
PNL-SA--19166

DE92 006 961

FEB0 4 Igg2

OISTSISflTII'I_iI_F THISOOCUMENTI,_ lINT:,',r_:./_



DETERMINATIONOF COST-EFFECTIVERECEIPT RATES FOR AN MRS,AND THE REPOSITORY

R. W. McKEE H.D. HUBER S.M. SHORT
Pacific Northwest Laboratory Pacific Northwest Laboratory Pacific Northwest Laboratory
P.O. Box 9, K6-25 P.O. Box 999, K6-25 P.O. Box 999, K6-31
Richland, WA 99352 Richland,WA 99352 Richland, WA 99352
(509) 376-1309 (509) 376-1309 (509) 376-2694

ABSTRACT receipt rate. The scope of the analysis includesboth
a Repository-OnlySystem and a Storage-Onlyor Basic

This paper describes results of a comprehensive (MRS) System. To allow for current uncertaintiesin
logistics and cost analysis to determine if there are facilit_ startup scheduling,the following combination
potential benefits to the U.S. high-level waste man- of facility startup dates are considered:
agement system for spent fuel receipt rates to a Mon-
itored RetrievableStorage (MRS) facility or the Repository MRS
r_po_itory other than the current 3,000 MTU/yr design- StartuD Year S_artuD Year
basis receipt rate. Cases considering repository 2010 None
startup dates of 2010 and 2015 and MRS startup dates 2010 1998
of 1998 and 3 years prior to the repository have been 2010 2007
evaluated, and receipt rates ranging from 1,500 to 2015 None
6,000 MTU/yr have been considered for both the MRS and 2015 1998
the repository. 2015 2012

Higher receipt rates appear to be economically
justified for both the repository and an MRS. For a Receipt rates ranging from 1,500 to 6,000 MTU/yr
repository-onlysystem,minimum costs are found at a have been evaluated for both the MRS and repository
repository receipt rate of 6,000 MTU/yr. When a stor- facilities. The common assumption for facility design
age-only MRS is included irlthe system,minimum system work and for system studies has been to use a 3,000
costs are also achieved at a repository receipt rate MTU/yr receipt rate for both of these facilities.
of 6,000 MTU/yr. However, the MRS receipt rate for There is, however, no fundamentalreason for identi-
minimum system costs, which ranges between 3,500 and cal receipt rates, nor is there a clearly documented
6,000 MTU/yr, depends on both the MRS startup date and rationale for the 3,000 MTU/yr receipt rate. Thus,
whether or not the storagecapacity of the MRS is con- the objectiveof this study is to identify advan-
strained. With a 1998 unconstrainedMRS and a 2010 tageous receipt rates and to determine if they differ
repository,the added cost of providing the MRS is over the range of conditions specified above and by
offset by at-reactorstorage cost reductions,and the how much and why.
total system cost of $10.1 billion is only slightly Possible effects of both unconstrained and con-
higher than that for the repository-onlysystem. If strained MRS storage limits are being examined. The
the MRS storage capacity is constrainedto a maximum constrained storage limits are those specifiedby the
of 15,000 MTU, then this cost increasesto $10.4 Nuclear Waste PolicyAmendments Act (NWPAA), i.e.,
billion. 10,000 MTU of spent fuel prior to the repository

startup and 15,000MTU following the repository
INTRODUCTION startup.

A comprehensivelogistics and cost analysis is WASTE MANAGEMENT SYSTEM
being carried out by Pacific Northwest Laboratory
(PNL)I to determine if there are potential benefits to The waste management system for this study was
the U.S. high-levelwaste system for receipt rates defined to include i) at-reactor pool and dry storage
other than the current 3,000 MTU/yr design basis facilities,2) shutdown reactor facilitiesmaintained

solely for the purpose of storing spent fuel not yet
delivered to DOE, 3) transportationfacilities

