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TECHNICAL REPORTTWELVE:
ASSESSMENTOF COSTS AND BENEFITS ECONOMIC ANALYSIS OF ALTERNATIVE
OF FLEXIBLEAND ALTERNATIVE FUELUSE USESFOR ALASKAN NORTH SLOPE
IN THE U.S. TRANSPORTATION SECTOR NATURAL GAS

EXECUTIVE SUMMARY Avallable Resources

As partof the AlternativeFuelsAssessment, As of JanuaryI, 1990, about33 trillioncubic
the Departmentof Energy(DOE) is studying feet (tcf)of geologicallyprovedreserveshad
the use of derivativesof naturalgas, including been identifiedinAlaskanNorth Slopefields,
compressednaturalgas andmethanol,as mostof whichare associatedwiththe Prudhoe
alternativetransportationfuels.A criticalpart Bayoil reservoirs.Theonlymajordiscovered
of thiseffort is determiningpotentialsourcesof nonassociatedgasfield is PointThompson,
naturalgas andthe economicsof those withreservesestimatedat 5 tcf.
sources,

Althoughestimatesof reservesforknowndis-
Previousstudiesin thisseriescharacterized coveriesinAlaskaare fairlyreliable,especially
theeconomicsof unutilizedgas withinthe for the PrudhoeBay field,mostof the gas
lower48 UnitedStates, comparingits valuefor reservesare notbookedas economically
methanolproductionagainstits valueas a recoverablebecauseof the lack of a wayto
pipelinedfuel (U.S. Departmentof Energy transportthe gasto the marketplaceandthe
1991), andanalyzed the costsof developing highcostof constructingsucha system.At the
undevelopednonassociatedgas reservesin beginningof 1990, only9 tcf of Alaskannat-
severalcountries(U.S. Departmentof Energy uralgas were classifiedas provedreserves.
1992c). This reportextendsthoseanalysesto Bookedwet gas reservesfor the lower48
includeAlaskanNorth Slopenaturalgasthat Stateswere 166 tcf at the beginningof 1992
eitheris not beingproducedor isbeing (U.S. Departmentof Energy 1992a).
reinjected.The report includesthe following:

Estimatesof undiscoveredgas resources
• A descriptionof discoveredandpotential beneaththeAlaskanNorth Slopeand the

(undiscovered)quantitiesof naturalgas Beaufort andChukchiSeas range from about
on the AlaskanNorthSlope. 69 tcf to 89 tcf.

• A discussionof proposedalternativeuses Nonconventionalgas resourcesinnorthern
for AlaskanNorth Slope naturalgas. Alaskamay eventuallybe producedfrom

• A comparisonof the economicsof the coalbedmethaneandgas hydrateformations.
proposedalternativeuses for Alaskan Coalbedmethane resourceestimatesrange
North Slope naturalgas. from 14 tcf to 95 tcf. Gas hydrateresource

estimatesrange from8 tcf to hundredsof tcf.
The purposeof this reportisto illustratethe The geologicalcharacteristicsand economics
costsof transportingAlaskanNorthSIopegas of these nonconventionalgas resourcesare
to marketsin the lower48 States as pipeline highlyuncertain;neitheris expectedto playa
gas, liquefiednaturalgas (LNG), or methanol, roleinthe foreseeablefuture.
It is notintendedto recommendone altema-
tiveover anotheror to evaluatethe relative Economic Factors
economicsor timingof usingNorthSlopegas
in new tertiaryoil recoveryprojects.The The vast majorityof thediscoveredgason the
informationis suppliedinsufficientdetailto AlaskanNorth Slopeis associate(;-dissolved
allowincorporationof relevanteconomic gas that is beingreinjectedfor pressure
relationships(forexample,wellheadgas maintenanceand miscibleflooding(a formof
pricesand transportationcosts)intothe tertiaryoil recovery).It isexpectedthat these
AltemativeFuelsTrade Model, the analytical useswillcontinueuntilapproximately2010.
frameworkDOE is usingto evaluatevarious Thus, this reportexaminesthe economicsof
policyoptions.
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the followingaltemativesforusingAlaskan estimatedlevelizedcostof serviceforANGTS
NorthSlope gas in2010 or the yearsbeyond: duringitsfirst10 yearsof operation.The

before-taxreal target rate of returnfor the
• Pipelinegassales to the lower48 States. pipelineis assumedto be 10.5 percent.

• Conversionto LNG forsale inJapan or Similarevaluationshave been madefor
California. pipelinesalesvia a northernlinkwiththe

• Conversionto fuel-grademethanolfor MackenzieValley pipeline.Becauseof its
sale inJapan or California. lowerestimatedcosts,thisalternateroute

yieldsa theoreticalcompetitivepriceof $3.48
Determiningthe economicsof a fourthalterna- per Mcf inthe lower48 States if the gas is
tive, usingthe gas in otherenhancedoil valuedat $0.50 per Mcf on theNorthSlope.
recovery(EOR) projects,was beyondthe
scopeof thisstudy. The MackenzieValleyrouterequiresconstruc-

tionof a pipelineto carryCanadiangasfrom
To arriveat a commonvalue forcomparisonof the MackenzieRiverDelta area to Caroline,
thealternativesexamined,productionand Alberta. Applicationsto the NationalEnergy
transportationcostsweresubtractedfromthe Boardof Canada (NEB) forconstructionof a
end-usevalue of the gas productto arriveat a pipelinefromthe MackenzieDelta indicatethat
wellheadvaluefor thegas on the North Slope. transportationcoststo the U.S. borderwillbe

approximately$3.00 per Mcf. Applicationsto
The economicsof the followingspecificop- the NEB bythe producersforgas export
tionswere consideredin thisstudy: licensesindicatethat gas productioncostswill

averageapproximately$1.00 per Mcf. Thus,
• Pipelinesale of gasto the lower48 States constructionof the MackenzieValleypipeline

via the proposedAlaska NaturalGas willnot be economicuntiltheaverageU.S.
TransportationSystem(ANGTS). wellheadpriceexceeds$4.00 per Mcf.The

• Pipelinesale of gas to the lower48 States truethresholdpricefor the MackenzieValley
via a northernAlaska connectionwiththe routeforAlaskanNorthSlopegas is notmuch
proposedMackenzieValleypipeline, differentfromthat of ANGTS (NationalEnergy

Boardof Canada 1989a; NationalEnergy
• Transportof gas to Valdez via pipeline, Boardof Canada 1989c).

liquefactionat Valdez, andshipmentto
Japan as LNG. FigureS-1 depictsthe North Slopewellhead

value for thepipelineoptionsat variouslower
• Transportof gas to Valdez via pipeline, 48 competingprices.Notethat the Mackenzie

liquefactionat Valdez, andshipmentto Valley optionbeginsat a lower43 average
California(Los Angeles)as LNG. wellheadpriceof $4.00 per Mcf.

• Transportof gas to Valdez via pipeline,
conversionto methanolat Valdez, and LNG saleswere broughtbackto a wellhead
shipmentto Japan as methanol, valuein a similarmanner,that is, thecostsof

pipelinetransportto Valdez, liquefaction,LNG
• Transportof gas to Valdez via pipeline, tankertransport,and regasificationwere

conversionto methanolat Valdez, and subtractedfrom potentialrevenue.The pipe-
shipmentto California(Los Angeles)as line,liquefactionplant,andregasificationplant
methanol, componentsof an LNG projectwere translated

To achieve a wellheadvalue of $0.50 per to a unitcostbasedon a real rate of returnof
thousandcubicfeet (Mcf), gas producedon 10 percentover 15 years. LNG shipping
the North Slope andtransportedto the lower expenseswere costedin a similarmanner,but
48 Statesvia ANGTSwouldonlybe competi- witha real rate of returnof 4.8 percentbe-
tivewitha lower48 U.S. wellheadpriceof cause of an assumedgreaterdebt portionof
about$4.29 per Mcf.1This is based on the tankerfinancing.To achievea netbackwell-

head revenueof $0.50 per Mcf, NorthSlope
gas soldas LNG in Japanneedsto receive

1All costestimatesinthisreportare stated in 1988 U.S. about $4.75 per Mcf (1988 dollars) after
dollars unless otherwisespecified, regasification.LNG sold in Californianeedsto
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FigureS-I --- North Slope Wellhead Value for Pipeline Options
at Various Lower48 Competing Pflces
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receiveabout$4.40 perMcf (1988dollars) gassoldas methanolinJapanneedsto
afterregasification.FigureS-2 depictsthe receiveabout$0.395pergallon.Methanol
NorthSlopewellheadvalueforthe LNG soldinCalifornianeedsto receiveabout
optionsat variousprices. $0.385pergallon.FigureS-3 depictsthe

NorthSlopewellheadvalueforthemethanol
Methanolmustcompetewithgasolineat an optionsatvariousprices.
equivalentretailpriceona Britishthermalunit
(Btu)basis.Giventhata gallonofmethanol Economics in 2010 Under Energy
hasapproximatelyhalfthethermalenergyof a Information Administration Scenados
gallonof gasolineandalsohashigherper-
gallonstorageandtransportationcosts,equal TableS--1comparestheapproximatewell-
retailpricingperBtutranslatesintoa whole- headvaluein2010forgasorgasproduct
saleplantgatevalueof methanolthatis22 to salesfortheoptionssummarizedintheprevi-
28 percentoftheretailpriceofgasoline.For eussectionusingproductpricesconsistent
example,a retailpriceofgasolineof$1.46per withthreeoilpricescenariosintheEnergy
gallonmeansthatmethanolblendedforM85 InformationAdministration's(EIA)Annual
(85percentmethanol,15percentgasoline) EnergyOutlook1992(U.S.Departmentof
wouldhavea plantgatewholesalevalueof Energy1992a).Wellheadvaluesareex-
38.4centspergallon.Thecostsof pipeline pressedasdollarspermillionBtu(MMBtu)of
transporttoValdez,conversionto methanol, gasproducedandtakeintoaccountgaslost
andtankertransportweresubtractedfrom as fuelduringconversionandtransport.The
potentialrevenueto arriveatthewellhead columninTableS-1 labeled"CompetingFuel
value.Thepipelineandconversionplant Pric_"istheforecastpriceof themostlikely
componentsofa methanolprojectwere competitionforAlaskangassoldaspipeline
translatedto a unitcostbasedona realrateof gas,LNG,andmethanolfuel.The "Total
retumof 10percentover15years.Methanol ProcessingandDeliven/Cost"columnrepre-
shippingexpensesarebasedontypical sentsthetotalcostof transportation,conver-
petroleum-productcarderrates.Toachievea sionto LNGorto methanol,andallfueluse
wellheadvalueof $0.50perMcf,NorthSlope associatedwithtransportationandconversion.
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FlgureS-2 --- North Slope Wellhead Value for Liquefied Natural Gas Options
at Varlous Lower48 Competing Prices
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Figure S-3 -- North Slope Wellhead Value for Methanol Options
at Varlous Lower48 Competing Pdces
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Table S-I -- Wellhead Value of Alaskan Norlh Slope Gas in 2010

AlaskanNorthSlope
Competing Fuel Price Wellhead Netback Value

EIA EIA EIA Total Processing and EIA EIA EIA
Low Oil Reference High Oil Delivery Cost = Low Oil Reference High Oil

Option Price Case Case Price Case (Low/Ref/High) Price Case Case Price Case

(19885/MMBtu) (19885/MMBtu) (19885/MMBtu)

ANGTS Pipeline 3.58 4.16 4.00 3.79/3.79/3.79 (0.21) 0.37 0.21
Mackenzie Valley Pipelin_ 3.58 4.16 4.00 2.98/2.98/2.98 NA 1.18 1.02

LNG to Japan c 3.66 5.05 5.75 3.94/4.17/4,28 (0.28) 0.88 1.47
LNG to California d 4.08 4.66 4.50 3.77/3.86/3.83 0.31 0.80 0.67

(1988S/gallon) (1988S/gallon gas equiv.) (19885/MMBtu)

x-" Methanol to Japan 0.261 0.384 0.454 3.76/3.78/3.80 (0,94) 0.36 1.10

Methanol to California 0.261 0.384 0.454 3.62/3.65/3.67 (0.80) 0.49 1.23

Note: Allforecastpricesadaptedfrom EIA, Annual Energy Outlook 1992, June 1992, which includesthe followingscenarios:

EIA EIA EIA
LowOil Reference HighO41

PriceCase Case PriceCaN

WorldOilPrice(19885/bbl) 21.22 30.81 37.08

U.S.AverageWellheadGasPrice
(19885RCBdBtu) 3.58 4.16 4.00
EstimatedMo4hanolValue(1908S/gallon) 0.261 0.384 0.454

Conversionfront1988dollarsto 1990dollars:1.084

• Deliverycostswillvary withprice inthe LNG and methanoloptionsbecauseof the large amountof gas consumedduringconversionandtransport.
_The Mackenzie Valleyroutefor Alaskangas requiresthat a pipelinefor Canadiangas be builtfirst.This is unlikelyto happenuntilU.S. averagewellheadprices
e_ceed$4.00.

CThelandedLNG priceisassumed tobe 100percentto90percentofthecrudepriceona Btubasis.
_Califomiacitygatepriceis estimatedas the lower48 wellheadgas priceplus$0.50/MMBtu.



