economic foundationof human lifeformany of the
located adjacent to the 1002 area,the community of

people inthisregion. Embodied inthe subsistenceway of
Kaktovikis of primaryconcern relativeto subsistenceuses

lifeis harvestingof the resources to meet nutritionalneeds,
withinthe 1002 area.-

development of a self-image,transferof Culturalvalues to

offspringduring harvestingactivities,and weaving of the
KAKTOVIK

socialfabricthrough resources distributionto the extended
The ADF&G Division of Subsistence recently

familyand beyond.
completed a detailedinvestigation,begun in 1980, of

Western culturewith itscash-based economy has
Kaktovik subsistence use (Pedersen and others, 1985).

already had a significanteffecton the traditionalNative
That study elaboratedupon the previouswork by Jacobson

culture,and the rate of change has acceleratedin recent
and Wentworth (1982)and Wentworth (1978).The 1981-82,

decades. There are benefitsin the form of increased
1962-83,and 1983-84 caribou harvestby Kaktovikresidents

material well-being,education and health services.
was also reportedby ADF&G (Pedersen and Coffing,1984).

Nonetheless, alcoholism,drug abuse, and mental illness
Figure11-7displaysKaktovik'ssubsistence species use by

have increased dramaticallyduring this period of intense
season.

culturalchange.
Approximately 68 percent of Kaktovik'spresent

The present subsistence way of lifecontinuesto
subsistenceuse area is withinthe ArcticRefuge (Pedersen

support the materialand emotional well-beingof the
and others,1985). This area extendsas farsouth as the

villages. But severe strainsare being placed on the
headwaters of the Hulahula Riverand includesthe entire

adaptabilityof the cultureby such recentmajor events as
1002 area (23 percentof the totalsubsistenceland use

ANSCA, ANILCA, and economic developments.
area)(fig.11-8).The Statelands along the coast west of

Subsistence activitieshave served as an anchor forNative
the refuge are used during summer, oftento BullenPoint

culturesinthese times of change and willcontinueto do
and occasionallyas faras Foggy IslandBay. Those and

so as long as adequate resourcesareavailable.The ability
other State lands,though lightlyused, account for 30

of the villagersto maintaintheirpresent way of lifein
percent of the Kaktoviksubsistenceuse area. Kaktovik

combination with a mixed cash/subsisterceeconomy will
InupiatCorporation(KIC)lands adjacentto Kaktovikare the

depend on severalfactors,among them the manner in
remaining 2 percent.

which resources are developed; regional,localand

individualeffortsto manage socioculturalimpacts;and the

healthof subsistence resources. - Participationin subsistence activitiesis a major

aspect of Kaktovikresidents'life.In 1978, 85 percentof

The Native culturein the area is not weaning itself Kaktovik households obtained allor most of theirfood

from a subsistenceway of lifeand purposefullyconverting supply from hunting,fishing,and gathering(J.W. Peterson,

to a cash economy; rather,itisusing each forthe support 1978,as summarized inPedersen and others,1985). More

of the otherto providea balance. recent studies,also summarized by Pedersen and others
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(1985),found that 80 percentof Kaktovikhouseholds daily

consumed meats that were obtained from hunting and

fishing.

Kaktovik residentsdepend mainly on caribou,Dall

sheep, bowhead whales, fish,waterfowl,and otherbirdsfor
subsistence(table11-4).Seals,polarbears,furbearers,and

small game are also widely used, althoughthey are not

major components of the localdiet. Brown bears and

moose are occasionallytaken. Many residentsharvest

berries,wild rhubarb, and roots. Driftwoodis gathered

from the beach and used to supplement oilheat,and

willowsare used forheatingand cooking whilecamping.

Subsistence activitiesare most intensiveduringspring

and summer months--the time of long hours of daylight,

relativelymildweather, and species abundance. During the

snow-free months, usually mid-June through September,
overland travelis difficult.Shallow water prevents access

to inland areas by river;however, by earlyJuly,coastal

areas are accessibleby smallmotorboats. From October

through May, snow cover and frozenground greatlyexpand

the area used for subsistence hunting. Longer days,

adequate snow cover,and milderweather make Apriland

May the best months for snowmachine travel.Travelthen

extends across the tundra and to hunting camps along the Table 11-4.--Kaktovikparticipationin subsistenceuse,
Hulahula and SadlerochitRivers. During winter,foothills accordingto resource harvested.
and mountain valleysare the most importantplaces for

subsistence hunting. [Of Kaktovik's46 households, 21 were surveyed. Ten of

the households not surveyed were teachers,or short-

Summer Fall Winter Spring
term residents,or without active hunters. NA, not

Jun.-Aug. Sep.-Oct. Nov.-Mar. Apr.-May available.Adapted from Pedersen and others,1985]

Whale

Seal/Ugruk
Participation(total21)

Polarbear Resource harvested

House- Percent

Birds/Eggs holds

Caribou Fish ..................................................21 100
Caribou ...........................................20 95

Moose Sheep ..............................................20 95

Grizzlybear
Wildfowl...........................................20 95

Furbearers Seals................................................19 90
(hunt/trap)

Polar bears .....................................18 86
Small

mammals Small mammals ...............................18 86
Trapping furbearers.......................16 76

Sheep
Moose .............................................16 76

Fresh-water Vegetation.......................................15 71
fish

Ocean Whales ............................................14 67
fish Hunting furbearers.........................12 57

Grizzlybear....................................11 52

Figure 11-7.--Yearlycycle of subsistence use by Kaktovilk Walrus .............................................6 29

residents.Patternsindicateperiodsforpursuitof each Wood, fuel,and structural

species,based on abundance, hunter access, seasonal materials.......................................5 24

needs, and desirability.Modifiedfrom Jacobson and Invertebrates...................................NA

Wentworth (1982,p.29).
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Caribou is the stapleland mammal in the Kaktovik more than 80 percent of Kaktovik'scaribou harvestwas

subsistence diet. Itis a source of freshmeat throughout from the PCH; in 1982-83,about 70 percent was from the

the year,and is also frozenand dried. Itisimportantin PCH; and in 1983-84,approximatelyhalfthe community's

holidayfeasts. Caribou hidesare used forgarments,boot harvestcame from each herd (Pedersen and Coffing,1984;

soles,and blankets. Coffingand Pedersen, 1985).

Caribou huntingand harvestare usuallygreatestfrom Most wintercaribouhuntingoccurs along rivervalleys

earlyJuly to lateAugust, when they are hunted primarily in the mountains. Occasional hunting occurs on the

along the coast from outboard-powered boats (pl.2PJ. coastal plain,especiallyat favored locationssuch as

Other major hunting periods are lateOctober to late Konganevik Point. The HulahulaRivervalleyisone of the

November, when there is enough snow for overlandtravel most intenselyused areas forwintercaribou hunting;the

by snowmachine and daylightis not too brief,and from late Okpilak River and Okpirourak Creek drainages are also
Februarythrough March and April,when daylightislonger important winter-huntingareas. The Jago and Niguanak

and weather conditionsare better. Rivers,the Niguanak Hills,and the Niguanak Ridge area

immediatelysouth are otherwinter-huntingareas.

Availabilityof the PCH to localhunters is highly

variable.During the summers of 1978-81,the PCH migrated In spring,caribou are hunted along the Hulahula,

past BarterIslandand intoCanada before breakup of sea Sadlerochit,Okpilak, and Jago Rivers. The greatest

iceallowed Kaktovikpeople to travelby boat. Caribou from expanse of huntingterritoryis covered atthat time.Some
the CAH in the vicinityof the Canning River deltaare tripsare made up the OkerokovikRiverand to the foothill

especiallyimportantduring such years. For 1972-84 the country of the AichilikRiver. Occasionally,inlatewinteror
annual harvestwas estimatedat 40-300 cariboutotal,from earlyspring,people travelto the Canning Riverin the
both herds. More detailedstudiesinrecentyears show an vicinityof Ignek Valleyand ShublikIslandand hunt caribou
annual harvestlevelof about 100 animals. The proportions as farupriveras the Marsh Fork.
of caribouharvestedfrom the two herds varies:in 1981-82,

148, 147, 1461 1451 144o 143, 1421 141,

70'

691
30'

691 - B R 0 0 K S R A N G E

a 10 20 30MILES

0 10 20 30 40 KILOMFERS

Figure 11-B.--Extremeextent(patterned)ofsubsistenceuse by Kaktovikresidentsinthe years 1923-83.

Data from Pedersen, Coffing,and Thompson (1985).
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Because they are rare withinthe 1002 area, Dail In recent years, most harvested polarbears were
sheep are generallyhunted outsidethe area,the hunting foragingon BarterIsland,usuallyattractedby the remains
occurringfrom mid-October through March. The Hulahula of a beached whale or the Kaktoviklandfill.They are

River drainage within the mountains is hunted most activelyhunted on the ice seaward of the barrierislands.
extensively,beginningat the Over'sexitfrom the mountains The main hunting area for polar bears extends from the
near Fish hole 2 and continuing upstream to the Hulahula-OkpilakRiver deltaon the west to Pokok Lagoon
headwaters. The SadlerochitRiver,creeks along the on the east. Hunting is often best near decaying
easternsides of the Shublik Mountains and Third Range, bowhead carcasses. Harvest variesconsiderablyfrom year
and the WhistlerCreek area at Lake Peters are other to year;as many as 28 were taken in the 1980-81 season,
locationswhere sheep are occasionallyhunted. During but an average of one bear has been takenannuallysince
recentyears hunting has increasedin the upper Okpilak, then (Schliebe,1985; Jacobson and Wentworth, 1982; U.S.
Jago, and, especially,the AichilikRiverdrainages(Jacobson Fishand WildlifeService,unpublished data).
and Wentworth, 1982).

Arcticchar isthe fishspecies most extensivelyused
The number of sheep taken by Kaktovikhunters has by localpeople. In earlyJuly,sea-runchar are caught all

fluctuatedgreatly;only a few were killedin some years and along the coast,around the barrierislands,and along the

as many as 50 inotheryears. The number of sheep killed navigableparts of the riverdeltas. Arcticcisco,the most
is closelytiedto the success of the whaling season and commonly caught whitefishspecies,istaken inthe ocean
the number of caribouavailablefor harvest. Snow cover, by nettingor seining. Cisco begin appearinginthe nets
weather, and travelconditionsin the mountains are also about mid-Julynear the peak of the arcticchar run.
important factors. During 1982-84, Kaktovik hunters took

only about halfthe 50 sheep forwhich they could obtain - Willow and rock ptarmigan are hunted year-round,
permits (Pedersen and others,1985),mainlybecause of with greatestsuccess duringApriland May. Waterfowlare
theirsuccess in procuringother resources. hunted along the coast, mostly in the springfrom May

through early June, although less Intensivehunting
- According to older residents,Kaktovik was a continuesthrough the summer and intoSeptember. People
prehistoricwhaling sitewith whale bones used for a usuallyhunt black brant,common and king elder,snow and
walkway to the beach. In the periodof recordedhistory, Canada geese, pintail,and oldsquaw. More oldsquaw are
though, no whaling occured, perhaps because of unsuitable usuallytaken than any other species,usuallyincidentalto
ice conditionsand lack of equipment. Beginning again in other forms of huntingor when fishingnets are checked.
1964, whales (particularlybowheads and occasionally However, during July 1985-July 1986, 531 geese were
belugas)have been activelyhunted. Whaling isviewed as harvested; most were brant. During that same period,
one of the village'smost important annual activities people from Kaktovik harvested251 ducks (S. Pedersen,
(Jacobson and Wentworth, 1982),expressingthe cultural ADF&G, unpublished data). A few birdeggs are collected
values of largegroup cooperationand sharingof resources, each spring.-

and being a way of passing these valuesto the younger

generation.The harvestquota for Kaktovik,as determined Winter is the season for trappingand hunting

through the cooperative agreement between the Alaska furbearers. Some Kaktovik residentshunt wolves and

Eskimo Whaling Commission and the NationalOceanic and Wolverinesand trap red foxes inthe foothills,chieflysouth
Atmospheric Administration,has never been exceeded. of the 1002 area. Others concentrateon arcticfoxes on or
Kaktovikhuntersfilledtheirquota of 3 whales in 1981. In near the 1002 area. Furs are used locallyin making parkas

1981-85 an average of one whale was harvested annually, and ruffsor are sold to the VillageCorporationor to fur

with an additionalannual average of one whale struckand buyers.

lostby the village.Approximately22 whales were taken

during 1964-81. Kaktovik's bowhead whaling season Brown bears are taken by villagersstrictlyon an

occurs during the westward migrationof bowheads near opportunisticbasis(Jacobson, 1980),recentlyabout two for

the coast,from lateAugust untilearlyOctober. There is no the entirevillageper year. One or two moose are

springwhaling season in Kaktovikbecause the leads (open harvestedeach year by Kaktovikon an opportunisticbasis.

water channels) are too far from shore. Whales are They are most oftentaken in the SadlerochitValleyand in
generallyhunted within10 miles of land,but sometimes as the foothillsalong Old Man Creek, Okpilak River,and
faras 20 milesoffshorefrom BarterIsland.Aftera whale Okpirourak River. Expanding muskoxen populationsare a
is butchered,the meat and muktuk (blubberand skin)are limitedsource of subsistence hunting. Arctic ground
divided among the captain,crew, and the restof the squirrelsare hunted mainlyfrom March through May along

village.- the banks and sandy mounds of the major rivers,especially

the Jago, Okpilak,Hulahula,and Sadlerochit(Jacobson and

Kaktovik people hunt bearded, ringed,and spotted Wentworth, 1982).

sealsforoil,meat, and skins. Seals are hunted throughout

the year and make an importantcontributionto the diet.

Most seals are hunted from boats along the coast from

July intoSeptember.
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Several goals of the State-approved North Slope

Borough Coastal Management Program (see "Coastaland

Marine Environment") relateto subsistence resources.

These goalsare: (1)to protectthe naturalenvironmentand

itscapacityto support subsistenceactivities;(2)to protect

and enhance subsistence resources;(3)to preservethe
Inupiatculture;and (4)to maintainand enhance access to

subsistence resources.

- OTHER COMMUNITIES - Approximatelyhalfthe food consumed by people in

Old Crow comes from the land;of this,caribou isthe

Several communities located relativelyfar from the most important. The major hunt for caribouisin the fall;

Arctic Refuge utilizemigratoryspecies which may spend some huntingoccurs inwinterand inspringdepending on

partof theirlifecyclesin or near the 1002 area. Caribou the year. In September, largenumbers of caribou pass

are of particularsignificance,as well as snow geese, polar through the Old Crow flatsand cross the PorcupineRiver

bears, and bowhead and beluga whales. Use of these en routeto winteringareas. At thistime they can be taken

migratory populationsby othercommunities inAlaska and on land or by boat. Annual harvestof the PCH by Old

Canada is discussed below. Crow ranged from 250 to 1,000 between 1963 and 1986

(table11-5).People of Old Crow also harvestfishduring

Caribou the summer; moose, muskrats and waterfowlduringspring;

and rabbitsand ptarmiganwhen available.

Archaeologicalevidence indicatesthat people have

been using caribouforat least27,000 years,beforethe last Other villagesutilizingcaribou from the PCH are

glaciationin northernAlaska and Canada. Work done at locatedon the edge of the PCH range,and take caribou

sitesoccupied up to 1500 years ago near Old Crow, Yukon only inyears when animals are available(U.S.Department

Territory,documented a subsistenceeconomy centered on of State,1980). The estimatedannual caribouharvestin

the interceptionof spring and fallmigrationsof caribou Aklavik,Inuvik,ArcticRed River,and Fort McPherson,

(Garnerand Reynolds,1986). Canada, ranged from less than 100 to over 2,000 during

1963-86 (table11-5).Most of these animals are taken by

Today, harvest of caribouby communities in both the two communities of Aklavikand Fort McPherson (B.

Alaska and Canada depends largelyon the variable Pelchat,Yukon WildlifeBranch, and Don Russell,Canadian

distributionof the PCH from year to year. In some years, WildlifeService,unpublished data). Alaskan villagesof

migrationroutes or winteringareas may not bringcaribou Venetie,Fort Yukon, and Chalkyitsikharvested 300-400

near enough to a villageto make huntingfeasible.Still,the caribou in 1980-1981 (Pedersen and Caulfield,1981).

largeamount of resources sharing and tradingwhich Sharing and tradingof resources occurs between villages.

occurs between villagesreduces yearlyvariationbetween Ifcaribou are not availablein Fort Yukon, for example,

communities. The two villagesotherthan Kaktovikthatare residentsmay trade salmon for caribouwith residentsof

most dependent on caribou using the 1002 area are Arctic ArcticVillage. Because of the well-establishednetwork of

Village,Alaska, and Old Crow, Yukon Territory;both are exchange, those who are unable to obtain subsistence

inland villageshaving littleor no access to marine resourcesforthemselves are able to procure itfrom friends

resources. Other communities whose residentshunt or relatives(Berger,1977).

Porcupine caribou include Venetie,Fort Yukon, and
Chalkyitsikin Alaska and Fort McPherson, Inuvik,Aklavik, Use of CentralArctic Herd (CAH) cariboualso

ArcticRed River,and Tuktoyaktuk in the Northwest occurs in communities other than Kaktovik. Residents of

Territories. Nuiqsut,and some Barrow residentswho travelto Nuiqsut

for hunting, harvest caribou from both the CAH and

Caribou isthe most importantfood source forArctic Teshekpuk herd. The portion of the harvestfrom these

Village. Caribou from the PCH are usuallyavailablefrom respective herds is unknown (S. Pedersen, ADF&G,

August to April.Fallhuntingisconducted near the village; unpublished data). Residents from Anaktuvuk Pass harvest

winterhunting occurs fartheraway because snowmachines severalhundred caribou annuallyfrom the Western Arctic

can be used. In the 1970's,the hat-vestat ArcticVillage herd,as well as some CAH animals. Through the harvest

was reported to be 200-1,000animals (LeBlond,1979). composition from each herd is not wellknown, itis

Moose, fish,Dailsheep, waterfowl,and small mammals are believedthat Anaktuvuk Pass residentsrelyprimarilyon

also important, with an estimated 50 to 90 percent of all Western Arctic herd animals. and harvest from the CAH is

food consumed in the community derived from local wild less than 100 animals (K. R. Whitten, ADF&G, unpublished

resources (Caulfield,1983). data).
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- Table 11-5.--EstimatedCanadianharvestfromthe
Porcupinecaribouherd,1963-86.-

[Most ofthe estimateswere obtainedby conservationofficers
or biologistsinthe communitiesor by door-to-door
interviews.Many figuresareprobablyunderestimatesand
reflectproblemsinherentinthe data-collectionmethods.
NA, not available]

Harvest Yukon Territory NorthwestTerritoriesTotal
year Old Dempster TotalAkla-FortMc- Total Canada

(12mo) Crow Southl vik Pherson

1963-64 706 0 706 621 395 1,016 1,722
1964-65 769 0 769 774 492 1,266 2,035
1965-66 ? 0 ? 647 479 1,126 ?
1966-67 592 0 592 477 479 956 1,548
1967-68 590 0 590 996 1,130 2,126 2,716
1968-69 557 0 557 541 742 1,283 1,840
1969-70 478 300+ 778+ 465 363 828 1,306

1970-71 450 300+ 750 414 723 1,137 1,887
1971-72 485 250 735 616 250 866 1,601
1972-73 297 61 358 NA NA 1,331 NA
1973-74 607 184 791 1,300 500 2,000 2,791
1974-75 382 24 406 NA NA 1,331 NA
1975-76 785 29 814 NA NA NA NA
1976-77 NA 239 NA NA NA NA NA
1977-78 537 29 556 114 350 564 1,120
1978-79 900 11 911 187 12 199 1,110
1979-80 Boo 44 844 147 168 315 1,159

1980-81 558 107 665 9 40 120 785
1981-82 1,000 42 1,115 300 1,500 1,800 2,915
1982-83 500 29 529 500 1,141 1,641 1,670
1983-84 1,000 100 1,100 NA 584 584 1,684
1984-85 250 37 287 ----1,500---- 1,700 1,987
1985-86 349 543 892 ---1,570--- 1,570 2,462

1From Dempster Highway game check station.Accordingto Don
Russell(CanadianWildlifeService,Whitehorse,Yukon Territory,March
1987),onlya smallproportionofthisharvestisconsideredto be
subsistenceharvest.
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Snow Geese - Table 11-7.-AlaskaBeaufortSea harvestofpolar
bears,1980-87.-

Birdsfrom the Western Arcticsnow geese population
occur as fallmigrantson the 1002 area. The major [From Schliebe(1987). Harvestyear is July1-June 30.
subsistenceuse of thisspeciesis inthe coastalareas of 1986-87 data through January 1987, Only partof the
the NorthwestTerritoriesof Canada near the major nesting PortLay harvestisbelievedto be derivedfrom Beaufort
coloniesand fallstagingareas,and along the Mackenzie Sea stock]
River, a major spring and fallmigrationcorridor.
Subsistenceharvestin springand fallis importantto the
coastalcommunitiesof Aklavik,Inuvik,Tuktoyaktuk,Sachs
Harbor,and Paulatuk,and the Mackenzie Rivercommunities Year .............1980- 1981- 1982- 1983- 1984- 1985- 1986-
of Fort McPherson, Fort Good Hope, ArcticRed River, 81 82 63 84 85 86 87
Norman Wells,and Fort Norman (T.W. Barryand W.
Spencer, Canadian WildlifeService,unpublished data).
Scanty data are availablefrom some of these communities Kaktovik....... 23 1 1 1 2 3 1
(table11-6).Snow geese do not appear to be an important Nuiqsut........ I 0 0 0 0 2 1
subsistenceresourcein the northernYukon community of Barrow......... 6 4 13 27 31 12 14
Old Crow because they are not easilyaccessiblethere(J. Wainwright.. 3 16 16 32 18 4 6
Hawkings,Canadian WildlifeService,unpublisheddata). PointLay..... 1 4 1 9 0 7 0

Table 11-6.-Springand fallsubsistenceharvestof
snow geese inthe NorthwestTerritories,Canada. Harvest estimatesforcommunitiesin Alaska utilizing

the BeaufortSea stock of bears are shown forthe years
[Dataavailableintermittentlyfor1967-85. From 1980 through January 1987 (table11-7).HarvestinCanada

Barry(1985)]- is accordingto a quota system. Communities of Inuvik,

Aklavik,and Tuktoyaktukhave a combined quota of 32

polar bears. The combined quota for communities of

Community 1967 1968 1978 1985 Paulatukand Sachs Harbor,of which onlya portionapply
Spring Fall Spring FallSpring Spring to the BeaufortSea stock,is39 (Taylorand others,1987).

