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Introduction

In the mid-1970s,the subjectof the cost of decommissioningnuclearpower stationsbecame a topic of

considerableinterestto the industry. A numberof earlydemonstrationplants in the U.S. had been retired

and most had been entombed. Only one plant,the Elk River Reactor(a smallboilingwater facility)had been

totallydismantledand removedfrom the site (Welsh1974). Thus. therewas a very limiteddata base from

which to developestimatesfor decommissioningthe much larger stationsthen underconstructionand coming

into service.

_ome early estimates(Skinner1977)simplyestimatedby a simpleproportion:the cost of the Elk

Rivereffort.multipliedby the ratioof the reactorenergyoutput ratings,from the 58.2 thermalmegawatts

of Elk Riverto the 3300 thermalmegawatts(1100electricalmegawatts)of the newer reactorstations. This

approachgave no considerationto the actualdetailsof the undertaking,and resultedin decommissioning

cost estimatesthat rivaledthe cost of construction,in the same year'sdollars.

The huge estimatesthat resultedfrom this approachand the resultingoutcryagainstnuclear power

developmentcaused the nuclearindustryto fund a study to examinein more detailthe actualactivitiesand

costs associatedwith decommissioning.This effort,based on informationderivedFrom the Elk River

dismantlementand from the entombmertof severalearly demonstrationreactors,was documentedin AIF/NES-O09

(Manionand LaGuardia1976).for a genericpressurizedwater reactor(PWR)and a genericboilingwater

reactor(BWR).both stationswith generatingcapacitiesof I000 electricalmegawatts.

Subsequently.the U.S. NuclearRegulatoryCommission(NRC),which is chargedwith assuring the health

and safetyof the public inmattersrelatedto nuclearenergy,contractedwith the PacificNorthwest

Laboratory(PNL) to performdetailedanalysesof the technology,safetyand costs of decommissioninga

referencePWR and a referenceBWR powerstation. Theseanalyses,usinga detailedengineeringapproachand

documentedin NUREG/CR-0130and NUREG/CR-O672(Smith1978)and (Oak 1980),respectively,providedan in-

depth examinationof the activities(and relatedcosts)associatedwith completedismantlementand removal

of retirednuclearreactorpower stations.

About five years later,the nuclearindustrysponsoredanotherstudy for estimatingdecommissioning

costs usingan approachknown as the Unit Cost Factor(UCF)method. This methodologyis documentedin

AIF/NESP-O036(LaGuardia1986).and formsthe basis for many of the estimatespreparedby (or for) utilities

for use in making submissionsto theirutilityrate commissionsto recoverfuturedecommissioningcosts

throughcurrentrates. Each of the estimatingapproachesmentionedabove is discussedin more detail in

subsequentsectionsof this paper.

The SimpleProportionalApproach

Thismethod, firstappliedin the mid-1970s,used a simpleproportionfor estimatingthe cost of

decommissioninga plantwhose thermalenergyoutputwas differentfrom the referenceplant,the Elk River
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Reactor. The equationfor estimatingthe cost of a facilitydifferentfrom the Elk River stationis shown

in the followingrelationship.

th
Cost of Elk River Dismantlementx i plant energyoutput

Cost of ith plant =
Elk River energyoutput

Reactorsof a similartype (e.g.,a PWR or a BWR) have similarnumbersof componentsand lengthsof

piping,albeitof differentsizes,even when the thermalenergyoutputsare significantlydifferent,and the

activitiesnecessaryto decommissionthem are quitesimilar. Thus, the labor componentof the cost will be

rathersimilareven thoughthe waste disposaland other costswill be larger for a larger facility. As a

result,the appropriatefunctionfor extrapolatingdecommissioningcosts is more nearlyof the form

A + BX, where X is the ratio of the thermalenergyoutputof the ith reactorto that of the reference

reactor.

The simpleproportionalapproachgrosslyoverestimatesthe cost of decommissioninga largereactor

station. For example,using this approach,the cost to decommissiona 3300 thermalmegawattstationwould

be

$6.15 millionx 3300 thermalmeqawatts = $350 million, in 1974 dollars
58 thermalmegawatts

This resultsuggestedthat the cost to decommissiona large reactorstationwould equal or exceedthe cost

of its construction,a situationthat would be very damagingto the economicsof nuclearpower generation.