The differencebetweenthe competingfuel andJapan'spoliciesregardingdiversification
priceanddeliverycostsis in the "Alaskan andsecurityof supplies.In _ecentyears,
NorthSlopeWellheadValue in2010" column. Japanhas paidbetween $5.80 (1981) and

about$4.25 (1990) for landed LNG (Interna-
Onlythe optionfor LNG shipmentto Califomia tionalEnergyAgency1991). This studyas-
yieldsa positiveNorthSlopewellheadvalue sumesthat incrementalLNG is soldat a Btu
for the EIA LowOil PriceCase, whichhas a paritywithcrudeoil inthe EIA LowOilPrice
worldoilpriceof $21.22 per barrel andan Case, yieldinga year-2010 priceof $3.94 per
averageU.S. wellheadgas priceof $3.58 per MMBtu. Inthe othercases, thestudyassumes
MMBtu in 2010. The EIA ReferenceCase has that competitionwithotherLNG sources,as
a 2010 worldoilpriceof $30.81 anda U.S. well as pipe!inesales fromthe formerSoviet
averagewellheadgas priceof $4.16. All Union,keepspricesdown.The Reference
optionshave positivewellheadvaluesat the Case is evaluatedas havingLNG pricesat
NorthSlopeinthe ReferenceCase; the 95 percentof crudeandthe HighOil Price
MackenzieValley pipelineisthe mostattrac- Case is evaluatedat 90 percent.
tive. Alloptionsalso have positivewellhead
values inthe EIA High Oil PriceCase, which The methanolfuel optionscanbe expectedto
has a 2010 worldoil priceof $37.08 and an competewithgasoline.The studyassumes
averageU.S. wellheadgas priceof $4.00 per that methanolis marketedprimarilyina blend
Mcf.2 Notethat the rankingof estimated withgasolinethatsells at a discountto tradi-
netbackwellheadvalues is differentinthe tionalmotor-vehiclefuel (100 percentgaso-
High Oil PriceCase. Methanolsales to Japan line)becauseof the reducedheat contentand
andCaliforniaand LNG sales to Japan are that also receivessome fuel-taxconcessions.
estimatedto be moreattractivethan the Table S-2 summarizesestimatesof the
MackenzieValley pipelineoption, wholesalevalue of methanolsoldas a blend-

ingagentfor M85. In thisexample, if gasoline
The relativeattractivenessof each optionis sellsat $1.19 per gallonat the pump,compet-
highlydependenton priceforecastsfor oil ing fuel-grademethanolwillhave a wholesale
productsand naturalgas at variouslocations, valueof about$0.25 per gallonat the plant-
The pipelineoptionsare expectedto compete gatecomparedwithan estimatedwholesale
with U.S. andCanadiangas production; valueof $0.71 per gallonfor gasoline(Energy
therefore,the projectedaveragewellhead and EnvironmentalAnalysis,Inc. 1988b). For
priceis usedas the benchmarkcompetitive the rangeof gasolinepricesexpectedinthe
fuel price.3 The priceof gas at Caroline, three EIA oil pricescenarios,the wholesale
Alberta, the terminusof bothpipelineoptions, plantgatemethanolvalue in 2010 couldrange
is assumedto be $0.80 per Mcf belowthe from$0.26 to $0.45 per gallon.
U.S. average;therefore,the fulldelivery
charge for each pipelineoptionis thecostof FurtherConsiderotions
transportingthe gas to Carolineplusthe $0.80
per Mcf differentialbetweenCarolineandan The dispositionof the AlaskanNorthSlope
averageU.S. wellhead price, gas willdependon the basiceconomicsof

eachoptionandthe relativeriskperceivedby
The LNG optionscan be expectedto compete theentitiesmakingthenecessaryinvestment.
withothersourcesof LNG inJapan andwith Allof the optionsinvolvethe expenditureof
pipelinegas inCalifomia.The attractivenessof billionsof dollarsand requireseveralyears of
exportingLNG to Japan is drivenby the lead time;thus, it is possiblethat projectswill
alternativesourcesof LNG availableto Japan not beginuntilseveralyearsafter the neces-

sarythresholdpricesare actuallyexperienced
in themarket. Becauseof the complexityof

2Thegaspriceislowerinthiscasecomparedwiththe the issueandbudgetconstraints,thisstudy
ReferenceCasebecauseahigherproductionlevelof didnot attemptto addresstheeconomic_ofassociated-dissolvedgasdepressesgaspricesina
limited gas market, using the North Slope gas for EOR after _,010.

The priceof oil,new oildiscoveriesin the
3EIAprojectsonlyoneaveragepriceforeachcase. area, andtechnologicaladvancesin EOR may
TherearenoregionalEIAwellheadgasprice projec- prove that continued use of the gas for EOR is
tions, the most economic option.



Table S-2 -- U.S.Plantgate Methanol Value Glven Competing Gasollne Price
(1988 dollars per gallon)

Gasoline M85

Gasoline Pump Price 1.185 Required M85 Pump Price (0 1.74:1) 0.681

Federal Fuel Tax 0.141 Federal FuelTax 0.070
State Fuel Tax 0.179 State Fuel Tax 0.090
Sales Tax @5% 0.041 SalesTax @ 5% 0.025
TotalTaxes 0.361 TotalTaxes 0.185

PumpPriceLessTaxes 0.824 PumpPrice LessTaxes 0.496

OutletMarkup 0.089 OutletMarkup 0.115
Tr_ckingto Station 0.013 Truckingto Station 0.013
Terminal 0.016 Terminal 0.021
Total Distribution 0.118 TotalDistribution 0.149

WholesaleGasolinePrice 0.706 WholesaleM85 Price 0.347
Whol_.JaleGasolinePrice 0.706
WholesaleMethanolPrice 0.284

Truckingto Blender(100 Miles) 0.030

PlantgateMethanolPrice 0.254

2010 Gasoline Plantgate
AlternativeScenarios Price MethanolPrice

EIA ReferenceCase 1.46 0.384

EIA HighOil PriceCase 1.61 0.454
EIA LowOil PriceCase 1.20 0.261

Source:AdaptedfromEnergyandEnvironmentalAnalysis,Inc.1988b.



I. NATURALGAS RESOURCES
OF THEALASKANNORTHSLOPE

INTRODUCTION (USGS/MMS) andthe PotentialGas Commit-
tee (PGC) of the ColoradoSchoolof Mines

The naturalgas resourceson the NorthSlope (U.S. GeologicalSurvey1988; Colorado
of Alaska representa potentialsourceof fuel Schoolof Mines1988).
for highwayvehiclesin the UnitedStates.This
gas couldbe usedinthe formof compressed
naturalgas (CNG), or itcouldbe convertedto PROVED DEVELOPED
methanol.Althoughthe NorthSlope'soil GAS RESERVES
resourcescurrentlyprovideabout10 percent
ofthe petroleumconsumedin the United Table I-1 listsby fieldthe proveddevelopedoil
States,the NorthSlope'sgas resources andgas reserveson theAlaskanNorthSlope
remainmostlyunused.Thischaptersum- as of January1, 1990. Almostallof the28,042
marizesestimatesof the sizeof thisgas billioncubicfeet (bcf)of proveddevelopedgas
resourcebase. reservesareassociated-dissolvedgas, and the

FigureI-1 is a map of Alaska
showingthe locationof the North
Slope regionandthe Trans-
Alaska PipelineSystem(TAPS). Figure I-1 -- Oil and Gas Accumulations
The PrudhoeBay oil field is on Alaskan North Slope
roughly halfway between Point
Barrowon the west andthe border
withCanada on the east.The
westernportionof the NorthSlope
is inthe NationalPetroleumRe-
serve inAlaska (NPRA) whilethe
easternportionis in the Arctic
NationalWildlifeRefuge(ANWR).

The oiland gas resourcesof the
AlaskanNorth Slopecan be
classifiedas proveddeveloped
reserves,discoveredundeveloped
reserves,and undiscoveredre-
sources.The State of Alaska
publishesestimatesof proved
developedreserves anddiscov-
ered undevelopedreservesby
field (AlaskaDepartmentof Natu-
ral Resources1990). The Energy
InformationAdministration(EIA)
publishesannualestimatesof
statewideoil and gas proved
reserves(U.S. Departmentof
Energy 1989a). Undiscovered
resourcesare assessedbythe
U.S. GeologicalSurvey andthe
MineralsManagementServiceof
the U.S. Departmentof the Intedor



Table I-I -- North Slope Proved Developed Reserves as of January I, 1990

Discovery Oil Oil Gas Gas
Field Year (aaa) (%) (bcf) (%=)

Prudhoe(Sadlerochit) 1967 4,700 77.5 25,840 92.1
Prudhoe(Lisbume) 1967 150 2.5 888 3.2
KuparukRiver 1969 885 14.6 520 1.9
Endicott 1978 280 4.6 782 2.8
MilnePoint 1969 50 0.8 0 0.0
EastBarrow 1974 0 0.0 7 0.0
SouthBarrow 1949 0 0.0 5 0.0

Total 6,065 100.0 28,042 100.0

=Gascontains10to12percentcarbondioxide(approximately3,000bcf).
MMB= millionbarrels.

Source:AlaskaDepartmentofNaturalResources1990.

greatmajorityof these are associatedwiththe ontheAlaskanNorthSlopereportedbythe
PrudhoeBay reservoirs.Figure I-2 showsthe operatingcompaniesin1987andprioryears
locationof the developedand undevelopedoil nowhave been adoptedby EIA.
andgas fields on the North Slope. Proved
developedfieldsincludeSouth Barrow,East Table I-2 shows1989 NorthSlope
Barrow,Kuparuk,MilnePoint,Prudhoe,and associated-dissolvedgas dispositionby field.
Endicott. Productionthatyear was 1,668 bcf. Of that

amount,all but211 bcfwas reinjected.The
Becausethereis no pipelineoutletforpro- 211 bcf representsgas thatwas eitherusedin
ducedgas, currentproductionis eitherusedin productionfacilitiesor soldlocally.
fieldproductionfacilities,reinjected,or sold
locallyto TAPS. As a result,thereis disagree-
mentabouthowthe gas shouldbe classified. DISCOVERED UNDEVELOPED
The Stateof Alaskacarriesthegas as proved GAS RESERVES
reserves.However,EIA recentlydroppedmost
of theNorth Slope gas.fromthe provedre- Table I-3 showsestimatedvolumesof discov-
servescategory,providingthe followingratio- ered undevelopedNorthSlope oilandgas.
nalefor doingso (U.S. Departmentof Energy The PointThompsonfieldabout40 mileseast
1989a): of Prudhoe(FigureI-2) isthe onlyfield that

has beenassignedundevelopedgas reserves
There hasbeen an ongoingreassessment bythe Stateof Alaska.The recoverablegas at
of North Slope gas resourcesfor several PointThompsonis currentlyestimatedto be
years,withoperatorsreportingmajornega- 5,000 bcf.
tiverevisionsin 1985 and 1987.There is a
consensusamongmajorAlaskanoperating Note that nogas reservesare listedforseveral
companiesthat,giventhecurrenteconomic largeundevelopedoil fields,even though
conditionsand outlook,only gas that is someof thesefieldscontainassociated-
marketableon the North Slope shouldbe dissolvedgas.
classifiedas proved reserves.This is be-
cause large uncertaintiesexist about the Several widelyscatterednonassociatedgas
availabilityofa gastransportationsystemor depositshavebeen foundon the North Slope
othermarketingalternativesfor thebulkof but have notbeen developed.These include
NorthSlopegas.The 24.6 trillioncubicfeet Walapka, Meade, Square Lake, Wolf Creek,
of downwardrevisionsto proved reserves East Umiat,Gubik,Kemik,and Kavik



Figure I-2 --- Oil and Gas Fieldson Alaskan NorthSlope
(Including Undeveloped Discoveries)
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(FigureI-2). Althoughthesedepositshave The7,700bcflistedasprobableinthe PGC
beeninformallynamed,theygenerallyrepre- estimateappeartoincludetheundeveloped
sentsubeconomicwildcatdiscoveries.Unde- reservesof thePointThompsonfield,men-
velopedgasreservesinthesefieldstotal tionedabove.ThePGCestimateofconven-
373 bcf(TableI-3). Whencombinedwiththe tionalresourcesi:romnewfields(possibleand
PointThompsonandFlaxmanIslandreserves, speculative)is89,000bcf.Of that,38,000bcf
NorthSlopeundevelopednonassociatedgas areexpectedfromonshoreareas,and51,000
reservestotal5,373bcf. bcfareexpectedfromoffshoreareas.

TheUSGS/MMStotalfornewfieldsis68,680
UNDISCOVEREDCONVENTIONAL bcfofgas,16.08billionbarrels(Bbbl)ofoil,
GAS RESOURCES and1.06billionbarrelsof naturalgasliquids

(NGL's).USGS/MMS(whichcontributedthe
TablesI-4 andI-5 summarize1988PGCand offshoreassessment)estimatedthatonly
USGS/MMSestimatesofundiscoveredcon- 14,590bcfof newfieldpotentialexistsinthe
ventionalresourcesontheNorthSlope.PGC offshoreareasof NorthernAlaska.Thisisin
publishesestimatesforthreecategoriesof contrastto thePGCestimateof51,000bcf.
gas:probable(reservegrowthinexisting TheUSGSestimateof onshorepotentialis
fields),possible(newfieldsincurrentplays), 54,090bcf.Of thistotal,22,110bcfareex-
andspeculative(newfieldsinnewplays), pectedto befoundontheArcticCoastalPlain.
USGS/MMSpublishesestimatesofundiscov- Theremainderofthenewfieldpotentialisin
eredfieldsforbothoilandgas. thefoothillsareatothesouth.



Table I-2 --- Disposition of 1989 Alaskan North Slope Gas Production

NorthSlope
PrudhoeBay Endicott Kuparuk MilnePoint Totala

Disposition bcf/yr MMcfd bcf/yr MMcfd bcf/yr MMcfd bcf/yr MMcfd bcf/yr MMcfd

Vented 6.46 17.7 0.07 0.2 0,,19 0.5 0.07 0,2 6.79 18.6
Used 105.10 287.9 7.25 19.9 23.61 64.7 0.58 1.6 136.54 374.1
Sold 37.56 102.9 0.09 0.2 0.71 1.9 0.00 0.0 38.36 105.1
Shrinkage 8.69 23.8 0.99 2.7 0.00 0.0 0.00 0.0 9.68 26.5
Injected 1,340.00 3,671.2 33.03 90.5 83.32 228.3 0.32 0.9 1,456.67 3,990.9
Other 19.58 53.6 0.00 0.0 0.00 0.0 0.00 0.0 19.58 53.6

Gross
Production 1,517.4 4,157.2 41.4 113.5 107.8 295.4 1.0 2.7 1,667.6 4,568.8
Noninjected 177.4 486.0 8.4 23.0 24.5 67.2 0.7 1.8 211.0 577.9

Percentof North
SlopeGross 91.0 2.5 6.5 0 100.0

=ThegasproductiononthistablerepresentsalmostalloftheNorthSlopeproduction.Twosmall,nonassociatedfields
producedacombinedtotalofabout1bcfin1989.ThegasfromthesefieldsissoldlocallyontheNorthSlope.
MMcfd= millioncubicfeetperday.

Source:AlaskaDepartmentofNaturalResources1990.

ANWR containsa large portionof the region's However, inthe 1988 report,USGS did not
oil andgas potential.The presenceof large, publisha separateestimateon ANWR.
untestedstructuresand regionaltrapping
conditionsinthisarea providesexcellent
potentialfor new fielddiscoveries.However, UNCONVENTIONAL GAS RESOURCES
becauseof environmentalconsiderations,
futureexplorationanddevelopmentactivityin Extensivegas hydrateresourcesare present
thisarea maybe either restrictedor prohibited, on the AlaskanNorthSlopeand have been
In 1987, USGS publishedan assessmentof consistentlyobservedin bothexploratoryand
theoil andgas potentialof the northernpor- developmentwells.Gas hydratesare solid,
tion of ANWR (U.S. GeologicalSurvey 1987). crystallinecompoundscomposedof natural
Seven playswere assessedfor bothin-place gas and watermolecules.They are stableonly
andeconomicallyrecoverableresources.The underspecificpressureandtemperature
meanestimateswere 13.8 billionbarrelsof oil- conditions.On the NorthSlopeand inother
in-placeand 31,300 bcfof gas-in-place.Of the arcticareas, theyoccurnear the baseof the
totalgas-in-place,16,700 bcfwere expected permafrostlayerat depthsof severalthousand
to be nonassociated.Economicallyrecover- feet. While consideredan unconventionalgas
able oilwas estimatedto be 2.21 billionbar- resource,gas hydrateshave been producedin
rels,withan uncertaintyrangeof 0.59 to at least one largefield inSiberia (U.S. Geo-
9.24 billionbarrels(95th to 5th percentiles).No logicalSurvey 1990).
scenarioswere developedforeconomic
exploitationof ANWR gas, Preliminaryresourceappraisalsinthe Kuparuk

River-PrudhoeBay area indicatethat 8 trillion
Presumably,the 1987 assessmentof the cubicfeet (tcf) to 10 tcf of gas hydrateis
northernportionof ANWR was incorporated recoverable(U.S. GeologicalSurvey1990).
intothe 191'J8USGS nationalassessment. Other publishedestimatesindicatethat up to



Table I-3 .-- North Slope Discovered Undeveloped OII and Gas Reserves
as of January I, 1990

Oil Gas
(MMB) (bcf)

Discovery
Reid Year Low Mid High Low Mid High

BeaufortSea (Seal Island) 1984 0 150 300 0 0 0
PointThompson/ FlaxrnanIsland 1977 0 0 300 0 5,000a 5,000
WestSak HeavyOil 1971 0 500 3,000 0 0 0
Niakuk 1984 0 50 80 0 0 0
PointMaclntim 1989 150 200 300 0 0 0
Umiatb 1946 m 70 ....

