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INTRODUCTICN 

In October of 1977, the Department of Energy ( D O E )  announced a spent 

fuel policy whereby the Federal Government would accept and take t i t l e  to 
commercial reactor spent fuel fo r  a one-time fee t o  u t i l i t y  companies owning 
nuclear power reactors.  This policy action was taken to  resolve the uncer- 

ta in ty  regarding ultimate spent fuel disposit ion i n  l i g h t  of President 

Car te r ' s  e a r l i e r  decision t o  indefini te ly defer commercial reprocessing of 

spent nuclear fue l .  A one-time fee  concept was selected so tha t  the costs of 

spent fuel disposit ion could be confidently accounted for  in the determina- 
tion of e l e c t r i c i t y  cost.  This concept requires tha t  the Federal Government 
fu l ly  recover a l l  costs incurred from managing the spent fuel and tha t  a l l  

fur ther  l i a b i l i t y  of the u t i l i t i e s  will cease with delivery of the fuel and 
payment of the fee.  

Upon announcement of the spent fuel pol icy,  e f fo r t s  were in i t i a t ed  t o  

make a tiniely determination of a fee for  purpose of discussion in the public 

sector.  The Office of Waste Isolation awarded a contract to TRW Energy 

Systems to  develop a methodology and comprehensive data base, and DOE com- 
mi ssioned Battell e Pacific Northwest Laboratories ( P N L )  t o  examine the 

sens i t iv i ty  of the one-time fee to  variations in the financial and logis t ical  
components of the calculation. In order to  do t h i s ,  PNL developed a method- 

ology and data base fo r  calculating the fee independently znd in parallel  
w i t h  the work reported by TRM. ( ' I  I t  i s  noteworthy tha t  despite the inde- 

pendence of these two e f fo r t s ,  the methodologies developed are  markedly 
s imilar ,  and the known differences in cost data do not cause s ignif icant  
differences in the calculated fee.  

The engineering cost estimates fo r  fuel handling and management f a c i l i -  
t i e s  and long term u t i l i t y  plans fo r  t ransferr ing fuel to the Federal Govern- 
ment are  preliminary a t  t h i s  time. The cost data used in th i s  report are  

estimates tha t  were arrived a t  through consultations with organizations 

responsible f o r  developing engineering cost estimates for  related DOE spent 

fuel and waste handling programs. Therefore, these estimates a re  represent- 

a t ive of the best information available a t  the time t h i s  work was performed. 



The one-time fee will not be established until  sometime in the future 

when DOE i s  ready to enter into firm contractual commitments with u t i l i t i e s ,  

and the actual fee paid by u t i l i t i e s  will be tha t  i n  e f f ec t  a t  the time of 

fuel t ransfer .  A t  t ha t  time, many of the current uncertainties will be 

resolved. This report  and other near term a c t i v i t i e s  to develop methodolog- 

ies  and technical bases for  establjshing th r  fee should be viewed as serving 

the process of public discussion regarding how the Federal Government should 

proceed t o  policy implementation. In par t icu lar ,  the resu l t s  presented here 

are  intended t o  display the s e n s i t i v i t i e s  of the fee calculation to  paramet- 

r i c  variation of key components so that  in the process of establishing a fee  

the sens i t iv i ty  of important assumptions will be known to those engaged i n  

the discussion and decision making process. The resu l t s  quoted herein are 

i n  no way intended t o  represent a recommended fee t o  be adopted by the 

Federal Government. 



2.0 SUMMARY 

-Three types of fees fo r  federal spent fuel management service were 

calculated for  a reference case and a number of var iat ions.  These fee types 

are  a uniform fee applicable to  a l l  customers, a fee fo r  disposal of spent 
fue l ,  and a fee fo r  interim storage plus disposal of spent fue l .  The resu l t s  

ranged from $124/kg to  $256/kg fo r  the uniform fee,  $112/kg to  $213/kg for  

the disposal fee,  and $144/kg to  $319/kg for  the storage plus disposal fee.  

The reference case assumed tha t  spent fuel would f i r s t  be received by 

the government in 1983 a t  a 5,000 MT away-from-reactor ( A F R )  basin. The 

f i r s t  repository (45,000 MT) was assumed ready fo r  fuel in 1988, and the 

second (100,000 MT) in 1997. Fuel would be transferred from the AFR basins 

to  the repositories before the year 2000. Discounted costs for  disposing 

of a1 1 fuel received by 2000 were level ized over the appropriate throughputs 

from 1983 to 2000 to determine the fees.  A11 costs were expressed in 1978 

dol lars  and a 6.5% discount r a t e  was used. The reference case resu l t s  in 

fees of $129/kg for  the uniform fee  $1 17/kg for  disposal and $232/kg fo r  

storage p! us disposal. 