EstimatedCosts for DecommissioninqGenericReactors

To combatthe financialhysteriaproducedin some circlesby the estimatesderivedfrom the simple

proportionalapproach,the nuc'warindustry,throughthe Atomic IndustrialForum (AIF),commissioneda study

to estimate in a more defendablemanner the costs of decommissioningpowerreactors. This study,documented

in AIF/NESP-O09(Manionand LaGuardia1976),utilizedinformationon the times,costs, and radiationdose

rates for accomplishingvariousdismantlementeffortsthat were developedduringthe dismantlementof the

Elk River reactorto estimatethe same parametersfor a genericPWR and a genericBWR, both having

generatingcapacitiesof 1000 electricalmegawatts. Becausegenericreactorswere used,plant-specific

detailswere not used in the analysis. However,the principalplant systemswere known reasonablyweil,

even though generic,and the activitiesrequiredto dismantleand removethese systemswere estimated. This

studywas the firstdocumenteduse of the unit cost factorapproachto estimatedecommissioningcosts.

Subsequentanalyseshave suggestedthat this early studywas somewhatoverlysimplifiedand probablytoo

optimisticin its estimatesof costs and radiationdoses to be expectedduring immediatedismantlement.

DetailedEnqineerinqEstimatesfor ReferenceReactors

While the AIF studywas under way, the NRC decidedthat. in order for it to carry out its charterto

protectthe healthand safetyof the publicin mattersrelatedto nuclearenergy,it neededto establishthe

basis for the levelof fundingnecessaryto accomplishdecommissioning,to assurethat those fundswould be

availablewhen needed. In 197B, PNL was contractedto performa detailedanalysisof the activities

necessaryto decommissiontw:'referencenuclearpower stations,a PWR (TrojanNuclearPlant)and a BWR
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(WashingtonNuclear ProjectUnit 2). Both of these stationswere largeunits (about1100 electrical

megawattseach),and were fairlytypicalof the largestationsthatwere coming into servicein the mid-

1970s and early 1980s.

These analyses,documentedin NUREG/CR-OI3O(Smith1978)and NUREG/CR-OB72(Oak 1980),were extensive

and quite detailed. Each plantwas visitedand examinedat length. Drawingsand constructionphotoswere

used to determinewhere the variouspipingsystemsand associatedequipmentwere locatedand to develop

plans for the decontaminationand removalof the radioactivematerials. Detailedwork plansand schedules

were developedfor the cuttingand packagingof the activatedmaterialsfrom the reactorvesseland for the

associatedcontaminatedpipingand equipment. Estimatesof radiationdose rates throughoutthe facilities

were developedfrom surveydata from a numberof similarnuclearreactorpower stationsthat had been in

servicefor more than 5 years.Estimatesof the manpowerrequiredto performeach of the plannedactivities

were developed,and a sequencingof thoseactivitieswas developedfor efficientschedulingof staff labor.

Estimateswere developedfor the radiationdoses and costs associatedwith thoseactivities. Estimateswere

developedfor the packaging,transport,and disposalof the removedradioactivematerials. The cost of

demolitionof the decontaminatedfacilitieswas also estimated,even thoughdemolitionis not requiredby

the NRC for the terminationof the facilitynuclearlicense.

The cost estimatesderivedfrom these studies(withoutdemolition),periodicallyupdatedfor cost

escalationand to reflectchangesin regulatoryrequirements,have been incorporatedinto the NRC's Final

Rule on Decommissioning(FederalRegister,53 FR 24018,June 27, 1988). This rule provides,among other

things,a formulafor determiningthe minimumamountof decommissioningfundingthat must be assuredby a

nuclearpower stationowner in order to obtainand maintainhis licenseto operatethe plant. Becausethese

studiesare the basis of the NRC rule on fundingrequirements,they are frequentlyintroducedinto hearings

beforestate and federalutilityrate commissionsrelatedto fundingof decommissioningcosts.
t

The Unit Cost FactorApproachfor Cost Estimation

The methodologyoriginallyused in A[F/NESP-O09(Manionand LaGuardia1976)was furtherdevelopedand

documentedin AIF/NESP-O3B(LaGuardia1986). The purposeof this documentationwas to providea systematic

set of guidelinesto be used by utilitiesin preparingdecommissioningcost estimates. These estimates

would be submittedto utilityrate commissions,to supportoperatingutilityrequestsfor rate adjustments

thatwould permit the collectionof the fundsnecessaryfor decommissioningduringthe operatinglifetimes

of their nuclearpower stations.