Ugnu Tar Sandsb 1969 -- 750 ....
Meadec 1950 -- 0 -- -- 20 --

SquareLakec 1952 -- 0 -- -- 58 --
Gubikc 1951 -- 0 -- -- 295 --

GwydyrBay_ 1969 -- 60 ....
North Prudhoec 1970 -- 75 ....

Simpsonc 1950 -- 12 ....
Total 150 1,867 3,980 0 5,373 5,000

=TheStateofAlaskareported5,000bcffora highestimateand0 fora middleestimate.Themiddleestimateisassumed
tobe5,000bcfonthistable.
bAspublishedinU.S. GeologicalSurvey,1989AnnualReportonAlaska'sMineralResources.
°AspublishedinU.S.GeologicalSurvey,OpenFileReport88-04504,1991.

Source:AlaskaDepartmentofNaturalResources1990.

Table I-4- 1988 PGC "Most Llkely" Estimatesof Undlscovered Recoverable Gas
on Alaskan North Slope

(billioncubicfeet)

Area Probable Possible Speculative Total

NorthSlope Onshore 5,700 15,000 23,000 43,700
BeaufortSea Shelf (O-200M) 2,000 12,000 19,500 33,500
BeaufortSea Slope(200-1,000M)=
ChukchiSea Shelf(0-200M) 19,500 19,500

Total 7,700 27,000 62,000 96,700
New Reid Total 89,000

=Notincludedinestimates.

Source:ColoradoSchoolof Mines1988.



Table I-5 -- 1988 USGS/MMS Estimates of Undiscovered Recoverable O11and Gas
on Alaskan North Slope

Oil Gas NGL
Area (Bbbl) (bcf) (Bbbl)

ArcticCoastalPlain 6.00 22,110 0.5.6
NorthernFoothills 2.24 11,490 0.21
SouthernFoothills 4.35 20,490 0.29
BeaufortSheff 1.27 8,260 --
ChukchiSea 2.22 6,330 --

Total 16.08 68,680 1.06

Source:U.S.GeologicalSurvey1988.

severalhundredtcf of methanemay be recov- 14,250 bcfto 95,000 bcf.The 57,000 bcf
erable on the NorthSlope. Recoveryof this figure representsthe potentialfrom five areas,
resourcewill requiredevelopmentof new includingthe NorthSlope. PGC has notpub-
technologiesthatavoidmeltingthe permafrost lisheda separateestimatefor the NorthSlope,
andassociatedsubsidence, butit is knownthat this regioncontainsthe

majorityof Alaskanin-placecoalwithgas
In its 1990 report(ColoradoSchoolof Mines potential.Accordingto USGS, the Cretaceous
1990), PGC publishedan estimateof the coalsof the NorthSlope contain3.2 trillion
recoverablecoalbedmethanepotentialof tons outof a total of 4.0 trilliontonsof coal in
Alaska.The mostlikelyestimateof undevel- Alaska(U.S. GeologicalSurvey1990).
oped potentialwas57,000 bcf,witha rangeof



II. PROPOSEDOPTIONSFORNORTHSLOPEGAS

INTRODUCTION Separatoroffgasproducesthe inletstreamfor
thegas plant.There are threeoutletstreams:

Thissectiondescribesthe followingeight
optionsforutilizingAlaskanNorthSlope ° A salablestreamof NGL'sthat is blended
naturalgas afteritscurrentuse forreinjection intotheoilstreamfordeliveryto TAPS.
forpressuremaintenanceand enhancedoil
recovery(EOR) ends, in approximately2010: • A miscibleinjectantstreamthatis deliv-

ered to EOR areas for injection.

• Pipelineto the lower48 Statesvia the • A residuegasstreamthat is deliveredto
Alaska NaturalGas TransportationSys- the compressionplantforreinjectioninto
tern(ANGTS). the reservoir.The field fuel requirementis

• Pipelineto the lower48 Statesvia the also metwiththe residuegas.
MackenzieValley pipeline. In 1989, an averageof 49,000 barrelsper day

• Liquefiednaturalgas (LNG) exports,LNG of NGL'swere recoveredfromthe gasstream
plantat Valdez. andabout200 MMcfd of lighthydrocarbon

miscibleinjectantwere produced.Injected
• LNG exports,LNG planton NorthSlope. residuegas totaledabout3,500 MMcfd, while

300 MMcfd of residuegas were usedas plant
° Methanolconversion,plantat Valdez. fuel.
° Methanolconversion,planton North

Slope. The State of Alaska ruledin 1977 thatup to
2 billioncubic feet per day (bcfd)(on an aver-

. Conversionto syntheticgasoline, age annualbasis)couldbe marketedfrom
• Utilizationfor enhancedrecoveryof PrudhoeBaywithoutadverselyaffecting

heavyoil. ultimaterecovery(AlaskaOiland Gas Con-
servationCommission1977). The marketing

Mostof the gas producedon the NorthSlope of 2 bcfdwouldinvolvegrossproductionof
is now reinjected.In 1989, the PrudhoeBay 2.7 bcfd,takingintoaccountprocessinglosses
injectionratewas 3,670 millioncubicfeet per andfuel consumptionatthe field.
day (MMcfd)out of a grossproductionof
4,160 MMcfd,or 88 percent.The gas is Startingin 1988, oilproductionat PrudhoeBay
reinjectedto maintainreservoirpressure,to began to decline,despitethe large-scale
enhanceoil recoverythroughmiscibleflood- pressure-maintenanceoperation.Decliningoil
ing_andto recoverNGL'sfor transportthrough productionand gas capexpansioncausedthe
TAPS, Gas reinjectionis alsotakingplace at gas-to-oilratios(GOR) of certainwellsto
the Endicottand Kuparukfieldsat a 1989 increase,requiringeitherconstructionof
averagerate of 320 MMcfd. additionalgas-handlingcapacityor shuttingin

somewells.A secondincreasein gas-
The PrudhoeBay gas-processingfacilityisthe handlingcapacity(GHX-2) is expectedto be
largestsuch plantinthe world,withan initial completedbythe mid-1990's,increasing
designthroughputcapacityof 3,300 MMcfd, capacityto 7,500 MMcfd(AlaskaOil andGas
producingup to 50,400 barrelsper day of ConservationCommission1991).
NGL's andup to 336 MMcfdof miscibleinjec-
tantfor tertiaryoil recovery(Oil and Gas Plans recentlysubmittedto the State of Alaska
Journal 1988). Currentplantcapacityis showthat the operatorsof PrudhoeBay intend
5,300 MMcfdfollowingthe GHX-1 gas- to use theproducedgas forpressuremainte-
handlingexpansioncompletedin 1990 (Alaska nance,EOR, and recoveryof NGL'suntil
Oil and Gas Conservation Commission 1991; about2010. The applicationrequestsapproval
Oil and Gas Journal 1990). to expandthe existingPrudhoeBay miscible



gasprojectandto allowreservoirpressureto Projectsponsorsbelievethat ANGTS isthe
dropbelow3,600 poundsper square inch bestoptionfor marketingAlaskangas be-
(psi),thecurrentlymandatedlowerlimitfor the causemuchof the systemis alreadybuilt,the
project(AlaskaOil and Gas Conservation projectis supportedbythe Canadianand U.S.
Commission1991). The operatorsnotethat all Governments,andreducedconstructioncosts
knownNorthSlopegas reserveswouldbe willmake the projectmorecompetitive.As
insufficientto maintainthe reservoirat that originallyproposed,theprojectwouldtake
pressure. 5 yearsto constructandwouldhave an oper-

atinglife of 25 years.
After20 years, oilproductionpresumablywill
be nearlyended and the remaininggas could A modifiedversionof ANGTS couldinclude
be producedfor sale or used for EOR in other theso-calledDempsterLateralto transport
fields.The oilproductionprojectionspublished MackenzieDelta reservessouthwardto the
bythe State of Alaska are cardedout to 2016, ANGTS mainline nearWhitehorseinthe
whenestimateddailyproductionrates will YukonTerritory(FigureI1-1). In thisconfigura-
have declinedfromthe currentrate of about tion,the lowerportionof ANGTS wouldcarry
1.7 millionbarrelsper day of crudeoiland bothU.S. and Canadiangas.
condensateto about68,000 barrelsper day
(AlaskaDepartmentof NaturalResources
1992). MACKENZIE VALLEYPIPELINE

Anotherpipelineoptionfor North Slopegas
ALASKA NATURAL GAS involvesa tie-in to the proposedCanadian
TRANSPORTATION SYSTEM MackenzieValley pipeline,whichwouldtrans-

port gas from discoveredreservesin the
ANGTS, an all-pipelineroutethat wouldbe MackenzieDelta area of the Beaufort Sea.1
usedto marketNorth Slopegas to the lower Three systemshave beenproposed:the Polar
48 States, wouldinvolveconstructionof new Gas Projectsponsoredby Canada Pipeline,
pipelinesin Alaskaand westernCanada, theMackenzieValley Pipelinesponsoredby
originatingat PrudhoeBay on the NorthSlope FoothillsPipe LinesLtd.(thesponsorof
(FigureI1-1). After parallelingTAPS, the ANGTS), anda thirdpipelinesponsoredby
ANGTS pipelinewouldheadsoutheastinto the gas producers.In 1991, the threegroups
Canada at BeaverCreek inthe YukonTerri- consolidatedtheir proposalsintoonecalled
tory,acrossBritishColumbiato the Boundary the MackenzieDeltaGas Pipeline.
Lakearea, andthroughAlbertato a linkwith
theexistingANGTS "prebuild"at Caroline.The If thispipelineis built,it mightbe possibleto
ANGTS "prebuild"sectionsto U.S. border moveAlaskanNorthSlopegas eastwardto a
crossingsat Kingsgate,BritishColumbia,and connectionpoint.Fromthat point,the gas
Monchy,Saskatchewan,whichhave beenin wouldflow southwardto connectwiththe
operationsince 1981 and were recentlyex- existingportionof ANGTS. An importantissue
panded,delivergas from Albertato pipeline willbe thepotentialreluctanceof the U.S.
systemsoperated by PacificGas Transmission Congressto allowconstructionof a gas pipe-
and NorthernBorderPipelineCompany. lineacrossANWR. Analtemativeto an over-
Throughthesesystems,gas wouldflow to landroutewouldbe an offshorepipelinelaidin
U.S. Midwestand west coastmarkets, theshallowwatersof the BeaufortSea.

In 1977, Congresspassedthe Alaska Natural Three segmentswouldhave to be constructed
Gas TransportationAct [15 U.S.C. 719e(a)(5)], for the MackenzieValley option:the North
whichapprovedthe projectand establishedit Slopesegment,the MackenzieValleyline,
as the preferredoptionfor marketingAlaskan andan extensionof the existingportionof
gas. Under the act, any gas destinedfor sale ANGTS. Inone possibleoption,the
in the lower48 States mustbe transported
throughANGTS. However,because of high
costsanddramaticchangesin market condi- 1In1989,theNationalEnergyBoardofCanadagrantedpermitstoexport9.2tcfofCanadianreservesinthe
tions,the line has never been built. MackenzieDeltaareabeginninginthelate1990's.





MackenzieValley line,extendingfromthe to the PacificRimcountriesof Korea,Japan,
MackenzieDeltato BoundaryLake, Alberta, and Taiwan.Costsfor the 800-mileburiedline,
wouldconsistof a 1,023-mile34-inchpipeline the North Slopeconditioningplant,the LNG
witha capacityof 1.2 bcfdanda 407-mile plant,portfacilities,and LNG tankersare
48-inch"prebuild"extensionfrom Carolineto estimatedat$11 billion.The projectsponsoris
BoundaryLake (FigureI1-1). Thissouthern YukonPacificCorporation.
segmentwouldinitiallyhave a capacityof
1.2 bcfdhut couldbe upgradedto 2.4 bcfdto In November1989, theDepartmentof Energy
accommodateAlaskangaswhen thesegment approveda licenseallowingYukonPacificto
betweenthe North Slope andthe Mackenzie export an averageof 14 millionmetrictons per
Delta iswarranted, year of LNG, concludingthat the projectwould

notadverselyaffectgas prices,the industry's
abilityto meet U.S. demand,or theviabilityof

LIQUEFIEDNATURAL GAS EXPORTS, ANGTS. The decisionhas been challengedby
PLANTAT VALDEZ the sponsorsof ANGTS, who believethat

Alaskangas willbe in demandinthe lower
The Trans-AlaskaGas System(TAGS) was 48 States bythe mid-to late 1990's.
initiallyproposedin 1983. It consistsof a gas
pipelineparallelingtheTAPS oil lineandan
LNG plantand portfacilityat Valdez (Fig- LIQUEFIED NATURAL GAS EXPORTS,
ure 11-2).The gas wouldbe exportedas LNG PLANT ON NORTH SLOPE

Buildingan LNG facilityonthe
NorthSlopewouldallowthegas to
be transportedto worldmarketsin

Figure 11-2--- Trans-Alaska Gas System specializedtankers.Climateand
accessibilitywouldbe majorprob-
lems.A deepwaterportfacility
wouldbe required,necessitating
constructionof an extensivecause-
way intothe BeaufortSea. The
portwouldbe hamperedwithsea
ice mostof theyear, andspecially
designedtankerswouldbe needed
to operateundertheseconditions.

Bothicebreakingtankersand
submarinetankershave been
consideredfor thisoption(U.S.
Departmentof Energy 1987).
Submarinetankerscouldbe used
to transportLNG to the U.S. North-
east via an arcticroute.The ice-
breakingtankerwouldbe usedto
movegas to PacificRimmarkets.

METHANOL CONVERSION,
PLANT AT VALDEZ

In thisoption,the gas wouldbe
transportedto Valdez alonga
pipelinesystemsimilarto that
proposedforTAGS. At Valdez, a
plantwouldconvert the gasto
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methanol,whichwouldbe shippedbytanker Facilitiesforconversionof naturalgasto
to U.S. andothermarkets, liquidswouldbe locatedon the NorthSlope.