& Fall Polar bears representa substantialcomponent of the
culturaland economic base of the Inuitpeople of the

Tuktoyaktuk.........2,162 1,158 --- --- 4,348 3,500 Canadian Western Arctic. Hides have directeconomic

Aklavik/Kendall value,and inrecentyearsthe principalmotivationforpolar

Islandl..............144 280 --- 845 -- -- bear huntinghas been the sale of hides (Stirlingand

Sachs Harbor.....1,055 45 --- --- others,1975). Fur exportsarean importantsource of cash

Paulatuk...............--- --- 335 56 in the economies of Mackenzie and 'rim"villages.

FortMcPherson . 4 10 --- Accordingto Brackel(1977),marinefurs(whitefox,polar

ArcticRed
bear,and ringedseal)provided5 percentand 19 percentof

River..................--- 0 0 --- the earned income inthe Mackenzie and "rim"economies,

respectively.

KendallIslandisa huntingcamp primarilyused by

Aklavikresidents.

Whales

Inupiatresidentsof the community of Nulqsut also

Polar Bears harvestbowhead and beluga whales near the 1002 area.
Althoughthe community itselfis not locatedon the coast,

In additionto harvestin or near the 1002 area by marine mammals are an importantsubsistenceresource.

residentsof Kaktovik,the BeaufortSea populationof polar Nuiqsut hunters in company with Kaktovikhunters

bearsis harvestedby InupiatEskimos of otherNorthSlope sometimes hunt bowhead and beluga whales. Bowhead

communitiesin Alaska as wellas by communitiesin the whaling usuallyoccurs between lateAugust and early

coastalareas of Canada's NorthwestTerritories.These October, the exact timingand length of the season

communities includeNuiqsut, Barrow,Wainwright,and depending on ice and weather conditions.The season

probablyPointLay inAlaska,and Tuktoyaktuk,Aklavik,and may lastbetween 2 weeks and 2 months. The bowhead is

Inuvikin the Northwest Territories.Sachs Harbor and shared extensivelywithother North Slope communitiesand

Paulatuk,NorthwestTerritories,may harvesta smallpercent peopleas faraway as Fairbanksand Anchorage. Whale

of theirkillfrom bearsof the BeaufortSea stock,according baleen is barteredin traditionalnetworksand is used in

to currentsatellitetelemetrydata (S. L. Schliebe,FWS, making traditionalhandicrafts(U.S.MineralsManagement

unpublisheddata). Service,1986).
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Beluga whales are harvestedduringthe periodof The Stateof Alaska has solicitedcomments and is
open water and are taken incidentallyto the bowhead developinga preliminaryanalysisforStateoffshoreoiland
whale harvest in Nuiqsut (U.S. MineralsManagement gas leasesales,includingsubmerged lands. Approximately
Service,1986). Communities of the Mackenzie Riverdelta 127,000acres immediatelyoffshorefrom the 1002 area
(Inuvik,Aklavik,and Tuktoyaktuk)and Amundsen Gulf between the Canning and Hulahula Rivershas been
(Sachs Harbour,Holman, and Paulatuk),are also partially identifiedfora May 1987 Statesale;about 300,000acres
dependent on subsistenceuses of belugawhales. Beluga offshorefrom the ArcticRefuge between the mouth ofthe
whales are presentinthe BeaufortSea northof the Arctic Hulahula River and the Canadian border has been
Refuge during spring and fallmigrationswhere they proposed fora May 1988 Statesale.
generallyfollowthe pack ice edge (Seaman and others,
1981). They are harvestedin the Mackenzie partof the - Nativeallotmentsare scatteredthroughoutthe 1002
BeaufortSea, where whales enterwarmer watersof the area, and are largelytraditionaluse sites,such as
bays near the Mackenzie RiverdeltaduringearlyJulyand campsites,
remainuntilthe middleof August. Whalingforbeluganear
the Mackenzie deltaisnot regulated,and approximately120 NATIVE ALLOTMENTS
whales aretakenper year (Brackel,1977). Whale products
are primarilyused locally,althoughsome productssuch as - Withinthe 1002 area,the FederalGovernment has
muktuk are occasionallysold. Beluga mukluk is often begun to process toward conveyances some 25
shared with relativesin Kaktovikand otherAlaskanand applications,involving34 parcelsfor Nativeallotments.
Canadianvillages.A variationin diet,and the sportand None of these parcelshad been issued a certificateof
recreationof the hunt,with opportunitiesforsocializing,are allotmentas of January 1987. Intotal,these applications
allimportantfactorsinwhaling(Brackel,1977). coverapproximately2,315 acres. A Nativeallotmentisa

parcelof land,containing160 acres or less,which can be
LAND STATUS conveyed to a Nativebased on thatindividual'suse and

- Land ownership withinand adjacentto the 1002 area occupancy of the land under the authorityof the Native

is a complex of Federal,State,and privateinterests. AllotmentAct,May 17, 1906 (43 U.S.C.270-1),as amended

Federallyowned landto the south and eastismanaged as August 2, 1956,and repealedby the Alaska NativeClaims

the ArcticNationalWildlifeRefuge. Oiland gas exploration SettlementAct of December 18,1971 (43U.S.C.1617). -
has occurredon State landswest of the Canning River.
Leases on 119 tractstotaling592,142acresof Statelands Subsurface ownership under an allotmentwillbe
west of the Canning Riverwere offeredJanuary 27,1987. reservedto the governmentifitis determinedthat itmay

Bids were receivedby the State on 26 tractstotaling be valuableforcoal,oil,or gas. The government or Rs
100,632acres.- lessee would then have the rightto enterand use the

lands forthe developmentof the reservedminerals,subject
- The KaktovikInupiatCorporation(KIC)has statutory to the duty to pay the allotmentowner for damages to
entitlementto ownership of 92,160surfaceacreswithinthe surface improvements and a bond to guaranteesuch

ArcticRefuge north of the 1002 area. Subsurface payments. Ifthe allotmentarea isknown to be valuablefor

ownershipofthese landswas conveyed to the ArcticSlope mineralsotherthan coal,oil,and gas, an allotmentis not

RegionalCorporation(ASRC) by the UnitedStatesunder granted.

the terms of an August 9, 1983,agreement. The KIC/ASRC
holdingsare privatelands;however,in accordancewith INDUSTRIAL USE
section22(g)of the ANCSA, theselands remainsubjectto
the laws and regulationsgoverningdevelopment of the There has been no industriallanduse of the 1002

Arctic Refuge. As such, oiland gas leasingand area otherthan oiland gas explorationunderthe 1002

development cannot occur on the KIC/ASRC lands until program.

authorizedby an Act of the Congress (Section1003 of
ANILCA). - GOVERNMENT AND MILITARY USE

Submerged lands beneaththe coastallagoonsinthe ArcticContractors(PET-4 Contractor)establishedan

area between the mainlandand the offshorebarrierislands explorationcamp at BarterIslandin1947. The camp also

from Brownlow Pointto the mouth of the AlchilikRiver(with supported the U.S. Coast and Geodetic Survey coastal

the exceptionof lagoonsnorthof KIC lands)were included surveying parties. ArcticContractorsconstructedthe

withinthe area of explorationauthorizedby section airstripin1947.

1002(b)(1).The United Statesand the Stateof Alaska
disputeownershipof theselandsand have presentedtheir - The U.S. Air Force constructeda DistantEarly
arguments to a SpecialMaster appointedby the United Warning (DEW) LineStation(DEW LineSiteBAR MAIN) on
StatesSupreme Court. A finaldecisionhas not been BarterIslandin 1955 as part of a largernetwork of radar
rendered. Untilthisdecisionismade, allactivityon these installationsacrossthe NorthAmericanArctic.In1956 they
submerged lands requiresconcurrentFederaland State builtthe DEW Line hangar adjacentto the airstrip.The
approval. establishmentand expansionof the siteforcedthe village
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of Kaktovikto relocatethree times,but also brought KIC isa villagecorporation;itwas formed under the

employment opportunitiesto villagers.The siteisabout 1/2 provisionsof ANCSA in1972 to manage surfaceresources

milefrom the presentvillageand is largelyself-contained, surroundingthe villageof Kaktovikthatwere transferred

functioningas an entityseparatefrom the village.As many under the provisionsofANCSA and ANILCA.

as 70 DEW Lineemployees liveat the site,most ofwhom
are hiredfrom outsidethe North Slope. In 1986 the site - Employment in the NSB increasedfrom 977 jobs to

employed three Inupiatand two non-Inupiatresidentsof 5,598 between 1970 and 1979. By September 1985,9,234

Kaktovik. Modernizationof the Bar Main DEW Line site workers were employed in the North Slope Borough; 86

startedin 1986 when a new pad and tower were percentof thisemployment was in the followingmajor

constructed.Testingnew equipmentwillrun through1988, categories:mining,includingoildevelopment,4,150 (45

afterwhich minor facilitymodificationmay be necessary. percent);Stateand localgovernment,1,409 (15 percent);

The Bar Main DEW Linesitewillcontinueto be staffedfor construction,1,258 (14 percent);and services,1,110(12

at leastthe next20 years.- percent).The remaining14 percentwere scatteredinother
smalleremployment sectors (NSB PlanningDepartment,

The Alaskan DEW Line also includedintermediate 1986). The majorityofjobs,principallyat Prudhoe Bay and

sitesat Camden Bay (POWD) and BeaufortLagoon the militaryenclaves,are held by non-Nativeworkers.

(Humphrey Point,BAR A), which were constructedfor However, participationby Inupiatsin the labormarkethas

communications relays. Advanced communications been encouraged through NSB and ASRC programs.-

technologyresultedintheirdeactivationin 1963. The lands
(approximately876 acres)formerlywithdrawnforthe two The economy recentlymade a majortransitionfrom

sitesbecame a partof the ArcticRefuge on December 28, largelysubsistenceto mixed subsistenceand cash.

1982.
Through local-hirepolicies,the NSB has providedsome
employment for more than 50 percentof the resident

State and Local Political
Inupiatadultsand has contributedsignificantlyto increased

and Economic Systems
per capitaincome. A majorfactorcontributingto increased
Nativeemployment is the capitalimprovement program.

Four levelsof governmentoperatewithinor affectthe
However, long-termInupiatemployment opportunities

1002 area: Federal,Stateof Alaska,NorthSlope Borough,
depend on: (1) NSB's continuingabilityto providejobs;

and the villageof Kaktovik.Two corporations,ASRC and
and (2)abilityand desireof Nativesto work at sitesaway

KIC, have a major influenceon privatelands adjacentto
from theirhomes.

the1002 area. Many Nativeresidentsbelongto and have The region has been isolatedfrom the periodic
directinputto the NSB, ASRC, KIC,and KaktovikVillage. boom-and-bust economic cycles of forest/fishery/gold

The State (1)establisheslaws and regulations
extractiontypicalof other partsof Alaska. Except for

governingcertainlocalactivities,(2)providesfinancialand
whalingitremained virtuallyunchanged untilafterWorld War

technicalassistance,(3)exercisescertainpoliceand
11.The primarydrivingforcethen became nationaldefense

regulatorypowers such as huntingand fishingbag limits
(researchat the Naval ArcticResearch Laboratoryat

and subsistence and commercial harvestof natural
Barrow,and DEW radarsitesalongthe coast).Today,the

resources,and (4)setsstandardsforwaterquality.
productionof oilat Prudhoe Bay is the basiceconomic

influence.

The NSB was organizedin 1972; in 1973 itwas
convertedto a home-rulecharter--thestrongestform of

The State-approved NSB Coastal Management

localgovernment underAlaskalaw (NSB, 1984a).The NSB
Program was described under "Coastal and Marine

has an electedmayor and an electedseven-member
Environment.' Of the goals relatingto economic and

assembly. Itis responsible(among otherfunctions)for
government activitiesthose particularlypertinentto this

borough-wide planningsuch as the coastalmanagement
reportare:

program,and itoverseesthe capitalimprovementsprogram.
Preserve opportunitiesfor traditionalactivitiesand the

Kaktovikwas incorporatedas a second-classcityin
Inupiatway of lifeinthe North Slope,regardlessof

1972,and has a council-mayorform of government. The
ownership and jurisdictionalboundaries,

mayor isappointedfromthe electedseven-member council.
Increaseeconomic opportunityinvillages,

The ASRC is the regionalprofit-makingNative
Create employment forNSB residentswhich willprovide

organizationformed in 1972 under the provisionsof the
flexibilityfortraditionalInupiatculturaland subsistence

Alaska Native Claims SettlementAct (ANCSA). Itis
activities,

responsibleto nearly4,000 Inupiatstockholdersfor
management of 5.6 millionacres and $75 million(ASRC, Develop new industriesbased on the Inupiatculture,
1985;NSB, 1984b). ASRC owns subsurfacerightsforthe
entire5.6-million-acrearea and about 4.8 millionsurface
acres scatteredacrossthe North Slope ofAlaska.
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Protectlifeand propertyfrom naturalhazards and The Trans-AlaskaPipelineSystem (TAPS) connects
phenomena, Prudhoe Bay and associatedoilfieldsto a marinetanker

terminalat Valdez,Alaska. Recent offshoresalesby
Provideguidance and directionfor presentand potential Federaland StateGovernments have been based on the

resource development,onshore and offshore,including assumption thatfeeder pipelineswillconnect any new
exploration,extraction,and processingand related commercialdiscoveriesto the existingoilpipelineand that
facilities, halfthose pipelineswould be locatedonshore. Many

factorsincludingpotentiallocationsof productionplatforms
Cooperate and coordinatewithprivatedevelopment, and size of commerciallydevelopablefieldsare unknown.

Possibleoffshorepipelineroutesand landfallsincludethose
Improveenergy supplyforlocalcommunities,and suggestedforSales71,87,and 97. Of significanceto the

1002 area isan assumed landfallat BullenPoint,west of
Develop localenergy resources. the Canning River(Roberts,1987).

- The NSB provides water,sewage, sanitary,light-
power-heating,public housing, education,health,and
public-safetyfacilitiesin Kaktovik. At Kaktovikthe school

PUBLIC SERVICES AND FACILITIES complex consistsof a two-room elementaryschool and a
high school with four classrooms,library,gymnasium,

- Existingpublicservicesand facilitiesare describedin swimming pool, and kitchen. A vocationaleducation

the semiannualeconomic profile(NSB PlanningDepartment, buildingwas completed in 1981. Juniorand seniorhigh

1986). New oiland gas facilitiesassumed to resultfrom schoolenrollmentwas 45 studentsas of January1987. -

existingoffshoreFederalleasingare describedinscenarios
foroildevelopmentinthe BeaufortSea (Roberts,1987). - Kaktovikhas a healthclinicstaffedby a healthaide.

Two NSB Departmentof PublicSafetyOfficersare stationed

Airtransportationis the singlemost extensiveall- at Kaktovik. Federalfacilitiesincludethe Post Office,the

season form of travelinthe region.Airfacilitiesrangefrom ArcticRefuge fieldoffice,and the Bar Main DEW site.

long,well-maintainedpaved runways to unimproved strips,
sand bars,and locallargelakes. Duringthe winteroiland
gas explorationissupportedby artificiallycreatedicestrips.
Commercial airtransportationfacilitiesare locatedat all
communitiesin the NSB. Except forBarrow and Prudhoe
Bay, most lack sophisticatednavigationaids,lighting,and
snow-removal equipment. The only militaryairfacilityof Archeology
significanceto the 1002 area isat BarterIsland(Kaklovik),
and is shared by the NSB and U.S.Air Force (NSB, Approximately100 archeologicalsitesare known

1984b). Originallyconstructedby the military,airstrips withinthe 1002 area (pl.1N. Dated sitesappear to be

locatedat Camden Bay,DemarcationBay, BeaufortLagoon, comparativelyrecent and of eitherHistoricInupiat

and BullenPointhave been abandoned. (approximatelyAD 1838-present)or Western Thule (about
AD 900-1838)origin.Severalsmallersiteson the 1002

Marine transportationis controlledby iceconditions area--mostlyscattersof lithicdebrisfrom the manufacture,

and shallow nearshore waters. Major portfacilitiesare maintenance,and use of stone tools--arenot yet datable

locatedat Prudhoe Bay. At BarterIsland,shallow-draft but may be considerablyolder.

vesselslanddirectlyupon thebeach. Militarysiteshave in
the past been served by marine transportation.Most Near the 1002 area siteshave been dated to be as

portsof embarkationare inWashington and California;only oldas 6,000years(U.S.Fishand WildlifeService,1982). A

a smallpartof ocean freightis shippedfrom Alaskaports. fairlywidelyaccepted date from the Old Crow area of the

The riversinthe 1002 area are too smalland shallowfor Yukon Territory(about 150 milessoutheastof the 1002

inlandcommercialnavigation. area)indicatesthat people have been presentin the
generalarea forthe last27,000years. Even though sites

The Dalton Highway is an all-weatherroad of such an earlyperiodare few,sites5,000-6,000yearsold

connectingPrudhoe Bay to the Alaska highway system. may occur on the 1002 area,but are yetto be discovered.

No road networkconnects populationcentersinthe NSB.

Cross-countrytransportationto and from the 1002 area is Archeologicalsitesmay occur almostanywhere inthe

limitedto winter,using specialequipmenton the snow or 1002 area. However,some areasare much more likelyto

sea ice. Nearlyevery community and militarysitein the have sites,especiallycoastalareas and barrierislands.

NSB has an internalgravelor dirtroad system linkingairor Most identifiedsitesconsistof the remainsof sod houses,
marine transportationfacilities.Villageresidentsuse log cabins,burials,caches, lookouttowers,and related
motorbikes,three-wheeledall-terrainvehicles,cars,ortrucks features. Older sitesmay be buriedunder considerable
insummer, and snowmachines inwinter. sediment.
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Archeologicalsitesare also likelyalong riversand Wilderness and Esthetics
streams that cross the 1002 area from the PhilipSmith The ArcticRefuge is the only conservationsystem
Mountains. These riverscould have providedfishingand unitthat protects,in an undisturbedcondition,a complete
would have been naturaltravelroutes between the coast spectrum of the arcticecosystems in North America.
and the foothills.Sitesknown from the rivercourses are Approximately8 millionacres of the refugeis designatedas
chieflytent rings,although two interiorsiteshave sod wildernessby ANILCA section702(3),and adjoinsthe 1002
houses. Points of particularpossibilityare high,well- area on the south and east,includingthe coastalplainfrom
drained banks, especiallynear stream confluences. the eastern1002 area boundary to the Canadian border.

Undiscovered sitesmay also be on high pointsof Wilderness is described by the WildernessAct of
land that provide overlooksabove the surroundingmoist 1964 (PublicLaw 88-557) as " * * * an area of
tundra;such spots are known to containarcheologicalsites undeveloped Federal lands retainingRs primevalcharacter
throughout most of northernAlaska and Canada. There and influence,without permanent improvements or human
are relativelyfew such locationson the 1002 area,and habitation,which is protectedand managed so as to
sites that have been identifiedin such locationsare preserveitsnaturalconditionsand which (1)generally
uniformlysmallscattersof lithicmaterial. appears to have been affectedprimarilyby the forces of

Archeological sites are even less likelyon the
nature,with the imprintof man's work substantially
unnoticeable;(2)has outstandingopportunitiesfor solitude

relativelystablesandy areas in riverdeltas. As with the or a primitiveand unconfinedtype of recreation;(3)has at
overlook sites,materialfrom blowouts in deltasis currently leastfivethousand acres of land of sufficientsizeas to
limitedto lithicremains. make practicableitspreservationand use in an unimpaired

The remainderof the 1002 area consistslargelyof
condition;and (4)may also containecological,geological,

flatto gentlyrollingtundra,now very wet. Such areas are
or other features of scientific,educational,scenic,or

historicalvalue." With the exceptionofthe two abandoned
leastlikelyto containsites,or to containsitesthat are DEW Line siteson the coast,the entire1002 area meets
susceptibleto discovery. these criteria(Gamer and Reynolds,1986). The coastal

plain in its present state has outstandingwilderness
Recreation qualities: scenic vistas,varied wildlife,excellent

Recreationaluse of the ArcticRefuge is variedand is opportunitiesfor solitude,recreationalchallenges,and
relatedto wildlifeor wildernessvalues. Types and amount scientificand historicvalues.
of recreationare limitedby the refuge'sremoteness, harsh

climate,and poor access. Fewer than 3,000 visitsoccur - The 1002 area isthe most biologicallyproductivepart
annually. Wet and moist ground conditionsin the short ofthe ArcticRefuge forwildlifeand isthe centerof wildlife
summer season make surfacetraveldifficult,and extended activity. Itserves as an importantcalvingground forthe
periods of cold and darkness during the winterreduce Porcupine caribou herd; itcontains a high percentage of
recreationaluses at thattime. Access is almost exclusively the refuge'sobserved muskoxen range; itis an important

by aircraftand iscostly. Nonetheless,recreationaluse of fallstagingarea forlessersnow geese; itprovidesnesting
the 1002 area is slowlyincreasingas itbecomes better habitatfor waterfowland shorebirds;and itis frequently
known and as scheduled airlineservicesto BarterIsland used by denning polar bears from the BeaufortSea

improve. population. Migratingcaribou and the postcalvingcaribou

aggregation offeran extraordinaryspectacle. The area

The most common forms of recreationarea are presents many opportunitiesfor scientificstudy of a

hunting,backpacking,and floattripson the largerrivers relativelyundisturbedecosystem. -

such as the Canning, Hulahula, and Aichilik.Other

recreationalpursuitsare wildlifeobservation,photography, Visualresources of the 1002 area encompass diverse

sightseeing,cross-countryskiing,fishing,and naturestudy. ecotypes and landforms. The irregularcoastlineof the

Most recreationistspursue severalof these activities. Beaufort Sea--characterizedby itsbarrierislands,lagoons,

Kaktovikresidentsalso engage in snowmobiling. beaches, submerged bars,spits,and riverdeltas--givesway

to the south to the gently risingcoastalplain. The

- In 1986, 14 hunting guides operated on the refuge, backdrop of the steeplyrisingBrooks Range, with itsdeep

though none guided on the 1002 area. Another 9 rivervalleysand glacier-cladpeaks, accents the abruptness

recreationalguides conducted group floator backpack trips and rugged beauty of the area.

on the refuge. One or two guides operated recreational

trips,at leastin part,on the 1002 area duringthe past 5 - Although the estheticvalue of the 1002 area had

years. Float-tripgroups average 6-12 people. Figureson been temporarilyreduced as a resultof seismic exploration,

nonguided recreationistsare unavailable,but probably fewer the area remains noteworthy and itswildernessvalues have

than 100 unguided visitsoccur annuallyon the ground in not been diminished. Recent botanicalstudiesshow that

the 1002 area. Several hundred visitorsflyover the 1002 recovery on the 1002 area is starting,with seismictrails

area annuallyto sightseeor en routeto otherpartsofthe less visibleinthe second year afterdisturbance(Felixand

ArcticRefuge. - others,1987).
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CHAPTER III

ASSESSMENT OF OIL AND GAS POTENTIAL
AND PETROLEUM GEOLOGY OF THE 1002 AREA

INTRODUCTION This chapter isorganizedas follows:first,significant

resultsof the resource assessment are summarized;

This chapter presentsthe assessment ofthe oiland second, the geology of the 1002 area is brieflydescribed,

gas potentialof the 1002 area of the ArcticRefuge. This indicatingthe types of rocks and structureswhich might be

assessment and the discussionof the petroleumgeology of present; third,the likelihoodthatoiland gas resourcesare

the 1002 area are based on surfacegeology studiesand present is assessed through the use of geological"play"

1,336 linemiles of seismicsurveys (approximatelya 34-mile analysiswhich leads to estimates of the amount of

grid)conducted by industryand the Department of the resource potentiallybeneath the surfaceof the 1002 area,

Interior. Although allseismic data were collectedby without reference to itsrecoverability;and fourth,the

industry,the analyses presented here are based on possibilityof recovering these potentialresources is

interpretationsof that informationby the U.S. Geological assessed by including technologicaland economic

Survey (GS) and the Bureau of Land Management (BLIVI). considerations.
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SIGNIFICANT FINDINGS AND PERSPECTIVES

The 1002 area is potentiallyrichin oiland gas additionto the Nation'sgas resources, At some time in

resources. Seven different"plays"(areaswith common the future,thisgas resource could become economic and

geologicalcharacteristicsfavorablefor oiland gas resource benefitthe Nation.

occurrence) were identified.From these plays,in-place

resources were calculated.According to these estimates,

thereis a 95-percentchance the 1002 area containsmore

than 4.8 billionbarrelsof oil(BBO) and 11.5trillioncubic

feet of gas (TCFG) in-place,and there is a 5-percent

chance that the 1002 area containsmore than 29.4 BBO

and 64.5 TCFG in-place.The average of allthe in-place

estimates made in this study, calledthe mean in-place

estimate,is 13.8 BBO and 31.3TCFG in-place. Table III-l.--Estimatesof undiscovered,conditional,
economicallyrecoverableoilresources in the 1002 area

Not allin-place resources are recoverable. To and in Outer ContinentalShelf (OCS) planningareas

estimatethe amount of the in-placeresource which may be (unleasedlands). For OCS planningareas,some of the

recoverable,26 prospects were delineatedand assessed reported marginal probabilitiesmay be based on the

(fig.111-1).These 26 prospects were subjectedto petroleum probability of occurrence of commercial gas

engineering and economic considerations,resultingin accumulations. For the 1002 area, only oilwas

estimatesof economicallyrecoverableresources. Ifthere is considered.

economicallyrecoverableoilpresentin the 1002 area (fields

of more than 440 millionbarrelsof oil,the chance of which [In billionsof barrels.Data for OGS resources from Cooke

is estimatedto be about 19 percent),itis estimatedthat (1985). MPHC, the probabilitythat economically

thereisa 95-percentchance formore than 0.6 BBO and a recoverableoilresources occur somewhere inthe area.]