Pacific Northwest Laboratory is operated by Battelle required to transport spent fuel from the reactor to
Memorial Institutefor the U.S. Department of Energy either an MRS or the repository and from the MRS to
under Contract DE-ACO6-76RLO 1830. the repository,4) the MRS facility,and 5) the first
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• reposi'tory facility. Comprehensive system descrip- assumed to occur over 2 years, with the first year
tions were prepared for both the Repository-Only Sys- being one-fourth and the second year being one-half of
tem and the Storage-Only or Basic MRSSystem. These the design acceptance rate. Operation at the full
include both functional and physical facilities design acceptance rate was assumed in the third year.
descriptions and have been reported separately. (I'2) A recently developed model named SECAM(System

Neither development and evaluation (D&E) nor Engineering Cost Analysis Model) (_ was used to de-
site characterization costs have been included in this velop MRSand repository costs. SECAMis a detailed
analysis. These should not be influenced by the de- cost accounting model that utilizes a large set of
sign acceptance rates and are assumed to be constant cost algorithms for scaling both capital and operating
in all cases. Only costs associated with the first costs as functions of facility size and number of com-
63,000 MTUof spent fuel and 7,000 MTUof high-level ponents required, as well as numbers of crews re _-
waste destined for the first repository are included quired to handle the various functions as receipt
in this analysis. At-reactor storage costs for any rates are varied. The basic cost data and cost scal-
spent fuel either in dry storage or at shutdown reac- ing functions were developed from cost estimates
tors remaining in storage after delivery of the first developed during the 1988-89 MRSsystem stud-
63,000 MTUare excluded from the analysis, ies (3'4,8) and discussions with the Ralph M. Parsons

Co., the Architect/Engineering firm responsible for
RepQsitorv Concept the conceptual MRSdesign. No escalations to 1990

Using information developed in the 1988-89 MRS costs have been included.
system studies, (3,4) separate repository waste handl-
ing building concepts were developed for four dif- COMPONENTCOSTCONSIDERATIONS
ferent acceptance rates - 1,500, 3,000, 4,500, and
6,000 MTU/yr. For spent fuel handling, the number of Consideration of some of the factors that in-
entry bays, unloading ports, hot cell facilities etc., fluence system component costs can help in under-
were scaled in proportion to the cask handling, waste standing the interactions and tradeoffs in the total
package handling requirements, etc. A separate hot system cost compilations.
cell was provided in all cases for handling and pack-
aging solidified high-level waste. MRSInventories

One of the effects of increasing the repository When an unconstrained MRSstarts up substantially
receipt rate is to reduce the age of spent fuel de- sooner than the repository a large spent fuel in-
livered to the repository. This has the related ef- ventory can accumulate at the MRS. However, when the
fect of increasing the heat energy released by the MRSstartup precedes the repository by only 3 years,
spent fuel following emplacement in the repository, only the combinations of high MRSreceipt rates with
This, in turn, can increase the repository emplacement low repository receipt rates result in very large MRS
areas and the mining requirements. Reducing the re- inventories. These peak inventory effects are illus-
ceipt rate has the opposite effect. An analysis of trated in Table I for a 2010 repository startup. For
spent fuelaging effects(5)has shown that areal and a 1998 MRS startupwith a 2015 repository,the MRS
miningrequirementscan be correlatedwith the 100- peak inventoriesrangefrom 7,000 to 15,000MTU larger
year integratedenergyreleasefrom the spent fuel. than those shown in Table I for a 1998 MRS/2010re-

positorycombination. The MRS peak inventoriesfor
MRS Concept the 2012MRS/2015 repositorycase are identicalto the

Using similarinformationdevelopedfor a Stor- peak inventoriesfor the 2007 MRS/2010repository
age-OnlyMRS in the 1988-89MRS systemstudies,(3,4,B) combination.
separateMRS conceptswere developedfor the same
range of acceptancecapacities. The storagefacili-
ties conceptwas basedon use of concretestorage Table I PeakMRS inventorieswith a 2010
casks. The numberof casks requiredand the size of repositorystartup,MTU
the storageyard were variedaccordingto the require-
ments of each case. A genericeasternlocationwas MRS MRS Repository ReceiptRate,
assumedfor the MRS and all spentfuel was assumedto Startup Receipt MTU/yr
be shippedto the MRS, placedin storage,and sel- year MTU/vr 1500 3000 4500 6000
ected for a desiredenergymix when shippedto the
repository. 1998 1,500 18,000 16,900 16,600 16,200