These facilitieswouldincludesteamreformer
andwater-gasshiftsections,a methanol

METHANOL CONVERSION, conversionplant,and gasolineand distillate
PLANT ON NOMI.I SLOPE conversionunits.Alsoincludedwouldbe

steam andpowergenerationunits.Pre-
In thisoption,naturalgas wouldbe converted fabricatedmoduleswouldbe employedto
to methanolon the North Slope.To reducethe allowphasedproductionlevels.As inthe
costsof plantconstruction_methanolconver- NorthSlopemethanolconversionoption,
sionfacilitieswouldbe m:,untedon barges potentialoperatingproblemsresultingfrom
thatcouldbe beachedor mooredat Prudhoe additionof gasolineto TAPS wouldhaveto be
Bay. The methanolcouldbe transportedto addressed.
Valdezthrougha new pipelinebuiltfor that
purpose.

ENHANCED RECOVERY OF HEAVY OIL
As an alternative,the methanolcouldbe
transportedthroughTAPS at thesame time Vast depositsof heavyoiland ta:-sanddepos-
thatoil is beingtransported.Thiswouldbe itshave been identifiedon the AlaskanNorth
achieved byshippingmethanoleitherin a Slope.Thisoiloccursinshallowsandswest of
batchmode (that is, oilalternatedwithmetha- PrudhoeBay inthe KuparukRive: fieldarea.
nol)or as a mixtureof oildispersedin metha- Usingavailablegasfor thermaland miscible
nol.Specialstorageand handlingfacilities EOR operationswouldessentially"convert"
wouldbe requiredat bothendsof the line,and thegas to oil;the heavyoilcouldthenbe
potentialline andpumpstationoperating transportedthroughTAPS.
problemswouldneedto be addressed.

ThermalEOR operationsconsistof hot-water
flooding,steamcycling,orsteam injectioninto

CONVERSION TO SYNTHETICGASOLINE theoil reservoir.Heavy, viscousoil deposits
are particularlysuitedto thistypeof recovery.

Naturalgas can be usedas a feedstockto The injectedwateror steam reducesthe
manufacturesyntheticgasoline,whichcan viscosityof the oilandallowsit to flowto the
thenbe blendedintothe crudeoil pipelineand wellbore.
separatedout at the refineryor sent through
thepipelinein batches(U.S. Departmentof Two majorNorthSlopeheavyoildeposits
Energy 1987). Thiscan be done in a two-step have been identified:the West Sak heavyoil
conversionprocessthat is a fullydeveloped, andthe Ugnutar sands.These deposits
operationaltechnology.In thisprocess,natural overlapeach otherandthe deeper Kuparuk
gas is firstconvertedto methanolandthen to River reservoirs.The area encompassedis
syntheticgasoline, extensive---roughlytwice the area of the

PrudhoeBay field (Figure11-3).Becauseboth
If an economicone-stepconversionprocessis depositsoccur inthesame generalarea as
developed,NorthSlope gas couldbe con- the producingKuparukRiverfield,existing
vertedinthismannerandsent throughTAPS. infrastructurecouldbe usedforany eventual
Researchon severaldifferentdirectconver- production.
sionprocessesis beingconductedby oil
companiesandby governmentresearch The West Sak fieldis estimatedto contain
groups.At least two straightmethane-to- 15 billionto 25 billionbarrels-in-place.A 1990
gasolineconversionprocesses(one-step reportfromthe State of Alaska indicates
processes)are technicallyfeasibleand may provedundevelopedreservesof 500 million
soon advanceto thestage of economicutiliza- barrelsat West Sak, witha highestimateof
tion (U.S. Departmentof Energy1987). A less 3 billionbarrels(AlaskaDepartmentof Natural
complexone-stepprocessshouldhave signifi- Resources1990). The Ugnutar sands field
cantlylowercapitaland operatingcoststhan has been estimatedto contain15 billion
currenttwo-stepprocesses, barrels-in-place.USGS has publisheda
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Flgure 11-3--. Location of North Slope O11Flelds

I westSak I Kuparuk I MilneP°int 1 i Ugnu I I Seallsland I

reserve estimate of 750 million barrels at gas hydrates. It is unclearwhetherlarge-scale
Ugnu(U.S. GeologicalSurvey1990). surface-basedthermalEOR processescan be

appliedinthisenvironment.Use of downhole
To recoverthe oil, itwillbe necessaryto steamgenerationfacilitiesisunderstudyand
applythermalEOR methods.A pilothot-water appearsto be an attractiveoption.
floodingprojectis underwayat the West Sak
field.This projectuses naturalgasfor boiler It hasbeen estimatedthata full-scalethermal
fuelandsteam fromcogenerationplants.The EOR operationcouldeventuallyutilizeall of the
majorimpedimentto the recoveryof theseoil PrudhoeBay gas reserves (U.S. Departmentof
depositsisthe presenceof permafrostand Energy1987).
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Iii. ECONOMIC COMPARISONOF SELECTEDOPTIONS
FORNORTHSLOPEGAS

i

INIRODUCTION TRANSPORTTO THELOWER 48 STATES
BY PIPEUNE

Thissectionpresentseconomicanalysesof
someof theoptionsfor usingAlaskanNorth The two optionsconsideredfor transporting
Slope gas. Becauseof the complexityof the NorthSlope gasto the lower48 States are
issueand budgetconstraints,thisstudydid ANGTS and a tie-into a potentialMackenzie
notattemptto addressthe economicsof using Valley pipelinesystem.
North Slopegas for EOR after2010. Depend-
ingon the priceof oil,new oildiscoveries(if Alaska Natural Gas
any) inthe area, and technologicaladvances TransportationSystem
in EOR, continued use of thegas for EOR
may proveto be an economicoption. Originalcostestimatesfor the2.3-bfcd

ANGTS projectwere $40 billion.In 1988,
Comparisonsof theeconomicsof theoptions FoothillsPipe LinesLtd.,the principalsponsor
were made by computingwellheadvaluesfor of ANGTS, reestimatedtotalANGTS costsas
the gas, assumingvarioussellingpricesfor $14.6 billion,whichincludessome$1.8 billion
the productsmade fromthe gas. The wellhead for expansionof existinglinesinthe lower48
value representsthe North Slope pricefor the States. Includingthe existingsegments,the
gas that wouldenable the productmade from overallcost wouldbe $22.5 billion.The lower
the gas to be soldin a specificmarketat the estimatewas attributedto lowerinterestand
prevailingprice (accountingfor all production inflationratesand advances inpipelinecon-
andtransportationcosts). Forexample, if the structiontechnology.
wholesalepriceof methanolis x centsper
gallonin LosAngeles,thewellheadvalue of Physicalparametersof the lineare basedon a
naturalgas on the North Slope for that use 42- and 48-inchpipeline(between 2,160 and
wouldbe y dollarsper thousandcubicfeet 1,680 poundsper squareinchgauge)witha
(Mcf). totallengthof approximately1,700 miles.

Three optionswere reviewedinsomedetail: Table II1-1 showsa cost-of-servicecalculation
for ANGTS basedon totalcapitalcostsof

. Transportto the lower48 States by $12.8 billion(1988 dollars).The costsare for
pipeline, the systemcitedabove, excludingthe lower

48 expansions.The calculationis basedon
° Exportof liquefiednaturalgas. the followingimportantfinancialassumptions:
. Exportof methanol.

° Debt-to-equityratioof 70:30.
Each of these optionswouldrequireinitial
capital investmentsin the rangeof $10 billion ° Nominal returnon equity of 15 percent.

to $15 billion.Construction,excludingany ° Nominalcostof debt of 11 percent.
delaysin obtainingpermits,wouldtake at least
4 years,dependingon the locationof facilities. ° Lifeof 20 yearsforrate purposes.

By presentingthewellheadvalue ofthe North ° Accelerateddepreciationover 15 years
Slopegas undervariouspricesfor theultimate for tax purposes.
products,it is possibleto comparethe eco- ° Inflationrateof 4 percentper year.
nomicattractivenessof alternativeusesfor the
gas.

13



Table III-I --Cost-of-Service Estimate for Alaska Natural Gas TransportationSystem
(millions of 1988dollars)

Cost and Financial Assumptions

Total Capital Costs ($) = 12,800a
Ratio of Equityto TotalCapital - 0.30
After-TaxNominalReturnon Equity(%) = 15.0
Before-TaxNominalCost of Debt (%) = 11.0
UsefulLifefor Ratemaking(years) - 20
InflationRate (%) = 4.0
FederalandState IncomeTax Rate (%) = 37.0
AnnualO&M, Insurance,and PropertyTax ($) = 375b
AnnualThroughputat 90% Capacity(bcf) = 756

CalculatedAverageBefore-TaxNominalReturn(%) = 14.84
CalculatedAverageBefore-TaxReal Return(%) = 10.43

AnnualRevenueRequirements

Real
Cum. Retum Tax on Total Revenue Revenue

Year of Annual Net Deferred Rate Interest on Equity O&M Revenue Req'd. Inflation Req'd.
Operation Deprec. Plant Taxes Base on Debt Equity Retum Costs Req'd. ($/Mcf) Index ($/Mcf)

1 640 12,800 0 12,800 986 576 338 375 2,915 3.86 1.00 3.86
2 640 12,160 0 12,160 936 547 321 390 2,835 3.75 1.04 3.61
3 640 11,520 213 11,307 871 509 299 406 2,724 3.61 1.08 3.33
4 640 10,880 381 10,499 808 472 277 422 2,620 3.47 1.12 3.08
5 640 10,240 509 9,731 749 438 257 439 2,523 3.34 1.17 2,85
6 640 9,600 601 8,999 693 405 238 456 2,432 3.22 1.22 2.65
7 640 8,960 659 8,301 639 374 219 474 2,347 3.11 1.27 2.45
8 640 8,320 701 7,619 587 343 201 493 2,264 3.00 1.32 2.28
9 640 7,680 744 6,936 534 312 183 513 2,183 2.89 1.37 2.11

10 640 7,040 787 6,253 481 281 165 534 2,102 2.78 1.42 1.95
11 640 6,400 830 5,570 429 251 147 555 2,022 2.68 1.48 1.81
12 640 5,760 873 4,887 376 220 129 577 1,943 2.57 1.54 1.67
13 640 5,120 915 4,205 324 189 111 600 1,864 2.47 1,60 1.54
14 640 4,480 959 3,521 271 158 93 624 1,787 2.37 1,67 1.42
15 640 3,840 1,001 2,839 219 128 75 649 1,711 2.26 1.73 1.31



16 640 3,200 1,044 2,156 166 97 57 675 1,635 2.16 1.80 1.20
17 640 2,560 947 1,613 124 73 43 702 1,582 2.09 1.87 1.12

18 640 1,920 710 1,210 93 54 32 730 1,550 2.05 1.95 1.05
19 640 1,280 474 806 62 36 21 760 1,519 2.01 2.03 0.99
20 640 640 237 403 31 18 11 790 1,490 1.97 2.11 0.94
21 0 0 0 (0) (0) (0) (0) 822 822 1.09 2.19 0.50
22 0 0 0 (0) (0) (0) (0) 855 855 1.13 2.28 0.50

23 0 0 0 (0) (0) (0) (0) 889 889 1.18 2.37 0.50
24 0 0 0 (0) (0) (0) (0) 924 924 1.22 2.46 0.50
25 0 0 0 (0) (0) (0) (0) 961 961 1.27 2.56 0.50
26 0 0 0 (0) (0) (0) (0) 1,000 1,030 1.32 2.67 0.50
27 0 0 0 (0) (0) (0) (0) 1,040 1,040 1.38 2.77 0.50
28 0 0 0 (0) (0) (0) (0) 1,081 1,081 1.43 2.88 0.50
29 0 0 0 (0) (0) (0) (0) 1,125 1,125 1.49 3.00 0.50
30 0 0 0 (0) (0) (0) (0) 1,169 1,169 1.55 3.12 0.50

5-Year LevelizedCost 2,751 3.64 3.40
10-Year LevelizedCost 2,596 3.44 2.99
20-Year LevelizedCost 2,433 3.22 2.56
30-Year LevelizedCost 2,362 3.13 2.37

Excludesapproximately$1.8billionincostsforexpansionofpipelinesintheUnitedStates. Includes$1.6 billionforgasconditioningplant.
Excludesvalueof gasusedasfuel.

O&M= operationsandmaintenance.



• Incometax rate of 37 percent, priceto producersandthe State of Alaskais

• Throughputat 90 percentof capacity. $0.50 per Mcf,the priceof gas at Carolinewouldhave to be at least $4.36 per Mcf forthe
The cost-of-servicecalculationinTable II1-1 first-yeartransportrate of $3.86 per Mcfto be
followsconventionalratesettingpracticesin absorbed.On the otherhand, ifa real level-
whichthe costof servicedeclinesas the rate ized transportrate of $2.99 per Mcfis charged
base is depreciated.The requiredretumof over the first10 yearsof service,thepriceat
equityusedinthisexampleand other Carolinewouldneed to reachonly$3.49 per
examplesof stand-alonepipelineson the McfforANGTS to be economicallyviable.The
MackenzieValley routeis basedon a reason- downsideto levelizedratesis thatthe project
able allowabletarget returnset by regulatory sponsors(anddebt holders)get theirmoney
agencies.The nominalcostof service (total outof the projectmoreslowlyand thussustain
revenuerequired)is $3.86 per Mcf inthe first greaterfinancialrisk.
yearof service anddeclinesto $3.75 per Mcf
inthe secondyear. Bythe last (20th)year, the Theoretically,forpurposesof economiccorn-
costof service in nominaldollars fallsto $1.97 parison,the 20-year levelizedrateshouldbe
per Mcf.The lastcolumnof Table II1-1 shows usedto comparepipelineprojectsbecauseit
thecostof service in realdollarsper Mcf.This representsthe actualcostof a pipelineover its
value is$3.86 per Mcfin the first yearandfalls plannedlife.However,a value this lowmay be
to $0.94 per Mcf in the20th year. misleadinginthat projectsponsorsprobably

wouldnot buildthepipelineif that levelized
It isalso possibleto expressthecostof set- ratewere allthat couldbe countedon when
vice inlevelizedterms--a constantvalue over the projectstarted.For purposesof economic
x yearsthat yieldsthesame presentvalue as comparisoninthis report, levelizedratesover
the decliningconventionalrates. Various thisfirst10 yearsare usedforpipelines.
versionsof levelizedcostsare shownat the
bottomof Table II1-1. Forexample,the nomi- Mackenzie Valley Gas _ipeline
nal levelizedvalue overthe first5 years is
$3.64 per Mcf. This meansthat if theowners The systemfor transportingMackenzieDelta
of ANGTS chargea constantnominalrateof and BeaufortSea gas wouldrequireabout
$3.64 per Mcf over the first5 years, they 1,430 milesof pipelineto Caroline,Alberta,
wouldreceivethe same discountedrevenues witha capacityof about1.2 bcfd.Thismight
as charging$3.86 in the first year, $3.75 inthe consistof a 407-milesegmentfrom Carolineto
secondyear, $3.61 inthe third,$3.47 inthe BoundaryLake anda 1,023-milesegment
fourth,and $3.34 in the fifth, from BoundaryLake to the MackenzieDelta