5-percentchance for more than 9.2 BBO recoverableinthe

areaas a whole. The average of allthe estimatesofthe

conditionaleconomicallyrecoverableresources,the mean, is

3.2 BBO. 95-percent Mean 5-percent

Planningarea case case case MPHC
- The statementthat there isa 19-percentchance of

findingrecoverable oilin the 1002 area needs to be

interpretedin the context of past experience in oil 1002 area..........................0.61 3.23 9.24 0.19

explorationand resource assessment. Generallyspeaking,

the chance of oil'sbeing presentwillbe lower,the smaller CentralGulfof Mexico .... .95 2.66 4.97 1.00

the unexplored area being considered. The 19-percent Western Gulfof Mexico.. .55 1.83 3.49 1.00

chance for the 1.5-million-acre1002 area thus indicatesa Eastern Gulfof Mexico ... .03 .36 1.48 .99

very high potentialwhen compared to the 27-percent Southern California...........58 1.22 2.01 1.00

chance for the 37-million-acreNavarin Basin or the 22- Northern California............15 .42 .76 .60

percent chance for the 70-million-acreSt. George Basin CentralCalifornia..............18 .56 1.01 .65

(table 111-1). Furthermore,the chance of findinga

recoverablefieldwillbe lower,the greaterthe minimum Washington-Oregon ..........04 .18 .54 .20

economic fieldsize. This occurs because, as past South AtlanticOcean ...... .34 .82 1.46 .25

discoverystatisticsshow, the number of fieldsof a given Mid-AtlanticOcean ............07 .23 .47 1.00

size is much lower for largerfields.There are fewer 1- North AtlanticOcean ....... .18 .35 .54 .30

billion-barrelfieldsthan 100-million-barrellfields.Because of FloridaStraits....................01 .04 .12 .11

the high cost of operationsin the Arctic,the minimum

economic fieldsize for the 1002 area is estimatedto be Navarin Basin ...................1.81 3.28 5.09 .27

440 millionbarrels,an amount much higherthan forareas BeaufortSea ......................21 1.18 3.07 .70

inthe lower48 States. Despitethishigh thresholdand the St.George Basin ..............37 1.12 1.98 .22

small acreage involved,the chance of findinga recoverable Chukchi Sea ......................96 2.68 4.88 .20

fieldin the 1002 area is 19 percent. This is an Gulfof Alaska....................12 .49 .86 .08

exceptionallyhigh potentialforoiland gas. - North AleutianBasin ....... .08 .36 .76 .20

Norton Basin.....................05 .28 1.02 .12

Gas was not included in the calculationof Kodiak ................................04 .15 .26 .05

economically recoverable resources. Gas resources are Hope Basin........................13 .17 .40 .02

unlikelyto be economic in the 30-yeartime period being Shumagin ...........................05 .05 .09 .03

considered. Nevertheless,the gas resource estimatedto Cook Inlet..........................03 .18 .40 .04

be in-placeis considerable,and would representa major
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The separate methods used meet specific Sedimentary Rocks
requirementsofthe1002 areastudy.First,assessmentof
the naturalendowment of hydrocarbonresourcesismet by The area in and adjacentto the 1002 area is

asssessingwhat isin-place,employinga broad-basedview underlainby sedimentaryrocks severaltens of thousands

without economic constraints.Second, a site-specific of feetthick. These rocks range inage from Precambrian

evaluationof what may be a recoverableresourceat a (greaterthan 570 millionyearsold)to Quaternary(Bader

given prospect is made, taking into consideration and Bird,1986). In northernAlaska,rocksprospectivefor

economics, technology,and transportationunder various petroleum(oiland gas)are mostlyMississippianto Tertiary

assumptions. This recoverableestimateis then used to in age and overliefoldedand truncatedpre-Mississippian

develop scenarios,impact assessment and nationalneed rocks. These rocks are dividedintotwo sequences: the

determinations.- Ellesmeriansequence of Mississippianto EarlyCretaceous
age, and the Brookiansequence of EarlyCretaceousand

Assessment of in-placeresources used a "play younger age. Depositionof the Ellesmeriansequence

analysis"method whereby prospects(potentialpetroleum occurredwhen the land area was to the northand the

accumulations)are grouped accordingto theirgeologic seaway was to the south. During depositionof the

characteristicsinto"plays"or naturalassociationshaving Brookiansequence, the geography was reversed--theland

common characteristics.Inthe assessment of recoverable areawas to the south (theancestralBrooks Range) and

resources,a site-specificanalysisof largerindividual the seaway was to the north,much as itistoday. The

prospectswas used in orderto model the elementswhich differentiationof these two sequences is importantin

determine recoverabilityand determine exploration, understandingdepositionalhistory,and inprojectingtrends

development,production,and transportationatthatlevel. of reservoirrocks. Furthermore,reservoirpropertiesof the
Ellesmeriansandstones are generallybetterthan those of

- Estimatingeitheroilor gas in-placeor the extentto the Brookiansequence.

which itisrecoverableinan undrilledfrontierarea isdifficult
because of the uncertaintiesinherentinthe process. The Figure 111-4is a generalizedstratigraphiccolumn of

existenceof potentialhydrocarbonformationsor prospects the rocks inthe area,showing oil-bearingformationswest

is not known with certaintypriorto exploratorydrilling. of the 1002 area, potentialsource rocks,and significant

Informationconcerningthe existenceof potentialproducing geologicevents. The followingdiscussionsummarizes

fieldsis derivedfrom inferences,extrapolationsand pertinentinformationon the sedimentaryrocks relatingto

subjectivejudgments. Geophysicaldata providecluesas the oiland gas assessment and reviewstheirdepositional

to the existenceand locationof possibletrapsand their history.

generaldimensions,but geologicdata on the qualityof
potentialreservoirrocks are usuallyabsent or limited.No PRE-MISSISSIPPIAN ROCKS (BASEMENT COMPLEX)
dataare availableon the natureand distributionof included
hydrocarbonsor whether hydrocarbonsare presentat all. Pre-Mississippianrocks inthe mountainsadjacentto
An exact predictionof resourcequantitiesunder such the 1002 areaconsistofmore than 20,000feetofa variety

conditionsof uncertaintyis impossiblebecause the ofrock types such as phyllite,argillite,quartzite,chert,and

uncertaintiesin the inputdata translateto uncertaintiesin volcanic and carbonate rocks, and are mostly of Pre-

theanswers.- cambrian age. Because most of these rocks are weakly

metamorphosed and are not prospectiveforpetroleum,they
are considered to be economic basement and are not
discussedfurther.However, the carbonaterocks--limestone
and dolomite-mightcontainporous zones thatcouldserve
as reservoirsforoilor gas thatmay have been generated

PETROLEUM GEOLOGY
in overlyingyounger rocks. These conditionsapparently
existinthe Exxon AlaskaStateF-1 and Sohio AlaskaIsland

The 1002 area of the ArcticRefuge liesalong the
1 wellson the barrierislandsnorthof PointThomson (fig.

foothillsand coastalplainnorthof the Brooks Range (fig,
111-3),where oiland gas have been recovered from

111-3).Much of thisarea iscovered by soilor vegetation,
carbonaterocks in the basement. Similarsituationsmay

and the few outcropsthatare presentare mostlyof the
occur in the 1002 area,and these rocks are importantto

youngerpartofthe stratigraphicsequence. Our knowledge
the petroleumassessment.

of the geologyof the area isbased on thesefew outcrops,
extrapolatingknown geology of adjacentareas, and Atleast6,500feetofcarbonaterocks,ranginginage

integratingthiswith the geophysicaldata (mainlyseismic from Precambrian(?)to Devonian and known as the

surveys)acquiredwithinthe 1002 area. This section KatakturukDolomiteand Nanook Limestone,crops out in

reviewsthe overallgeology,emphasizingthose aspects that the Sadlerochitand Shublik Mountains. Unnamed

relateto petroleumgeology. More detailedand technical carbonaterocks as much as 200 feetthickhave been

discussionsof the geology,geophysics,and assessment penetratedina few wellsinthe PointThomson area.Their

methods are containedin GS Bulletin1778 (Birdand distributioninthe subsurfaceof the 1002 area isunknown,

Magoon, 1987). because they had been foldedand eroded priorto
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depositionof Mississippianand younger strata.Seismic In and adjacent to the 1002 area,the Ellesmerian
reflectionsbeneath these younger strataare not adequate sequence ranges in thicknessfrom a few hundred feetto
formapping these oldercarbonaterockswithoutcloserwell about 5,000 feet. This wide range is due to a regional
control. Hence, theirpresenceas possiblereservoirsfor unconformityin the upper partof the sequence in which
petroleumisriskedaccordinglyinthe assessment. progressivelymore of the sequence had been removed by

erosion in a north or northeastward directionpriorto
deposition of the uppermost part of the Ellesmerian

ELLESMERIAN SEQUENCE sequence (fig.111-5;pi.4). This unconformityis of great

importanceto the petroleumpotentialof the 1002 area
Rocks of the Ellesmeriansequence recordmarine because itcontrolsthe northern distributionof most

and nonmarine depositionalong a slowly subsiding Ellesmerianrocks. In addition,the porosityof reservoirs
continentalmargin inwhich the landarea was to the north directlyunderlyingthe truncatedsurfacemay be enhanced
and the seaway to the south. These rocks consist owing to solutionof calcitecement,and the shaleoverlying
dominantlyof limestone,shale,and sandstonethatrange in the unconformitymay providea seal and sourcerock for
age from Mississippianto earliestCretaceous(fig.111-4),a truncatedreservoirs.Well controlwest of the 1002 area
timespan of about210 millionyears. Allthe oilproduction and seismicdata indicatethatmost of the Ellesmerian
inthe Prudhoe Bay-KuparukRiverfieldareas isfrom rocks sequence is missingin the northwesternquadrantof the
of the Ellesmeriansequence. By farthe greatest 1002 area (fig.111-6),but seismicdata suggest thata
productionis from the Ledge SandstoneMember of the significantpartof the sequence may be presentin the
IvishakFormation,but almostallthe sandstoneunitsof the easternpartof the area (pi.5). The presenceor absence
Ellesmeriansequence and some of the carbonatesof the of these rocks in thatarea greatlyaffectsthe petroleum
LisburneGroup arepotentiallyproductiveinsome fields(fig. potentialbecause verylargestructuresoccur inthe eastern
111-4). and southeasternpartsofthe 1002 area.

SOUTH NORTH
SHUBLIKMOUNTAINS SADLEROCHITMOUNTAINS 1002AREA
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LCU
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-Approximately30miles

Figure 111-5.-DiagrammaticsectionshowingstratigraphicrelationsoftheEllesmeriansequence alongthe mountain
frontsouth of the 1002 area. (Preparedby the U.S.GeologicalSurvey.)
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Member (formed from the upper offshoremuds). The Potentialreservoirsin the Brookian sequence would

Ledge Member is 200 to more than 400 feetthick(fig111-7pj be primarilylenticularturbidite(deep-water)sandstone beds

and is the main producing reservoirat the Prudhoe Bay in the lower partof the Canning Formation. These beds

field.The Ivishakand Echooka Formations togethermake are generallythin,but locallythickerbeds are present.

up the SadlerochitGroup. They are potentiallyproductiveof oiland gas in several

wells in the Point Thomson area west of the northwest

Continued subsidence of the basin followed corner of the 1002 area (pi.4). Sandstones and

Sadlerochitdeposition,and offshoremuds and chemical conglomerates of the SagavanirktokFormation also would

sedimentationpredominated ina sea rich in organisms in be good reservoirsforpetroleum. However, because of the

Middle and Late Triassictime. This formed the black dominance of sandstone in the section,effectivepetroleum

shales, siftstones,and dark phosphatic fossiliferous sealsfortrapsmay be limited.Rich oil-pronesource rocks

limestonesof the ShublikFormation,which is 150 to 500 occur inthe lower halfofthe Hue Shale. These rocks are

feet thick adjacent to the 1002 area. The Shublik is consideredto be the main potentialsource for oilin the

consideredto be an importantsource rock forPrudhoe Bay 1002 area.

oil.A minor regressionor increaseinclasticinputfrom the

northern source resultedin depositionof widespread sift DEPOSITIONAL HISTORY

and finesand on a broad shelf,which formed the 10- to

125-foot-thickKaren Creek Sandstone. Mountain buildingof the ancestralBrooks Range may
have startedin Jurassictime,and the mountain beltwas a

The basin subsided during Jurassicand earliest dominant source of sediment during earliestCretaceous

Cretaceous time and thickdepositsof mud accumulated on time. But,as the formerland area to the northsubsided,

the shelf,basin slope,and basin bottom. These muds initialdepositionfrom the risingmountain beltto the south

make up the Kingak Shale,which, aftersubsequent erosion, and southwest was very slow in the 1002 area because a

is0-1,200feetthickadjacentto the 1002 area. Partsof the deep trough (theColvilletrough of the centralNorth Slope,

Kingak are thought to containenough organicmatterto be fig.1-1)that developed immediatelynorth of the mountain

a source rock forsome of the Prudhoe Bay oiland gas. belt(which then was much farthersouth than the present
mountain front)had to be filledfirst.Consequently,initial

Upliftof northernmost Alaska and the offshorearea Brooklan depositionin the 1002 area consistedof clayand

to the north in EarlyCretaceous time resultedin removal by volcanicash that settledout of suspension,probablyin

erosion of progressivelymore of the Ellesmeriansectionto deep water, These depositsformed the Hue Shale,which

the north. This was followedby subsidence of the area is500 to 1,000feetthick. Because of poor circulationand

and northward inundationby the seaway again. Lenticular low oxygen contentof the bottom water duringdeposition

sands were deposited along the advancing shorelineand of the lower halfof the Hue Shale,pelagicorganisms that

offshore shelf,and mud was deposited fartheroffshore. also settledwith the clay were preserved inthe sediments

These depositsformed the Kemik Sandstone, as much as to eventuallyform an organic-richshale,a good oilsource

too feetthick,the Thomson sand, as much as 345 feet rock.

thick(fig.111-7g,and the pebble shale unit,200-300 feet

thick. Deposition of the Ellesmeriansequence ended as Depositionbecame more rapidas delta4rontdeposits

the northernland area subsided and was never again a prograded intothe area from the southwest. Initially,deep-

sediment source. water mud and sand that slumped or flowed down the

basin slope as turbiditycurrentsfrom the frontof shallow-

water deltasto the southwest were depositedat the base

of the slope. Concurrently,thickdeposits of mud were

accumulatingon the northeastward-progradingbasin slope.

BROOKIAN SEQUENCE
These deposits formed the Canning Formation,vvh6 is

4,000-6,000feetthickinwellsadjacentto the 1002 area (fig.

The Brookian sequence consists of thick 111-8;pi. 4). In much of the 1002 area, however,

northeasterlyprograding basinal,basin-slope,and marine compressional forces folded and faultedthe strataduring

and nonmarine shelf deposits derivedfrom the ancestral latePaleocene and earlyEocene time,resultingin upliftand

Brooks Range to the south and southwest. These erosion of some earlierdeposited Brookian sediments and

deposits consist dominantly of shale, sandstone, more depositionin adjacent low areas. Deformation and

conglomerate,and bentonite (consolidatedvolcanicash) associated deposition continued during middle and late

that range in age from lateEarlyCretaceous to Quaternary Tertiarytime in the eastern part of the 1002 area but the

(fig.111-4),a time span of about 120 millionyears. Inwells depositionalpatterns are poorly understood. In the

immediatelywest of the 1002 area,the sequence is as southeasternpart of the 1002 area (fig.111-3),a 10,000-toot-

much as 13,000 feetthick(fig.111-8;pi.4),but seismicdata thick section of nonmarine sandstone, conglomerate,and

indicatethat Brookian rocks may be as thickas 26,000 feet shale containingthin beds of coal,which is latest

in the centralpart of the 1002 area. However, this Cretaceous to Paleocene in age and is known as the Jago

thickeningcould be due in partto duplicationcaused by River Formation,probably was displaced northward by

thrustfaulting. thrustfaulting.
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Figure 111-7.-Maps (facingand above) summarizing regionaland local geologic trends of the Lisburne Group UA,

Ledge Sandstone Member of the IvishakFormation UB ,and KernikSandstone and Thomson sand UQ . (Prepared by

the U.S. Geological Survey.)
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Figure III-B.-Diagrammatic section showing stratigraphicrelationsof the Brookian sequence between the Mobil West

Staines State 2 well and the northwest comer of the 1002 area. Dashed linesrepresent time linesas inferredfrom

seismic reflections.Depths on well logs are in feet. Ages based on micropaleontologicdata. See figure111-3for

locationof section. (Prepared by the U.S. Geological Survey.)
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Meanwhile,in the northwesternquadrantand areas Seismicreflectionsas wellas outcropsindicatethat
to the west,afterthe thickdepositsof prodeltaor slope Cretaceousand Paleocenerocks are generallymuch more
muds filledin deeper partsof the seaway, sand, mud, deformed than eitherthe underlyingpre-Kingakor overlying
gravel,and peat were depositedalong and adjacentto a post-Paleocenestrata.The-reason isthatthe Cretaceous
deltaicshorelineas the sea oscillatedback and forth and Paleocene rocks are mechanicallyweaker than the
across the area. These deposits make up the underlying pre-Kingak rocks and thus deform more
SagavanirktokFormation,the youngest bedrock unitin the plastically;they are detached from and inplacesseparated
1002 area,which is5,000-7,000feetthickin areas to the by an unconformityfrom the gentlyfoldedoverlyingpost-
west (fig.111-8;pi.4). Paleocene section. Seismicreflectionsare discontinuous

and verydifficult,ifnot impossible,to map forany distance.
Figure111-9shows the near-surfacestructuraltrends in
Brookianrocks.