3,000 49,100 36,000 35,000 33,800
LOGISTICSAND COST CALCULATIONS 4,500 52,100 48,800 47,900 47,500

6,000 52,100 48,900 48,100 47,700
The WASTESmodel(7)was used to develop spent 2007 1,500 4,500 3,400 3,100 2,700

fuel logisticsand costs includingat-reactorstorage 3,000 35,600 9,000 8,000 6,800
requirementsand costs,shutdownreactorstoragere.. 4,500 45,600 29,500 13,500 12,300
quirementsand costs,and transportationsystemre- 6,000 51,300 39,700 28,200 18,000
quirementsand costs. The WASTEScodemodels the op-
erationswith respectto spentfuel handling,storage,
and shipmentat eachof the 100-plusreactors in the StoraqeCost Tradeoffs
UnitedStatesas well as the MRS. Deliveryrightsfor The cost effectof an MRS inventoryinvolvesa
spent fuelwere assumedto be allocatedon an oldest- tradeoffbetweenMRS storagecosts relativeto at-
fuel-first(OFF)basis,but the actualspent fuel de- reactorstoragecosts. Normalreactorpool storage
liveredwas not necessarilythe oldestfuel. lt was costs are not considereda part of these systemcosts.
assumed that a constant heat-energy-levelized spent In this analysis, it is only when pool capacity is ex-
fuel mixture could be delivered to the repository each ceeded and dry storage is required or when a reactor
year, either directly from the reactors or from the shuts down and storage requirements delay decommis-
MRS. sioning that MRSstorage provides a cost alternative.

The ramp-up of acceptance of the MRSand reposi- The dominant cost of at-reactor dry storage is
tory to their respective design acceptance rates was the cost of the storage casks. However, the dominant
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cost of _hutdown reactor storage is the annual cost of Table 3 Example MRS and repository costs,
the site'support facilities and operations that are $ millionsI
necessary for maintaining the cooling requirementsand
security of any remaining spent fuel requiring storage Design Receipt Rate,
either in pools or dry casks. Thus, where the unit MTU/vr
cost of dry-cask storage is mainly a matter of cask 1500 300____0_ _000
cost and capacity, the unit cost of shutdown reactor
storage depends on the total quantity of spent fuel MRS Construction 315 353 394 433
remaining in storage at the site and the number of Repository Construction 1096 1143 1206 1262
years of storage required. Example comparisonsof the
unit costs of these storage alternativeswith MRS MRS Operationsz 1363 880 721 637
storage costs are provided in Table 2. These compari-
sons illustratehow a large MRS inventorycan offset RepositoryOperations 6385 5490 5069 4940
high MRS constructionand operatingcosts and provide
an economicalalternativeto either at-reactordry IExamplecosts are based on a 1998 MRS and a 2010
casks or shutdown reactor storage costs, repository.

2Totaldoes not include storage cask costs which vary
with peak storage requirements.

Table 2 Example cost comparisonsof spent fuel
storage alternatives

decline as the receipt rate increases. This is pri-
At-Reactor marily because the MRS site support costs are the

Dry MRS Cask Shutdown major cost component, and these decline in proportion
Storaqel. Storaqe2 Reactors3 to the operating period as the receipt rate is in-

creased. Not included in this calculationare the
Site Construction storage cask costs which vary with peak inventory

($K/site) 1,100 353,000 requirements.
The repositoryoperating costs at a 1,500 MTU/yr

Cask Costs receipt rate are about evenly divided between surface
($K/cask) 880 235 operations,underground operations,and site support

operations. Surface facility operations costs decline
Operations/ as the receipt rate increasesbecause facility support
Handling costs decline. Site support operations also decline