(see FigureI1-1). The costof sucha system,
A levelizedcostof servicecan alsobe co_- shownin Table 111-2under "Phase 1,"is
putedin realdollars.Over the first5 years, the $4.4 billion(1988 U.S. dollars)._Asshownin
levelizedrealcostof servicefor ANGTS would Table 111-3,the 10-year real levelizedcostof
be'$3.40 per Mcf (1988 dollars).Over the first servicefor sucha systemwouldbe $1.87 per
10 yearsit wouldbe $2.99 per Mcf, andover Mcf. The costof expandingthe Mackenzie
the20-year useful life, $2.56 per Mcf. Valleysystemto accommodateAlaskangasis

showninTable 111-2under"Phase 2." The
The methodused to chargepipelineusers expandedsystemwouldincludeloopingthe
woulddependon howthe pipelineratesare 34-inchlinebetweenthe MackenzieDelta and
set bythe governmentalauthoritywithjurisdic- BoundaryLakeand addingcompressionto the
tionoverthe pipelineandthe contractbe-
tween thepipelineand theshipper.It has
been suggestedthat high-costpipeline 1Pipelinecostestimatespresentedinthissectionare
projects such as ANGTS mightneedto charge based on the Foothills Pipe Lines Ltd. application to the
levelizedcostsfor at least the firstseveral National Energy Board of Canada. Line pipe, charges for

construction, right-of-way,the compressionstation,
years of serviceto avoidhighinitialrates.This overhead, andadditionalfundsusedduring construction
has the advantageof makingthe pipeline are included. Phase2 expansioncostshave been
viable sooner in that the economic threshold reduced by the amount attributable to right-of-wayand
price for ,Lhedeliveredgas can be lower.For constructionroadcosts,approximately 10 percentofthe
example, if the minimum acceptable wellhead total.
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Table 111-2--- Mackenzie Valley Gas Plpellne Costs
(milllonsof 1988 U.S.dollars)

PipelineSegment Phase1 Phase2 Total

Bo0ndaryLaketoCaroline

1.2-bcfd,407-mlie,48-inchpipeline,nocompression 1,300 1,300
1.2-bcfd,compressiononly 400 400

MackenzieDeltatoBoundaryLake

1.2-bcfd,1,023-mlie,34-inchpipelinewithcompression 3,100 2,790 5,890

Total 4,400 3,190 7,590
i

48-inchlinebetweenBoundaryLakeand $1.28perMcf(NationalEnergyBoardof
Carolineto accommodateanadditional Canada1988).Addedtothe$1.87 perMcf
1.2bcfdfromAlaska.The incrementalcosts pipelinecoststoCarolineandthe$0.80per
areapproximately$3.19billion,whichbrings McfdifferentialbetweenCarolineandan
totalcoststo$7.59 billion.Thecostof service, averageU.S.wellheadprice,thisyieldsa U.S.
assumingthattheentiresystemisbuilt wellheadpriceof$3.95perIVlcf.Giventhis
together,isshowninTable111-4.The10-year initialpriceobstacle,thetruelower48 thresh-
levelizedcostof serviceis$1.61 perMcf.2 oldpriceforthe MackenzieValleyroutefor

Alaskanga3isnotmuchdifferentfromthatof
Additionally,a pipelinewouldhavetobe built ANGTS.
overtheapproximately350 milesfromthe
NorthSlopetothe MackenzieDelta.Thisroute Wellhead Value for Pipeline Soles
wouldtakethelinethroughANWRorusean to the Lower48 Stales
offshorerouteinthe BeaufortSea.Sucha

stemwouldhavea costofapproximately Wellheadvaluesforpipelinesalestothelower
1.3 billionanda 10-yearlevelizedcostof 48StatesareshowninTable111-6.These

serviceof$0.57(Table111-5).Combinedwith valuesassumethattheAlaskanNorthSlope
the$1.61 perMcfforthesegmentfromthe gasistransportedbypipelinetothelower48
MackenzieDeltato Caroline,thisbringstotal Statesto competeagainsta varietyof possible
transportcoststo$2.18 perMcf,whichis lower48 averagewellheadgasprices.If the
$0.81 perMcflessthantheANGTSoption, averagelower48wellheadgaspriceis$4.00

perMcf,thewellheadvalueof theNorthSlope
However,theMackenzieValleyrouterequires gaswouldbe$0.21perMcfiftransported
constructionof a pipelineto carryCanadian throughANGTSand$1.02perMcfiftrans-
gasfromthedeltaareatoCaroline.Sucha portedthrougha MackenzieValleysystem.
projectwillnotbeeconomicuntiltheaverage
U.S.wellheadpricereachesabout$4.00per
Mcf.CostsofthefirstseveralMackenzieDelta EXPORTOF LIQUEFIEDNATURALGAS
fieldstobe developedrangedfrom$0.48to

Thissubsectioncontainsestimatesoftotal
costsbeyondthewellheadforNorthSlopegas
convertedintoLNG.Capitalinvestments,

2IftheexpansionforAlaskangasisbuiltafterPhase1 operatingexpenses,andfuelconsumptionhassubstantiallydepreciated,transportcostsfor
Alaskangascouldbelower.However,itisunlikelythat havebeencalculatedasa dollar-per-Mcfcost
thecostswouldfallbelowtheincrementalcostsforthe thatmustbesubtractedfromthedelivered
Nukanexpansion,whichtotal$1.55perMcfona priceofthe LNGtoestimatewellhead
10-yearrul levelizedbasis, revenue.
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Table 111-3-- Cost-of-Service Estimate for Mackenzie Valley Gas Pipeline
(millionsof 1988 dollars)

Cost and Rnancial Assumptions

Total CapitalCosts($) = 4,400a
Ratioof Equityto TotalCapital - 0.30
After-TaxNominalReturnon Equity(%) - 15.0
Before-TaxNominalCostof Debt (%) - 11.0
UsefulLifefor Ratemaking(years) = 20
InflationRate (%) = 4.0
Fec_raland State IncomeTax Rate (%) = 37.0
Anr_ualO&M, Insurance,and PropertyTax ($) = 90_
AnnualThroughputat 90% Capacity(bcf) = 394

CalculatedAverage Before-TaxNominalReturn(%) = 14.84
CalcaulatedAverageBefore-TaxReal Return(%) = 10.43

AnnualRevenueRequirements

Real
Cum. Return Tax on Total Revenue Revenue

Year of Annual Net Deferred Rate Interest on Equity O&M Revenue Req'd. Inflation Req'd.
Operation Depmc. Plant Taxes Base on Debt Equity Return Costs Req'd. ($/lVlcf) Index ($/Mcf)

1 220 4,400 0 4,400 339 ,98 116 90 963 2.44 1.00 2.44
2 220 4,180 0 4,180 322 188 110 94 934 2.37 1.04 2.28
3 220 3,960 73 3,887 299 175 103 97 894 2.27 1.08 2.10
4 220 3,740 131 3,609 278 162 95 101 857 2.17 1.12 1.93
5 220 3,520 175 3,345 258 151 88 105 822 2.08 1.17 1.78
6 220 3,300 206 3,094 238 139 82 109 789 2.00 1.22 1.64
7 220 3,080 226 2,854 220 128 75 114 757 1.92 1.27 1.52
8 220 2,860 241 2,619 202 118 69 118 727 1.64 1.32 1.40
9 220 2,640 256 2,384 184 107 63 123 697 1.77 1.37 1.29

10 220 2,420 271 2,149 166 97 57 128 667 1.69 1.42 1.19
11 220 2,200 285 1,915 147 86 51 133 637 1.62 1.48 1.09
12 220 1,980 300 1,680 129 76 44 139 608 1.54 1.54 1.00
13 220 1,760 315 1,445 111 65 38 144 579 1.47 1.60 0.92
14 220 1,540 330 1,210 93 54 32 150 550 1.39 1.67 0.84
15 220 1,320 344 976 75 44 26 156 521 1.32 1.73 0.76



16 220 1,100 359 741 57 33 20 162 492 1.25 1.80 0.69
17 220 880 326 554 43 25 15 169 471 1.19 1.87 0.64
18 220 660 244 416 32 19 11 175 457 1.16 1.95 0,60
19 220 440 163 277 21 12 7 182 443 1.12 2.03 0,56
20 220 220 81 139 11 6 4 190 430 1.09 2.11 0.52

21 0 0 0 (0) (0) (0) (0) 197 197 0,50 2.19 0.23
22 0 0 0 (0) (0) (0) (0) 205 205 0.52 2.28 0.23

23 0 0 0 (0) (0) (0) (0) 213 213 0.54 2.37 0.23
24 0 0 0 (0) (0) (0) (0) 222 222 0.56 2.46 0.23
25 0 0 0 (0) (0) (0) (0) 231 231 0.59 2.56 0.23
26 0 0 0 (0) (0) (0) (0) 240 240 0.61 2.67 0.23
27 0 0 0 (0) (0) (0) (0) 250 250 0.63 2.77 0.23
28 0 0 0 (0) (0) (0) (0) 260 260 0.66 2.88 0.23
29 0 0 0 (0) (0) (0) (0) 270 270 0.68 3.00 0.23
30 0 0 0 (0) (0) (0) (0) 281 281 0.71 3.12 0.23

5-Year LevelizedCost 904 2.29 2.14

lO-Year LevelizedCost 848 2.15 1.87
20-Year LevelizedCost 787 2.00 1.59
30-Year LevelizedCost 760 1.93 1.46

1.2-bcfdpipelinefromMackenzieDeltato Caroline,Alberta.
Excludesvalueof gasusedasfuel.

OSu_l= operationsandmaintenance.
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Table 111-4-- Cost-of-Service Estimate for Mackenzie Valley Gas Pipeline
With Exponsionfor Alaskan Gas

' (millionsof 1988 dollars)

Cost and Financial Assumptions

Total CapitalCosts($) = 7,590=
Ratioof Equityto Total Capital = 0.30
After-TaxNominalReturnon Equity(%) = 15.0
Before-TaxNominalCostof Debt (%) = 11.0
UsefulLife for Ratemaldng(years) = 20
InflationRate (%) = 4.0
Federaland State IncomeTax Rate (%) = 37.0
AnnualO&M, Insurance,and PropertyTax ($) = 152b
AnnualThroughputat 90% Capacity(bcf) = 788

CalculatedAverage Before-TaxNominalRetum (%) = 14.84
CalculatedAverageBefore-TaxReal Return(%) = 10.43

ro AnnualRevenueRequirements
O

Real
Cum. Retum Tax on Total Revenue Revenue

Year of Annual Net Deferred Rate Interest on Equity O&M Revenue Req'd. Inflation Req'd.
Operation Deprec. Plant Taxes Base on Debt Equity Retum Costs Req'd. ($/Mcf) Index ($/Mcf)

1 380 7,590 0 7,590 584 342 201 152 1,658 2.10 1.00 2.10
2 380 7,211 0 7,211 555 324 191 158 1,608 2.04 1.04 1.96
3 380 6,831 126 6,705 516 302 177 164 1,539 1.95 1.08 1.80
4 380 6,452 226 6,225 479 280 165 171 1,474 1.87 1.12 1.66
5 380 6,072 300 5,770 444 260 152 178 1,414 1.79 1.17 1.53
6 380 5,693 356 5,336 411 240 141 185 1,356 1.72 1.22 1.41
7 380 5,313 391 4,922 379 222 130 192 1,302 1.65 1.27 1.31
8 380 4,934 416 4,518 348 203 119 200 1,250 1.59 1.32 1.20
9 380 4,554 441 4,113 317 185 109 208 1,198 1.52 1.37 1.11

10 380 4,175 467 3,708 285 167 98 216 1,146 1.45 1.42 1.02
11 380 3,795 492 3,303 254 149 87 225 1,094 139 1.48 0.94
12 380 3,416 518 2,898 223 130 77 234 1,043 1.32 1.54 0.86
13 380 3,036 543 2,493 192 112 66 243 993 1.26 1.60 0.79
14 380 2,657 568 2,088 161 94 55 253 942 1.20 1.67 0.72
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15 380 2,277 594 1,683 130 76 44 263 892 1.13 1.73 0.65
16 380 1,898 619 1,278 98 58 34 273 843 1.07 1.80 0.59
17 380 1,518 562 956 74 43 25 284 806 1.02 1.87 0.55
18 380 1,139 421 717 55 32 19 296 782 0.99 1.95 0.51
19 380 759 281 478 37 22 13 308 758 0.96 2.03 0.47
20 380 380 140 239 18 11 6 320 735 0.93 2.11 0.44

21 0 0 (0) 0 0 0 0 333 333 0.42 2.19 0.19
22 0 0 (0) 0 0 0 0 346 346 0.44 2.28 0.19
23 0 0 (0) 0 0 0 0 360 360 0.46 2.37 0.19
24 0 0 (0) 0 0 0 0 374 374 0.47 2.46 0.19

25 0 0 (0) 0 0 0 0 389 389 0.49 2.56 0.19
26 0 0 (0) 0 0 0 0 405 405 0.51 2.67 0.19
27 0 0 (0) 0 0 0 0 421 421 0.53 2.77 0.19
28 0 0 (0) 0 0 0 0 438 438 0.56 2.88 0.19

29 0 0 (0) 0 0 0 0 455 455 0.58 3.00 0.19
30 0 0 (0) 0 0 0 0 473 473 0.60 3.12 0.19

5-Year LevelizedCost 1,555 1.97 1.84
10-Year LevelizedCost 1,459 1.85 1.61
20-Year LevelizedCost 1,354 1.72 1.36
30-Year LevelizedCost 1,307 1.66 1.26

a2.4-bcfdpipelinefromMackenzieDeltato Caroline,Alberta.Excludessegmentto Alaska.
Excludesvalueof gasusedas fuel.