Structure The Eocene and younger strataare only moderately
deformedin the northeasternpartof the 1002 area. There

Seismicand surfacedata indicatethatallbut the seismiclinesshow a discontinuity(an unconformity)
northwesternquadrant of the 1002 area is extensively between the more complexly folded Cretaceous and
foldedand faulted.This structureis vastlydifferentfrom Paleocene rocks below and the gentlydeformed Eocene
the relativelysimple structurethat underliesthe coastal rocks above (pi.5). This discontinuityindicatesthatthe
plainwest of the ArcticRefuge,such as the Prudhoe Bay major deformationprobablyoccurredin latePaleoceneto

area. The lineof change in structuralstylefrom the simpler Eocene time,before depositionof the younger Eocene
structureto the west and the complex structureobservedin rocks. Deformationcontinued,probablyepisodically,into
most of the 1002 area cutsacross the northwestpartof the lateTertiary.Indeed,on the northflankof the Marsh
the 1002 area,approximatelycoincidingwiththe north flank Creek anticline(fig.111-3),tiltedEocene stratadip600 and

ofthe Marsh Creek anticline(fig.111-3).This dividinglineis overlyingPliocenestratadip 150.

importantin separatingthe varioustypes of prospectsfor
assessment purposes. Twenty-sixpotentialhydrocarbon traps have been

seismicallymapped at or near the top of the pre-

Seismic data,which are of good qualityin the Mississippiansurface (fig.111-1).Generally,prospects
northwesternquadrant of the 1002 area,show thatthe occurringnear thishorizonhave threeor more objective
strataare littledeformed exceptfor a generallynortheast reservoirs. Table 111-2summarizes the pertinentdata for

gentledip. One very low-reliefstructure,which is an oil each prospect.

and gas prospect,is mapped at the top of the pre-
Mississippiansurface. The remainingpart (southeastern No prospects were adequatelyresolvedwithinthe

partof the 1002 area)ischaracterizedby complexlyfolded detached and highlydeformed Mesozoic and Tertiaryrocks.

and faultedstructures.Lateralcompressionalforces have However, figure111-10shows the distributionof structural
foldedand faultedstrataintowhat iscalleda forelandfold- culminationsinthese deformed rocks. Structuralanalogsin

and-faultbelt.The thrustfaultsmove olderstrataover Canada-the Albertadisturbedbelt--andin the Montana-

younger strata;in the 1002 area,the directionand amount Wyoming thrustbeltsuggestthatthe probabilityof traps

oftransporthas been to the northseveralmilesto tens of occurringinthe subsurfaceinthisstructuralsettingishigh,

miles. The north-vergingthrustfaultsoriginateat depth, althoughdeterminingtheirlocationon the basisof existing

tend to cutthroughshalelayersat low angles,and cut up- seismicdata is difficult.In addition,a narrow zone of

sectionmore abruptlyin overlyingsandstonelayers.In the north-dippingstrataalongthe southernmarginof the 1002

mountainsand foothillssouth of the 1002 area,these area (fig.111-10)may be interruptedby faultswhich could

detachment surfaces(thrustfaults)are in Jurassicand trappetroleum.

olderrock. In the 1002 area,the detachmentsurfacesare
mostly in Cretaceous and younger rocks,althoughthe
olderrocksare also involvedinthrusting.Severallargeoil

Petroleum Geochemistry
and gas fieldsoccur in thistype of structuralsettingin
western Wyoming, northern Utah, the foothillsof the Petroleumgeochemistrydealswith (1)identifyingand
Canadian Rockies,and inotherpartsofthe world. quantifyingpetroleum source rocks (which rock units

containsufficientorganicmatterand how much), (2)
The structuralpatternsproduced by thistype of determiningthe type of source rock (oil-proneversus gas-

deformationare very complex,and because the strataare prone),(3)identifyingthe specificsource rockresponsible
highlyfoldedand faulted,interpretingthe seismicdata is for oiland gas from seeps, outcrops,and wells,(4)
difficult.Nevertheless,a seismicreflectionfrom the top of determiningthen-nalmaturityof the source rock (whether
the pre-Mississippianbasement, which was mapped over subjectedto enough heat to convertorganicmatterto
most of the area, shows severalvery largestructural petroleum),and (5)determiningthe timeof generationof oil
closures(fig.111-1).These closuresare discussedwiththe and gas and the directioninwhich R migrated.Inthe 1002
variousprospectsor playslater. area (wherethereis no wellcontrol),most of thesedata
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Table 111-2.--Dataon seismicallymapped petroleumprospectsinthe
1002 areashown infigure111-1.

[Depthsarebelow mean sea level.Potentialobjectives:1,pre-Mississippiancarbonaterocks;2a,Ellesmerianclastic
rocks;2b,Ellesmeriancarbonaterocks;3,Thomson/Kemik sandstones;4,turbidites;5, lowerNeogene(?)topsets.
Data from Bureau of Land Management, 1986.]

Prospect Area Size Crestal Lowest Potential Number
(acres) (miles) depth closing objectives of

(feet) contour seismic
(feet) 1 2a 2b 3 4 5 lines

1 48,5121 18 X 6 14,000 15,000 X X X X X 5
2 11,793 8 X 3 14,820 15,000 X X X X 2
3 13,120 12 X 3 13,000 14,200 X X X X X 3
4 12,922 8 X 3.5 14,900 15,500 X X X 4
5 34,234 16 X 4 12,700 15,000 X X X X 6

6 11,940 10 X 3 11,500 13,800 X X X 3
7 18,970 16 X 2 8,500 10,500 X X X X X 6
8 4,880 4 X 2 16,300 17,000 X X X - 2
9 2,200 4 X 1 12,500 13,200 X X X - 1
10 6,291 11 X 1 11,900 12,500 X X X 3

11 9,4301 8 X 3 5,200 6,000 X X X X 2
12 3,950 6 X 1 19,000 21,000 X X X 2
13 1,344 4 X 0.8 10,900 11,500 X X X X 1
14 4,9151 5 X 2 5,640 6,000 X X X X 1
15 42,5001 13 X 10 22,500 23,000 X X X 6

16 6,720 6.3X 2.4 1,230 2,300 X X 3
17 3,170 3 X 2 21,600 22,000 X X X 1
18 226,8221 27 X 15 13,500 >24,000 X X X 16
19 129,587 22 X 13 9,790 17,000 X X X X X 10
20 79,738 30 X 7 11,900 17,500 X X X 10

21 65,3001 21 X 4 7,500 14,500 X X X 7
22 4,5601 5 X 2 11,600 12,000 X X X 1
23 3,706 5 X 1.5 16,300 16,500 X X X 1
24 11,8721 8 X 3 10,400 12,000 X X X 4
25 2,3601 4 X 1 11,950 12,000 X X X 1

26 4,954 5 X 3 16,500 17,000 X X X X X 2

lProspectareaincludesextensionsor projectionsoutsidethe 1002 area as shown infigure111-1.
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come from surfacesamples and seismicshot-holesamples
or the data must be projectedfrom wellsor outcropsin STRATIGRAPHIC LITHOLOGY AGE PLAYS

UNIT
adjacent areas. Because of the differentand complex (SW) ME)

structuralhistoryof most of the 1002 area compared with Surficilldeposits HOLOCENE

thatofadjacentareas to thewest,some of the projections
..........

PLEISTOCENEG.bikFormation
are tenuous.

PLIOCENE
Analyses of different rock units throughout ................

northeasternAlaska indicatethat the ShublikFormation,
Kingak Shale,pebble shaleunit,Hue Shale,and shalesin MIOCENE
the Canning Formationmay be potentialoilor gas source
rocks(fig.111-4).The firstthreeunitsare consideredto be Sagavanirktok

- - - - - - - - - -

the source forthe oilinthe Prudhoe Bay field.However, Formation
Z 6000-7500II OLIGOCENE

analyticaldata on a limitednumber of samples of some
units in or adjacent to the 1002 area indicatethat allthe
above unitsexceptthe Hue Shale are gas-pronesource ....... EOCENE

rocks of fairto good quality and that the Hue Shale is a
good to excellent oil-prone source rock. In addition,the

5
distributionof the Shublikand Kingakis not known and, @': PALED CENE 2
because of pre-pebbleshaleerosion,these rocksmay not CanningI'm
be presentinmuch of the1002 area. 4000-6200It

Analyses of oilscollectedfrom seeps and stained LATE
Red-w"edng CRETACEOUS

outcrops in or adjacentto the 1002 area, and of the HueShale
differentpotentialsource rocks,suggestthatthe Hue Shale 300-900It

Inoceramuszone -- - - ---- -
EARLY

isthe most likelyoilsource rock inthe 1002 area. None Ti-mm"Ayzone CRETACEOUS
Pebbleholeuni

ofthe sampled oilsare similarto Prudhoe Bay oil. KemikSandstone LATENEOCOMIAN

EARLY
KingakShale CRETACEOUSM

Maturationstudiesindicatethat,in the outcrop beft 0-1500ft AND
JURASSIC

South of the 1002 area, allpotentialsource rocks are
matureto overmature,the latterhavingbeen overheatedby KarenCreekSs

ShublikFormation
deep burialand so petroleumhad alreadybeen generated FireCreek

SHIstaneMbo

and expelled. In wellsin the PointThomson area,where I L=SS TRIASSIC
therocksarenowatorneartheirmaximumburialdepths,

Z
the Hue Shale and pebble shaleunitare at the beginning

Member 7
of hydrocarbon generation. Accordingto maturationdata @ftho-,k,

and downward-extrapolatedtemperaturegradientsfrom Formation PERMIAN

these wells. the maturity thresholds of oil, condensate, and PENNSYLVANIAN
thermal gas are about 12,000, 22,500, and 28,000 feet

LisburneGroupdepth, respectively. These threshold values can be 0-2500It
extrapolated into the northwestern quadrant of the 1002 e

MISSISSIPPIAN
area with a fairdegree of confidence, but in the structurally -rL7LrLr-Lr

complex area to the east thereare complications.Where
V - le

KeiktkT
the Hue Shaleisat or nearthe surface,itisimmature,but Nanook TOCAMBRIAN
seismicdata indicatethat itcould be as deep as 25,000 Limestone ORPROTEROZOIC

rE
feet in nearby areas. Thus, depending on itsstructural Katakturuk PROTEROZOIC

position,the Hue Shaleranges from immatureto mature or
Dolomite 4

Argillite.phyllite,quartzitc..
overmature. vokanicracks,csrb PRE-MISSISSIPPIAN

rocks,granite

In the deformed easternpartof the 1002 area,data
are insufficientto determinethe time of oilgenerationwith
respectto the formationof petroleumtraps. Itseems likely,
however, the generationoccurred before,during,and after EXPLANATION

formationof the trapsbecause the Hue Shale,the main ConglomeratePEP Limestone Bentonite
source rock,occurs insuch a wide range of burialdepths

Sandstone Dolomite Siliceous
and maturationstages. The time range of oilgeneration
was probablylong enough forreservoirsin early-formedas siltstone Granite Concretion

well as late-formedtraps to be charged by migrating Shale Inoceramus
petroleum.
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ASSESSMENT OF THE OIL AND DESCRIPTION OF PLAYS

GAS POTENTIAL
Briefdescriptionsof the seven plays follow,including

In-PlaceOil and Gas Resources a cross section showing geologic relationsand maps

showing the play limits(fig.111-12).Some playsare similar

The method employed for estimatingin-placeoiland or equivalentto oiland gas plays havingknown petroleum

gas resourcesfor the 1002 area is a modifiedversionof inadjoiningareas. The plays are presentedin the order

the play analysistechnique developed by the Geological that they were assessed ratherthan accordingto their

Survey of Canada to assess Canada's oiland gas estimatedoiland gas potential.

resources (Canada Department of Energy, Mines and

Resources, 1977) and used in earlierassessments of the 146' 145' 1440 1430

NationalPetroleum Reserve in Alaska (NPRA) and the 1002 Point
I I

B E A U

I

F 0 R TThomson Alaska
area (U.S. Department of the InteriorOfficeof Minerals StateA-1 Locationof

Policyand Research Analysis,1979; Mast and others,1980; cross section Better Manning

lFig.111-12) Island

Miller,1981; Bird,1986). But the presentassessment uses CAMDE

a more efficientcomputer program (FastAppraisalSystem 70'- B A Y ngun
nt

for Petroleum--FASP),utilizingprobabilitytheory ratherthan I

Monte Carlo simulation(Crovelli,1985, 1986).

In this method, geologicsettingsof oiland gas ......

occurrence are modeled, risks are assigned to geologic 10"I..W 7
attributesof the model necessary for generationand EXPLANATION a 10 MILES

accumulation of petroleum, and ranges of values are Explorato well
A 1 I

assessed for the geologic characteristicsof traps and
7 1 1 10 10 KILOMETERS

146o 145o 1440 143'
reservoirswhich controlpetroleum volumes withinthe Alaska I I Istar PoIntThomson B E A U F 0 R T S Emodeled accumulations of each play. The volumes of F-e / Alaska

petroleum in the hypotheticaltrapsare determined using
State A-1 Locationof

cross section Better Manning

reservoirengineeringformulas,and summed forthe play as lFig.111-12) Island

CAMDEN
a whole. Consequently, a play can be viewed as an

70o B A Y Angun

aggregate of prospects which are conceived as having int

similargeologic characteristicsand sharing common

geologic elements. They are definedby a known or

suspected trapping condition,which may be structural,

stratigraphic,or combination incharacter.

In thisappraisalmethod, geologistsmake judgments
EXPLANATION 0 10 MILES

. Exploratorywell
about the geologicfactorsnecessary forformationof an oil

I
I 0 10 KILOMETERS,

or gas deposit and quantitativelyassess those geologic NW

propertieswhich determineitssize. The computer program SE 1002 AREA KM

FT Sadlerochir 2
(FASP) then does the resource calculationbased on that 5000 - Mountains

MARSH CREEK B E A U F 0 R T -1M
information. This arrangement utilizesthe geologist's ANTICLINE 0 S E A

expertisewith geologicfactorsand the computer'sfacilityin 0 - -5 0

manipulation of numbers. The method provides for a 1too Ian. . .
systematicanalysisand integrationof the geologicfactors 5000 -

ki

sequ nce.

essentialfor the occurrence of oiland gas, a thorough 6 2

documentation of the analysis,and an assessment which 5
10,000- Pre-M

I

-3

'P"'S"'sP -3 - -providesinformationon the size,distribution,and number of basement omp

petroleumaccumulations as wellas theirsum. 15,000-

C ssissippian 5

In this assessment, seven plays were identified, 20,000_L_ nt
4 F

encompassing Precambrian to Cenozoic rocks (fig.111-11), EXPLANATION

and in-placeoiland gas resourceswere estimatedforeach - - Playboundary Faull-Arrowsindicatedirection Unconformity

play. Estimates for each of the seven plays were
ofrelativemovement

aggregated using probabilitytheory to produce estimatesfor Figure 111-12.--Maps and schematic sectionshowing the

the 1002 area. seven assessed plays in the 1002 area:1, Topset; 2,

Turbidite;3, Thomson-Kemik; 4, Undeformed Pre-

Figure 111-1l.--Generalizedstratigraphiccolumn (facing Mississippian; 5, Imbricate Fold Belt;6, Folded

page) forthe 1002 area showing intervalsof assessed Ellesmerian/Pre-Mississippian;and 7, Undeformed

plays. (Preparedby the U.S. GeologicalSurvey and the Ellesmerian. (Preparedby the U.S. GeologicalSurvey

Bureau of Land Management.) and the Bureau of Land Management.)
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TOPSET PLAY TURBIDITE PLAY

The Topset play consistsof stratigraphictrapsin The Turbiditeplay consistsof stratigraphictrapsin

sandstone reservoirsof Tertiaryage and includesthose deep-marinesandstone reservoirsof Late Cretaceous and

rocks representedon the seismicrecordsin the topset Tertiaryage which occur inthe foresetand bottomsetunits

positionin a topset-foreset-bottomsetsequence. This play of the Canning Formationas shown by seismicreflectors.

islimitedto the northwesternpartof the 1002 area and is The play is limitedto the northwesternpartof the 1002

generallyunaffectedby Brooks Range foldingand faulting area that is generallyunaffectedby Brooks Range folding

(fig.111-12A,C). The southeasternboundary is the line and faulting(fig.111-12A.C). The southeasternplay

marking the northflankof the Marsh Creek anticline. boundary is a linemarking the boundary between folded

These rocks,on the basisof wellpenetrationsimmediately and faultedrocks of the Marsh Creek anticlineand the

west of the 1002 area,are assignedto the Sagavanirktok adjacent undeformed rocks. On the basis of well

Formationand consistof marine and nonmarine deltaic penetrationsadjacentto the 1002 area,theserocksconsist

sandstone, siltstone,shale,conglomerate, and minor of relativelydeep-marine shale,siltstone,and turbidite

amounts of coal. A maximum thicknessof 10,000feet, sandstone. Maximum thicknessfor rocks in thisplay is

estimatedfrom the seismicrecords,occurs in the eastern about 5,000 feet. Drillingdepths range from 4,000 to

partof the play;the sequence thinswestward to about 22,000 feet.

7,000feetinwellsjustwest of the ArcticRefuge. Drilling

depths range from 100 to 10,000feet. Reservoirrocks,which are turblditesandstones,may
occur anywhere withinthe play interval,but inwells
adjacentto the 1002 areathey occur mostlyin the lower

The reservoirrocks are composed of sandstone and
thirdas toe-of-slopeor basin-plainturbidites.Sandstone

conglomeratewhich may constituteas much as halfthe
bodies are expected to be laterallydiscontinuousand to

totalthicknessof the play interval,even though individual
have an aggregate thicknessof severalhundred feet,

reservoirbeds seldom exceed 50 feet. Fairto good
althoughindividualbeds are expectedto be lessthan 50

reservoircontinuityin sand bodies is expected parallelto
feetthick.Abnormallyhighfluidpressuresareexpectedin

depositionalstrike(northwestward),but marked changes
the lowerpartof the playintervalas inwellswest of the

may occur over short distancesperpendicularto strike.
ArcticRefuge, and so porositiesshould be betterthan

Porosityof reservoirrocks is expected to be excellent,
normallyencountered for turbiditesandstones at these

averaging 10-32 percent,and permeabilityis in the
depths.

hundreds of millidarcies. Potentialsource rocks includedeep-marineshale
adjacentto the reservoirs(theCanning Formation)and

Potentialsource rocks immediatelyassociatedwith
below the reservoirs(theHue Shaleand pebbleshaleunit).

the reservoirsare deltaicshalesand mudstones which are
These shales are gas prone (CanningFormationand

immatureand probablybiogenicgas prone. The underlying
pebble shaleunit)and oilprone (Hue Shale)and are

marine shalesare both oilprone (Hue Shale)and gas
mature below about 12,000feet. Oiland gas have been

prone (CanningFormationand pebble shaleunit),and are
recoveredfrom turbiditereservoirsin severalwellsadjacent

mature below about 12,000feetin the play area. As a
to the ArcticRefuge. The oil,generally210 to 270API

consequence, oilaccumulationsinthisplayare likelyto be
gravity,but as highas 440 in one occurrence,has been

the resultof verticalmigrationalong faultsor inclined
recoveredon drillstemtestsat ratesof as much as 2,500

foresetbeds in the underlyingCanning Formation. Oil
barrelsper day. Gas flows of 2.25 millioncubicfeetper

shows are reportedin severalwellsin the PointThomson
day were also measured in the Alaska StateA-1 well

area from the lower partof the rock sequence includedin
adjacentto the northwestcornerofthe 1002 area.

this play. The multi-billion-barrelheavy oiland tar Postulatedtrapsin thisplayare mostlystratigraphic
accumulationsjustwest ofthe Prudhoe Bay fieldCNest Sak

and are relatedto facieschanges or trapsformed against
and Ugnu fields)and the smalloilaccumulationsin

small-displacementnormal faults;threebroad, low-amplitude
northeasternNPRA (Simpson and Fish Creek fields)are structureshave been identifiedseismically.Faultsand the
consideredto be analogsforpotentialaccumulationsinthis

surroundingthickmarineshalesare expectedto providefair
play. to good seals.

Postulatedtrapsinthisplayare mostly stratigraphic, THOMSON-KEMIK PLAY

relatedto facieschanges, or combinationstructuraland
stratigraphictrapsformed againstsmall-displacementnormal The Thomson-Kemik play consists of stratigraphic

faults. Faults,interbedded shales,facieschanges, traps in sandstone reservoirsof Early Cretaceous

permafrost,and asphalticpetroleumare expectedto provide (Neocomian)age inthe Kemik Sandstone or the equivalent

only fairto poor seals. Poor seals--thatis,barriersto Thomson sand. This playis limitedto the northwestern

petroleum migration--mayhave allowedpreferentialescape partof the 1002 area thatisgenerallyunaffectedby Brooks

of gas,leavingmostlyoilaccumulationsinthisplay. Range foldingand faulting(fig.111-12B, C). The
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southeasternplay boundary is a linemarking the boundary Potentialreservoirrocks may be dolomite,limestone,
between folded and faultedrocks of the Marsh Creek and sandstone. Dolomitesmay be vuggy as observed in

anticlineand the adjacent undeformed rocks. Sandstone in outcropping KatakturukDolomite. Sandstone may also be

this play overlies the Lower Cretaceous regional present. Under favorableconditions,leachingof calcareous
unconformity,was deposited under shallow marine to cements may have improved the reservoircharacter.
possibly nonmarine conditions,and is expected to be Although carbonaterocks may locallyhave porosityof as
discontinuous. Drillingdepths range from 12,000to 25,000 much as 25 percent,the average porosityis expected to be

feet. less than 10 percent. Fracturesare expected in these

rocks and should enhance the observed low permeabilities

The reservoirrock may range from fine-grained,well- of the matrices. Flow ratesfrom basement rocks inthe

sortedquartzosesandstone (Kemik)to detritaldolomiteand Alaska State F-1wellwere about 3 millioncubic feetof gas
quartzconglomeraticsandstone (Thomson). Thicknesses of and 150 barrelsof 350API gravityoilper day. Saltwater
as much as 345 feet have been penetratedby wells,but was recoveredfrom the Alaska StateA-1 wellat a rateof
the distributionof sandstone is unpredictableand appears 6,800 barrelsper day and freshwater was recoveredfrom
to be seismicallyundetectable. Average porosity is the KatakturukDolomitein the Canning RiverA-1 wellat a
expected to be about 12 percent. Abnormally high fluid rateof 4,800 barrelsper day. Abnormally high formation
pressuresare expected inthisplay as inwellswest ofthe pressuresare presentin the basement rocks in some Point
ArcticRefuge in these same units. Owing to abnormal Thomson wells.
pressures,porositiesare expected to be betterthan normal

forsimilarsandstone at these depths. Source rocks withinthe pre-Mississippianbasement

are unlikelybecause of the regionalmetamorphic character
Potentialsource rocks includethe overlyingCanning of these rocks. Hence, juxtapositionof younger

Formation,Hue Shale,and pebble shale unitand, possibly, (Cretaceous or Tertiary)source rocks with basement
the Kingak Shale and Shublik Formation where these reservoirrocks is criticalforpetroleumaccumulationsin this
formationsare present beneath the regionalunconformity. play. The Hue Shale is expected to be a mature oil-prone
Geochemical data indicatethat the Hue Shale isoilprone source rock,and the Canning Formation and pebble shale
and the other unitsare gas prone and, in the play area, unit,gas-prone source rocks. Possibleasphalticpetroleum
may be marginallymature to mature. Both oiland gas are is describedfrom the KatakturukDolomite inthe Canning
presentin the Thomson sand in the PointThomson field, RiverA-1 well,and oiland gas have been recoveredfrom
which is reported by the Exxon Corporationto contain PointThomson wells.

reservesof 5 trillioncubic feet of gas and 375 million

barrelsof condensate. Flow ratesare reportedto be as Postulatedtraps in thisplayare stratigraphicand are

much as 13 millioncubic feetof gas and 2,283 barrelsof located in areas where truncationplaced Cretaceous or

oilper day. Oil gravitygenerallyranges from 350 to Tertiarysource rocks in contact with reservoirsin the

450API.but some oilas low as 180API has been reported. basement.