The sens i t iv i ty  cases were grouped in f ive  general categories of varia- 

t ions from the reference case assumptions: 

1 .  Demand fo r  storage/disposal services 

2.  Faci 1 i ty schedules and character is t ics  

3. Methodology fo r  calculating the fee 

4. Discount r a t e  and AFR financing 

6. Delays or  f a i l u r e  of the f i r s t  repository. 

The scope and magnitude of the variations considered were intended to 

reasonably bound the bases for  estimating the spent fuel rnanagernent fee. 

No known key parameters were purposely ignored in t h i s  analyses. The resu l t s  

a re  discussed br ief ly  below. More detailed discussions of the technical 

basis,  methodology and resu l t s  of t h i s  analysis are  discussed in the 

following sections. 



2.1 DEMAND VARIATION RESULTS 

The reference case resu l t s  were compared with those f o r  several cases 

i n  which the demand for  spent fuel storage was varied. The f i r s t  two cases 
shown in Figure 1 show the impact of variation i n  AFR basin requirements. 

Cases 3 and 4 show the impact of a l te r ing  the amount of fuel requiring 

disposal. The uniform fee,  disposal fee,  and storage plus disposal fee are  
shown fo r  the reference case and each variation case. Varying the demand 

fo r  disposal causes a greater  change than varying AFR basin requirements. 

U N l  FORM FEE 

D ISPOSAL  R E  

0 STORAGE PLUS DISPOSAL R E  

REFERENCE UTIL ITY RRCEIVED INCLUSION OF bIINIb1'JM D ISPOSAL  5 YEAR 
CASE REQU l REMENTS FOREIGN W E L  REQUIREMENTS COOLED FUEL 

CASE 1 CASE 1 C4SE 3 CASE 4 

FIGURE 1 . Demand Variation Resul t s  



2.2 FACILITY VARIATION RESULTS 

Faci l i ty  s tar tup and operating variation resu l t s  a re  shown i n  Figure 2 .  

Cases 5 and 6 demonstrate the e f fec t  of varying the repository s tar tup date,  

and Case 7 shows the e f fec t  of a l tered repository s ize .  The greatest  varia- 

t ion from the reference case occurred when the f i r s t  repository was delayed 
until  1993, b u t  in general the fee calculation was insensit ive to  these 

variations.  Delaying repository s tar tup increased the uniform and disposal 

fees while decreasing the storage plus disposal fee. This decrease i s  due 

to increased AFR basin u t i l iza t ion .  The ef fec t  of increasing the s ize  of 
the f i r s t  repository was s l ight .  

UNIFORM R E  

0 D Dl POSAL FEE 

ESl  STORAGE PLUS D l  SPCSAL R E  

REFERENCE 1990 1993 100 KMTU 
CASE REPOS ITORY REPOSITORY REPOSITORY 

CASE 5 'CASE 6 CASE 7 

FIGURE 2 .  Faci l i ty  Variation Results 



2.3 COST RECOVERY VARIATION RESULTS 

A comparison was made between the  reference case fees  and the  fees  

calcula ted by a l t e r i n g  the  cos t  l eve l iza t ion  methodology. In Case 8  the  

l eve l iza t ion  period was shortened t o  1983 to  1992 (10 yea r s ) .  This caused 

increases in t he  fees  due t o  a l loca t ion  of ea r ly  cos t s  t o  fewer customers. 

Case 9 shows the  impact of considering only the  costs  and throughputs fo r  

the  f i r s t  reposi tory  in the f ee  calcula t ion.  This caused only minor var ia t ion  

in  the  fees .  

- 

ES3 UNIFORMFEE 

0 DISPOSAL FEE 

D STORAGE PLUS DISPOSAL R E  318 

REFERENCE 10 YEAR I N I T I A L  
CASE LEVEL I  Z4T ION FAC I i l r l E S  

PERIOD 

CASE 3 CASE 9 

FIGURE 3. Kethodology Variation Results 



2.4  FINANCIAL VARIATION RESULTS 

The resu l t s  in Figure 4 show how the calculated fee changes when se l -  

ected financial  assumptions a re  varied. Tho discount ra te  used in the fee 
calculation was a r b i t r a r i l y  varied in Case 10 from 0% to 10% to  show the 

sens i t iv i ty  of the fees to  th i s  parameter. Case 11  shows the impact of 
private rather than federal financinq of AFR basins. The uniform fee and 

storage plus disposal fees increase to  provide an a f t e r  tax return on 
private capital  . 

I EESI UNIFORM FEE 

0 DISPOSAL FEE 

U STORAGE PLUS D l  SPOSAL FEE 

REFERENCE l o l o  Wo PR I VATE AFR 
CASE D l  SCOUNT DISCOUNT FINANCE 

V 

CASE 10 CASE 11 

FIGURE 4. Financial Variation Results 



2.5  SYSTEM PERFORMANCE VARIATION RESULTS 

The f ina l  group of variations from the reference case i l l u s t r a t e s  the 
impact of schedule delays (with cost overrun) of the f i r s t  repository (Cases 

12-13), and operational f a i lu re  a t  the f i r s t  repository (Cases 14 and 15) .  