($K/cask stored) 15 335 as the operating period is reduced with higher re-
($K/site/yr) 3,670 ceipt rates. There are counteractingeffects, how-

ever, with respect to the undergroundoperations.
Typical Overall Mining costs tend to be increasedas the receipt rate
Cost increasesbecause younger and hotter wastes are re-

($/MTU stored) 93,000 51,000 ceived and these require more mined area for heat dis-
persal. However, mining costs tend to fluctuate as

($/MTU stored/ the receipt rate increasesbecause of varying utili-
10 years of zation efficiency of operatingcrews; i.e._ it depends
storage) 122,000 on where the break points occur when the number of op-

erating shifts need to be increased.
($/MTU stored/
20 years of REPOSITORY-ONLYSYSTEM RESULTS
storage) 245,000

For a Repository-OnlySystem starting up in the L
_Basedon an example 300 MTU peak storage at a site. year 2010, the total system costs decline continuously
_Basedon a 36,000 MTU peak inventoryat the MRS. up to a receipt rate of 6,000 MTU/yr. There is no
3Assumes300 MTU stored at a site. identifiableminimum-cost receipt rate, although the

rate of cost decline is quite steep up to 4,500 MTU/yr
and relatively modest between 4,500 MTU/yr, where the

TransportationCosts total system cost is $10.6 billion, and 6,000 MTU/yr,
The cost of transporting spent fuel is not a ma- where the total system cost is $10.0 billion. Cost

jor system cost. Likewise,the tradeoff between the reduction prospects for receipt rates above 6,000
cost of transportingspent fuel directly to the re- MTU/yr appear to be small.
pository compared with transportingto the MRS plus These results are plotted in Figure I, which also
MRS to repository is not particularlys!gnificant, shows how the component costs change with receipt
Transport to and from the MRS adds only about 15% to rates. The cost of maintaining storage at shutdown
the total transportationcosts, e.g., $1.02 versus reactors is the major influenceon the overall total
$0.88 billion, system cost trend. The repository costs are reduced

from $7.6 billion at a 1,500 MTU rate to $6.4 billion
MRS and RepositoryCapital Costs at 4,500 and to $6.3 billion at 6,000 MTU/yr. The

The initialMRS and repository facility con- principal reason for this reduction is reduced site
structioncosts increase as the receipt rate capa- support costs resulting from a shorter operating per-
bility is increased. Example initial facility costs iod at the higher rates. At-reactor dry storage costs
as calculatedby SECAM are summarizedin Table 3. are reduced only slightly at the higher rates, $1.3

billion at a receipt rate of 6,000 MTU/yr compared to
MRS and RepositoryOperating Costs $1.4 billion at 1,500 MTU/yr. This cost is reduced

Example operating costs are also presented in only minimally because dry storage requirements at
Table 3 and are shown to be significantlylarger than most reactors are maximized if acceptance is delayed
the constructioncosts. The MRS operatingcosts beyond 2010, leaving very little room for higher
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Fig. I System costs for a 2010 repository-only Fig. 2 Effect of discounting on total system
system (costsare in undiscounted costs for 2010 repository-onlysystem
1990 dollars)

The 2015 repository-onlytotal system costs are

acceptance rates to reduce these requirements. Trans- $1.0 to $1.4 billion higher than the 2010 case due to
portation costs increase from $860 million at 1,500 increasedreactor shutdown storage costs. However,
MTU/yr to $960 million at 6,000 MTU/yr, due to the discounted costs are about the same or slightly lower
cost of buying and maintaininglarger transportcask (up to $200 million) since the cost savings from de-
fleets as the receipt rate is increased, laying the repository 5 years offset the added shut-