Postulatedtrapsin this play are mostly stratigraphic IMBRICATE FOLD BELT PLAY

and are relatedto facieschanges or trapsformed against
small-displacementnormal faults;threebroad, low-amplitude The Imbricate Fold Belt play consistschieflyof

structureshave also been identifiedseismically.Faultsand structuraltrapsin sandstone reservoirsof Cretaceous and

the overlyingthickmarine shales are expected to provide Tertiaryage. Structuraltraps are the resultof Brooks

fairto good seals. Range foldingand faulting.This play encompasses that
part of the area southeast of a linemarking the limitof

UNDEFORMED PRE-MISSISSIPPIAN PLAY deformationof rocks along the north flankof the Marsh

The Undeformed Pre-Mississippianplay consistsof Creek anticline(fig.111-12A,g. Rocks includedinthisplay

stratigraphictraps in carbonate or sandstone reservoirsin are bounded below by a major structuraldetachment zone,

the pre-Mississippianbasement complex. Inthisplay,itis which inthe area of the SadlerochitMountains lieswithin

criticalthat the reservoirrocks be charged and sealed by the Kingak Shale,and in the subsurfaceto the north is

source rocks in the overlyingEllesmerianor Brookian believedto cut stratigraphicallyup-sectionand eventuallyto

sequences. Pre-Mississippianrocks were metamorphosed, die out withinrocks of the Marsh Creek anticline.

folded,faulted,uplifted,and eroded priorto depositionof

younger rocks. The occurrence of reservoirrocks inthe Sandstone reservoirsin this play may includethe

basement complex is unpredictable.This play islimitedto Kemik Sandstone, Canning Formation turbidites,and

the northwesternpartof the 1002 area thatis unaffectedby SagavanirktokFormation deltaicdeposits. Drillingdepths in

Brooks Range foldingand faulting(fig.111-12B,g. The thisplay range from 100 to about 26,000 feet.The turbidite

southeasternplay boundary is a linemarking the boundary reservoirsare expected to be most prospectiveinthisplay.

between folded and faultedrocks justnorth of the Marsh Distributionof the Kemik is expected to be unpredictableas
Creek anticlineand the adjacent undeformed basement in the Thomson-Kemik play. Deltaic sandstones are

rocks. Drillingdepths are expected to be 12,000 to 25,000 generallyexpected to have the same excellentreservoirbut

feet. poor sealingcharacteristicsas described in the Topset
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play;also includedare the very poor reservoirsandstones which erosion has removed an undeterminedamount of

and conglomeratesthatcrop out along Igilatvik(Sabbath) underlying strata. The IvishakFormation and Lisburne

Creek east of the Jago Riverin the southeasternpart of Group can be projected eastward from the Sadlerochit

the area (fig.111-3).The distributionof thisthicksectionof Mountains intothe subsurface of the southernmost partof

rocks (Jago RiverFormation)beyond the area of surface the 1002 area with a relativelyhigh degree of confidence,

exposure is unknown. North of this area,the characterof seismic reflections

offersthe possibilityof theirpresence. However, their

Potentialsource rocks include the Kingak Shale, northernextentdepends on severalfactors,such as the

pebble shale unit,Hue Shale, and Canning Formation. rate of truncationon the unconformity,the amount of

These shales may be presentwithinthisplay or below the northward transportby thrustfaulting,and the possible

detachment zone in the subjacent Folded Ellesmerian/Pre- existence of downdropped faultblocks north of the

Mississippianplay. The Canning Formation isexpected to truncationedge, about which we have littledirect

be a poor, submature source rock,whereas Cretaceous information.Drillingdepths range from 2,000to 25,000 feet.

and Jurassicshales are expected to be fairto good source

rocks in the submature to mature range. Oil seeps at Potentialsource rocks includemarine shales in the

Manning Point and Angun Point are thought to be from Kayak Shale, IvishakFormation,Shublik Formation,Kingak

rocks assigned to this play. In addition,oil-stained Shale,pebble shaleunit,and possiblythe Hue Shale. The

sandstone is known from many outcrops of these rocks. Hue Shale is expected to be the best oil-pronesource rock

where itoccurs at depths shallowerthan the thermalgas

Traps in this play are mainlystructuraland are threshold (about 22,000 feet). The other shales are all

expected to consistof relativelysmallbut numerous fault- apparently gas-prone source rocks. They are generally

cored anticlines. Stratigraphictraps,such as updip mature to possibly overmature. As with reservoirrock

pinchouts on the flanksof anticlines,may also be present. describedabove, truncationisexpected to reduce the areal

Shales withinthe play are expected to providefairto good extent of allpre-pebble shale unitsource rocks by an

sealsforthese traps,althoughfaultingand relatedfracturing unknown amount.

may reduce theireffectiveness.
Traps in thisplay are mostly structuraland are

FOLDED ELLESIVIERIAN/PRE-MISSISSIPPIAN PLAY expected to consist of a relativelyfew large,broad

anticlinesand faulttraps. A significantnumber of structures

The Folded Ellesmerian/Pre-Mississippianplay smallerthan the present3- by 6-mileseismicgridis also

Consists mostly of structuraltraps in sandstone or expected to be present. Stratigraphictraps relatedto

carbonate reservoirsof earliestCretaceous to pre- truncationby the EarlyCretaceous unconformityare also

Mississippianage. The structuresare the resultof Brooks possible. The pebble shale unitand younger shales are

Range foldingand faulting.This play underliesnearlythe expected to providegood to excellentseals.

same area as the ImbricateFold Beltplay. The play area
liessoutheast of a linemarking the approximatenorthern Withinthis play area,two extremelylargestructures

limitof deep basement faultingwhich liesjustnorth ofthe were seismicallyidentified(prospects18 and 19 shown on

surfacetrace of the Marsh Creek anticline(fig.111-12,B, g. figure111-1and table 111-2).These two structureswere each

Rocks in this play liebeneath the major structural assessed independently from the other structures

detachment zone which marks the base of the overlying composing this play,and specialconsiderationwas given

ImbricateFold Belt play,and reservoirsconsistmainly of to theirpositionrelativeto the Ellesmeriantruncationedge

Ellesmerlanand pre-Ellesmerianrocks. Depending on the and the relationof trapfillto petroleum-columnheight.

stratigraphiclevelof the main structuraldetachment zone,

some Brooklan rocks may also be included. UNDEFORMED ELLESMERIAN PLAY

Reservoirsin this play consistof both carbonate The Undeformed Ellesmerian play consists of

rocks and sandstone. Potential carbonate reservoirs stratigraphictraps in carbonate or sandstone reservoirsin

includethe KatakturukDolomite,Nanook Limestone,other the Ellesmerian sequence. The play is limitedto the

unnamed pre-Mississippiancarbonate rocks, Lisburne northwesternpart of the area thatis unaffectedby Brooks

Group, and Shublik Formation. Potentialsandstone Range folding and faulting(fig.111-12B,C). The

reservoirsinclude pre-Mississippiansandstone, KekIktuk southeasternplay boundary is a linemarking the boundary

Conglomerate, Echooka Formation,IvishakFormation,Karen between foldedand faultedrocks and adjacentundeformed

Creek Sandstone, Kemik Sandstone, and possiblyturbidite Ellesmerian rocks. This boundary coincideswith the

sandstones in the basal part of the Brookian sequence. northwest boundary of the Folded Ellesmerian/Pre-

The most importantsandstone reservoiris expected to be Mississippian play. A wedge of Ellesmerianrocks is

the IvishakFormation (Ledge Sandstone Member) and the selsmically mapped beneath the Lower Cretaceous

most important carbonate reservoirs,the LisburneGroup unconformity only in the southwesternmost comer of the

and Katakturuk Dolomite. The areal distributionof playarea. Elsewhere in the play area,theremay be one or

reservoirsin this play is uncertain. The uncertaintyis more fault-bounded,downdropped blocks which preserve

caused by the Lower Cretaceous regionalunconformityin Ellesmerian rocks. Such fault-bounded blocks are well
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known in the Prudhoe Bay area but have not been
identifiedthus far on the seismicdatain the 1002 area. ESTIMATES
Drillingdepths to Ellesmerianrocks are 12,000to 25,000 Z Mean 13.8

Median 11.9
feet. 0.75 Mode 8.8

F95 4.8
F75 8.2cr F50 11.90Potential reservoirs consist of both sandstone and 2 F25 17.2

carbonate rocks. The most importantreservoirsare LL
- F05 29.4

00.50-
expected to be dolomite in the Lisburne Group and
sandstone inthe Ledge Sandstone Member of the lvishalk
Formation. Reservoirpropertiesmay be improved by <

WO.25-proximityto the unconformity,as at Prudhoe Bay. Average 0a:
carbonateporosityisexpectedto be about 4 percentand CL

averagesandstoneporosity,about 15 percent. or
0 10 20 30 40 50

Potential source rocks include marine shales within IN-PLACE OIL, IN BILLION BARRELS
the Kayak Shale, IvishakFormation,ShublikFormation,
Kingak Shale,and the overlyingpebble shaleunitand Hue
Shale. These shales are expected to be submatureto
mature. Only the Hue Shaleisexpectedto be an oil-prone
source rock.

Postulatedtraps in this play are stratigraphicand ESTIMATES

Z Mean, 31.3depend for seals on the pebble shale unitor younger < Median 27.3
X0.75 Mode 20

,
8shales. F95 11.5Uj F75 19.2M F50 27.30

F25 38.8M.ESTIMATES AS DISTRIBUTIONS
LL

F05 64.5
00.5

The estimates of in-placeoiland gas resources
includedin thisreportare in the form of complementary
cumulativeprobabilitydistributions,as shown infigure111-13. MO.25-

0 -
These distributionssummarize the range of estimates a:

CL -
generated by the FASP computer program as a single

01 Iprobabilitycurvein a "greaterthan"mode. Because ofthe
uncertaintyattached to the many geologicvariables,no 0 20 40 60 80 100 120

single answer is possible to the question of how much oil IN-PLACE GAS, IN TRILLION CUBIC FEET

and gas are present;instead,an infinitenumber ofanswers
are possible,each with itsown confidencelevel.There is
a 100-percentprobabilityof occurrenceofsome oiland gas
somewhere inthe 1002 area. Innature,onlyone realvalue Figure 111-13.--Probabilitycurvesshowing the estimated

existsand the curve is an expressionof the uncertainty in-placeoiland totalgas resourcesofthe 1002 area.Oil

about itssize. The degree of uncertaintyisexpressed in in billionsof barrels;gas intrillionsof cubicfeet.F,

the "spread"or varianceofthe distribution.The curvefor fractile.(Preparedby the U.S.GeologicalSurvey.)

in-placeoilis read as: thereis a 50-percentchance that

the resourceisgreaterthat11.9billionbarrels,and thereis
a 5-percentprobabilitythatthe resourceis greaterthan may be no exploitablepetroleum resourcesinthe 1002

29.4 billionbarrels. Large quantitiescorrespond to lower area. For perspective,the Prudhoe Bay fieldiscalculated
probabilities--thatis,there is lessconfidencethatthose to have initiallycontainedabout 23 BBO in-placeand more
quantitiesare present. Our estimatesare reportedat the than 35 TCFG in-placein Triassicreservoirs.Furthermore,
mean and at the 95th and 5th probabilitylevels,considered an area similarin size and shape to the 1002 area,

by us to be "reasonable"minimum and maximum values. centered at Prudhoe Bay, encompasses 10 oiland gas
accumulations,both economic and subeconomic,containing

ESTIMATED IN-PLACE RESOURCES nearly60 BBO and 45 TCFG in-place.Mean estimatesfor
the 1002 area are calculatedto be 13.8BBO in-placeand

In-placeoiland gas resourcescontainedwithinthe 31.3TCFG in-place;these mean valueshave probabilitiesof
1002 area are estimatedto range from 4.8 billionto 29.4 40 percentor lessof beingexceeded.

BBO and from 11.5to 64.5 TCFG, at the 0.95and 0.05
probabilitylevels,respectively(fig.111-13).Though indicating To facilitateweighingof land-usevalueswithinthe
a relativelyhigh degree of uncertaintyregardingthe true 1002 area,the mean values of in-placeoiland gas

value,thiswide range of valuesdoes indicatethe potential resources were assessed forfour separate geographic
forunusuallylargeresources,or the possibilitythatthere blocks as shown infigure111-14.
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This assessment of oiland gas in-placerepresents However, in these and severalotherplays,the estimated

those depositswhich constitutethe resourcebase without accumulationsizes,though perhaps substantial,are oftenof

referenceto recoverability.Includedare accumulations such sizeas to be of littleor no currenteconomic interest

estimatedto range in sizefrom very small(farlessthan 1 ifoccurringsingly,and are oftenmapped with great

millionbarrelsof oilin-placeor equivalent)to very large difficulty.Ifoccurringabove deeper and largerdepositsor

(greaterthan I billionbarrelsin-place).Includedare both closeto them, such accumulationsmay be ofinterest.

stratigraphictraps and structuraltraps,not only traps
unequivocallyidentifiedand measured by seismicdata,but
also trapsinferredto existon the basis of framework

geology. Clearly,thisin-placeresource includesmany
depositswellbelow any economic sizelimitwhich may Economically Recoverable
currentlybe assumed forthe Arctic,and includesdeposits Oil Resources
which have reservoircharacteristicsthatprecludethem from
beingeconomic (see sectionon EconomicallyRecoverable - The estimateof economicallyrecoverableoil
OilResources). resourcesforthe 1002 area representsan assessment of

onlythe structuralprospectswhich were identifiedon the
Estimatedin-placeresourcesof individualplays are basis of the seismic interpretation(fig.111-1).As noted

shown infigures111-15and 111-16.The most significantplay above,the 1002 area is expected to containa very large
in terms of contributionis the Folded Ellesmerian/Pre- additionalvolume of oiland gas in numerous smaller
Mississippianplay,containingapproximately50 percentof structurallycontrolledaccumulations(forexample, the
the area'sestimatedin-placeoiland 60 percentof the Imbricate Fold Belt play) and largestratigraphic
estimatedtotalgas. This play has severalunusuallylarge accumulations(Topsetplay).The economicallyrecoverable
structuralprospectsand isestimatedto containlarge resourceestimateshould be viewed as an "Identifiable
accumulations.Next in orderof decreasingimportanceare minimum" volume,which is constrainedby economic and
the ImbricateFold Beltplay and the Turbiditeplay. technicalrecoverabilityconsiderations.-

Conditionalestimates of potentialeconomically

1461 145' 144' 143'
recoverableoilresourceswere calculatedforuse inenviron-
mentalanalysesand to assess the potentialcontributionof

B E A U F 0 R T
S E A

the 1002 area to the Nation'sdomestic energy supply.
These estimatesare conditionalupon the occurrenceof at
leastone economic-sizeoilaccumulationin the area,the
probabilityof which isabout 19 percent.The estimatesare

700 reportedas a range ofvalues,which reflectsthe uncertainty
inherentinsuch estimates.The conditionalmean estimate
was used to providea singlepointvalueforthe indicated

purposes.

METHODS

0 10 MILES The estimateof economically recoverableoil
i I I
0 10 KILOMETERS resourcesforthe 1002 area is the resultof a prospect-

APPROXIMATE DISTRIBUTION
specificanalysisusing the computer simulationmodel

OF IN-PLACEOIL PRESTO 11. PRESTO is an acronym for Probabilistic

MEAN ESTIMATE
Resource Estimates--Offshore,developed and currentlyused

OIL IN PLACE GAS INPLACE Bl. by the U.S. MineralsManagement Serviceforgenerating

JBBO) (TCFG) petroleum resource estimatesfor Outer ContinentalShelf

BLOCK A 5.5 12.7 planning areas. The PRESTO process is describedby
BLOCK B 1.5 2.9
BLOCK C 5.1 11.5 Bl.

BL Cooke (1985).

BLOCK D 1.6 4.2
PRESTO 11 uses prospect-specificgeologicand

DISTRIBUTION OF GAS ISVER geophysicalvolumetricinputdata foridentifiableprospects
SIMILARTO THAT OF OIL and produces prospect-specificand areawide resource

estimates.The uncertaintyin a frontierarea isaddressed
by allowingthe userto inputgeologicriskfactorsand a

Figure 111--14.-ResourceblocksA-D ofthe 1002 area range of valuesforeach volumetricinputparameter. The

(shaded) and the approximatedistributionof mean PRESTO model also allows for inputof a minimum

valuesof in-placeoiland gas resources. (Preparedby economic-fieldsize. Any fieldsmallerthan thiseconomic

the U.S. GeologicalSurvey and the Bureau of Land fieldsizeis not counted in eitherthe prospector area

Management.) conditionalresourceestimates.
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Figure 111-15.-Estimated in-place oil for plays in the 1002 area, showing individual probability curves and relative

contributions of the plays. Triangles show mean values on principal distribution curves. (Prepared by the U.S.

Geological Survey.)
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Figure 111-16.-Estimated in-place total gas for plays in the 1002 area, showing individual probability curves and

relative contributions of the plays. Triangles show mean values on principal distribution curves. (Prepared by the

U.S. Geological Survey.)
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PRESTO uses a "Monte-Carlo" random sampling ZONES

technique. The model repetitivelysimulatesan exploratory

drillingprogram forthe area, 'finding"variouscombinations Each prospect is modeled as having one or more

of prospectsand variouscombinationsof valuesforvolume prospectivereservoirzones. For the purpose of the 1002

parameters in the prospects for each simulation"pass." area recoverable resource assessment, the number and

This process, ifrepeated enough times,resultsin a range geologic characteristicsof zones withinprospects were

of values which represents allpossiblecombinationsof based on the arealdistributionof the equivalentgeologic

subsurface conditions that affecthydrocarbon volumes. playsused forthe in-placeassessment. The major partof

Similarmodels and the Monte-Carlo method are described the economically recoverable estimate is modeled as

more fullyby Newendorp (1975).
occurringin Ellesmerianclasticand carbonate reservoirs.

Afterallinput data are entered,PRESTO startsits VOLUMETRIC PARAMETERS

simulation,drillingeach prospect in the area based on
prospect and area risks. Afterthe area has been 'dolled" Each reservoirzone in a prospect requiresinputof

a sufficientnumber of times,PRESTO then computes the hydrocarbon volumetricparameters,includingthe productive

prospect-specificresource volumes foreach trialwhere, by area, pay thickness,and a barrel/acre-footoilrecovery

sampling from the inputdistributions,a prospectwas found factor.Gas recoveryfactorsand the associatedgas input

to be economically productive. The average of these parameter(gas-oilratio)were "zeroed out" forpurposes of

productive trialsfor each individualprospect is the the 1002 area assessment. Allvolumetricparameters are

conditionalmean prospect resource. For each trialwhere a ranges of values,with an associatedprobabilitydistribution

prospect is found to be productive,prospect resourcesare
to account for uncertainty.The ranges and distributions

added to give areawide resourcesfor thattrial.The area
used for recovery factors were derived directlyfrom

conditionalmean is the average of these area-wide equivalentparameters developed for the in-placeresource

resources. The resultsof allthe productivetrialsare then assessment.

arranged in ascending order to give the cumulative

frequency of the conditionalarea resources,that is,the GEOLOGIC RISK

percentage chance of findingresourcesgreaterthan a given

value. The resultsof alltrials(includingzero, non- The probabilityof occurrence of hydrocarbons inan

economic, and productivetrials)are used to generaterisked
area or prospect isnormallyexpressed as a geologicrisk

resource estimates and an economic riskfactor(Cooke,
factorwhich is the complement of the probabilityof

1985, p. 11).
occurrence (1 minus probabilityof occurrence). Itis the

probabilitythathydrocarbons willnot be found.

The PRESTO model requires user input of

unconditionalriskfactorsfor the area and for each

prospect and each zone beingassessed. At the prospect

and zone levels,these riskfactorsare internallyadjustedby

the model to a conditionalbasis,and these conditionalrisk

PRESTO MODEL INPUTS
factorscontrolthe frequency with which prospects and

zones are found productiveduringa PRESTO "run"(Cooke,

The PRESTO model requiresthe development of user
1985, p. 9). This sampling frequencydeterminesthe relative

inputvaluesin much the same way as describedforthe in-
contributionof each prospect to the area resourceestimate.

place resource assessment. The major differenceisthat

volumetricparameters and riskfactorsare developed for - Prospect riskfactorswere assessed on the basisof

specific,identifiedprospects,and thattechnologicaland the probabilityof occurrence of significantquantitiesof oil,

economic factorsaffectingrecoverabilityare considered. taking into considerationprobabilitiesassociatedwith the

Specificvariablesare discussed inthissection. occurrence of minimum values and probabilitydistributions

forthe reservoirparameters used forthe variousplays in

PROSPECTS the in-placeresource assessment. New fieldwildcat

success ratesforthe U.S. and forAlaska were considered.