Only the uniform fee  i s  shown (Figure 5)  for  these cases, since the uniform 

fee i s  a measure of the difference i n  system costs ~ n d z r  these abnormal 
condi t ions.  

fS3 U N I F O R M  FEE 

REFERENCE REPOSITORY REPOSITORY PREOPERATIONAL OFERATIONAL 
CASE DELAY-1990 DELAY-1993 FP. ILURE FAILURE 

CASE 1 2  CASE 1 3  CASE 1 4  CASE 1 5  

FIGURE 5. System Performance Variation Results 



SPENT FUEL MANAGEMENT SYSTEM DESCRIPTION 

A number of assumptions were made to define the spent fuel management 

system. I t  was assumed tha t  beginning in 1983 the Federal Government would 

begin to accept and take t i t l e  to  spent fuel voluntarily delivered by 

u t i l i t i e s .  This fuel would be stored in a large water basin f a c i l i t y  con- 

structed away from reactors (AFRs) unti 1 the f i r s t  geologic reposi tory 

becomes available (1986 in the reference case) .  After tha t  time, spent fuel 

would be packaged in canis ters  and stored in a geologic repository, subject 

t o  throughput l imitations a t  the repository. Fuel i n i t i a l l y  stored in the 

AFR basin would be shipped to  the packaging/reposi tory location for  disposal 

as soon as possible. 

The sens i t iv i ty  of the one-time charge to  many of the assumptions which 

were made about the character is t ics  and performance of the spent fuel manage- 

ment system are  investigated l a t e r  in th i s  report. General descriptions 

of each of the maj.or components of the system are  given below. 

3.1 AWAY FROM REACTOR ( A F R )  STORAGE FACILITIES 

The AFR f a c i l i t y  concept was based on current design work being per- 

formed a t  the Savannah River Laboratory. This f a c i l i t y  has the capabili ty 

to  receive spent fue l ,  t ransfer  the fuel to a water pool, decontaminate the 

shipping cask, and perform a1 1 a c t i v i t i e s  associated with eventual unloading 

of the f a c i l i t y .  The f i r s t  f a c i l i t y  was assumed to  have an adequately sized 

i n i t i a l  capacity which was expandable in increments of 1000 MT to a maximum 

of 15,000 MT. The receipt r a t e  was assumed to be 2000 MT/yr, which may be 

expanded to  3000 MT/yr. Additional AFR capacity would be added to the 

system as required. In the parametric analysis,  both privately financed 

and government financed AFR basins were considered. 



3.2 TRANSPORTATION 

I n i t i a l  del ivery of spent fuel  t o  spent fuel  handling f a c i l i t i e s  was 

assumed t o  be the  respons ib i l i ty  of the  u t i l i t i e s .  Costs f o r  t r ans f e r  of 

fuel  from the  A F R  basin t o  the repository s i t e  were based on dedicated 

t r a i n s  using IF-300 casks f o r  an average one way t r i p  of 1600 miles. (1 1 
Transportation services  including casks wer2 assumed t o  be provided by the  

p r iva te  sec tor .  

3.3 FUEL PACKAGING FACILITIES 

The fuel  packaging f a c i l i t y  design was based on work performed by 

Rockwell Hanford Operations. ( 3 )  These f a c i l i t i e s  were collocated with the  

geologic reposi tory .  They have the  capab i l i ty  t o  place the  fuel  i n  

c an i s t e r s ,  weld the  can i s t e r s  closed, t e s t  the i n t eg r i t y  of the  can i s t e r ,  

and t r ans f e r  the  fuel  t o  the  s h a f t  of the repository.  

3.4 GEOLOGIC REPOSITORIES 

The geologic reposi tory  was assumed t o  be a 2000 acre  bedded s a l t  

f a c i l i t y  based on design s tudies  performed by the  Office of Waste I so la t ion .  

The f a c i l i t y  includes fea tures  required to  mine and s t o r e  the  s a l t ,  receive  

packaged spent fuel  can i s te r s ,  t r anspor t  can i s te r s  down the  sha f t  and place 

them i n  s a l t  formations, and backf i l l  w i t h  s a l t .  For the  i n i t i a l  f i v e  years  

the  reposi tory  was operated i n  a r e t r i evab l e  mode a t  roughly 30% of design 

throughput capab i l i ty .  The f i r s t  repository was loaded t o  45,000 MT, which 

i s  s l i g h t l y  l e s s  than one half  of design capacity. The second reposi tory ,  

a1 so a 2000 acre  bedded s a l t  design, was assumed t o  be capable of operating 

a t  current  design spec i f ica t ion .  In the  parametric analysis  the  s e n s i t i v i t y  

of the  spent fuel  management costs  t o  conservative design fea tures  of the  

i n i t i a l  reposi tory  was investigated.  



4.0 METHODOLOGY F O R  FULL COST RECOVERY 

The fundamental premise in formulating a fee for  spent fuel management 

i s  f u l l  cost recovery. When fuel i s  received by the government a "one-time" 

fee  must be col lected to  fu l ly  recover a1 1 capital , operating, debt service,  

government overhead, and research and development costs.  