O&M= operationsandmaintenance.
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Table 111--5-- Cost-of-Service Estimate for Gas Pipeline From Nodh _ Io Mackenzie I)ela
(millions of 1988 dollars)

Costarid Rnendal A_umplions

Total _ C_:_$($) = 1,300a
Ratioof Equityto TotalCapital = 0.30
After-TaxNominalReturnon Equity(%) = 15.0
Before-TaxNominalCost of Debt (%) = 11.0
UsefulLifefor Ratemaking(years) = 20
InflationRate (%) = 4.0
FederalandStale Income Tax Rate (%) = 37.0
AnnuelO&M, Insurance,and PropertyTax ($) = 33_
Annual_ at 90% Capacity(bcf) = 394

Calcu_ed AverageBefore-TaxNominalRetum (%) = 14.84
CalculatedAverageBefore-TaxReal Retum (%) = 10.43

AnnualRevenueRequirements

Real
Cure. Retum Tax on Total Revenue Revenue

Year of Annual Net Deferred Rate Interest on Equity O&M Revenue Req'd. Inflation Req'd.
Operation Deprec. Plant Taxes Base on Debt Equity Retum Costs Req'd. ($/Mcf) Index ($/Mcl)

1 65 1,300 0 1,300 100 59 34 33 290 0.74 1.00 0.74
2 65 1,235 0 1,235 95 56 33 34 282 0.72 1.04 0.69
3 65 1,170 22 1,148 88 52 30 35 271 0.69 1.08 0.63
4 65 1,105 39 1,066 82 48 28 37 260 0.66 1.12 0.59
5 65 1,040 52 988 76 44 26 38 250 0.63 1.17 0.54
6 65 975 61 914 70 41 24 40 240 0.61 1.22 0.50
7 65 910 67 843 65 38 22 41 231 0.59 1.27 0.46
8 65 845 71 774 60 35 20 43 223 0.56 1.32 0.43
9 65 780 76 704 54 32 19 44 214 0.54 1.37 0.40

10 65 715 80 635 49 29 17 46 206 0.52 1.42 0.37
11 65 650 84 566 44 25 15 48 197 0.50 1.48 0.34

12 65 585 89 496 38 22 13 50 189 0.46 1.54 0.31
13 65 520 93 427 33 19 11 52 180 0.46 1.60 0.29
14 65 455 97 358 28 16 9 54 172 0.44 1.67 0.26
15 65 390 102 288 22 13 8 56 164 0.42 1.73 0.24



16 65 325 106 219 17 10 6 59 156 0.40 1.80 0.22
17 65 260 96 164 13 7 4 61 150 0.38 1.87 0.20
18 65 195 72 123 9 6 3 63 147 0.37 1.95 0.19
19 65 130 48 82 6 4 2 66 143 0.36 2.03 0.18
20 65 65 24 41 3 2 1 68 140 0.35 2.11 0.17

21 0 0 0 (0) (0) (0) (0) 71 71 0.18 2.19 0.08
22 0 0 0 (0) (0) (0) (0) 74 74 0.19 2.28 0.08
23 0 0 0 (0) (0) (0) (0) 77 77 0.20 2.37 0.08
24 0 0 0 (0) (0) (0) (0) 80 80 0.20 2.46 0.08
25 0 0 0 (0) (0) (0) (0) 83 83 0.21 2.56 0.08
26 0 0 0 (0) (0) (0) (0) 87 87 0.22 2.67 0.08
27 0 0 0 (0) (0) (0) (0) 90 90 0.23 2.77 0.08
28 0 0 0 (0) (0) (0) (0) 94 94 0.24 2.88 0.08
29 0 0 0 (0) (0) (0) (0) 97 97 0.25 3.00 0.08
30 0 0 0 (0) (0) (0) (0) 101 101 0.26 3.12 0.08

S-YearLeveUzedCost 273 0.69 0.65

lO-Year LevelizedCost 257 0.65 0.57
20-Year LevelizedCost 240 0.61 0.48
30-Year LeveUzedCost 232 0.59 0.45

1.2-bcfdpipelinefromAlaskanNorthSlopeto MackenzieDelta.
Excludesvalueofgasusedas fuel.

O&M= operationsandmaintenance.



Table i11--6- Wellheod Value of North Slope Gos
for Pipeline Tronspodotlon to Lower 48 stores
(1988U,S,dollarsper thousand cubic feet)

NorthSlopeValueBased
Average Average NorthSlopeValueBased onCostofTransport

U.S.Wellhead GasPriceat onCostofTransport viaMackenzie
GasPrice Caroline,Alberta' viaANGTSa ValleySystem°

1.50 0.70 (2.29) --
2.00 1.20 (1.79) ---
2.50 1.70 (1.29) --
3.00 2.20 (0.79) ---

3.50 2.70 (0.29) --
4.00 3.20 0.21 1.02
4.50 3.70 0.71 1.52
5.00 4.20 1.21 2.02
5.50 4.70 1.71 2.52
6.00 5.20 2.21 3.02

aBasedonassumed$0.80perMMBtudifferentialbetweenaverageU.S.wellheadpriceandpriceatCaroline,Alberta.
Basedon$2.99perMcfANGTStransportcost.ThisisthelevelizedcostoverthefirstI0 years.

oBasedon$2.18transportcost.Thisisthe10-yearlevelizedcostof$I .61forthesegmentfromtheMackenzieDeltato
Carolineand$0.57forthesegmentfromtheNorthSlopetotheMackenzieDelta.

i i i i i , llll

Assumptions The capitalcostsfor an LNG plantare based
on a 1.0-bcfdbaseload plantwith threelique-

The costestimateSare for an LNG plant factiontrains.Thisplantwill produceabout
locatedat Valdez, Alaska,suppliedbya gas 7.0 millionmetrictons peryear of LNG for
pipelinefromthe NorthSlope. LNG exports exportand will require13 or more LNG tank-
from Cook Inlet in southernAlaskato Japan ers to transportthegas. Many of the LNG and
began in 1969; these exportshave totaleda methanolplantcostassumptionsinthis report
littleunder I millionmetrictons peryear over are based on data in theAlternativeFuels
the last few years. Assessmenttechnicalreporton methanol

productionandtransportationcosts(U.S.
LNG projectsrequirehighfront-endinvest- Departmentof Energy1989b).
mentsin liquefactionplants,tankers,marine
terminals,storageat bothends, andregasi- The valueof gas at the wellheadis assumed
fication.Total investmentsforan LNG project to be after removalof impuritiesand NGL's for
are usuallygreaterthanthose forpipeline a nominalheatingvalue of 1,100 British
transportexceptin casessuchas ANGTS, thermalunits(Btu)per cubicfoot.Depending
wherethe pipelinemust pass throughdifficult on market conditionsandpipelinerequire-
and remoteterrain.However,LNG mustbear ments, gas deliveredto a pipelinemay be
the inherentrisksandadditionalcostsof anywherefrom75 to 95 percentmethane.
transportby sea. This analysiscostsLNG Pipellnetransportof gas doesnot require
tankersseparatelybecauseof theirunique removalof all carbondioxidecontentas does
natureanddedicationto a specificproject, conversionto LNG. The compositionof LNG
Duringthe pastfew years,the costof new may varyconsiderably,dependingon the
LNG tankershas risendramatically;thus,the amountof hydrocarbonliquidsremoved.This
numberof new tankersdedicatedto a project studyassumestheLNG is composedof
will have a significanteffecton the project's roughly91 percentmethane,6 percent
cost.
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ethane,3 percentpropaneandheavier,and the year, the BeringStraitcontainsheavy pack
onlytracesof nitrogen, ice and ice pressureddges.Costsfor ice-

breakingtankersare twoto three timesthose
LNG Port Location of normalservicetankers,and suchvessels

wouldrequireaccompanimentby icebreaklng
An Alaskasitefor a large-scalegas conver- supportvesselsalongmuchof the routefrom
sionplantwillrequireitsowninfrastructure, PrudhoeBay. Vesselsconstructedto with-
includingadministrativebuildings;general standice may stillbec_')mestuckor suffer
utilities;pollutioncontrol,steam generation, propelleror rudderdarr,_agein as littleas 2 to
coolingwater, electricaldistribution,and water 3 feet of sea ice (Natio;lal PetroleumCouncil
treatmentsystems;andstoragefor raw mated- 1981).
als andthe end product.Constructionand
operationof a complexplantand tanker Pipeline to Valdez
loadingfacilityina remotelocationwillhave
significantinfluenceon the design.Reliability YukonPacific,sponsorof TAGS, has targeted
of operationswig be the mostimportant LNG exportsof 14 millionmetrictonsper year
consideration;consequently,the designwill fromthe NorthSlopefields.The LNG plantwill
includesome overcapacity,redundantpower, requireabout2 bcfdof gas. Yukon Pacifichas
and processand safetysystems andwilllimit announcedplansfor a pipelinecapable of
the use of untriedtechnologies.Availabilityof transporting2.3 bcfdalongan 800-mile route
a plentiful,relativelyinexpensivefuelsource from PrudhoeBay to AndersonBay, near
(gas) may influencethe choicebetween Valdez. Pipelinecostestimatesin thisstudy
capitalinvestmentsandoperatingexpensesin are basedon this routeand on theoperating
areas suchas waste-heatrecovery.Shipping, parametersenvisionedfor the proposed
loading,anderectioncapabilitiesmay be ANGTS andMackenzieValley pipelines(O/I
restrictedbecauseof infrastructure,climate,or and Gas Journal 1991; NationalEnergyBoard
surfaceconditions, of Canada 1989).

For all of the reasonsoutlinedinthe previous The total costof servicefor a 2-bcfdpipelineis
paragraph,thisstudyassumesthat the LNG estimatedto be approximately$1.04 per Mcf
plantand tanker loadingfacilitywillbe located (1988 dollars).Forpurposesof economic
at Valdez, near the existingterminusof TAPS. comparisonin thisreport, the pipelineis
Thisscenarioinvolvesa naturalgas pipeline consideredto be an integralpartof the LNG
constructedalongtheexistingTAPS corridor projectand the costof servicecalculatedis
from PrudhoeBay to Valdez for deliveryof the eq,Jivalentto a 15-year levelizedrate.a This
gas feedstock.The Valdez locationoffersa costestimateis basedon a total pipelinecost
year-round,ice-free portwithsignificantexist- of $3.6 billion,includingcompression,over-
ing infrastructurerelatedto oiloperations.Use head,and fundsusedduringconstruction.The
of theTAPS corridor,also envisionedby the entirelengthof the pipelineis assumedto be
TAGS proposal,shouldprovideeasierpermit- buried.Compressionrequirementsare to be
tingand constructionoperations, met byeightstations(about440,000 horse-

power)installedat 100-mileintervals.Someof
Alternativesites,suchas PrudhoeBay, Wain- thiscompressionwillbe usedto chillthe gas
wrighton the ChukchiSea, or Nome on the
BeringStrait,do not have theproximityto
existinginfrastructurethat Valdez offers. 3Theretumon equityusedfor dedicatedgas supply
Transportationof equipmentandpersonnelto pipelines inthe LNG and methanoloptionsisthe same
the Valdez area is mucheasierthan to points asthatusedfortheothercomponents ofthoseprojects
along the north or west coasts of Alaska. (liquefaction plant, tankers, and regasification plant). The
However, the most important consideration rate used, 20 percent nominal before-tax, is higherthan
ruling out a northern site for this facility is the thetarget rate usedintheANGTSandMackenzieValleypipeline examples becausethe LNG and methanol
capabilityto operatetankerson a regular option=;maybe consideredriskierandthereforedaserv-
schedule.No regularwinter transitof the ing of a higher return. The pipeline that is built would be
Bering Strait to Prudhoe Bay has been accom- dedicatedto the projectandmaybe nonjudsdictional.
plished by commercialvessels.The Beaufort For these reasons,andfor consistencyin presentingthe
Sea is subjectto potentialnear-shoreice cost of the entire LNG or methanol option,the higher
movement year-round.During6 to 9 monthsof return on equitywaschosenfortheexamples.

25



to belowthe freezingpointof waterto protect Liquefaction Plant
thepermafrost.Operatingpressureis assum-
ed to be 1,680 ps(similar to the Mackenzie LNG plantsare basicallyrefrigeraUoncycles
Valley andANGTS proposals),witha maxi- forcoolingthe feedstocknaturalgas. The
mum allowablepressuredrop of 300 psi coolingcyclemay use separaterefrigerant
botw_n stations.These parametersrequirea circuitsor usethe variouscordponentsof the
42-Inchpipeline, feedstocknaturalgas in therefrigerationcycle.

Methane,the lightestcomponentin natural
B_use the existingroadalong theTAPS gas, boilsat about-161 degreesCelsius.
corridorcan be mused forconstructionand Othergases inthe naturalgas mixtureliquefy
maintenanceof a gas pipeline,thepipeline at highertemperaturesandmay be removed
andcompressorcostshave beenreduced by duringthe liquefactionprocess.Carbondiox-
10 percentfromthose fora new linethrough ide mustbe removedbecause itbecomesa
undevelopedterritory, solidat thislowtemperature.

Table 111-7containsthe costingmethodology The size of liquefactionfacilitiesis usually
andfinancialparametersusedto developthe measuredintonsof output.One metricton of
pipelinecostof service. LNG (assuming91 percentmethane)is

Table 111--7-- Bases for Cost-of-Service Estimate for Gas Pipeline
From Prudhoe Bay to Valdez

(1988 dollars)

• 800-mile, 42-inchpipeline,withoperatingpressureof 1,680 psi.

• Total capitalcostsof $3.62 billion.

- Irv;ludespipelinecostsof $2.5 millionper mile.

- Includescompressioncostsof $3,700 per installedhorsepower.

- Includes21 percentoverheadand34 percentadditionalfundsusedduringconstruction.

• Capitalchargesat 20 percentof totalfixedinvestment.Thischargeis equivalentto a
10:percentreal after-taxrate of retumwiththe followingparameters:

- 15-year projectlife.

- Debt-to-equityratioof2:3.

- Nominalbefore-taxreturnon equityof 20 percent,debtfinancedat 10 percentbeforetax.

- Incometax rateof 37.3 percent.

- Depreciation15 years(straightline).

- Inflationat 4.0 percentper year.

• Operatingfactorof 95 percent(346 days per year).

• Annualoperationsand maintenancecostsat 1.0 percentof totalcapitalexpenditure.

• Insurance,propertytaxes, workingcapitalamortizationat 2.4 percentof totalcapital
expenditure.

• Laborcosts(25 persons)of $1 millionper year.

• Directoverhead at 45 percentof labor.
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approximately47,400 sts_ndardcubicfeet (scf) The costof liquefyingnaturalgas is estimated
of gas, and i millionmetrictonsof LNQ is to be approximately$1.40 per Mcf, excluding
approximately47.4 bcf.A typicalplantconsists the gas lostduringthe liquefactionprocess.
of two or more trains,each withan annual Thiscost is basedon an 18.5-percentcapital
capacityof 2 millionto 3 millionmetrictonsof recoveryfactor,roughlyequivalentto a real
LNQ. To estimatea per-Mcfunitcost,this rateof returnof 10 percent.As withall capital-
studyassumesa plantsize capableof produc- intensiveinvestments,the per-unitcostsfora
ing1.0 bcfd.Of the 1.0 bcfd,about10 percent naturalgas liquefactionplant dependon the
is usedas plant fuel, leaving0.9 bcfdto be capacityutilizationrate. Thisstudyassumesa
liquefiedinto7.0 millionmetrictons of LNG per 91-percentutilizationfactor.
year.