Twenty-six structuralprospects, identifiedand Prospect riskfactorsused range from 90 to about 98

delineatedas a resultof interpretationof seismicdata,were percent,depending on such prospect specificfactorsas

considered in the 1002 area recoverable resource data coverage and quality,confidencein the interpretation,

assessment (fig.111-1;table 111-2).The minimum arealsize confidence inthe existenceof reservoirhorizons,and type

of prospects isa functionof the seismicgriddensityand of trap. The average prospectriskvalueused forthe 1002

the resolution(quality)of the data on seismic record area prospects was about 95 percent. For perspective,the

sections,which isvariablewithinthe area. A largevolume reportednationalaverage fornew fielddiscoverywells has

of additional,possiblyeconomicallyrecoverableresources in been about 16 percent forthe years 1972-1985,but the

small structuraltraps and stratigraphictraps may also be average size of discoveriesincludedin these statisticshas

present,as reflectedinthe in-placeresourceassessment. probably been less than 1 millionbarrels,while the
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conditionalmean size of the smallestprospect assessed in Sensitivityanalyses were conducted to determine
thisanalysiswas about 20 millionbarrels(recoverable).For effectsof variationsin several economic parameters,
Alaska,from 1982 through 1985, two new fielddiscoveries including oil prices,on the economics of "typical"
have been announced for 106 exploratorywellsdrilled,or prospects in the western and easternparts of the 1002
about 2 percent(Jones, 1983; Jones and Hiles,1984; Boyd area. The lowest oilprice modeled was $22 (year2000
and Hiles,1985; Steenblock,1986; Johnston, 1983, 1984, price,1984 dollars). The MEFS for the eastern Arctic

1985, 1986). The Alaska statisticsreflectthe economic Refuge prospect using this priceis more than 2 billion

realitiesof a high-costenvironment.- barrels(recoverable).For western ArcticRefuge,the MEFS

would be about 1.4 billionbarrels.Minimum fieldsizesfor
- As generallydefined foruse inthe PRESTO model,. actualprospects in the 1002 area,using thisprice,were

area risk is based on the probabilitythat at leastone not estimated,but itis likelythatthe minimum forthe area

accumulation existsas modeled in the area. For this would be close to that forthe "typicalwestern Arctic

analysis,the area riskwas based on the probabilitythatat Refuge" prospect (1.4 BBO). All else being equal,the

leastone of the fivelargestprospects existsas modeled. effectofthiswould be to lowerthe marginalprobabilityfor

Based on individualprospect riskfactors,this probability commercial hydrocarbons from the 19 percent most likely

was 30 percent (70 percentarea risk).The rationalefor case. -

using thisapproach isthattheremust be atleastone field
in the area largeenough to bear the cost of a regional Table 111-3.--Undiscovered,conditional,economically
transportation infrastructurein order for commercial recoverableoilresources in the 1002 area.
development to occur. This may be considered overly

conservative,in that itdoes not take into account the [BBO, billionbarrelsof oil.Prepared by

possibilityof offshore development. Commercial the Bureau of Land Management]

development in the eastern BeaufortSea would lower

regionaltransportationcosts,resultingin a lower minimum

economic fieldsize. However, itis beyond the scope of Greater Economic scenario-
thisanalysisto speculate on the probabilityof commercial than Most likelyMost favor-

development inthe easternBeaufortSea. - case able case

ECONOMIC INPUTS A. Conditional,economicallyrecoverableoil

The economics of petroleum development for the Probability............................99% 0.49 BBO 0.18 BBO

area and for each prospect are appliedin the PRESTO 95% .59 .23

analysis.This isaccomplished by means ofan estimateof 75% 1.12 .67

the volume of recoverableresourcesthat would be required 50% 2.21 1.49

for a prospect to be economically successful. This 25% 4.24 3.67

estimate,referredto as the minimum economic fieldsize 5% 9.24 7.85

(MEFS), is based on estimateddevelopment,production, 1% 17.19 15.73

and transportationcosts, and various forecasts and Maximum simulated oil......... 22.34 22.34

estimates of futureeconomic factors,such as oilprices,
Mean (arithmeticaverage).... 3.23 2.66inflation,and discountrates. Pertinentassumptions used in
Marginalprobabilityl............. 19.0% 26.0%the derivationof IVIEFSfor prospects inthe 1002 area are

shown in table111-3and are discussed at greaterlengthby
Minimum economic field....... 0.44 BBO 0.15 BBOYoung and Hauser (1986).

Under the most likelycase economic scenario,the
B. Significanteconomic assumptions

minimum economic fieldsize forthe 1002 area as a whole

is about 440 millionbarrelsof economicallyrecoverableoil.

For individualprospects,the IVIEFSvaries,depending on
Crude oilmarket price(1984 dollars/

prospect-specificcharacteristicssuch as drillingdepths,well barrelin year 2000) .........................$33.00 $40.00
spacing,and pipelinedistance. The areawide minimum is Annual inflationrate............................6.0% 3.5%
equal to the MEFS for the prospect with the lowest Discount rate:

development costs. Real ....................................................10.0% 8.0%
Nominal .............................................16.6% 11.78%

Minimum economic fieldsizes were also calculated
Federalroyaltyrate.............................16.67% 12.5%

using alternative,more optimisticeconomic assumptions.
Development cost multipliei................ 1.0 0.75

Under these assumptions, the areawide minimum economic
fieldsize (thatis,leastcostlyprospect)isabout 155 million 1The marginal probabilityis the probabilityof

barrelsof technicallyrecoverableoil.This isreferredto as occurrence of economicallyrecoverableoilsomewhere in

the "most favorablecase MEFS." the 1002 area.
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PRESTO ANALYSIS RESULTS percentprobabilityfor the 70-million-acreSt. George Basin
(table111-1).Furthermore,the marginalprobabilityof finding

Economicallyrecoverableestimatesof oilresources a recoverablefieldwillbe lower,the greaterthe minimum

were calculatedusingtwo economic scenarios.The results economic fieldsize,because, as discoverystatisticsshow,

and economic variablesthatsignificantlyaffectthe estimate the number offieldsof a givensizeismuch lowerforlarger

ofthe minimum economic fieldsizeare shown intable111-3. fields.There are fewer 1-billion-barrelfieldsthan 100-million-
barrelfields.Because ofthe high cost ofoperationsinthe

The most favorablecase resourceestimatewas made Arctic,the minimum economic fieldsize is 440 million

to assess the effectsof differenteconomic conditionsor barrels,which is much higherthan forareas in the lower

projectionson the estimate. Except for economic inputs 48 States. Despitethis high threshold,the chance of

(theminimum economic fieldsize),allothervariableswere findinga recoverablefieldin the 1002 area is 19 percent.

held constant.On a conditionalbasis,the area resource This shows an exceptionallyhigh potentialforoiland gas.

estimate is lower because the prospect resources For perspective,in 1982, 1,402new-fielddiscoverieswere

contributingto the area resourceare lower. The range of reportedforthe United States,but only652 millionbarrels

valuesforeach prospectmodeled istruncatedat a lower of hydrocarbonliquidswere discoveredinthe new fields.

levelby the lower minimum economic fieldsize,resultingin
a widerrange ofconditionalvaluescontaininglowervalues. RESOURCES BY BLOCK

This is offsetby the increasedmarginalprobabilityof
occurrenceassociatedwith the widerrange of values, To providea basisforassessingthe consequences

because prospectsand the area are found economic more of management decisionsin terms of the oilresource

oftenduringthe Monte Carlosimulation(Cooke, 1985,p. potentialof the 1002 area,the unconditionalresource

11). potentialforthe area was allocatedon a percentagebasis
to the blocks shown in figure111-14.This allocationis

To assess the effectof variationsin geologicrisk, based on the unconditionalresourcepotentialof the

PRESTO runswere made at differentlevelsof unconditional individualprospectscontainedineach block. See figureIII-

risk.These runs produced no significantvariationsin the I and table 111-4.A similarresource allocation,by

conditionalarearesourceestimate. percentage,was made to "activityareas"in Section105(b)
Economic and PolicyAnalysisforthe NationalPetroleum

- MARGINAL PROBABILITY - Reserve inAlaska (U.S.Departmentofthe Interior,1979).

The marginalprobabilityisan outputof the PRESTO Table 111-4.--Distribution,by block,of estimateduncondi-

model thatindicatesthe chance thatan area havingthe tionalmean recoverableoilresourcesinthe 1002 area.

characteristicsspecifiedby the inputswillcontainat least (Preparedby the Bureau of Land Management.)

one fieldwith economicallyrecoverableresources. The

inputparameterswhich most directlyaffectthisoutputare
thearea geologicrisk(afunctionofthe individualprospect Block Locationin Resource Number of

geologicrisks)and the minimum economic fieldsize 1002 area distribution prospects

estimatedfor each prospect(see "Economic inputs,"this (percent) inblock

chapter).

As a consequence of the area geologicrisk,the A ........................West 9 14

resultsshow a 30-percentchance thatan exploratory B ........................Central 3 3

drillingprogram would findhydrocarbons. There is a 63- C .......................East 63 4

percentchance that,ifhydrocarbonsare found,the amount D ........................South 25 5

would exceed the minimum economic fieldsizeforat least
one prospect,resultingin the marginalprobabilityof 19
percent. Statedanotherway, assuming 1,000areassimilar NATURAL GAS ECONOMICS
to the 1002 area,300 would have hydrocarbonsand 190 of
these would have at leastone prospect containing - For thisanalysis,crudeoilisassumed to be the only
resourcesexceedingthe minimum economic fieldsize. potentiallyeconomic hydrocarbon in the 1002 area which

would attractdevelopmentinterestinthe mid-to late-1990's,

The statementthat thereis a 19-percentchance of and which could be exploredfor,developed,and marketed

findingrecoverableoilin the 1002 area needs to be
withinthe 30-yeartimeframeat expected costsand prices.

interpretedin lightof past experienceinoilexplorationand This studyrecognizedfourfactors:(1)the high costsof

resource assessment. Generallyspeaking,the marginal North Slope naturalgas at market,(2)uncertaintythatany

probabilityof findingoilwillbe lower,the smallerthe gas transportationsystem willbe developedforthe North

unexplored area being considered. The 19-percent Slope,(3) additionalcosts of transportinggas from the

probabilityforthe 1.5-million-acre1002 areathus indicatesa
1002 area to the northernterminusof such a pipeline,and

very high potentialwhen compared to the 27-percent
(4)the quantityof known reserveselsewhereon the North

probabilityforthe 37-million-acreNavarinBasin or the 22- Slope thatwould presumably be developedbeforethe 11002
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CHAPTER IV

DEVELOPMENT AND TRANSPORTATION

INFRASTRUCTURE

INTRODUCTION EXPLORATION, DEVELOPMENT,
AND PRODUCTION

Section 1002(h)(3)requiresan evaluationof the - The explorationand development of an oilfieldon
effectsof furtheroiland gas exploration,development,and the North Slope of Alaska and the transportationof oilto
production,should itbe permittedon the 1002 area. markets entailseveralactivitiesand the constructionof
Section 1002(h)(4)requiresa descriptionof oiland gas many types of facilities.The various activitiesinclude
transportationfacilities.To meet these requirements, seismic exploration;drillingof exploration,confirmation,
scenarios were needed to describepossibleoiland gas delineation,and production wells;and the planning,
development withinthe ArcticRefuge coastalplain,and engineering,and constructionof fieldproductionfacilities,
transportationof the oiland gas to processing facilities. support facilities,and transportationsystems. Followingis
The scenarios in this chapter are based on general a general descriptionof the activitiesand facilitiesthat
concepts germane to oildevelopment and productionin an would normallybe requiredto transportNorth Slope oil
arcticenvironment. Advances in arcticengineeringand oil- from the 1002 area to market. The exploration,
fielddevelopment and/or sitespecificfactorsin the 1002 development, and constructionscenarios presented herein
area may allow for the constructionof smallerpads and are generalconcepts and must not be consideredto be
roads requiringless gravelthan those describedin the finalengineeringsolutionsfor oiland gas productionfrom
followingscenarios.Determiningthe possible magnitude of the 1002 area.-
such development in the 1002 area requiredan estimateof

Exploration
the amount of potentiallyrecoverable hydrocarbon

resources. Chapter IIIdescribes how these recoverable
ADDITIONAL GEOLOGICAL AND

resource estimates were derived,and the limitations
GEOPHYSICAL EXPLORATION

connected with theiruse. -

Additional surface geology work would probably

Gas was not considered in the recoverableresource occur priorto drillingexploratorywells. This would consist

assessment; at presentcrude oilisassumed to be the only of hand sampling of rock and furtherstudy and

potentiallyeconomic hydrocarbon which would attract measurement of geologic sections. Access would be by

leasinginterestifthe 1002 area were opened to leasing. helicopter,and actualtime on the ground would be only a

Conceivably,at some futuredate,gas as wellas oilcould few hours foreach survey.

be economically produced from the Arctic Refuge.

Therefore,a general discussionof gas development and Additionalseismic explorationwould also take place

transportationis presentedat the end of thischapter. to obtainmore detailedinformationon subsurfacegeology.

Use of vibratorequipment would probably be the preferred

- For this chapter and Chapter VI, the recoverable method, based on the resultsof seismicactivitiesalready

estimates used are those attributedto the mapped conducted inthe 1002 area. Although the totallinemiles

structures(fig.111-1).This isnot to implythatthese are the of new surveys might not differmuch from the cumulative

only areas of oiland gas potentialon the 1002 area. It totalof about 1,300 linemilesalreadycollected,more crews

merely provides a less speculativetool from which to may be on the area for two reasons: (1) different

projectpotentialdevelopment activityand from which to companies have differentideas as to where to concentrate

evaluate possible environmental impacts. Areas outside detailedsurveys (closergrid spacing);and (2)different

mapped structuresmay prove to be of greater,lesser,or types of data and parametersare usefulto companies in

equal potential. Without exploratory drillingas a theirinterpretationsof subsurface geologicalstructuresor

confirmationand delineationtool,allestimatesmust be style. Thus, there could be requestsforauthorizationsto

considered uncertain.Of course,ifno oilispresent,there run '3-D surveys,'which use closelyspaced, parallel

willbe no impacts from development and production. survey lines.
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EXPLORATORY DRILLING averaging 2 feet deep over the tundra surface. This
materialis used to backfillthe reservepitupon pad

Exploratorydrillingis a large-scaleoperationusing abandonment. -
heavy equipment,but itis usuallyconfinedto a localized

area. For environmental,engineering,and economic The drillingpad is connectedto the airstripand the

reasons,exploratorydrillingon the North Slope istypically camp watersource by iceroads. Initiallya sourceofwater

conducted during the winter. Ifexploratorydrilling sufficientfor ice-roadand airstripconstructionand camp

operations,includingconstruction,drilling,and testing,can and drillinguses must be located.Water inthe 1002 area

be completed withinapproximately170 days,a wellcan isconfinedto surfaceresources,and thereare few lakesof

probablybe completed ina singlewinterseason (Mitchell, appreciablesizewithinthe area. The water requirements

1983b). On the North Slope, exploratorywellsto a for drillingan exploratorywellare approximately:(1)1.7

moderate depth Gan usuallybe drilledin a singleseason, millionto 2.0 milliongallonsforthe drillingoperationsand

whereas most deep wells(deeperthan 10,000feet)would domesticuse, (2)1.2millionto 1.5milliongallonsper mile
requiretwo seasons. Decisionsto allowyear-rounddrilling for constructionand maintenanceof ice roads,and (3)7

activitywillbe made on a case-by-casebasis.- millionto 8 milliongallonsforconstructionand maintenance
of an airstripon the tundra. Therefore,as much as 15

A single-winter-seasonoperation involvesthe milliongallonsof water may be needed to drillone
mobilizationof constructioncrews and equipment,followed exploratorywell.
by the mobilizationof the drillingrig. Afterthe rigand

supportequipment are deliveredto the siteand assembled, - The limitedavailabilityof freshwater on the Arctic

drillingbegins,and continuesuntilthe desireddepth is CoastalPlain,particularlyinwinter,isnot a problemunique

reached. Afterdrilling,testing,and suspension or to the 1002 area. The varioussources used and methods

abandonment of the well,the rig,supportequipment,and developedto satisfywater requirementsin otherareas in
camp are demobilizedand the pad areaisrehabilitated. the Arctic(the Prudhoe Bay developmentarea near the

mouths of the Sagavanirktokand Kuparuk Riversto the

Constructionequipmentis hauledcross-countryby west) willbe applicableto activitiesin the ArcticRefuge.

low-ground-pressurevehiclesto the exploratorywell site. Just as water availabilityvariesby location,solutionsto
Once the equipment and crew arriveon site,construction providing/obtainingwater willhave to be consideredon a
beginsforiceroads,an iceairstrip,and the drillingpad. site-by-sitebasis. The severalsources and methods used

The drillingrigand the ancillaryequipment can be to obtain winterwater suppliesin earlierexploratory
transportedoverland by low-groundpressurevehiclesor development and productionactivitiesin ArcticAlaska are

flowninby C-130 aircraft. mentionedelsewhereinthisreport.These includeexisting
naturallydeep lakesand deep pools along riversthatdo

- The drillingpad can be constructedof ice,excavated not freezeto bottom in winter;meltinglake and riverice,

material,gravel-foam-timber,or otherpossiblecombinations. includinglargeaufeisdepositsdownstream from the several

The pad is largeenough to holdthe rig,camp, and largespringssouth of the 1002 area (Childersand others,
support equipment,and to providestoragefor drilling 1977),trappingand meltingsnow; creatingwaterreservoirs

supplies(drillpipe,casing,drillingmud, cement,etc.).A by excavatingdeep pools inlakesor along streamchannels

typicalpad (includingreservepit)covers5-10 acresof in conjunction with gravelremoval operations:and

ground surface. The constructionand drillingcamps desalinatingmarine waters obtainedbeyond the barrier

contain sleeping and eating accommodations, islands.-

communication equipment,power generatorunits,storage
space, shops, and offices.An initialconstructioncamp Ifa suitablewater source can be found,iceroads
containsfacilitiesfor50-75peopleand the drillingcamp for would probablybe constructed,typicallyby applyinga layer

50-60people. The actualnumber of peoplevarieswiththe of water over snow cover along the desiredroute,using

type ofactivity.- speciallydesignedwatertrucks. This process isrepeated
untilan icelayerof sufficientthicknessis created. One

- A reservepitis excavatedat the edge of the pad mile of ice road generallyrequiresabout 1.5 acre-feetof

immediatelyadjacentto the well.The purpose ofa reserve water. Iceairstripsare usuallyplacedon nearbylakesif

pitis twofold:(1)to containthe used drillingmuds and they are of sufficientsize;otherwise,the airstripis

..cuttings"from the well,and (2)to containformationfluids constructedon leveltundrain a manner similarto an ice

originatingfrom a "kick."- road except witha minimum icethicknessof 12 inches.
The airstripmay be as longas 5,000-6,000feetand about
150 feetwide, usuallyto accommodate Hercules C-130

- Reservepitsgenerallycover0.5to 2.0 acres(parallel aircraft.

to the drillingpad);theyare 10 to 20 feetdeep. A small
flarepitis excavatedat the cornermost distantfromthe Drillingoperationsbegin by augeringa hole typically

drillingrig,in case itis needed forgas flaringduring 50-100 feetdeep for the conductor casing. Then the

testing.The materialexcavatedfrom the reserveand flare drillingrigisplacedon the pad. To prevent differential

pitsis used to levelthe drillpad, providinga cover settlingduringdrilling,the rigis placed on pilingsor
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timbers. The conductor casingis run and cemented in the same winter. Ifso, the airstrip,roads,and pad for
placeand the wellisspudded. Drillingbeginsand the hole support of the drillingrigscould be shared. Ifthe
is drilledto a competent geologicformation,usuallyto a discoveryis significantand appears to be economically
depth of about 2,000 feet. Test logs are run and the developable,some of the-roads and delineation-drillpads
surfacecasingis run intothe holeand cemented witha may be constructedwith gravelso they could be used
specialarcticcement. This casing passes throughthe duringproduction.
entirepermafrostzone and providesan anchor forblowout-
preventionequipment untilthe next casingstringis set. From time of discovery through delineation,
Drillingcontinuesto the nextcasingpointwhere the wellis evaluation,and engineering,the lesseeor lesseesconduct
logged and intermediatecasing is run and cemented. environmentalstudiesand plan forthe developmentand
Drillingcontinuesuntilthe targetzone is reached and productionof the reservoir.Once the studiesand plans
tested. Afterfinaltestingand logging,the wellis are completed, the lessee'splans for construction,
suspended or abandoned by placingseveralcement plugs development,and productionare submittedto appropriate
inthe wellbore and casing. Federaland Stateagenciesforreview,possiblemodification,

and approval.
Usually demobilizationof the drillingrigand camp

startsimmediatelyafterthe wellis abandoned. Within Assuming that the decisionis to proceed with
severalweeks, the equipmentand most of the debriswill developmentand thatplansof operationare approved,the
have been removed or the equipment made secure for firston-the-groundactivityisestablishmentof a temporary
movement to the nextwellsite.A final-cleanupcrew returns constructioncamp forworkers. This camp providesthe
to the siteinthe summer to pickup any remainingdebris necessitiesforlivingand working on the North Slope and
or garbage and to check on the rehabilitation. may house as many as 1,500 workers during peak

constructionand development. Gravel extractionand
For wellsthatcannot be completedina singlewinter constructionof roads, drillingpads, and airstripare

season two optionsexist: (1)year-rounddrillingor (2) priorities,because these facilitiesreceiveimmediateand
interrupteddrillingduringtwo or more winterseasons continuoususe. Firstto be constructedisthe airstripto
(Mitchell,1983a). Year-roundexploratorydrillinguses the handle the heavy supply loads. With connectingroads,
same facilitiesas the wintermethod, but the pad, roads, such an airstripcould serveseveraloilfields,were others
and airstripare usuallyconstructedwith gravelinsteadof to be discoverednearby. Next would be gravelroads to
ice. Therefore,a source of gravelforconstructionmaterial planned drillingpads, and then all-seasonpads.
must be available. Constructionwould begin at the main camp, againwithan

all-seasongravelpad. Once each pad iscompleted,drilling
- Mufti-winterdrillingis similarto single-winterdrilling, rigscan be moved on locationand productiondrillingcan
exceptthata portionof the drillingpad isconstructedwith begin.
enough gravelto providea stableand suitablesurfaceon
which to storethe drillingequipmentand camp duringthe

summer. A wood and timberdrillingplatformor base may The buildingsand engineeringequipment for the
be an alternativeto using gravel.At the end of the first permanent camp and most of the productionfacilitiesare
drillingseason the wellis freezeprotectedwith a low- usuallyconstructedas largemodular unitselsewhere(lower-
freeze-pointfluidand suspended, At the beginningof the 48 States,Anchorage,etc.).The modules, oftenseveral
second or subsequent winterdrillingseasons,the roads, storieshigh,are sent by barge on an annual sealiftduring
airstrip,and drillingpad are rebuiltto the extentnecessary the open-waterseason to a suitableportsitehavinglarge-
with ice,the low-freeze-pointfluidin the upper partof the scaledock facilities.From there,they are eithertruckedor
wellisremoved,and drillingisresumed. - moved by trackedvehiclesto the projectlocation.On-site

the modules are assembled and functionallytested. The

Development actualyears of constructionmay depend on the overall
scope of the fielddevelopmentand is usuallya continuing

Followinga discoveryof oilfrom explorationdrilling,a operation. For example,constructionwas begun on the

confirmationor delineationwellis drilled.Thiswelltests Prudhoe Bay fieldduring the early1970's,yet major

the same prospectand isdrilledina similarmanner as an constructionsupported by annual sealiftshas continued

explorationwell. Ifthe well resultsare positive,further intothe 1980'swithexpansionof the initialproductionfield

delineationdrillingoccurs. The purpose fordelineation and improved technology for extractionof additional

drillingis to determinethe sizeof the discoveryand the petroleumresources. Constructionmay continueformany

geologiccharacteristicsof the reservoir.Delineationdrilling more years.
continuesuntilenough informationhas been collectedto

determinewhether or notthe reservoircould be produced Constructionof a hot-oiltransmissionpipeline

economically. The actualnumber and schedulingof presumablyto TAPS (Trans-AlaskaPipelineSystem) Pump

delineationwellsare tailoredto each reservoir.The drilling Station1 at Prudhoe Bay would proceed concurrentlywith

method is similarto thatfor discoveryand confirmation constructionof productionfacilities(see "Transportation

wellsexceptthattwo or more wellsmightbe drilledduring optionsforoiland gas production,"thischapter).
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Once the major productionfacilities,including
gatheringpipelinesand main pipeline,are in place,
productionbegins. The initialproductionratedepends DrillingPa -,Wellheads

Groundsurface
upon the number of productionwellsdrilledand connected
to productionfacilities;peak productionisprobablyattained
in2 to 5 years,and expectedto be 5-10percentof total
recoverableresourcesannually.Productionmay remain at Kickoffpoint

thatlevelfor3-8yearsand then decline10-12percentper
year. The productivelifeof an oilfieldis usually20-30 Angleof
years (NationalPetroleumCouncil,1981). Afterproduction deviation

from the reservoiris no longereconomic,the fieldwould
presumably be abandoned, althoughthis has not yet
occurred on the North Slope. Most facilities,buildings,
structures,equipment,and above-groundpipelineswould be
removed to permitrehabilitationofthe surface.

vilreservoir Horizontaldeviation'

The time period from lease acquisitionto initialoil
productionfrom a new reservoiron the NorthSlope is
difficultto determine. Even under optimum circumstances, Figure IV-1.--Directionaldrillingfrom a
about 10 years willelapsebeforeproductionstartsfrom a singlelocation.
new lease.