The basic tool in this methodologyis the Unit Cost Factor(UCF). In this approach,a numberof

operationsthat are utilizedin decommissioningare examinedto developa cost basis for a single (unit)

operation. For example•a UCF for the removaland packagingfordisposalof contaminatedpiping2.5 to 8

inchesin dianw_terconsistsof nine separatesteps,each with an assignedtime duration. Difficultyfactors

are appliedto the cumulativetime durationto obtainan adjustedtime duration,i.e.,heightadjustment

(15%),respiratoryprotectionadjustment(38%),radiationdose minimizationactivitiesadjustment(15%),

plus two overallmultipliersof the adjustedtime duration•protectiveclothinguse (23%)and time lost on

work breaks (8.33%). Throughapplicationof these factors,the estimatedtime durationfor making a single

cut througha piece of 2.5- to B-inchdiameterpipe is increasedfrom B5 minutes to 134 minutes. An

estimateis made of the types,quantities,and costs of suppliesassociatedwith a singlecut. An average
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radiation dose rate is estimated for the activities performed. A crew is defined to accomplish the task,

comprised of 2 laborers, I craftsman, and 0.5 foreman, and their appropriate labor rates are assigned. The

designated crew is utilized for the adjusted duration of 134 minutes, and beth a cumulative radiation dose

and a labor cost are calculated For that single cut. Then, those unit values are assigned to every cut of

contaminated piping whose diameter is in the range of 2.5 to 8 inches, throughout the decommissioning

operations. The total cost associated with removal of a given system within the plant is simply the product

of the number of unit operations of a given type multiplied by the unit cost of that operation, summed over

all types of operations required to remove that system. The cumulative radiation dose for system removal is

the product of the cumulative radiation dose for each unit operation multiplied by the number of operations

of that type, and summed over all types of operations required to remove that system.

The UCF methodology provides reasonable estimates of direct manpower costs and radiation doses if

careful attention is paid to the magnitude of the difficulty adjustment factors, and if those factors are

allowed to vary between tasks. Historically, the usual approach was to assign conservative (large) values

to these factors and to apply the derived UCF to every operation of that type throughout the deconBissioning

campaign. As a result, the composite estimates of cost and radiation dose tend to be somewhat inflated, and

the resultant longer direct labor durations tend to extend the total length of the decommissioning period,

thereby increasing the overhead labor costs which are already the largest part of the total labor cost,

Differences Between D&D Cost Estimates

lt is important to understand the reasons why the D&D funding requirements specified by NRC in 10 CFR

50.75 ($105 M to $135 M in 198B dollars) are significantly smaller than the estimates usually presented by

nuclear utilities to their Public Utilities Commissions (PUC) for inclusion into the utilities rate base.

The NRC Funding requirement is designed to be sufficient to decontaminate the reactor station to levels

acceptable for unrestricted use, thereby permitting termination of the NRC license, lt is no.___twithin the

scope of the NRC's responsibilities to,assure that funds will be available for post-decontamination

demolition of the site structures or for restoration of the site to "green Field" conditions.

On the other hand, the nuclear utility does have to be concerned with funding any possible post-

decontamination demolition and site restoration that might be required by local or state authorities, and

those costs are legitimately a part of the total decommissioning cost for a site. Examination of a number

of D&D cost estimates that include demolition and site restoration shows that these latter efforts can

comprise about 40% of the total decommissioning cost. Unfortunately, some PUCs have taken the position that

the NRC's funding requirement is the only cost that is recoverable via the rate base, leaving a significant

shortfall upon the utility. However, other PUCs have taken a more reasonable approach and are allowing

recovery of the demolition and site restoration costs through the rate structure.

Escalation of NRC's FundipQ Requirement

Because updating a D&O cost estimate can be an expensive and time-consuming effort, the NRC has

provided a formula whereby a licensee can escalate his earlier estimate to current-year dollars with a

minimum of effort. The basis for the escalation formula is the assumption that D&D license termination

costs can be separated into three cost elements; labor and materials, energy, and low-level waste disposal,

with each cost element escalating at its own rate. Thus, the formula takes the following form:

COSTx = COSTy lAy Lx + By Ex + Cy BX] + [GTCC]x + TX +IX
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where Ay is the fractionof COSTy due to laborand materials

Lx is the escalationratio for laborand materialsfrom Year Y to Year X

B is the fractionof COST due to energyexpenditures
Y Y

EX is the escalationratio for energy from Year Y to Year X

Cy is the Fractionof COSTy due to LLW disposal

Bx is the escalationratio for LLW disposalfrom Year Y to Year X

The final three terms, [GTCC]x, Tx, and Ix represent:the cost of repositorydisposalfor Greater-ThanClass

C materials;the cost of propertytaxes; and the cost of nuclearinsuranceduringthe decommissioning

period,respectively.Theselatter three cost elementswere not includedin the originalNRC cost basis for