The liquefactionprocessis energy-intensive,
The majorityof investmentin an LNG plantis consuming8 percentor more of the feedstock
normallyfor the equipmentrequiredto trans- gas as fuel. Fortheexampleplant,thisstudy
form the raw gas feedstock.This is commonly assumesthat 10 percentof the gas is used
designatedequipmentinsidethe battery limits as fuel.
(ISBL_ Facilitiesoutsidethebattery limits
(OSBL) includeutilities,buildings,water and Tankers
electricalsystems,and productstorage.
Additionalor increasedinfrastructureinvest- The currentlevelof worldLNG tradefully
mentsrequiredbecause of the remote location employsthe availablefleetof LNG tankers.
of the exampleplant have beenadded as a These tankersare constructedforspecific,
separateOSBL item. long-termgas-exportprojectsandare

essentiallytied to the economicsof those
ISBL equipmentincludesall machineryand projectsfor20 or more years.Mostrecently
spare pads usedinthe completedfacility, deliveredtankershold 125,000 cubicmeters
suchas tanks,vessels,compressors,fur- (2.66 bcf) of LNG. Theseshipsare more than
naces, and heat exchangers.Other direct 270 metersinlengthand 47 meterswide (too
coststhat may be _SBLor OSBL include wide for the PanamaCanal). They are faster
physicalmaterialsusedin buildingtheplant, than tankersforrefinedproductsandaverage
includingpipingand accessories,insulation, morethan 18 knotsper day whileintransit.
concrete, paint,andstructuralsteel. Indirect The LNG is carriedin insulatedvesselsat
costsincludeconstructionoverhead(field essentiallyatmosphericpressureanda tern-
salariesand expenses, healthcarecosts, labor peratureof-161 degreesCelsius.Muchof the
andmaterialfor temporaryconstructionfacili- propulsionfuelfor the ship is obtainedfrom
ties, equipment,and tools)andengineering thegas boiloffat about0.17 percentper day
(designand procurementeffort,computerand of the initialload.Thisstudyalso assumesthat
travelexpenses,and overhead), supplementalfueloilwillbe requiredto fuel

theship.
Other plantcosts includethe owner'scostof
financingduringconstruction,thecontractor's The costof buildingnew LNG cardershas
profit,process-technologylicensingfees, and risenrapidlyoverthe pastseveralyearsas
governmentpermittingfees. Additionalcosts interestin naturalgas has increased.This
based on typicalprovisionsforcontingencies studyassumesa costof$230 millionper
are alsoadded to the estimate, tanker(1988 dollars)forestimatingtheper-

unitcostof transportingLNG. The capital
Total capitalandoperatingexpensesfor the chargefora tanker,is basedon a highdebt
example LNG plantare summarizedinTable ratio(U.S. Departmentof Energy 1989), which
111-8.The costsare basedon a locationthat yieldsa nominalafter-taxcost of capitalof
requiressomeadditionalinfrastructure,such 9.0 percent(4.8 percentreal). Othercosts
as watersupply,accessroads,tanker loading includeport fees at about$75,000 per round
facilities,and employeehousing.Thisaddi- trip.Table 111-9summarizestotalcapitaland
tional infrastructureis estimatedto be about operatingexpensesfor LNG tankers.
25 percentof the total plantcosts,excluding
the owner'scostsandstartupcosts.
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Table 111--8--- Bases for Cost-of-Servlce Estimate for Gas Llquefactlon Plant at Valdez
(1988 dollars)

° 1.0-bcfdbaseload,approximately7.0 millionmetrictons per year.

* Total capitalcostsof $2.225 billion:

Gaspretreating $60million
Liquefaction $360 million
Utilities $320 million
Auxiliaryservices $90 million
Storage $90 million
Loadingfacilities $60 million
Marinefacilities $60 million
Constructionoverhead $291million
Enginesdng $73 million
Contingencies $211million
Owner'scost $161million
Infrastructure $404million
Land $10million
Startup $25million
Workingcapital $10 million

* Capitalchargesat 18.5 percentof totalfixedinvestment.Thischargeis equivalentto a
10-percentreal rate of retumwiththe followingparameters:

- 15-yearprojectlife.

- Debt-to-equityratioof 2:3.

- Nominalretumonequity of 20 percent,debtfinancedat 10 percent.

- Incometax rate of 37.3 percent.

- Depreciationover5 years (straightline) for ISBL.

- Depreciationover 15 years (straightline)forOSBL.

- Inflationat 4.0 percentper year.

° Workingcapitalis approximately3.0 percentof the fixedplantinvestmentand represents
feedstockandfinishedproductinventory.

° Operatingfactor:.91 percent.

, Annualoperationsandmaintenancecostsat 3.0 percentof ISBLcapitalexpenditure.

* Insuranceand propertytaxes at 1.5 percentof totalfixedcapitalexpenditure.

° Laborcosts(45 persons)of $1.8 millionperyear.

° Plant overheadat 65 percentof laborandmaintenance.

* Directoverhead at 45 percentof labor.
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Table 111-9-- Bases for Cost-of-Service Estimate for Llcluefled Natural Gas Carder
(1988 dollars)

o 125,000 cubicmeter capacity(2.66 bcf).

° Total capitalcostsof $230 million.

- Workingcapital:$5 million.

° Capitalchargesat 13.4 percentof totalfixedinvestment.Thischargeis equivalentto a
4.8-percentreal rate of retumwiththe followingparameters:

- 15-yearprojectlife.

- Debt-to-equityratioof 4:1.

- Nominalreturnon equity of 20 percent,debtfinancedat 10 percent.

- Incometax rateof 37.3 percent.

- Depreciationover 15 years(straightline).

- Inflationat 4.0 percentper year.

° Workingcapitalis approximately4.0 percentof the totalinvestmentand representsproduct
inventoryand supplies.

• Operatingfactorof 95 percent,

• Operationsandmaintenancecosts(includinginsurance)of $6,000 per day.

• Supplementalfueloil consumptionat $1.9 millionper year (averageof 55 to 59 longtons per
day).

• Laborcosts(25 persons)of $875,000 per year.

• Directoverheadat 45 percentof labor.

° Portcostsof $75,000 per roundtrip.

Table 111-10--- Example Costs for Transpod of Liquefied Natural Gas
In a 125,000 Cubic Meter Tanker

one-way AnnualLNG
Destination Distance RoundTdl_ Loadings GasLossperTrip TransportationCost
FromVaklez (mi) perYear (bcf) (%) ($/Mcfas loaded)

LosAngeles 2,056 28 74.5 1.6 0.58
Tokyo 3,400 19 50.5 2.6 0.84
Inchon 4,410 16 42.5 3.4 1.00
NewOdeans 15,300 5 13.3 11.6 3.13



The economicsof an LNG projectare affected wellheadvalue. The exampleregasification
significantlybythe distancebetweenthe planttailgaterevenueinJapan is basedon
liquefactionplant andthe mqLr_,ification termi- the EIA crudeoil forecastfor 2010, Reference
nal. Table II1-10 summarizesLNG shipping PriceCase (U.S. Departmentof Energy
coststo fourlocationsfromValdez. LosAnge- 1992b). The examplerevenuein Californiais
les is the closest,a 4,112-mile roundtrip.A based on pricespaid by LosAngelescitygate
tankercouldmake28 tripsper year between purchasersof pipelinegas.
Alaska and LosAngeles,including3 days port
timeper trip. (Actualloadingand unloading The table is read fromleft to right,startingin
timeis less than 14 hoursat each port.) Tokyo the upper-leftcomer. If theaverageregasifi-
is a 6,800-mile roundtripfromValdez, and a cationplanttailgaterevenueinJapan is
tanker couldmake 19 tripsper year to Japan. $5.20 per Mcf,the LNG is worth$4.53 perMcf
Inchon,Korea, is an 8,820-mile roundtrip, equivalentat the tankerterminallandingafter
requiringabout23 days. A tripto the U.S. Gulf subtractingregasificationcosts.Aftersubtract-
Coast (Louisiana)assumesa routevia Cape ingtankertransportationcharges,thegas is
Horn. This tripcovers30,600 milesandtakes worth$3.59 per Mcf at the LNG liquefaction
71 days--only 5 roundtripsper year. planttailgate.Liquefactioncostsreducethe

gas valueto $1.97 per Mcfat the Valdez
RegasificationTerminal pipeline terminus. Finally, after subtracting

pipelinetransportationchargesfrom the North
An LNG receivingterminalincludesport Slope,thegas is worthonly$0.91 per Mcf at
facilities,offloadingequipment,storagefacili- thewellhead.The NorthSlopewellhead
ties,regasificationequipment,andpipeline breakevenpricefor LNG deliveredat Tokyois
connections.Capitalcostsfora typicalfacility about$4.00 per Mcf. If the averageregasifi-
capable of handlingan averageof 500 MMcfd cation1planttailgaterevenuein Los Angelesis
withpeak dailycapacityof 800 MMcfdare $4.80 per Mcf,thewellheadvalue of North
roughly$700 million(1988 dollars).Costs may Slopegas wouldbe $0.83 per Mcf. The
varysignificantly,dependingon location, breakevenrevenuefor LNG deliveredat Los

Angelesis about$3.82 per Mcf. Estimatesof
Assumingcapitalcostsof about$700 million, the wellheadvalue fora rangeof regasified
an overall real rate of retumof 10 percent,a LNG pricescan be foundinTable 111-12.
95-percentcapacityutilizationrate, andother
financialparameterssimilarto those usedin
theestimatesfor LNG liquefactionplants,LNG EXPORTOFMETHANOl.
regasificationcostsare about$0.56 per Mcf
(Energyand EnvironmentalAnalysis,Inc. Thissubsectionestimatesthe totalcosts
1988a). beyondthewellheadfor NorthSlopegas

convertedto methanol.Capital investments,
Approximately15,800 Btuof energyare operatingexpenses,andfuelconsumptionare
requiredto vaporizeI Mcf of LNG. If this calculatedas a dollars-per-Mcf-equivalentcost
energyissuppliedbythe feedstockLNG at an that mustbesubtractedfromthe delivered
averageof 1,100 Btuper Mcfvaporized,about priceof the methanolto estimatewellhead
1.8 percentof the gas is usedinthe revapori- revenue.Methanolis normallypricedper
zationprocess.Additionalenergy require- _allonandwouldcompetewithcrudeoil inthe
mentsforcompressionand utilitiesbringtotal worldmarketfor transportationfuel.To calcu-
gas consumptionto about2.5 percent, late a wellheadnetbackvalue,thisstudy

estimatesthe marketvalueon a Btubasisfor
Wellhead Volue for Expod methanolthatwouldcompetewithgasolineas
of Liqu0fled Ncdurol _ a transportationfuel.

Table II1-11 outlinesestimatesof the wellhead Assumptions
value and the costs of the steps required to
convert AlaskanNorthSlope gasto LNG and The detailedcostestimatespresentedhere
shipthe LNG to thewest coastof the United are fora methanolplantat Valdez, suppliedby
Statesor to Japan. Gas consumedas fuel is a gaspipelinefromthe North Slope. Although
incorporatedintothe estimatesof netback itmay be feasibleto convertgas to methanol
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Table III-I I -- Wellhead Netback Value Calculations for LlcluefledNatural Gas
(1988dollarsperthousandcubicfeet)

Processing/
Tmneportation Gas Value, Input Processing/

Capitaland Excluding Gas Gas Value, Transportation
Location Value O&M Costs Losses Losses AfterLosses Step

LNG Deliveryfrom NorthSlopeto Japan"

RegasificationPlant
Tailgate 5.20 0.56 4.64 2.5% 4.53 Regasification
Regasification
Plant Inlet 4.53 0.84 3.69 2.6% 3.59 Tankertmneport
LiquefactionPlant
Tailgate 3.59 1.40 2.19 10.0% 1.97 Liquefaction
Trans-AlaskaPipeline
Terminus(Valdez) 1.97 1.04 0.93 2.4% 0.91 Pipelinetransport
NorthSlope Wellhead 0.91/Mcf

0.88/MMBtu

LNG Deliveryfrom NorthSlopeto Californiab

RegasificationPlant
Tailgate 4.80 0.56 4.24 2.5% 4.13 Regasification
Regasification
PlantInlet 4.13 0.58 3.55 1.6°/,, 3.50 Tankertraneport
LiquefactionPlant
Tailgate 3.50 1.40 2.10 10.0% 1.89 Liquefaction
Trans-AlaakaPipeline
Terminus (Valdez) 1.89 1.04 0.85 2.4% 0.83 Pipelinetmneport
NorthSlope Wellhead 0.83/Mcf

0.80/MMBtu

' BasedonpipelinetransportofNorthSlopegasto ValdezandtankertransporttoTokyoafterliquefactionatValdez.
bBasedonpipelinetransportof NorthSlopegasto Valdezandtankertransportto LosAngelesafterliquefactionat
Valdez.

on the North Slope and transport it to Valdez ing methanol from unutilized domestic natural
through either a dedicated methanol pipeline gas (U.S. Department of Energy 1991). A
or through the existing TAPS line, that option methanol export project requires infrastructure
was not considered in this analysis; however, and shipping facilities similar to those for an
a brief comparison of capital costs and operat- LNG project. Large front-end investments in
ing considerations for a methanol plant located conversion plants, tankers, marine terminals,
on the North Slope is included later in this and storage am required. Cost estimates for a
subsection, methanol plant are based on a conceptual

advanced-process conversion plant capable of
The costing methodology in this subsection is producing 10,000 metric tons per day. Such a
consistent with the analysis in the Altemative plant will consume about 300 MMcfd of inlet
Fuels Assessment technical report on produc- natural gas.
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Table 111-12-- Wellhecxl Value of North Slope Gas Sold as Lk:luefled Natural Gas
(1988dollarsper thousand Btu)

DeliveredtoJapan DeliveredtoLosAngeles

Delivered North Delivered North
Regasifled Slope Regasifled Slope

Price Value Price Value

1.50 (2.08) 1.50 (1.86)
2.00 (1.66) 2.00 (1.44)
2.50 (1.25) 2.50 (1.02)
3.00 (0.83) 3.00 (0.60)
3.50 (0.41) 3.50 (0.17)
4.00 (0.01) 4.00 0.25
4.50 0.42 4.50 0.67
5.00 0.84 5.00 1.09
5.50 1.26 5.50 1.91
6.00 1.67 6.00 1.93