- Unless advances in technology dictateotherwise,

most developmentwellsforthe 1002 area would likelybe
Production drilledwithan angleof deviationbetween 00 and 600 from

an assumed kickoffpointas shallowas 500 feet. The
The physicalcharacteristics(size,shape,depth)and actualkickoffpointdepends upon geologicconditionsand

performance (spacingand productionrateof wells)of a reservoirdepths. The maximum practicalangle for
fielddeterminethe number and locationof surfacefacilities directionaldrillingon the North Slope is now about 900,
needed fordevelopment and production. withthe horizontaldeviationreachinga possibledistanceof

more than 12,000 feetin some of the deeper reservoirs
The sizeand shape of the productivefieldroughly (thatis,deeper than 10,000 feet)(U.S.Army Corps of

define the areal extent of surface disturbance from Engineers,1984).-
production-relatedfacilities.The lateraldimensionsof the
reservoir,projectedto the surface,would typically Reservoirdepth alsoinfluencesthe number of drilling
encompass allor most of the productionfacilitiessuch as pads requiredfordevelopment and production. A deep
drillingpads, reservepits,infieldroads,and gatheringlines. reservoircan be produced from fewerdrillingpads because
The camp, airstrip,or otherfacilitiesnot directlyrelatedto more wells can be drilledfrom a singlepad (fig.IV-2).
actual production could be positionedto best suit Conversely,a shallowreservoirrequiresmore drillingpads,
environmentaland engineeringconcerns. because fewer wellscan be drilledfrom each pad.

For environmentalor technicalreasons,itmay be
desirableto shiftthe locationofthe drillingpad. Directional
drillingallows multiplewells to be drilledfrom a single
gravelpad (fig.IV-1).This typicalNorth Slope practice Wellheads

reflectseconomics, engineering considerations,and
environmentalimpactmitigation.A verticalhole isdrilledto ,,Kickoffpoin
a predetermined"kickoff'pointwhere a controlleddeviation
(drift)from verticalis begun. The angle of deviation
increaseswith depth untilitreaches the necessaryangle
forthe wellto reach a specificbottom-holelocationinthe
producing geologicformation. The horizontaldeviation 'Oilreservo'lHorizontaldevia
(horizontaldistance between surface and bottom-hole
locations)depends upon the angle of deviationand the
verticaldepth of the hole. The amount of horizontal
deviationthatispossiblefora group ofwellsdrilledfrom a
singlepad determinesthe degree of flexibilityin choosing "Oilreservoir

the surface locationof that drillingpad. Increasedtrue
verticaldepth of a reservoirincreasesthe degree of

flexibilityinpad location. Figure IV-2.--Horizontaldeviationversus welldepth.
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Reservoirtype and performance influencethe spacing depends on the amount of insulationnecessary to protect
of productionwells,which in turn affectsthe number of the permafrostfrom thawing,but a 5-footthicknessshould
drillingpads requiredfor development and production. The providethe needed insulationfor most of the 1002 area.
wellspacing for a producing fieldis designed to effectively Structureswould be builton pilingsand elevatedabove the
draina specificarea surroundingthe well bore. On the pad surfaceto ensure foundationintegrityfor the project
North Slope, well spacing,or well density,ranges from 1 life.
per 5 acres (West Sak PilotProject)to 1 per 320 acres

(initialPrudhoe Bay development),depending on production Living quarters must provide sleeping
performance and needs (Williams,1982; Petroleum accommodations, kitchens,food storage.dining areas,
InformationCorporation,1985).- sanitarystations,and recreationfacilitiesforallproduction,

maintenance, and administrativepersonnel at the CPF,
Production drillingon the 1002 area isassumed to about 200-500 people depending on the magnitude of

be on 160-acrespacing,the presentpracticein portionsof operations. Support services,administration,engineering,
producingfieldson the North Slope and the spacing herein communications,and projectmanagement would be housed
assumed forthe development scenariosand the minimum in an adjacentadministrativeofficecenter. The workshop,
economic fieldsize determinations. Each productionwell maintenance center,and main garage would be located
would then drain 160 acres. This spacing is "reservoir nearby,for fire,safety,and oil-spillequipment as well as
spacing" in the subsurface and should not be confused partsand supplies.
with surface well spacing. Also, ifgas were to be

produced, reservoirspacing would probably be greater(320 Productionfacilitiesincludethe equipment necessary
or 640 acres). Injectionwells are requiredfor fluid to process hydrocarbons from the producing wells,
disposal,gas reinjectionfor storage and pressure beginning with a seriesof three-phaseseparatorswhich
maintenance, and waterfloodingforpressure maintenance. resultin threeproducts--oil,gas, and water. Each product

is run through additionalseparators untilthe required
- Infrastructureforany oilproductionon the 1002 area separationisobtained. Oilispiped through a salesmeter
requiresmany facilities,likethose forthe Kuparuk Riverand and then to the pipelinepump station.The gas isavailable
Prudhoe Bay oilfields(U.S.Army Corps of Engineers, for on-sitefuelrequirementsor is used for producing
1984; Andrews, 1984). These major facilitiesincludecentral additionaloil(enhanced oilrecoveryor gas lift).Ingas lift,
productionfacilities,drillingpads, roads, airstrips,pipelines, the separated gas is compressed, returned to the
water and gravelsources, base camps, constructioncamps, productionwell,and injectedinto the space between the
storage pads, powerlines, powerplants,support facilities, casing and tubing,where itentersthe tubingthrough a
and possibly a coastal marine facility.Allwould be of gas-liftvalve. The oilinthe tubing mixes withthe gas and
permanent constructionand have a usefullifeof 30-50 is raisedto the surfaceby the expanding gas (American

years. The airstrips,roads,pads, and dock facilitieswould Petroleum Institute,1976). In enhanced oilrecovery,any

typicallybe constructedof gravelmined from nearby upland excess gas is injectedback intothe reservoirthrough gas
sites,terraces,or streambeds. Most structuresand injectionwellsto maintainreservoirpressure.
productionfacilitieswould be builtoff-siteas modules and

transportedto and assembled on location.- The separated water is pumped to water injection

wellsforsubsurface disposalor reservoirwaterflooding.A
CENTRAL PRODUCTION FACILITY waterflood system for secondary oilproduction would

probably be necessary for developinga reservoirin the
- The centralproductionfacility(CPF) is the primary 1002 area. Waterflooding involvesthe injectionof large
operationcenterfor productionactivitiesand may possibly amounts of water intothe reservoir(400,000barrelsper day
be the headquartersfor each field. Typicallythe CPF forthe Kuparuk Riverfield,and up to 2 millionbarrelsper
includes: production facilities;livingquartersand day forthe Prudhoe Bay field),and servesto sweep the oil

administrativeoffice center;workshops, maintenance toward producing wells and to maintainreservoirpressure

buildings,and garages; fueland water storage;electric- (Lynch and others,1985). This process increasesthe
power-generation unit; solid-wasteand water-treatment recoverablereservesof the reservoir.
facilities;and a crude-oiltoppingunit,ifneeded. -

Sea water is the likelychoicefora waterfloodproject

Ifthe fieldbeing developed is small,allfacilitiesmay ifsufficientquantitiesof produced water are not available.

be locatedon a singlegravelpad. However, fieldsizesin A sea-waterwaterfloodsystem includesa sea-waterintake
the 1002 area may be on a scalesimilarto Prudhoe Bay or structureand treatmentplant,an insulatedpipelinefrom the

Kuparuk River. This would requirelocatingsome facilities plantto each CPF, and heat generatorsspaced at intervals

on separate pads, and additionalCPF's could be along the pipelineto preventthe water from freezing.The

necessary. Pad sizevades accordingto the magnitude of sea-watertreatmentplant probablywould be locatedat the
the field,good arctic engineering practice, and coast as in Prudhoe Bay (Williams,1982). For the Prudhoe
environmentalconcerns. Each pad would be about 5 feet Bay facilitythe entireplantwas builtin a singlebarge unit

thick and could cover 20-100 acres, requiring180,000- towed up duringthe open-water periodand grounded at

900,000 cubic yards of gravel. Actual pad thickness the prepared coastalsite. The treated-sea-waterpipeline
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would be routedto the CPF where additionalpumps would needs. Potablewater forcamp use would be storedatthe

increasethe pressure to meet injectionneeds. The treated CPF in insulatedtanks. Additionalwater and sewage

sea water would then be piped to the appropriatedrilling treatmentfacilitiesare normallyplaced at each CPF.

pads for injection.

The fuel-storagearea would hold dieseland other
- Fresh water for camp use is normallyobtainedfrom necessary refinedpetroleum products and would be diked
various sources--lakes,water-filledgravelpits,enhancement to containany spills.A crude-oiltopping plantmay provide
of existinglakes and riveroxbows, or by clesalinationof allthe field'sneeds for arcticdieseland jetfuel,or fuel
sea water. Requirements forcamp use could be as much needs could be transportedintothe field. An electric
as 10,000 gallonsper day, and drillingwater requirements generatingplant,fueledwith produced gas, would provide
could be as high as 30.000 gallonsper day per well.- power for each field. Backup dieselpower would be

availableat allsitesforuse in power outages.
Data from water-availabilitystudies forthe proposed

Alaska NaturalGas Pipelineare shown in tableIV-1. The DRILLING PADS AND WELLS
data were obtained 12-27 miles inland,approximatelyin the
middle of the 1002 area,and suggest thatinwinterriversin Each drillingpad would support drillingactivitiesuntil
the 1002 area are not a potentialsource of water for allthe production and injectionwells had been drilled.
industrialuse. Note thatwater depths beneath ice do vary Productionfrom the pad could begin beforeallwellsare
throughout the lengthof these rivers. completed, so production and drillingmay occur

simultaneously.The layoutof a pad duringdrillingactivities
Table IV-1.--Winterwater depths atselectedlocations typicallyincludesthe following: drillingcamp, fueland

on the 1002 area. water storage, one or two drillingrigs,drillingsupplies,
reservepits,productionfacilitiesand equipment.

[Data from U.S. Department of the Interior,1976, "Alaska"

volume, p. 99] The drillingpad is normallyconstructedwith gravel

and covers 20-35 acres. A pad thicknessof 5 feetrequires
Dale Thickness Water Approximate 160,000-285,000cubic yards of gravel.The drillingcamp is

River sampled/ of ice depth straight-line similarto the camp facilitiesat the CPF, but smallerand
observed (ft) (ft) distance(mi) temporary. Housing is requiredforapproximately50 people

(1973) upstream per drillingrig,and support staffand some maintenance

workers for the production wells. Once initialdrillingis

complete, the drillingcamp is disbanded and remaining

Canning ..................4/18 7.54 0 19.8 personnelare housed at a CPF. Drillingsuppliesat the

(downstream) 1 1J05 1.15 0 14.0 pad would includewelltubulars,drillbits,drillingmud and

Tamayariak.............11/07 0 0 14.0 chemicals, cement, wellheads, and other assorted

11/07 0 1.15 13.0 equipment.

Katakturuk..............11/07 0 0 11.8

Sadlerochit.............11/07 .03 0 18.9 The wellson the pad are customarilyarranged in a

Hulahula.................4/18 0 0 21.7 straightline;adjoiningwells may be as close as 10 feet
11/08 0 .82 19.2 (U.S.Army Corps of Engineers,1984). Spacing between

Jago ........................4/18 0 0 26.7 wellsdepends on pad-sizerestrictionsand the number of
11/07 .85 0 26.7 wells required for each pad. Producing-well design

Okerokovik.............11/07 0 .56 25.7 depends upon well-productionrates,geologicconditions,
Aichilik....................11/07 2.16 0 19.8 and drillingdepth. A design example is shown infigure

IV-3.

Water sources may includenon-fish-bearingstreams,
- Drillcuttingsfrom the wellare placed ina reservepit

rivers,and lakesyear round. Water may be removed from
on the drillpad. Spent drillingmuds are generallypumpedfish-bearingwaters, except in winter,providedthat water
intothe annulus of previouslydrilledproductionwells.removal meets Alaska StatuteTitle16 requirements,iswithin
Hazardous solidsand solidscontaininghydrocarbons mustterms of other necessary State and Federalpermits,and
be removed to and safelycontained in a government-does not impede fishpassage or otherwisemeasurably

degrade aquatichabitats.
approved site,such as an abandoned gravelpit.-

The number of pads requiredto develop and

Desalinated sea water and snow meltingare also produce an oilreservoirdepends upon reservoirsize and

options,particularlyfordomestic use and exploratorydrilling depth,the prqduction-wellspacing,and number of wellson

operations. These sources may not be economically a pad. These factorscannot be determined untilsite-

feasibleforiceroads and airstrips.Materialsitesmay also specificengineeringstudiesare completed. However, as an

functionas water reservoirsand, where possible,could be example, a relativelydeep fieldof 35,000 productiveacres

positionedand designed to fulfillboth graveland water developed on 160-acre production-wellspacing may require
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approximately220 productionwellsand 90 injectionwells. In-fieldpipelinesor gatheringlineswould run from

Ifthe wellsdrilledfrom a singlepad could effectivelydrain each drillingpad to the CPF. Parallelpipelinescarry gas

5,000 acres, seven drillpads would be necessary;40 to 50 and water from the CPF to the drillingpads forfuel,

wellscould be drilledfrom each pad. injection,or disposal. The pipelineswould probablybe 8-

24 inches in diameterand be builtparallelto the roads

connecting the drillingpads and the CPF. They are

AIRSTRIP
commonly placed on elevated steelverticalsupport

members (VSM). Pipelines,pump stations,and the VSIVI's

An airstripto support each major fielddevelopment
are discussed in more detaillaterinthischapter.

and production area in the 1002 area would be a

permanent, year-round structureused forthe entirelifetime

of that field. The airstrip(s)would be designed to

accommodate alltypes of fixed-wingaircraftand helicopters,

and have a length of 5,000-6,000feetand a width of 150

feet. The airstrip(s)would cover approximately20 acres
MARINE FACILITYeach; the adjacent taxiway,apron, terminal,and other

airportsupport facilitiescould requireanother 10 acres.
A marine facilitywould be requiredfor majorAirstrip(s)and pad(s) for support facilitieswould be

constructedof graveland be about 5 feetthick. The equipment sealifis.The facilitybuilton the coast would

estimated gravel requirementfor each is approximately take into considerationthe locationsof the proposed

250,000 cubic yards. developments and environmentaland engineeringconcerns.

As needed, detailedengineeringstudieswould be prepared

FIELD ROADS AND PIPELINES forthe marine facilitysize,design,and location.

Gravel roads would connect allpermanent facilitiesin The facilitywould contain sea-watertreatmentfacilities

the field(thatis,alldrillingpads, CPF's,airportcomplex, and various supportingoperations. Itwould be designed

water and gravel sources, and waterflocidand marine to receivebarges loaded with the annualsealiftof supplies,

facilities).These roads would have a crown width of other cargo, and production/supportmodules used in the

approximately35 feetand a thicknessof 5 feet.Each mile oilfield'sdevelopment and production. Barging these

of road occupies about 5 acres and requiresapproximately goods with an annual sealiftis the most economical

40,000cubic yards of gravel.The number of milesof roads method of transportationand the only practicalmethod of

constructedwould depend upon the size and physical deliveringvery largemodules to the North Slope. Barge

settingof the field.
routes and timingwould be similarto the currentannual

sealiftused by North Slope operators,

The facilitywould requireone or more docks and

Wellhead
sufficientacreage in storagepads to facilitateorderlyand

valve To production timely unloading of barges. A temporary camp and
assembly-

Surface associated support facilitieswould be requiredduring

unloading periods ifthe main camp were too distantto
provide necessary livingquartersformarine facilityworkers.

Conductor A transportationcorridorwould be requiredto connect the

marine facilitywith the development site.

-Surfacecasing
c o point(startof Camden Bay and Pokok were selected as two
builduptoangleof possible sites for marine facilities,given the development

True deviation
scenarioderived under the Chapter IIIresource assessmentver:ical Buildupcompletion

depth point(angleof (fig.V-11).There may be other potentialmarinefacilitysites.
viationachieved) Allpotentialsiteswould be analyzed in detailbefore final

Angleof Productiontubing
selection.Camden Bay and Pokok were selectedbecause

deviation Intermediatecasing
they are similarto Prudhoe Bay in having sufficientwater

depth seaward of the siteso as not to requiredredging.

They also have open-ice periods similarto those at
Prudhoe Bay (ArcticEnvironmental Informationand Data

Center,1983). These siteswere not selectedon the basis

Horizontal of detailedengineeringstudiesand the locationsmay prove
deviation lessdesirableaftersuch studiesare conducted,should the

area be opened for development. However, Camden Bay

and Pokok were used to assess environmentalimpacts

Figure IV-3.--Production-welldesign. under the variousscenarios.-
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TRANSPORTATION OPTIONS FOR A conceptused inthe KuparukRiverfieldpipeline,
OIL AND GAS PRODUCTION but notincorporatedinTAPS, was constructionofonlyone

roadforuse as both a main transportationarteryand a
Thissectionassessesthe technologyinvolvedinthe pipeline-maintenanceroad. A temporaryiceroadwas used

majorelementsof oiltransportationmethods. Pipelinesare duringconstructionof the pipeline,eliminatingthe need for
emphasized as the most reasonabletransportationmethod a constructionwork pad. That constructionplacedthe
because the TAPS is in place and operating.As pipelineon the uphillsideof thegravelroad fill,enabling
productionof the Prudhoe Bay oilfielddeclines,TAPS theroad to actas a dam in the eventof an oilspill.
should have adequate capacityto accommodate Arctic Cross drainageforwaterwas providedby culverts,which
Refugeoilby the 1990's.However,ifTAPS capacity(about couldbe quicklypluggedifan oilspilloccurred.Insofaras
2.2millionbarrelsper day,accordingto W. Witten,Alyeska possible,a similardesigncouldbe proposed acrosslevel
PipelineServiceCompany, Jan.9, 1986)were inadequate, terrainin the 1002 area. Where the terrainis irregular,
capacitymightbe increasedby loopingor by improving engineeringand environmentalconstraintswould require
pipelinehydraulics,The ultimatemethod to increase adjustmentsso the pipelinecouldbe continuedin a
transmissioncapacitysignificantlyisto constructa second straightlinebuttheroad couldfollowthecontoursofthe
pipelineparallelto TAPS between Prudhoe Bay and Valdez. land.
Major elementsof othersystems arealso describedand
evaluated. Gas transportationis consideredseparately,
laterinthischapter.

Pipelines

Because ofthe existenceofTAPS, themost probable Severalalternativepipelineroutesfortransporting
method is assumed to be transportationof crudeoil crude oilfrom the 1002 area to processingfacilitieswere
produced on the 1002 area by pipelineto TAPS Pump considered:
Station1, thenceto the ice-freeportof Valdezon the
southerncoastofAlaska. 1. An elevatedpipelinefollowingan east-westinland

routefrom the 1002 area,acrossStatelands,to

Priorto TAPS, littlewas known about constructingoil
TAPS Pump Station1.

pipelinesinan arcticenvironment.Designand construction 2. An elevatedeast-westpipeline(onshore)fromthe
techniquesused duringTAPS construction(1974-77)and in 1002 area alongthe BeaufortSea coastto TAPS
the ensuingyearsof developmentof the Prudhoe Bay and Pump Station1.
Kuparuk Riveroilfieldshave advanced the stateof the
technologyand have provedthathot-oilpipelinescan be 3. A marine pipelineeast-west(offshore)alongthe
constructed,and reliablyand safelyoperated. BeaufortSea coast to TAPS Pump Station1. This

pipelinewould requirenorth-southfeederlinesfrom

Because of ice-richpermafrostconditionsthroughout producingfieldson the 1002 areato the coastalsite.

the area,an elevatedpipelineisthe most probablesystem
fortransportingoilproducedfromthe 1002 areawest to 4. An elevatedeast-westpipelinefrom the 1002 area

TAPS Pump Station1. To preventthawing,elevated acrossStatelandsto TAPS Pump Station1,then a

pipelinessupportedby VSM's placedintothe frozen new pipelineparallelingTAPS to Valdez.

groundaremost effective.
5. An inlandpipelinefrom the 1002 areaeastto the

Canadian border,thence southeastwardthroughthe
Experiencefrom the operationand maintenanceof Yukon and NorthwestTerritories,to connectwiththe

TAPS has shown thatunacceptablesettlingand stressin existingoilpipelinesystems in the Provinceof
buriedpipe may occur despitesystematicgeotechnical Alberta.
investigations.Even insoilsthoughttobe thaw stable,ice
may be presentand go unnoticedduringconstruction,and
itmay createproblems in lateryearsas the icemelts,
causingdifferentialsettlinginthe pipelines. The most probableroutefora pipelinewas

determinedto be an inlandroute,which roughlybisectsthe

The hot-oil,24-inchpipelinefrom the KuparukRiver 1002areafromeastto west (fig.V-11)and isthe routeused

fieldto Pump Station1 isentirelyelevatedon VSM's and forthe assessmentof environmentaleffects(ChapterVIof

supportbeams. A minimum 5-footclearanceisprovidedfor thisreport).The exactroutewould be determinedprimarily

cariboucrossing;varyingterrainfeaturesallowgreater by the locationof hydrocarbondiscoveries;itwould be

clearancein places. Also,caribouramps (relativelyshort adjustedto minimizeimpactto surfaceresourcesand to
sectionsof gravelfillplacedoverthe pipe)are provided. meet engineeringrequirements.The existingTAPS is

The Kuparuk Riverfieldpipelinesupport beams are believedto havethe capacityto carryoilproducedfromthe

constructedto carrymore thanone pipe. 1002 area by the earliestdate productionwould start.
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Spaceforfutureexpansion VALVES
GAS 01

35'
Federalregulations(49CFR 195.260)providecriteriaNominal

forthe locationsand number of valvesrequiredforpipeline
systems. For example,valvesmust be placedon each side

5'
of a watercrossingmore than 100 feetwide. A mainlineMinimum nal5'
valve system can be used to reduce the potentialsize of

A an oilspill. Valve locations are selected so that a spillat
any pointis limitedto a predeterminedmaximum quantity

-Steelvertical-supportmember (50,000barrelson TAPS).
(depthvaries)

On TAPS, remotelyoperatedgate valvescloserapidly
under emergency conditionsto protectpump stationsand

Figure IV-4.--Typicalcrosssectionof pipelineand environmentallysensitiveareas. Check valvesare used
road development. No scale. where the terrainslope allowsthe valveto effectivelystop

reverseoilflowand block potentialoilspills.