For a repositorystartup in 2015 compared to down reactor costs when costs are discounted.
2010, the principal change is a $1.0 to $1.3 billion
increase in the cost of maintaining storage at shut- SYSTEM COSTS WITH AN UNCONSTRAINED-STORAGEMRS
down reactors. The reduction in total systemcosts
between 4,500 MTU and 6,000 MTU/yr is increasedto Analysis of the cost trends in the MRS System is
approximately$0.8 billion, thus increasingthe in- a more complex task than the repository-onlysystem.
centive For the higher rate and giving a stronger in- System costs were first determined over the four MRS
dication of possible cost incentives for even higher receipt rates for each repository receipt rate sepa-
rates. At-reactordry storage costs are increased rately. The minimum system cost at each of the four
slightly,but transportationand repositorycosts are separate repository receipt rates was then plotted
essentiallythe same as for the 2010 startup case. against repository receipt rate to select the overall

Because the expenditures for this system are in- minimum systemcost and associated MRS and repository
curred over about an 80-year period, it is of in- receipt rates.
terest to consider the present worth of these costs. Not all combinations of MRS and repositoryre-
A calculationof real yield (net after inflation)on ceipt rates can be sustained for delivery of the en-
government securitiesover the period from 1962 to tire 63,000 MTU of spent fuel because of either reac-
1986(9)has shown annual real interest rates ranging tor or MRS inventory limitations. With a 1998 MRS
from less than -3% to greater than 8% depending on the startup, a r_ceipt rate higher than 3,500 MTU/yr can-
time period and the length of investments. When _1otbe sustainedbecause it is limited by the availa-
averaged over the entire 25-year time period, however, bility of eligible 5-year-old spent fuel stored at the
the average annual yield ranges between I% and 2%. reactors. This limits inventory accumulationat the
For this reason, the conclusionsof _his study are, MRS to about the same quantity as with a 3,500 MTU/yr
for the most part, based on undiscountedcosts. Dis- rate. This in turn prevents achieving further ben-
count rates of 3% and 5% were used here to illustrate efit from a higher MRS receipt rate, i.e., further re-
I) the effect of calculating present-worthsystem ductions in reactor storage requirementscannot be
costs discountedto 1990 and 2) the effect on the cost realized. When deliveries to the MRS are stretched
trends of using yields greater than the historical out due to reactor inventorylimitations,this does
average. A single "correct" discount rate cannot be not increase the operating life or operatingcosts of
defined, but in evaluating results of this analysis the MRS because these are limited by the removal rate
the effect of discountingshould be considered, to the repository. In contrast,when the repository

The present-worthtotal system costs for the receipt rate is limited by available MRS inventory,
2010 repository-onlycase are compared in Figure 2 to this lengthensthe operating life of both the MRS and
the undiscountedtotal system costs. This shows the the repositoryand consequently increasesthe life-
cost curve to be significantlyflattened because the cycle operatingcosts of both facilities.
shutdown reactor costs occur relatively later than An example plot of the MRS system costs for a
most other costs. 1998 MRS and 2010 repository case is shown in Figure 3

for a repositorY receipt rate of 3,000 MTU/yr.
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with a 2010 repository at a 3000 Fig. 4 Total system costs for a 1988 MRS and a
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MRS and repository receipt rates

Results appear similar to the repository-onlysystem
plot except that MRS costs have been added and the
total system cost curve flattens out beyond about 20
3,500 MTU/yr. This is because both the reactor dry n -----Repository-Only
storage and the shutdown reactor inventorieshave 18=- _ system=
reached a minimum while the MRS costs are gradually \ ....---MRS-Repository
increasingdue to increasingstorage inventoryand 16- _ Systems'

scaled-up capital costs. Both dry storage and shut- _

down reactor storage costs are reduced more than for 14-
the repository-onlycase.