Year Y, and are thereforeadded in current-yeardollars. The factorsLx and Ex are evaluatedusing national

indicescompiledby the U.S. Bureauof Labor Statistics. BX is the factormost difficultto evaluate,since

it dependsupon the base disposal rates at the operatingLLW disposalsitesand upon the surchargesmandated

by the Low-LevelRadioactiveWaste PolicyAmendmentsAct of 1985 (LLRWPAA-85),whichare dependentupon the

statusof the Waste Compactin which the wastegeneratorresides. The value of Bx is given by:

BX=(R×+ESxi)/(Ry*_Syi)

where the Rs are the basicdisposal rates in YearsY and X. and Sxi and Syi are the appropriatesurcharges
mandatedby LLRWPAA-SS. The Act specifiedthreecategoriesof waste generatorfor purposesof applying

surcharges:I) the waste generatorresideswithin the boundariesof a compactthat containsan operatingLLW

disposalfacility,2) the waste generatorresideswithina compactwhich does no__.t.thave an operatingLLW

disposalfacilitybut which has made the requiredprogresstowardhavingsuch a facility,and 3) the waste

generatorresideswithin a compactwhich does not have an operatingLLW disposalfacilityand which has no__tt

made the requiredprogresstowardshaving an operatingLLW disposalfacility. The .magnitudesof these

surchargesare shown as a functionof time from initiationin 1986 through1992 in Figurei. When one

considersthat the currentbasic disposalrates for LLW disposalare in the $30 to $40 range, it is obvious

that the impactof these surchargescan be very significant,increasingthe cost of LLW disposalby factors

of 3 to 4.

D&D SchedulesExtendedby Spent Fuel StoraqeRequirements

When the early studiesof D&D costs were performed,reprocessingof the spentnuclearfuel (SNF)was

the plannedmethod of disposal, lt was assumedthat the fuel from the finalcore dischargecould be shipped

after 120 days coolingin the spent fuel storagepool. so that the pool was emptiedof fuel during the first

B to 9 months followingreactorshutdown,and that decontaminationand dismantlementof the reactorsystems

could commenceduring that firstyear. The situationis quite differenttoday. Spentfuel must be stored

in a wet pool for 5 to 7 years followingdischarge,until the fissionproductdecayheat emission rate has

fallensufficientlyto permit storageof the SNF in a dry environmentwithoutoverheatingthe fuel rod

cladding. Thus, unlessthe utilityhas storagespaceavailablein anotherpool in its system,the fuelpool

must remainin servicefor that 5 to 7 year period,and the NRC will not permitdismantlementof the reactor

systemsuntilthe pool is empty, for fear that dismantlementof the reactorsystemmightcompromisethe

integrityof the spent fuel pool system. As a result,the originalthree decommissioningalternatives

definedby NRC (DECON,SAFSTOR,and ENTOMB)have had to be revisedto accommodatethe extendedpool storage.

DECON (immediatedecontaminationand dismantlement)is no longerpossibleformost utilities. All of the

alternativesnow begin with reactorfacilitydeactivation{exceptfor the pool supportsystems)and a short

5
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(5 to 7 years) safe storage period during which time the fuel pool has been emptied. At that point in time.

the owner can choose to i) perform a deferred decontamination and dismantlement. 2) go into an extended safe

storage period (without pool storage operations), to be followed by deferred decontamination and

dismantlement, or 3) entomb the radioactive material within the reactor facility and monitor the site until

license termination. The endpoint of all alternatives is the release of the site for unrestricted use

within 60 years following reactor shutdown.
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FIGURE I. Time-Dependence of LLRWPAA-85 Surcharges
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Su.mmary

• The methodologyfor makingD&D cost estimatesis well-established.With computerizedsystems,the

estimatescan be made relativelyquicklyand with adequateprecisionto assure sufficientfundingfor

decommissioning.

• NRC's fundingrequirementcoversonly decontaminationand releaseof the facilityand site for

unrestricteduse. ltdoes not includeany _ubsequentdemolitionof structuresor site restoration.

• While labor is the largestsinglecost elementin decommissioning,low-levelwaste disposalis

becomingan ever-increasingfractionof the totalcost, due to the escalationof disposal ratesand

to the applicationof surchargesmandatedby the Low-LevelRadioactiveWaste rjllcyAmendmentsAct of

1985.

• Dismantlementof a shutdownreactorfacilitycannotbegin until the spent fuel pool has been emptied.

Generally,the pool cannotbe emptiedin less than 5 to 7 years followingshutdown,therebydelaying

decontaminationand dismantlementfor at least that long.

• Bases for reactordecommissioningare well in-hand,but littleactual experiencehas been gainedfor

large LWRs.
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