Figure IV-4shows a typicalpipelineinstallation,in cross COMMUNICATIONS
section.The pipelinecould be designedlikethe Kuparuk
Riverfieldpipeline,with supportbeams largeenough to Maintainingcontinuouscontrolof the pipelinefrom
accommodate additionalpipelines,depending on future the ArcticRefuge to Prudhoe Bay would requirea
needs foroilor gas,or possiblywater. A road constructed communicationcontrolsystem. The primarysystem could
on at leasta 5-footgravelfillwould be needed to supply be a seriesof permanent microwave stationswhich linkall
the oil-fieldfacilitiesand give access for pipeline pump stations,remotelycontrolledgatevalves,and pipeline-
maintenance. Unless otherwisenecessaryfor minimizing maintenance centerswith a controlcenter. Each remote
impacts on caribou migrationor to accommodate stationtypicallyincludesa self-supportingsteelantenna
engineeringconstraints,the pipelinecouldbe builtcloseto tower,two smallbuildings,2 to 4 fueltanks,a heliport,
the upslope shoulderof the road to precludean additional backup generators,and a batterysystem. Such stations,if
maintenance road, Access to valves,which require patternedafterTAPS, could be backed up by a satellite
frequentmaintenance,would probably callfora special system and would be locatedon relativelyhigh ground
work road connectingthe valvesiteto the main road. In about 40 milesapart. Common-carriercircuits,telephone,
criticalcaribouhabitat,the pipelineand main road might and mobileradiosystems would be incorporatedintothe
requireseparation.Ifso, a gravelmaintenancework road overallpipelinecommunication system.
might have to be constructedalong the pipelinefor
segments where the pipelineand roadare separated.

FigureIV-5shows pipelinediametersrequiredfor
variouspumping rates.A pump stationisrequiredevery50
to 100 miles depending on desiredpumping rateand
topography. Therefore,two to threepump stations
probablywould be requiredforan inlandrouteacross the

30 1 1 1 11002 area. The firstwould be locatednearthe oilfieldor
fieldsand the second and thirdbetween the oilfield(s)and
Pump Station 1. Each pump stationwould contain ui

pumping, oil-storage,power. pipelineequipment and repair, Z
20-

and communication facilities,livingquartersfor about 30 Z
people,and environmental-supportsystems; the station
would be constructedon a 7-acre(approximately)gravel

pad. Other relatedfacilitiesare described below
< 10 -

(MechanicsResearch,Inc.,1977). a
LU

SURGE AND STORAGE TANKS 0.

Pipelinehydraulicdesign analyzesnormal hydraulic o 100 200 300 400 500

gradients and the effects of pressure surges, which are PUMPING RATE, IN THOUSANDS OF BARRELS PER DAY
controlled by means of suction and discharge relief
protectionat each pump station.Tanks at each station

collectoilthat is dischargedthroughreliefvalveswhen Figure IV-5.-Land-pipelinepipediameterversuspumping
surges occur;the collectedoilis laterreturnedto the rate.Modifiedfrom Han-PadronAssociates(1985,
pipeline. fig.7.2-1).
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ROADS two additionaltemporarycamps might be required.These
sitescould be used for2 yearsand would be rehabilitated

As noted previously,a road would roughlyparallel when no longerneeded or be used forroad maintenance

the pipelineacross the 1002 area and continueacross camps.

Statelandsto Pump Station1. This permanent all-season
gravelroad would be builtin accordancewithaccepted
arcticengineeringpracticeson 5-footgravelfill,with a 35-
foot-widedrivingsurface,and would supportconstructionof
the pipelineand linkcentralproductionand marinefacilities.

OIL-SPILLCONTINGENCY,

The pipelinecould be constructedduringwinterfrom a
INCLUDING LEAK DETECTION

snow pad or iceroad. Ifsnow or waterwere notavailable
in sufficientquantities,a gravelwork road could be built.

The firstlinesof defenseagainstoilspillsare design

Gravelaccess roadswould connectthe main road to pump
and operationalprocedures (includingpersonnel-training

stations,valves,and maintenance stations.Emergency
programs), properlydesigned and maintainedequipment,

access to the pipelineduring the summer would be
adequate alarm systems,and strictadherence to industry

accomplishedby rolligonor similarvehicles.The availability
and Stateand Federalgovernment codes and regulationsin

of adequate gravelsupplieson the 1002 area isuncertain.
constructionand operation. Itmust be recognized,

Gravel could be mined from inactivestreambeds,but
however, that even with the most comprehensive

additionalpitswould have to be opened to obtainthe large
precautions,oilspillswilloccur. Operatorsof a pipeline

quantitiesrequiredforroads,pump stations,airports,and
across the 1002 area would be requiredto have an oil-spill

maintenance-supportfacilities.Gravelmight have to be
contingencyplan that,as a minimum, includesprovisions

mined from upland sites,riverterraces,streambeds,
for oil-spillcontrol,which consistof (1)leak-detection

lagoons,or othersites.Siteselectionswould be based on
systems;(2)methods forlocating,confining,and cleaning

environmentaland engineeringconsiderationsas wellas
up spills;(3)notificationproceduresforlocal,State,and

availability.No gravelwould be removed from the active
Federalagencies:(4)correctiveactionforthe affectedarea;

stream channels of majorfish-bearingriversor from barrier
(5)varioustypes of oil-spillequipment;and (6)site-specific

islands.Allgravelremovalwould followthe guidelinesfor
cleanup techniques.

arcticand sub-arcticflood plains(Woodward Clyde

Consultants,1980a, b). Siteswould be designed to
A leak-detectionsystem would includeautomatic

providefishand wildlifehabitatafterthey are abandoned.
instrumenteddetectionsystems and periodicground and

For example,gravel-removalsitescouldbe filledwithwater
aerialsurveillance.For best visualground surveillance,

and provideareas for migratory-birdnestingand resting
eitherthe all-seasonroad or a gravelwork road should be

habitat,littoralzones for migratorybird and fishfeeding,
close to the pipeline.Aerialsurveillanceby helicopteror

and deep water forfishoverwintering.Thus, these gravel
fixed-wingaircraftcoversthe greatestamount of area inthe

pitscan also be potentialwater reservoirs.Bridgesand
shortesttime,but couldbe restrictedby weather,hours of

culvertswould be designed and constructedto provide
daylight,and wildlifeconsiderations.

cross drainageforroads ina manner thatpreventserosion
or adverse effectson the fisheries.

AIRFIELDS FOR CONSTRUCTION CAMPS PIPELINE ROUTING

Airfieldsmay be requiredat pipelineconstruction The 1002 area'swidelydiversifiedlocalenvironments

camps and pump stationsor airstripsmay be shared with requirenumerous engineeringconstraintsregardinglocation

oildevelopment facilities.The typicalairfieldforthese and routingof pipelines,roads,and airstrips.This applies
camps would be similarto those supportingairfield particularlyto stream and ravinecrossingswhere, to
development,that is,5,000-6,000feetlong,150 feetwide, minimize environmentalproblems,cutbanks and braided

and 5 feetthick. streams must be avoided,especiallyby road crossings.

CONSTRUCTION CAMPS FOR INLAND ROUTES

ROADS AND PIPELINES
The southernpartof the 1002 area providesmore

Camp buildingswould be portableself-contained feasiblestream crossings,relativelymore stablesoils,better

modules, equipped with functionalfurnishingsfor sleeping, drainage,and more sources of gravelthan a routenearer

eating,recreation,and with sanitationfacilities.A typical the coastline.The actualavailabilityof gravelisunknown,

camp houses 150-300 people. To minimize surface but at least16 potentialborrow pitsiteslocatedin active

disturbance,these temporarycamps should be locatedat floodplainswere identifiedby the Alaskan ArcticGas

the sites chosen for the permanent pump station. PipelineCompany as possiblesources of about 2.4 million

Productionand transportationon the 1002 area would cubic yards of sand and gravelforthe ANGTS (Alaska

probably requiretwo or three pump stations.Therefore, NaturalGas TransportationSystem--U.S.Departmentof the

two or threecamps would occupy the pump stationsites; Interior,1976, "Alaska"volume,p. 10).
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An inland pipelinefrom the 1002 area east into lengthof the constructionseason, the natureof the seabed
Canada was discussed in the TAPS and ANGTS reports soil,seabed ice scouring,and, in the permafrostzones,
(U.S.Department of the Interior,1972,1976). Construction prevention of permafrost degradation. Marine-pipeline

of the pipelinewould requirea cooperative agreement design,installation,and cost considerationsare described

between Canada and the United States, as well as below,

Congressionalauthorityto cross the designatedwilderness

area eastof the AichilikRiver.
A major considerationin designinga marine pipeline

forarcticwaters isplacement ofthe linewith regardto ice
and permafrost. Shorefastice includesalltypes of ice,

COASTAL ROUTES broken or unbroken, attached to the shore, beached,
stranded,or attachedto the bottom inshallowwater. The

A coastline route would cross more ice-rich fast-icezone of the 1002 area extends from shore outward

permafrost than an inlandroute (U.S.Department of the to water depths of approximately10 to 66 feet. Intense

Interior,1976, "Alaska"volume, p. 491). More of the route interactionbetween moving pack ice and shorefast ice

would be on thaw-unstablematerial;such materialand the forms a shear zone of ice ridges,which oftenground on

braided-stream crossings would complicate pipeline the seabed. The keels of these ice pressure ridgesand

constructionand could compromise pipelineintegrity.A occasionalpieces of iceislandsscour deep gouges inthe

coastalroutewould have fewer stream crossings,but more subsea floor during subsequent movement of the ice.

of the route would be on activefloodplainsand cross Grounded ridges may extend outward to a depth of

widerdeltaareas. Work pads and roads inthatflat,poorly approximately 150 feet. From shore to 50-footseabed

drained area could result in water-ponding problems. depth,ice scour isfrequentbut relativelyshallow.Scour is

Construction costs of an elevatedoilpipelinewould be greatestat seabed depths of 65 to 100 feet.The deepest

expected to be slightlyhigherfora coastalonshore route recorded scour is 18 feetat a seabed depth of 125 feet.

than foran inlandroutebecause of (1)extralength,(2)

higher gravelrequirements,(3) poor drainage,and (4)
In nearshore areas, ice-bonded permafrost is

poorer soilsfor construction. The earlierANGTS study
probablypresent and must be consideredin the design of

(U.S.Department of the Interior,1972) fora buried natural
an offshore pipeline(Heuer and others,1983). But

gas linealong coastal and inlandroutesalso estimated nearshore ice-wedge permafrost under shallow water,
slightlyhighercosts forthe coastalonshore route.

particularlyalong a rapidlyrecedingcoastline,is even more

criticalfordesign. A hot-oilpipelineplaced inareasof ice-

bonded or ice-wedge permafrostmust be heavilyinsulated

to limitthawing of permafrost. The best locationfor an
SUBSEA MARINE ROUTES offshorepipelineis at water depths of 6.5-65feet,to

minimizeice gouging. Beyond the 6.5-footwater depth the
For the past 15 years,the petroleumindustryhas top of the ice-bonded permafrostgenerallyis below the

been activelyengaged in research and development of surfaceof the seabed. Inshoreof the 18-footbottom-depth
technology forthe design and constructionof subsea oil contour,ice gouging istypicallyless than 1.6 feet (Mellor,
pipelinesin the Arctic, Large-diameter marine-pipeline 1978).
construction in the BeaufortSea is considered to be

technicallyfeasibleby some authorities(Han-Padron

Associates,198'5). However, to date no marine pipelines An arcticmarine pipelinemust be laidina trenchto

have been constructedin the Arctic. ensure that the top of the pipe is below maximum ice-

gouging depth. Several subsea trenchingmethods are

In general,the continentalshelfof the BeaufortSea availablebut have never been used inthe Arctic. Because

of the Alaska coast is not more than 50 mileswide,and the constructionseason is short,fast-movingcutter-suction

breaks at a water depth of 225 to 250 feet. The average dredges or subsea plows would be required. Under

durationof open-water conditions,duringwhich a pipeline development are self-propelledseabed plows, rippers,or

could be constructed,isapproximately50 days. A marine cuttingdevices.

pipelinepresents higher environmentalrisksthan does an

onshore pipeline.Wherever a hot-oilpipelineis buriedin - Maintenance and repairwork on a marine pipelinein
permafrost,differentialsettlingis to be expected. Any the Arcticwould be difficultduringthe iceseason (normally
significantsettlingcould rupturethe pipe,causing an oil October through July).The only way to assure continuous
spill. Repair and maintenance of a marine pipelineunder operationisto have a loop line(a second pipelineparallel
ice would impose almost impossibleengineeringproblems to the existingline)or similarbuilt-inredundancy. -
formuch of the year.

Marine pipelinesmust be waterproofedand weighed

Criticalenvironmentalfactorsaffectingthe design and down with a concrete coatingto give negativebuoyancy.

constructionof marine pipelinesincludeice and weather They also must be cathodicallyprotectedfrom corrosionby

conditions,theireffecton constructionequipment and the sea water,in accordance with industrystandards.
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Tankers rollingstock.Potentialenvironmentalimpactsareairand
noisepollution,oilspills,and degradationof fishand

Transportationof petroleumproductsby icebreaker
wildlifehabitatcaused by roadbed constructionthrough

tankerinthe BeaufortSea has been consideredformore mountainousterrain.

than 15 years. However, no offshoreloadingterminals
suitableforthe area exist,nor do designsexistfor

Possible,but not practical,isoperatinga largefleet

icebreakertankers,theirsupportvessels,or loading
of trucksto haul oilto a southernAlaskaport,for

terminals. Presumably,icebreakertankerswould transport transshipmentto West Coast ports,or tothe north-central

crude oilto an ice-freetransshipmentterminalin the United Statesvia a trans-Alaska-Canadaroute. High

AleutianIslandsor on the AlaskaPeninsula.Severalother
operatingcosts,airand noisepollution,and the high

concepts have been considered,withor withoutinternal potentialforoilspillagemake trucktransportimpractical.

storagecapacity(Han-PadronAssociates,1985,p. 7-30). The existingTAPS haulroad (DaltonHighway)would not

Greaterknowledgeoficeconditionsand icedynamics north be adequateforsuch high-volumetraffic,which would

of the BeringStraitisneeded beforethe requirementsand requirealmostbumper-to-bumpertrucks.

risksof operationinthe Chukchiand BeaufortSeas can be
adequatelyappraised. Natural Gas Transportation

A study on usingsubmarinetankers,preparedby a System

team headed by the Newport News Shipbuildingand
Drydock Company (NNSDC, 1975) forthe U.S.Marine Sincethe early1970's,industryhas givenserious

Administration,was updated by Han-Padron Associates
considerationto developinga transportationsystem to

(1985,p. 7-53). Han-Padron escalatedthe capitaland deliverAlaskanNorthSlope(ANS)naturalgas to the market

operatingcosts to compare transportationcosts for
place.Gas producedatPrudhoeBay iscurrentlyused on-

submarinetankerswiththoseforicebreakersurfacetankers. siteforpower generation,enhanced oilrecovery,or is

A submarinetankerdesignedto operateunder theArctic reinjected,inasmuchas itisnot yeteconomicalto produce

icepackis limitedas to propulsionmethods and overall formarketing.

size. Currenttechnologylimitsthe power sourceto a
nuclearreactor,althoughfuel-cellpowerplantsmightpropel In December 1981, the Secretaryof the Interior

smallersubmarines. The originalstudy (NNSDC, 1975) issueda right-of-wayto the NorthwestAlaska Pipeline

indicatedthatno existingshipyardcould constructor Company to constructa large-diameter,chilled,buriedgas

maintaina submarineofsufficientsize(200,000-300,000tons pipelineand relatedfacilitiesfrom Prudhoe Bay to domestic

deadweight)to be efficientin such an operation.The marketsin the lower-48States. However, by 1985 the

updatedstudysuggeststhatthe unit-transportationcostof projectsponsorshad reducedtheireffortstocompletethe

a submarinetankerwould not differsignificantlyfrom that AlaskaArcticGas PipelineuntilmarketconditionsforANS

providedby an icebreakertankerof similarcapacity. naturalgas improved, A timeframeforremobilizingthe

Technicalproblems associatedwithloading,construction, projecthas notbeen identified.

and operationhaveyetto be solved.
- In 1986,the Yukon PacificCorporation(YPC)
amended itsapplicationto the BLM forFederalpermitsto

Other Transportation Methods constructand operatea buriedgas pipelinefrom Prudhoe
Bay to a tidewaterliquidnaturalgas (LNG)terminalat

Severalothertransportationsystems have been Valdez. That pipelineproject,calledthe Trans-AlaskaGas

proposedand discussedindetail(U.S.Departmentofthe System (TAGS),would exportANS naturalgas to markets

Interior,1972,1976). Only a few are discussedhere,as inPacificRim nations,such as Japan and Korea. Export

none is a realisticalternativeto a pipelinein termsof
of AlaskaNorth Slope naturalgas outsidethe UnitedStates

safety,economics,and environmentalimpact. The reader would requireapprovalof the Presidentof the United

shouldreferto thecitedreportsforfurtherinformation. States,pursuantto the AlaskaNaturalGas Transportation
Act of1976.-

Two railrouteshave been consideredfortransporting
North Slope oil. The shorter,intermsof new railroad

Accordingly,itis likelythata gas deliverysystem

construction,isan extensionoftheAlaskaRailroad.This
from Prudhoe Bay would providereadymarketaccessfor

railroadisState-ownedand has 470 milesof trackfrom
any gas discoveredin the 1002 area,shoulditbecome

Seward to Fairbanks.The extensionwould be northward
economicallyrecoverable.

acrossthe Yukon Riverand the BrooksRange to theNorth
SlopeoilfieldsnearPrudhoe Bay. The otherroutecrosses

The environmentalimpactstatementforthe Alaska

Alaska and Canada from Prudhoe Bay to Whitefish, ArcticGas Pipelineproject(U.S.Departmentof the Interior,

Montana,viaDawson, Yukon Territory.Eitherroutewould
1976) describedthe overalleffectsthatwould resultfrom

encountermajor constructionconstraintsand operational
constructionand operationof a gas pipelinetransportation

problems in accommodating, handling,loadingand
system throughthe ArcticNationalWildlifeRefuge. This

unloading,marshalingtrains,and maintainingtrackand
pipelinesystem proposedconstructionofa buried,chilled
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gas pipelinethrough the coastalplainof the ArcticRefuge Lynch, C., Siltor,D. L., and Rudolf,R. W., 1985, Arctic
to the Canadian border,to facilitateproductionof gas from summary report:Reston, VA, U.S. MineralsManagement
the Mackenzie Delta region of Canada. However, for Service,84 p.
purposes of thisreport,itis presumed thatcommercial Mechanics Research, Inc.,1977, Technicalservicesupport
quantitiesof naturalgas discoveredin the 1002 area would for the Trans-Alaska PipelineProject--Finalreport,6
be processed and transportedwest to Prudhoe Bay using volumes.
facilitiesshared with oildevelopment and transportationon Mellor,Malcolm, 1978, Undersea pipelinesand cables in
the 1002 area. Ideally,the verticalsupport members forthe polar waters: Hanover, NH, U.S. Army Corps of
oildeliverysystem to TAPS could be designed so that Engineers Cold Regions Research and Engineering
construction,operation,and maintenance of both oiland LaboratoryCRREL Report 78-22.
gas systems could be collocated.Itisalso assumed that Mitchell,D. W., 1983a, Design and constructionof the
gas productionand transportationsystems would not be Inigolkwellsite:Anchorage, AK, Husky Oil Co. NPR
constructeduntila naturalgas transportationsystem was Operations,Inc.,18 p.
operationalbetween Prudhoe Bay and markets outside 1983b, Design and constructionof the North Inigok
Alaska,now speculatednot to occur beforethe middle to wellsite: Anchorage, AK, Husky Oil Co. NPR
late1990's. Operations,Inc.,11 p.

NationalPetroleum Council,1981, Transportation,chapter V,
Constructionof an oiltransportationsystem from the p. 63-78,in U.S.Arcticoiland gas: Washington, DC.

ArcticRefuge would have a higher prioritythan a gas Newport News Shipbuildingand Dryclock Company, 1975,
transportationsystem due to the anticipateddeclinein oil Maritime submarine transportationsystem conceptual
from Prudhoe Bay which would make availableoilcapacity design study: Contract reportfor U.S. Department of
in the TAPS duringthe late1990's. Therefore,construction Commerce, MaritimeAdministration,Officeof Commercial
of the oiland naturalgas transportationsystems would be Development.
sequentialon the ArcticRefuge. The timingforthe natural Petroleum InformationCorporation,1985, Arco begins West
gas transportationsystem would depend upon the final Sak pilotoilrecoveryproject:Alaska Report,v. 30, no.
design and deliverycapabilityof the gas pipelinesystem 44, 3 p.
south from Prudhoe Bay, combined with the consideration U.S.Army Corps of Engineers,1984, Endicottdevelopment
of economic factorsin both domestic U.S. and foreign project,Alaska, [final]environmentalimpact statement:
naturalgas markets. Anchorage, AK, 3 volumes, separatelypaginated,August

1984.

U.S. Department of the Interior,1972, Proposed Trans-

Alaska Pipeline--Finalenvironmental impact statement:

Washington, DC, prepared by SpecialInteragencyTask

Force for the Federal Task Force on Alaskan oil

development, 6 volumes, variouslypaginated;v. 1--
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