A methodology to calculate  t h i s  fee,  or levelized charge, must align 

with established business procedures. The methodology used to  calculate  

a levelized charge f o r  spent fuel storage/disposal i s  similar to  that  used 

to  calculate  the separative-work-uni t (SWU) charge. Full cost recovery 

i s  the principle feature of both calculations.  

Full cost recovery can be expressed i n  equation form as:  

Discounted Cost = Discounted Revenue 

= Levelized Charge x Discounted Throughput 

Therefore, the desired levelized charge i s :  

Discounted Cost 
jzed  Charge = Discounted Throughput 

Determining a fee o r  fees for  government spent fuel management services 

depends on the philosophy adopted fo r  fu l ly  recovering government costs .  

To calculate  a uniform fee to  be paid by a l l  customers, the appropriate 

throughputs and costs a re  the to ta l  fuel delivered to  the government within 

some specified period and the to ta l  costs associated with storage and 
eventual disposal of tha t  fue l .  If an appropriate fee i s  t o  be determined 

for  some component of the spent fuel management system, the costs and 
throughputs of tha t  par t icular  conlponent should be used in the equation. 

In any application of the levelization equation, several conventions 

must be established. There i s  some la t i tude  in each application of the 

levelization process, as long as care i s  taken to conserve the to ta l  system 

balance between discounted costs and discounted revenues. The factors which 

must be considered are:  



1 .  Discount r a t e  - The levelization process requires discounting of cash 

flows fo r  both costs and revenues. The discount r a t e  should r e f l e c t  
the cost of capital  t o  the operator providing the services.  

2. Planning Period - The period of time for  which costs a re  levelized 

over throughput must be selected. There are  no "rules" f o r  

determining the appropriate period. In general, the period should 

be long enough to lessen the e f fec ts  of any unusual perturbations 

in estimated cost or throughput, b u t  short enough so tha t  the 
estimates a re  re1 iable.  

3. Costs - The "discounted costs" term of the levelization equation may be 
expanded to: 

Discounted Costs = Present Value of [ In i t i a l  System Value + 
Cash Expenditures - Ending System Value] 

The i n i t i a l  system value refers  to any unrecovered costs incurred 
prior to  the 1 eve1 i zation period. The cash expenditures included 
are  a l l  of those associated k i th  managing the spent fuel received 

during the period, even i f  they are  to  be incurred a f t e r  the end 

of the period. The ending system value adjusts the costs allocated 

to  the customers of the period by t a k i n ~  credi t  for  the remaining 

value of capital  f a c i l i t i e s  a t  the end o f  the period. 

4. Cost Data - Projections must be made of the costs of future f a c i l i t i e s  

and a c t i v i t i e s .  The attached Appendix gives the cost data used f o r  
spent fuel management a c t i v i t i e s  in t h i s  report. No attempt has been 

made t o  account f o r  inf lat ion and a l l  costs (and revenues) a re  expressed 

in 1978 dol lars .  

5. Discounted Throughput - This term varies w i t h  the period considered 

and the choice of uniform, disposal,  or storage plus disposal fee 

calculation. 



5.0 REFERENCE CASE 

5.1 SPENT FUEL STORAGE/DISPOSAL REQUIREMENTS 

Ea r l i e r  this year the  Nuclear Regulatory Commission issued the  Draft 

Generic E n v i  ronmental Impact Statement on Hand1 i ng and Storage of Spent Light 

Water Power Reactor Fuel. ( 4 )  As pa r t  of t h e i r  ana lys i s ,  NRC ca lcula ted post 

r eac to r  basin s torage reql~irements f o r  several combinations o f '  assumptions. 

For t h i s  analys is  the  calcula ted s torage requiretnents which r e s u l t  when a1 1 

reactors  i n s t a l l  compact spent  fuel racks and maintain the  capab i l i ty  f o r  

f u l l  core discharge were used. I t  was assumed t h a t  the federa l  government 

would receive  fuel a t  the  r a t e  ca lcula ted by NRC during the  period interim 

water basin s torage was required.  As soon as the  reposi tory  becomes ava i lab le ,  

i t  i s  assumed t h a t  fuel  wil l  be received a t  t he  design r ece ip t  capacity.  The 

rece ip t s  and shipments of fuel a t  spent fuel  s torzge and disposal f a c i l i t i e s  

i s  shown in Table 1.  

5.2 SPENT FUEL STORAGE/DISPOSAL CAPABILITY 

The f i r s t  r ece ip t  of fuel  a t  a federal  spent  fuel  s torage f a c i l i t y  was 

assumed t o  occur in  1983 a t  a 5,OOC MT capacity away-frm-reactor ( A F R )  

basin capable of receiving 2,000 MT per year .  All fuel  accepted by the  

government p r i o r  t o  the  a v a i l a b i l i t y  of the  f i r s t  repository would be 

received a t  t h i s  basin. 