The total system costs over the MRS receipt rate _ 12 :L:L...........range for each of the four repository receipt rates ._
are plotted in Figure 4. At each of the four repos- i_ 1o
itory receipt rates, minimum system costs are achieved _ O% DiscountRate
at about a 3,500 MTU/yr rate to the MRS for the rea- c_ 8
sons discussed above. This same figure also shows the

total system costs for the repository-onlysystem from 6 _ 3% DlscountRate
Figure I. lt is of interest to note that the minimum _,.......
cost 1998 MRS/20IO repository system case achieves 4
almost the same total system cost ($10.1 billion) as _ ....._:-......,_
that achieved in the minimum cost 2010 repository- 5%DlscountRate
only case ($9.96 billion). This demonstrateshow the 2
more economical spent fuel storage achieved with a
large MRS inventorycan offset the added transports- 0 ' 2000a , 4000J ' 6000= ' 6000
tion and MRS costs when an MRS with unconstrained

storage Iimits is included in the waste management RepositoryReceiptRate(MTU/Yr)
systeta. ,,_o,_,

The minimum total system costs from Figure 4 are Fig. 5 Minimum total system costs at three
plotted in Figure 5 and show the lowest costs at a re- discount rates for a 1998 MRS and a
pository receipt rate of 6,000 MTU/yr. Once again,
MRS-repositcrysystems are shown to have lower total 2010 repository
system costs, for the most part, than repository-only

systems across the range of receipt rates. Discounted In the case of a 1998 MRS and a 2015 repositorytotal system costs at 3% and 5% discount rates are
also shown in Figure 5 and indicate that system costs (i.e., repository startup delayed 5 years), the systemcosts and cost trends are very similar to the 1998
are slightly lower for the repository-onlysystem MRS/2010 repository cases. Costs are a little higher
(about $0.3 billion) at the minimum-cost6,000 MTU/yr
receipt rate However, the substantialrelief to ($0.2 to $0.4 billion) because a somewhat larger in-

' vento_y accumulatesat the MRS without an offsetting
at-reactor storage requirementsprovided by an MRS reduction in at-reactorstorage costs. Minimum costs
would more than compensatefor this slightly higher as before are achieved at an MRS rate of about 3,500
cost. MTU/yr and a repositoryrate of 6,000 MTU/yr. The

discounted costs are a little lower ($0.2 to



$0.3 biilion) because of the present-worthcost The total system costs as a function of MRS re-
advantagesgained from delaying the repository by ceipt rates are plotted for the 2007 MRS/2010 repos-
5 years, itory case in Figure 7 for all four repository receipt

A comparison of the 1998 MRS/2015 repository rates. In all cases, the lowest costs are indicated
systemswith the 2015 repository-onlysystems reveals at a 6,000 MTU/yr MRS receipt rate and the 6,000
that the MRS-repositorysystems are now lower cost MTU/yr repository receipt rate shows the lowest over-
throughoutthe range of receipt rates. In fact, the all costs. This figure also shows the 2010 repos-
minimum cost systems, in which the repository receipt itory-only system cost curve for comparison. In this
rate is 6,000 MTU/yr, shows that the total system cost instance, the repository-onlysystem has lower total
for the MRS-repositorysystem is about $0.6 billion system costs than the MRS-repositorysystems through-
less than that for the correspondingrepository-only out the entire range of receipt rates. This suggests
system. Once again, _his trend is reversed when costs that if the startup of the MRS is delayed until 2007,
are discounted. As mentioned previously,however, the there is little advantage to includingan MRS in the
benefits that an MRS provides in terms of reduced system. Discounting the costs further widens this
at-reactorstorage requirementswould compensate for disadvantage.
this slightly higher cost. Total system costs for the 2012 MRS/2015 reposi-

tory (i.e., repository and MRS both delayed 5 years)
Delayed MRS Startup are between $1.2 and $1.7 billion higher than for the

When the MRS startup is delayed until 3 years 2007 MRS/2010 repository primarily because shutdown
before the repository startup, a major portion of the reactor costs are not reduced as much.
storage cost benefits are forfeited. This delay would
allow for the constructionlicensingof the repository Total MRS System Cost Comparisons
prior to MRS startup as required by the Waste Policy As a final summary comparisonof the uncon-
Amendments Act of 1987. Two cases were evaluated, a strained-storageMRS system costs, the total system
2007 MRS/2010 repository combinationand a 2012 MRS/ . costs for each of the four MRS/repository startup
2015 repository combination, combinations for a 6,000 MTU/yr repository receipt