Methanolis producedbythe reactionof cubicfeet (Mscf)of feedstockgas pergallonof
synthesisgas (carbonoxidesandhydrogen) methanolproduced.
overa catalyst.It is an alcoholof methaneand
may be usedas a high-puritychemicalprod- Methanolis a safe, easilytransportedliquid
uct,directlyas a fuelor additiveto gasoline,or thatcan be shippedin parceltankersalong
as a feedstockformethyltertiary-butylether, with otherchemicalproducts.These ships
The feedstocksynthesisgas formethanol carryseparatestorageandhandlingequip
productionis a chiefdeterminantof the par- ment foreach of the productstheytransport.
ticularprocesssystemused. Lightfeedstocks Nospecialmaterialsare requiredformethanol.
suchas methaneare commonlyprocessedby Ifvery large quantitiesof methanolare pro-
steamreformingandsome combinationwith duced byone project,dedicatedtankers can
catalyticpartialoxidation.Mostmodern be builtto handle transportation.Estimatesfor
methanolplantsuse a ._w-pressureprocess shippingcosts inthisstudyare basedon
operatingbetween750 and 1,500 psi and typicalpetroleum-productcarders.
between230 and280 degreesCelsius.Fuel-
grademethanolrequiresless waterremoval Methanol PortLocation
and maycontainhigheralcoholsand ethers.
Carbon dioxideis bothan intermediateprod- Forthesame reasonsas outlinedinthe
uctanda synthesisgas used inthe meihanol subsectionon LNG, thisstudyassumesthat
productionprocess.Removalof carbon diox- themethanolwillbe exportedfrom an ice-free
ide and nitrogenpriorto methanolconversion portwithsome existinginfrastructure.For the
is not necessary, purposesof thecostanalysispresentedhere,

thisstudyassumes thatthe loadingfacilities
Low-pressurecombinationreformingmethanol are locatedat Valdez.
plantsconsume28 millionBtu(MMBtu) to 30
MMBtuof feedstockgas per metdcton (ap- Pipeline to Valdez
proximately equal to 333 gallons) of metha-
nolproduced.Consumptionpredictionsfor Thisstudyassumesthat NorthSlopegas is
large-scaleplantsbased on conceptualad- deliveredto Valdez througha gas pipelineand
vanceddesignsare on the orderof 29 to convertedto methanolat Valdez.The cost-
31 MMBtuper metricton.This studyuses a per-gallonequivalentof gastransported
conversion.factorof 0.090 thousandstandard throughthe line andconvertedto methanolis

32



basedon the same pipelinethroughputas- ConversionPlant
sumed in the LNG example. The transporta-
tioncostestimatedfor this2-bcfdpipelineis Currentworld-scalemethanolplantsprocess
$1.04 per Mcf (1988 dollars).The equivalent approximately2,000 to 2,500 metrictonsper
methanol transportationcostis $0.094 per day.The technologyof methanolproductionis
gallon, wellknown,andit is possibleto buildsingle-

trainplantswith capacitiesof up to 3,000
An aitemativeto transportingNorthSlope gas metrictons per day. The 2.0 bcfdof gas that
to Vaidez forconversionto methanolat the may be availablefromthe North Slope could
pointof exportis convefi_ngthe gas to metha- be convertedintoabout66,700 metrictons per
noton the North Slopeand thentransporting day of methanol.The advancedplant
themethanol to Valdez eitherthrougha assumedinthisanalysishas a capacityof
dedicatedmethanolpipelineor withoil inthe 10,000 metrictonsper day andusesimproved
TAPS line.The costof a 300-MMcfd methanol processtechnologyas well as someecono-
planton the NorthSlope is estimatedto be miesof scale.Sucha plantis assumedto
about $400 milliongreaterthan a similarplant operateat higherpressureandthusachieve
at Valdez. This increasesconversioncostsby significantsavingsin gas compressioncosts.
$1.06 per Mcf(or $0.10 per gallonof metha- The synthesisgas generationis assumedto
nol). This increasedcostaloneis equivalentto be twotrains,butmethanolsynthesisand
the unitcostof transportingthegas througha purificationare essentiallysingletrains.
gas pipelineto Valdez.

As in the LNG plantexample,costs for the
In additionto increasedconversioncostson methanolplantare basedon constructionat a
theNorth Slope, methanolproducedon the sitethat requiressome additionalinfrastruc-
North Slope mustbe transportedto Valdez as ture. The methanolplant ISBL can be divided
a liquid.In 1988, Bechtelestimatedthe cost intothe followingmajor processingsections:
of a methanolpipelineparallelingTAPS at
about$2.5 billion.Thispipelinewouldcarry • Reformingthe naturalgas (reactingwith
80,000 barrelsper day of methanol(about steamor oxygento form free hydrogen).
300 MMcfd)at a unitcostof $0.483 per gallon
($5.36 per Mcf) (Bechtelet al. 1989). Clearly, ° Compressingthesynthesisgas.
a large high-pressuregas line wouldbe able • Convertingthe synthesisgas to methanol
to transportthemethanolfeedstockat a much (combiningcarbondioxideand free
lowercost. hydrogen).

Anotheraltemativewouldbe to sendliquid ° Purifyingthe crudemethanolby distilla-
methanolfromthe NorthSlopeas batchesor tion.

in a mixturewithcrudeoil in TAPS. Methanol PlantOSBL includesutilities,buildings,and
is normallyshippedin dedicatedrailroadtank storage.Directoverheadand otherindirect
cars ratherthan productlinesbecauseof its costsare estimatedas a portionof fixed
affinityfor waterandothercontaminants.The capitalexpenditures.Table 111-13summarizes
feasibilityof transportingmethanolthrough totalcapital and operatingexpenses.
TAPS is highlydependenton the volumeof oil
pumpedthroughthe line,the abilityto store The costof convertingnaturalgas to methanol
largeamountsof oil andmethanolon the isestimatedto be about$2.44 per Mcf. This
North Slope,and the costof a distillationplant figureexcludesfeedstockcostsbut includes
at Vaidez to separate methanolfrom crudeoil. all gasconsumedas fuelduringthe process.
Other potentialoperatingproblemsthat would It is basedon a capitalrecoveryfactor of
needto be addressedare pumpcompatibility 19.0 percent,roughlyequivalentto a real rate
andthe potentialforperiodicshut-inof oil of returnof 10 percent.The equivalentmetha-
wellsduringbatchshipments.Giventhe nolunitcostis $0.22 per gallon.Because
uncertaintechnicalfeasibilityandcosts,the methanolhas roughlyhalf the heatvalue of
economicsof shipmentthroughTAPS are not gasoline,the costof theconversionprocess isexaminedhere.
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Table III-13 -- Basesfor Cost-of-brvlce Esllmate for Methanol
ProductionPlantat Valdez

(1988dollars)

° 3(X)-MMcfdbaseload,approximatelyI0,000metrictonsperday.

• Totalcapitalcostsof$926million:

Oxygenproduction $122million
Synthesisgaspreparation $86million
Methanolsynthesis $88million
Offsites $119million
Constructionoverhead $116million
Englneedng $29million
Contingencies $84million
Owner'scost $64million
Infrastructure $164million
Chemicals $12million
Land $9million
Startup $7million
Workingcapital $6million

• Capitalchargesat19 percentoftotalfixedinvestment.Thischargeisequivalentto a
10-percentrealrateof retumwiththefollowingparameters:

- 15-yearprojectlife.

- Debt-to-equityratioof2:3.

- Nominalretumonequityof20 percent,debtfinancedat 10percent.

- Incometaxrateof 37,3percent,

- Depreciationover5 years(straightline)forISBL.

- Depreciationover15years(straightline)forOSBL.

- Inflationat4.0 percentperyear.

• Workingcapitalisapproximately4.3 percentof thefixedplantinvestmentandrepresents
feedstockandfinishedproductinventory.

• Operatingfactor:.91 percent.

° Annualoperationsandmaintenancecostsat6.0 percentof ISBLcapitalexpenditure.

• Insuranceandpropertytaxesat 1.5percentoftotalfixedcapitalexpenditure.

• Laborcosts(30persons)of$1.2millionperyear.

• Plantoverheadat65percentoflaborandmaintenance.

• Directoverheadat45 percentoflabor.
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equivalentto $0.44 per gallon(refinerygate) if Table 111-14containsestimatesof methanol
useddirectlyas a substitutetransportation shippingcosts.
fuel.The actualwholesalevalue of methanol
willbe somewhatless than50 percentof the Wellhead Val'JeforMethanolExpod
value of gasoline becauseof transportation
and storagecostsand potentiallydifferenttax Table 111-15outlinesestimatesof wellhead
treatment, value andthecostsof the stepsrequiredto

convertAlaskan NorthSlopegas to methanol
Tankers andshipthe methanolto thewest coastof the

UnitedStatesor to Japan.Gas consumedas
Shippingcostsmustbe addedto methanol fuelduringconversionis incorporatodintothe
productioncosts.Typicalpetroleum-product estimatesof netbackwellheadv_lue. The EIA
cardersare sized at 40,000 deadweighttons LowOil PriceForecastis usedinthesecalcu-
(DWT), althoughvery-large-capacitycrude lations.The exampleis basedon theesti-
carder(VLCC)-typevesselssized upto matedwholesalevalue of methanolif it is used
140,000 DWT are possible.Shippingcostsin as a componentof M85 (85 percentmethanol,
this reportare based on newlybuilttankers 15 percentgasoline)motor-vehiclefuel in
dedicated to an Alaska methanolproject, competitionwithstraightgasolineat the pump.
Vesselssized at 40,000 DWT designedfor Thetable is read fromleft to right,startingin
fuel-grademethanoltransportare assumedto theupper-leftcomer. Inthe case of sale to
cost$23 millioneach. Fuelconsumptionis Japan, if the value of methanolat the import
based on dieselenginesand an average terminallandingis 26.10 cents per gallon,
speedof 12 knots.Turnaroundtimeis esti- the methanolis worthonly22.47 cents per
mated at 2 days pertripand totaloperating gallonat theAlaskaexport tailgateafter
timeat 91 percentof the year (332 days), subtractingtankertransportationcharges. At

themethanolconversionplant, the methanol
Transportationcostsfor methanolare less is worth0.47 centsper gallonaftersubtracting
than half thosefor transportingLNG after 22 cents per gallonin methanolconversion
convertingto a commonper-Mcfcostand costs.The equivalentvalue as a gas is
subtractingthe gas boiloffin an LNG carder. $0.05 per Mcf. After subtracting$1.04 per Mcf

Table 111-14.-- Example Costs for Methanol Transport
In a 40,O00-DWT Tanker

CostComponent
(¢/galof methanol)

One-way Total
Destinationfrom Distance RoundTrips Port/ TransportationCost
Valdez (mi) perYear Fuel Capital O&M Canal Total ($/Mcfequivalent)

LosAngeles 2,056 20 0.29 1.16 0.60 0.33 2.38 0.26
Tokyo 3,400 13 0.47 1.85 0.94 0.37 3.63 0.40
Inchon 4,410 10 0.60 2.34 1.19 0.37 4.50 0.50
NewOdeans
viaPanama 6,400 7 0.98 3.59 1.70 1.11 7.38 0.82
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Table III..-16-- W_ Netbaok Value Caloulallom for Melhal_l
(1988 dollars)

Proce_ng/
Tranq)ortatlon Value, _ Processing/

Capitaland Excluding Gas Value, Transportation
Value O&M Costs Loeses losses AfterLosses 81ep

MethanolDeliveryfrom North Slopeto Japan=

MethanolTerminal
Landing(_gal) 26.10 3.63 22.47 -- 22.47 Tankertmnspo_
MethanolPlant
Tailgate(¢/gal) 22.47 22.00 0.47 IncludedIn 0.47 Methanol

convendonto convembn
methanol

Tmns-AlmdmRpellne
Tarmlnus(Valdez) ($/Mcf) 0.05 1.04 (0.99) 2.4% (0.96) Plpellnetransport
NorthSlopeWellhead:

$/Mcf (0.96)
$/MMBtu (0.94)

MethanolDeliveryfromNorthSlopeto Californiaa

MethanolTerminal
Landing(C/gel) 26.10 2.38 23.72 -- 23.72 Tanker tranaport
MethanolPlant
Tailgate(¢/gal) 23.72 22.00 1.72 Includedin 1.72 Methanol

convemionto convemion
methanol

Tmns-Aluka Plpellne
Termlnue(Valdez) ($/Mcf) 0.19 1.04 (0.85) 2.4% (0.83) PIpelinetransport
NorthSlope Wellhead:

Sn_Icf (0.83)
,$/MMBtu (0.80)

• BasedonpipelinetransportofNorthSlopegasto ValdezandtankertransporttoTokyoafterconvemionto methanolat
Vaklez.
bBasedonpipelinetransportof NorthSlopegasto ValdezandtankertransporttoLosAngelesafterconversionto
methanolatValdaz.

for pipelinetransportationchargesandac- yieldsa wholesalemethanolvalueof $0.261
counting for fuel use, the wellhead value is a per gallon.
negative $0.9t_ per Mcf.

If the average price of wholesale gasoline in
The calculations shown in Table 111-16outline Japan is $0.93 per gallon (based on the EIA
the methodology used to estimate the whole- Reference Case forecast of gasoline prices in
sale value of fuel-grade methanol given a 2010) and the corresponding value of metha-
competing gasoline pdce. The EIA Low Oil nol as a gasoline additive is $0.36 per gallon,
Price Forecast of $1.20 per gallon of gasoline the wellhead value of North Slope gas would
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Table 111-i6-- U.S.PlantgaleMethanol Value Glven CompetingGa_llne Pdce
(I 988 dollars per gallon)

Gasoline M85

Gasoline PumpPrice 1.185 RequiredM85 Pump Price(@ 1.74:1) 0.681

Federal FuelTax 0.141 FederalFuel Tax 0.070
State Fuel Tax 0.179 State Fuel Tax 0.090
SalesTax @ 5% 0.041 SalesTax @ 5% 0.025
TotalTaxes 0.361 Total Taxes 0.185

Pump Price LessTaxes 0.824 Pump PriceLessTaxes 0.496

OutletMarkup 0,089 OutletMarkup 0.115
Truckingto Station 0,013 Truckingto Station 0.0! 3
Terminal 0.016 Terminal 0.021
Total Distribution 0.118 TotalDistribution 0.149

WholesaleGasoline Price 0.706 WholesaleM85 Pdce 0.347

WholesaleGasoline Price 0.706
WholesaleMethanolPdce 0.284

Truckingto Blender(100 Miles) 0.030

PlantgateMethanolPrice 0.254

2010 Gasoline Plantgate
AlternativeScenarios Pdce MethanolPrice

EIA ReferenceCase 1.46 0.384

EIA HighOil Price Case 1.61 0.454
EIA LowO11PriceCase 1.20 0.261

Source:AdaptedfromEnergyandEnvironmentalAnalysis,inc.,CapitalandOperatingCostsof a FuelMethanolDistribu-
tion Syatem--1988Update,October1988.

i i i i i ,, ,HH

be $0.15 per Mcf, The North Slope wellhead $0.29 per Mcf. The bmakeven revenue for
breakeven price for methanol delivered at methanol delivered to Los Angeles is about
Tokyo is about $0.35 per _ailon. If the average $0.34 per gallon. Table 111-17contains esU-

dce for wholesale gasoline in Los Angeles is mates of the wellhead gas value for a range of
0.93 per gallon, the wellhead value of North delivered methanol ndces.

Slope gas converted to methanol would be
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Table III-I 7 -- We41headValue of Nodh Slope Gas Sold a_ Methanol
(1988 dollars)

toJapan DeliveredtoLosAngeles

North North
Slope Methanol Slope

Value Value Value Vslue
($/g81) ($/MMBtu) ($/gal) ($/MMBtu)

0.175 (1.84) 0.175 (1.71)

0.225 (1.32) 0.225 (1.18)
0.275 (0.79) 0.275 (0.68)
0.325 (0.26) 0.325 (0.13)
0.375 0.26 0.375 0.40
0.425 0.79 0.425 0.92
0.475 1.32 0.475 1.45
0.525 1.84 0.525 1.98
0.575 2.37 0.575 2.50
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