T h e  f i r s t  reposi tory  was assumed ready f o r  fuel  r e ce ip t  i n  1986. Fuel 

r e ce ip t  was constrained t o  1,800 MT/yr f o r  the  f i r s t  f i v e  years of operation 

of this reposi tory  t o  provide a period of "proof" of the  geologic proper t ies  

of the  s i t e .  After  t h i s  f i v e  year period fuel  could be received a t  a maxi- 

mum r e ce ip t  r a t e  of 6,000 MT/yr. I t  was conservatively assumed t h a t  t h i s  

reposi tory  would operate a t  low thermal loading which would allow disposal 

of approximately 45,000 MT of fue l .  The second reposi tory  f i r s t  receives 

fuel  i n  1997. Increased thermal loading would allow f o r  disposal  of approx- 

imately 100,000 MT of fuel  a t  t h i s  reposi tory .  A l a rge r  maximum rece ip t  

r a t e  of 9,000 MT/yr was assumed f o r  the  second and subsequent r epos i t o r i e s .  

Fuel i n  the  federa l  scorage basin would be t rans fe r red  t o  the  reposi tory  as  

soon a s  possi bie.  



TABLE 1. A1 location of Spent Fuel to Federal Fac i l i t i e s  (MT) 

Backlog 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

TOTAL 

Fuel Receipt (Shipments) Receipt a t  Receipt a t  
From Reactors a t  Storage Basin Repository 1 Repository 2 

5.3 SPENT FUEL MANAGEMENT COSTS 

Six categories of spent fuel management costs were considered. These 

are  l i s t e d  below and discussed briefly.  Appendix A gives a more detailed 

breakdown and discussion of these costs.  

1.  AFR - I t  was assumed tha t  AFR storags basins were bu i l t  and operated by 

the government. Costs were included fo r  building, operating and 

decommissioning these f a c i l i t i e s .  



2.  Transportation - This cost component i s  only experienced by fuel trans- 
ferred from the A F R  basin to  the repository. The cost of shipping fuel 
from reactors to  the AFR basin or repository i s  borne by the u t i l i t y .  

3 .  Packaging - Packaging f a c i l i t i e s  were assumed collocated with the re- 

positories.  One PWR or two BWR assemblies a re  packaged i n  a 1/2 inch 

wall carbon s tee l  canis ter .  

4. Repository - These costs a re  based on a 2,000 acre bedded s a l t  reposi- 

tory.  The thermal loading, and thus the capacity, of the f i r s t  reposi- 

tory i s  limited to  s l igh t ly  less  than half of the reference design 

basis.  

5. Research and Development - This category provides for  recovery of 

federal funds expended in achieving spent fuel management capabi 1 i t y .  

6. Government Overhead - This cost camponent r e f l ec t s  the ongoing costs 

of managing the spent fuel storage/disposal ac t iv i ty .  

5.4 UNIFORM FEE 

These component costs were levelized over a l l  projected fuel receipts 
between i 983 and 2000, using a 6.5% discount r a t e  to  arr ive a t  a uniform 

fee  fo r  a l l  customers. The 6.5% discount r a t e  represents the government 

bond ra te .  Costs associated w i t h  a l l  f a c i l i t i e s  required i n  t h i s  period 

were included. The unrecovered capital  investment in faci 1 i t i  es bui 1 t and 

available fo r  use a f t e r  the end of the period (2000) were taken as a c red i t  
i n  the calculation. 

The calculated r e su l t  for  the reference case was $128.50/kgY as shown 
in Table 2. The fee i s  parti t ioned into capital  and operating components, 
as i s  shown in Table 2. Transportation, R&D and overhead have been treated 
as operating costs.  The fee components a re  rounded to  the nearest $0.50/kg. 

This degree of accuracy was reported to  re ta in  r e l a t ive  component proportions, 

b u t  does not imply tha t  level of confidence i n  the absolute magnitudes of 

the charge components. 



TABLE 2. Levelized Charge Components 
f o r  Reference Case ($/kg) 

Capi t a l  

AFR Basin 9.00 

Transportat ion - 
Packaging 16.50 

Reposi tory  25.00 

R&D - 
Overhead - 

TOTAL 50.50 

Operating Total - 

5.5 SERVICE FEE 

To ca l cu l a t e  t he  appropr ia te  f e e  i f  each u t i l i t y  customer pays f a r  only 

those services  i t s  fuel  r e q ~ i r e s ,  each component cos t  was level ized over a l l  

users c i  t h a t  component. This resu l t ed  in  two c lasses  of f e e ,  a disposal 

only f e e  and a s torage plus dispossl f ee .  As in the  uniform f e e  ca lcu la t ion ,  

a l l  cos ts  associa ted with managing fuel  received p r i o r  t o  2000 were included. 

These r e s u l t s  a r e  shown in Table 3. The packaging and reposi tory  com- 

ponents of these  two f ee s  a r e  s l i g h t l y  d i f f e r e n t  due t o  the s torage and 

disposal customers prepaying f o r  these  services  when they de l i ve r  t h e i r  fuel  

t o  the AFR basin. 