In these cases, the lowestcosts result when rate are plotted as a function of MRS receipt rate in
both the MRS and the repositoryoperate at 6,000 Figure 8. Also included in the lower portion of the
MTU/yr. There is less reduction in at-reactor dry figure is a plot of peak MRS inventory for each case
storage costs compared to a 2010 repository-onlysys- which indicates how the MRS inventory influences the
tem for a 2007 MRS/2010 repositoryand essentiallyno total system cost curve.
reduction in at-reactordry storagecosts compared to
a 2015 repository-onlysystem for a 2012 MRS/2015 re- SYSTEM COSTS WITH A CONST_INED-STORAGE MRS
pository. Fhutdown reactor costs are reduced sub-
stantiallycompared to the repository-onlycases but Analysis of the cost trends for the constrained-
do not reach the same minimum costs as do the 1998 MRS storage MRS configurationused the same approach as
cases. An example plot of the 2007 MRS/2010 reposi- was used for the unconstrained-storageMRS configura-
tory system cost components and total system costs is tion. Constrained, in this instance, refers to a
shown in Figure 6 as a function of MRS receipt rates storage-capacityconstrainedMRS as per the NWPAA.
for a 6,000 MTU/yr repositoryreceipt rate.
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Fig. 6 MRSsystem costs for a 2007 MRSwith
a 2010 repository at a 6,000 MTU/yr Fig. 7 Total system costs for a 2007 MRS
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receipt rates



' '22 Table 4 Comparisonof at-reactorstoragerequirements
. and systemcosts for 1998MRS and 2010

20 M12n_Is repositorysystems

18 MOT/R1,5 Peak

16- Peak ShutdownAt-Reactor Reactor Total
_ 14 Dry Storage Storage System

Scenario Inventory Inventory Cost
12- __Assumotion. (MTU) (_U)_
10

8 MgS/RIO Mg_R15 Comparisonsat Minimum-CostReceiptRates

i , _ , _, j . Withoutan MRS 13,300 13,000 i0.0

_= 60 M98_15 With an MRS; 7,000 8,500 10.4
_ With Storage= _ Mg_R10

i 4o Constraints

M07_10 & M12/R15

withanMRS 2,SO0 2,800 10.1
® , , Without

_ 2OOO _ 6000 8000 Storage
Constraints

MRSRece@tRate(MTUHr)

='_"' Comparisonsat 3000 MTU/yrReceiptRates

Fig.8 Total systemcosts and peak MRS Withoutan MRS 14,000 18,500 12.4
inventoriesfor fourMRS system
cases With an MRS; 7,200 13,200 12.3

With Storage
Constraints

Systemcostswere first determinedover the four MRS
receiptrates for each repositoryreceiptrate sep- With an MRS; 2,800 5,700 10.9
arately. The minimumsystemcost of each of the four Without
separaterepositoryreceiptrates was then plotted Storage
againstrepositoryreceiptrate to selectthe overall Constraints
minimumsystemcost and associatedMRS and repository
receiptrates. As with the unconstrainedMRS config-
uration,this procedurewas conductedfora 1998 MRS, both at-reactorstoragerequirementsand total system
2010 repositorysystemand then repeatedfor systems costs are significantlylower for all three system
in which the MRS was delayedto 2007 and 2012 and for configurationswhen operatedat the higherminimum-
systemsin which the repositorywas delayedto 2015. cost receiptrates comparedto operatingat the

The resultsof this analysisindicatethatwith currentdesignbasis 3000 MTU/yr.
constrainedstoragethe minimumcost system,for all
combinationsof receiptrates, is one in which both
the MRS and repositoryoperateat 6,000 MTU/yr. The CONCLUSIONS
total systemcost for the corresponding1998MRS/2010
repositorysystemis about $0.4 billionhigherthan Receiptrates higherthan the current3,000
the minimumcost 2010 repository-onlysystem. MTU/yrplanningbase appearto be economically

Resultsfrom the constrainedMRS caseswith justifiedfor both the repositoryand an MRS.
repositorydelay are similarto those for the uncon- For a _epository,onlysystem,assumingthe system
strainedMRS cases and are not presentedhere. to includejust the at-reactordry storagerequire-

' ments,the transportationfacilities,and the
OVERALLSUMMARYCOMPARISONS repository,a modestcost advantageof approximately_

$0.4 billionis indicatedfor increasingreceiptrates
An overallsummarycomparisonof resultsfor a from 3,000to 6,000 MTU/yr. However,when the costs

repository-onlysystemwith both a storage-constrained of maintainingspentfuel storageat shutdownreactors
and unconstrainedMRS system is shown in Table 4 for a are also includedas a part of the systemcosts,the
2010repositoryand 1998MRS startupconditions. Re- cost reductionis increasedto $2.4 billionfor a 2010
sultsare comparedin terms of peak at-reactorstorage startupand to S2.8 billion for a 2015 startup. Since
requirementsand overallsystemcosts. The upper half costs are stilldecliningat a 6,000 MTU/yrreceipt
of the tableshows resultsat minimumcost receipt rate, a minimum-costreceipt ratewas not identified.
rates,and the lower half shows resultsobtainedwhen However,the shape of the cost curve indicatesrela-
receiptrates at both the MRS and repositoryare Fixed tivelymodestcost reductionsfor receiptrates above
at thiscurrentdesign basis 3000MTU/yr. 6,000MTU/yr.

This table shows that the constrained-storage When a storage-onlyMRS is includedin the sys-
MRS providesa substantialreductionin both peak at- tem, minimumsystemcosts are also achievedat a re-
reactorday storagerequirementsand peakshutdown positoryreceiptrate of 6,000 MTU/yr. However,the
reactorstoragerequirementsat a net systemcost in- MRS receiptrate for minimum systemcostsdependson
creaseof approximately$0.4 billion. This savingsin both the MRS startupdate and whetheror not the
at-reactorstoragerequirementsis even largerwith an storagecapacityof the MRS is constrained.
unconstrainedMRS at a net systemcost increaseof When an unconstrainedMRS is startedup in 1998,
only about$0.1 billion. The table also shows that this providesan opportunityfor acceptanceof
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substantialquantitiesof spent fuel prior to repos- increasedreceipt rates. Furthermore,the initial
itory startup and for greater reductions in both at- constructioncost to provide higher receipt rate capa-
reactor dry storage and shutdown-reactorstorage re- bility is relatively small (see Table 3). The major
quirements. The minimum-costreceipt rate for either MRS facility costs result from storage cask purchases
a 2010 or a 2015 repository is about 3,500 MTU/yr. and these are purchased as needed. Thus, there is not
Higher receipt rates cannot be sustained because of a large initial investment cost consideration.
limited availabilityof 5-yr-old spent fuel at the The economic benefits indicatedhere for an MRS
reactors. Although the cost of providing higher re- and for increasedreceipt rates are dependenton pro-
ceipt rate capabilityat the MRS is not large, there Jected storagecosts at shutdown reactors. If reac-
appears to be no advantage in providing for it for a tors are granted life extensions by the NRC,_these
1998 startup, costs would not develop until much later. However, if

With a 1998 unconstrainedMRS receiving spent these higher rates are utilized, results of this an-
fuel at 3,500 MTU/yr and a 2010 repository receiving alysis indicate relatively small or no cost penalties
spent fuel at 6,000 MTU/yr, the peak MRS inventoryis if shutdown reactor storage costs do not materialize
about 40,000 MTU. This provides economical replace- and large savings if they do materialize. Thus, in-
ment storage for both at-reactor dry storage require- creased facility capacities can probably be justified
ments and shutdown-reactorstorage requirements. For on the basis of added flexibility.
this reason, the addedcost of providing the MRS is
offset by at-reactorstorage cost reductions and the REFERENCES
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