TABLE 3. Service Fee Components f o r  
Reference Case ($/kg) 

D i  sposal Storage Plus 
Fee Disposal Fee 

AFR Basin - 104.00 

Transportat ion - 26.00 

Pac kagi ng 33.50 27.50 

Reposi to ry  51.50 42.00 

R&D 26.50 26.50 

Overhead 5.50 5.50 

TOTAL 117.00 231 .5C 



6.0 PARAMETERIZATION STUDIES 

Several categories of variation from the reference case were analyzed to  

determine the i r  impact on the calculated spent fuel storage/disposal fees.  
. _  These categories of variation and the individual variation cases a re  dis- 

cussed in the following section. 

6.1 STORAGE/DISPOSAL DEMAND VARIATION 

The demand for  federal spent fuel storage/disposal services was varied 

by considering changes in reactor basin storage period and changes in AFR 

basin storage requirements. 

Case 1 - Ut i l i t y  Perceived Requirements 

In response to a DOE survey, nuclear u t i l i t i e s  indicated a need for  post 

reactor basin storage of 10,690 MT of spent fuel by 1988. To examine the 

impact of varying AFR basin requirements on the calculated fee,  the u t i l i t y  

perceived storage requirements were assumed instead of the NRC calculated 

requirements i n  the reference case. The mass flows fo r  t h i s  case are given 
in Appendix B. Table 4 gives the r e su l t  of the fee calculations.  The uniform 

fee  i s  nearly the same as i n  the reference case ($128.50/kg), with the cost of 

increased AFR basin storage o f f se t  by decreases in the other components due to  

higher ear ly revenues. The same i s  t rue of the disposal only fee. However, 

the storage plus disposal fee i s  reduced considerably from the reference case 

($231.50/kg). This i s  due mainly to  economies of scale  fo r  1 arger AFR basins 
(10,000 MTU versus 5,000 MTU) and improved AFR basin u t i l iza t ion  (97% versus 
63%). 



TABLE 4. Calcu la ted  Fees f o r  U t i l i t y  Ferceived 
S to rage  Requirements ($/kg)  

Uniform Fee Disposal Fee 

AFR Basin 17.90 - 
T r a n s p o r t a t i o n  6.00 - 
Packagi ng 30.00 33.50 

Reposi t o r y  45.50 51 .50 

R&D 24.50 24.50 

Overhead 5.00 5.00 

TOTAL 128.00 114.50 

S to rage  P lus  
Disposal Fee 

Case 2 - Storage/Disposal  f o r  Foreign Fuel 

This  c a s e  shows t h e  f e e  s e n s i t i v i t y  of  p rovid ing  s t o r a g e  and d i sposa l  

s e r v i c e s  f o r  300 t o  500 MT of  f o r e i g n  spen t  f u e l  per  y e a r  u n t i l  1990. The 

l o g i s t i c s  f o r  t h i s  c a s e  a r e  shown i n  Appendix B .  Table  5 shows t h a t  provid-  

ing  such s e r v i c e s  would cause l i t t l e  v a r i a t i o n  ~f t h e  uniform fee and t h e  

d i sposa l  fee, bu t  would dec rease  t h e  s t o r a g e  p lus  d i sposa l  fee due t o  more 

e f f i c i e n t  u t i l i z a t i o n  o f  AFR bas in  c a p a c i t y .  

TABLE 5. Ca lcu l a t ed  Fees f o r  Foreign P a r t i c i p a t i o n  

S to rage  P lus  
Uniform Fee Disposal Fee Disposal Fee 

AFR Basin 11.50 - 70.50 

Transpo r t a t i on  4.00 - 23.00 

Packaging 32.00 33.50 24.50 

Reposi tory 49.00 51.50 37.50 

R&D 

Overhead 

TOTAL 



Case 3 - Minimum Storage/Disposa: Requirements 

The reference case assumes t h a t  spent  fuel  wi l l  be shipped t o  the  federa l  

government a t  the  design r ece ip t  r a t e  f o r  disposal f a c i l i t i e s  once those 

f a c i l i t i e s  a r e  ava i l ab le .  This case examines the f e e  impact of continuing t o  

receive fuel  a t  the  r a t e  indicated in  the  NRC analys is  ra the r  than the  

design rece ip t  r a t e .  The a l t e r ed  scenario requires  disposal of approxi- 

mately 21,000 MT of spent  fuel  by 2000 r a the r  than the 57,000 MT in t h e '  

reference case. The l o g i s t i c s  f o r  t h i s  case a r e  given i n  Appendix B.  

Table 6 shows t h a t  t he  impact of a l t e r i n g  the  r ece ip t  assumption i s  an 

increase i n  a l l  three  f ee s  due t o  a decreased amount of fuel  over which 

t o  amortize cos ts .  

TABLE 6. Calculated Fees w i t h  Minimum Fuel Receipts 

Uniform Fee 

A F R  Basin 26.00 

Transportation 6. SO 

Packagi ng 45.50 

Repository 82.00 

R&D 64.50 

Overhead 13.50 

TOTAL 238. GO 

Disposal Fee 

Case 4 - Storaae and D i s ~ o s a l  c f  Five Year Cooled Fuel 

Storage Plus 
Disposal Fee 

The reac to r  discharge schedule assumed by t he  NRC i n  computing the  

post-reactor basin s torage requirements f o r  the  reference case was used 

t o  compute the  s torage and disposal  requirements f o r  a scenario where fuel  

i s  t r ans fe r red  t o  the federa l  government f i v e  years  a f t e r  discharge. T h i s  

assumption leads t o  s torage and disposal of a s im i l a r  amount of spent  f u e l ,  

by 2000 (58,900 MT compared w i t h  57,000 MT i n  the reference case ) ,  but 

accomplishes t h i s  t r a n s f e r  of fuel  a t  a higher i n i t i a l  r a t e .  Approximately 

14,000 MT AFR basin capacity i s  required i n  this case. The s p e c i f i c  case 



l o g i s t i c s  a r e  given in Appendix B .  Table 7 gives the  calcula ted fees  f o r  t h i s  

case. They a r e  approximately the  same a s  the reference case ,  with the  excep- 

t ion t h a t  the  s torage plus disposal f ee  i s  lower due t o  AFR basin economies 

of s ca l e  and more e f f i c i e n t  basin u t i l i z a t i o n .  

TABLE 7 .  Calculate Fees f o r  Storage and Disposal of 
Five Year Cooled Fuel 

Uniform Fee 

AFR Basin 1 6.50 

Transportat ion 6.50 

Packaging 30.50 

Repository 45.50 

R&D 22.50 

Overhead 4.50 

TOTAL 1 26.00 

Discosal Fee 
Storage Plus 
Disoosal Fee 

Surraary of Storage/Di sposal Demand Sensi t i  v i  ti es 

The cases examined ind ica te  t h a t  the  uniform f e e  and disposal f e e  a r e  

s ens i t i ve  t o  changes i n  the  t o t a l  demand f o r  se rv ices .  These calcula ted f ee s  

increased s i gn i f i c an t l y  when the  assumed demand was decreased (Case 3 ) .  The 

s torage plus disposal  f e e  showed s e n s i t i v i t y  t o  the  amount of AFR basin 

s torage required.  The AFR component of t h a t  f e e  i s  a f fec ted  by the  u t i l i z a -  

t ion  of the  basin. In Cases 1 and 3 s l i g h t l y  g r ea t e r  than 3,000 MT of a 

5,000 MT capacity basin a r e  used, r e su l t i ng  in a high AFR component of t he  

s torage plus disposal  f ee .  In Cases 2 and 4 the  AFR basins a r e  used more 

e f f ec t i ve ly ,  and a corresponding decrease i n  the  f e e  i s  observed. 

6.2 STORAGE/DISPOSAL FACILITY VARIATIONS 

The reposi tory  s t a r t u p  da te  and capacity were varied t o  determine t he  

s e n s i t i v i t y  of t he  calcula ted f e e  t o  those assumptions. 



Case 5 - Planned 1990 Repository 

Delaying t he  f i r s t  reposi tory  s t a r t u p  un t i l  1990 would require  s to r ing  

approximately 4,600 MT of spent  fuel  i n  the AFR basin,  which may be accom- 

modated by the  5,000 MT basin assurned i n  the  reference cases.  The l o g i s t i c s  

f o r  a 1990 reposi tory  a r e  shown in Appendix B. Table 8 gives the  calcula ted 
fees  f o r  t h i s  case. The uniform f e e  and disposal fees  a r e  increased from the  

reference case due t o  a decreased amount of spent  fuel  (51,000 MT compared 

w i t h  57,000 MT) over which t o  l eve l i z e  f ixed cos t s .  The AFR basin component of 

the  s to rage  plus disposal f e e  i s  reduced because of g rea te r  u t i l i z a t i o n  of 

the  basin. 

TABLE 8. Calculated Fees f o r  a Planned 1990 
Repository Star tup 

Uniform Fee D i s ~ o s a l  Fee 

AFR Basin 14.50 

Transportation 4.00 

Packagi ng 32.00 

Repository 50.00 

R&D 34.50 

Overhead 7.50 

TOTAL 142.50 

Storage Plus 
Disposal Fee 

Case 6 - Planned 1993 Repos'tory 

Further delaying the f i r s t  reposi tory  un t i l  1993 would require  AFR 

basin s torage of approximately 7500 MT of spent  fuel  and allow f o r  disposal  

of 27,003 MT of spent fuel  by 2000. The l o g i s t i c s  of t h i s  case a r e  given 

in Appendix B. Table 9 shows the  r e s u l t s  f o r  this case.  Again, f ixed cos t s  

a r e  level ized over l e s s  fuel  which increases the  calcula ted uniform f ee .  



TABLE 9. Calculated Fees f o r  a Planned 1993 S ta r tup  

Uniform Fee 

A F R  Basin 26.00 

Transportat ion 7.50 

Pac kagi ng 28.50 

Repos i tory  48.50 

R&D 54.50 

Overhead 11.50 

TOTAL 176.50 

Case 7 - 100.000 MT F i r s t  R ~ D O S ~ ~ O ~ V  

Disposal Fee 
Storage Plus 
Disposal Fee 

The l o g i s t i c s  f o r  t h i s  case a r e  the same as  the  reference case,  except 

t h a t  the  f i r s t  reposi tory  has a l a rge r  capacity.  T h i s  has the  impact of 

increasing the  c r e d i t  f o r  remaining f a c i l i t y  capacity a t  the  end of the  

1 eve1 i za tf on  period (2000) for  both the repository and packaging f ac i  1 i t i e s .  

As shown i n  Table 10, thc  fee  reduction i s  r e l a t i v e l y  small.  

TABLE 10. Caiculated Fees f o r  100,000 MT 
Fi r s t  Reposi tory  

Uniform Fee 

AFR Basin 11 . O O  

Transportat ion 2.50 

Packagi ng 30.50 

Repository 47.50 

R&D 26.50 

Overhead 5.50 

TOTAL 123.50 

Disposal Fee 
Storage Plus 
Disposal Fee 



The calcula ted f ee s  a r e  only moderately s e n s i t i v e  t o  sho r t  delays of 

the  f i r s t  reposi tory  (1988 t o  1990) and increased capacity of t he  f i r s t  

repository.  Delay of the f i r s t  reposi tory  ug t i l  1993 increases the  uniform 

and disposal f ees  s i gn i f i c an t l y  due t o  decreased fue l  over which t o  l eve l i ze  

cos ts .  This e f f e c t  is  o f f s e t  f o r  the s torage plus disposal  f e e  by the  decreased 

AFR basin component resu l t ing  from more e f f i c i e n t  basin u t i l i z a t i o n .  

6.3 COST RECOVERY METHODOLOGY VARIATIONS 

These cases demonstrate va r ia t ions  from the reference cos t  recovery 

calcula t ion.  Changes in l eve l i za t ion  period and fees  based only s w v i c e s  

a t  i n i t i a l  f a c i l i t i e s  were examined. 

Case 8 - 1983-1992 Levelizat ion Period 

In the  reference case cos t s  and rece ip t s  f o r  the  period from 1983 t o  

2000 were considered in  ca lcu la t ing  the  fees .  T h i s  case examines the  impact 

of ca lcu la t ing  the  fees  over a sho r t e r  period. Table 10 shows t h a t  t h i s  has 

the e f f e c t  of increasing these  fees .  T h i s  i s  due t o  l imited fuel r ece ip t s  

over which t o  level  i z e  cos t s .  

TABLE 11. Calculated Fees f o r  a 1983-1992 
Levil i z a t j cn  Period 

Storage Plus 
Uniform Fee Disposal Fee Disposal Fee 

AFR Basin 45.50 - 104.00 

Transportation 11.50 - 26.00 

Packagi ng 44.50 49.50 40.50 

Repos i to ry  79.50 88.50 72.50 

R&D 58.50 58.50 58.50 

Overhead 16.50 16.50 16.50 

TOTAL 256.00 213.00 318.00 



Case 9 - ~ e e  Based on Costs and Throughput of In i t i a l  Fac i l i t i e s  

This case examines the impact of considering, in the fee  calculation, 

only the projected costs and throughput for  fuel entering the f i r s t  reposi- 

tory.  As shown in Table 12,  t h i s  resu l t s  in an increased fee  since AFR 

basin costs ,  transportation, R&D,  and overhead qust be levelized over a  

decreased throughput. 

TABLE 12 .  Calculated Fee Based on 
I n i t i a l  Faci 1  i  t i  es ($/kg) 

Uniform Fee 

A F R  Basin 1 3. CO 

Transportation 3.00 

Packaging 30.50 

Repository 48.50 

R&D 32.00 

;S1~erhead 7.00 

TOTAL 134.00 

Disposal Fee 

Summarv of Cost Recoverv Methodoloav Sens i t iv i t ies  

Storage Plus 
Disposal Fee 

Calculating the fee based on i n i t i a l  f a c i l i t i e s  l imits  the throughput 

over which to  level ize  i n i t i a l  costs ,  and thus increases the calculated fee  

s l ight ly .  Decreasing the levelization period to 10 years increases the 

fees substant ial ly .  

6.4 FINANCIAL VARIATIONS 

These cases demonstrate the sens i t iv i ty  of the fee calculation to  the 

selected discount r a t e  and to  the assumption tha t  the AFR basins are  govern- 

ment f  i  nanced. 

Case 10 - Discount Rate Variation 

Tables 13 and 14 shows the fee calculated using a  0.0% discount ra te ,  

and a  10% discount rate .  The resu l t s  show an increase in calculated fee 



with increased discount r a t e .  Tbe R&D component i s  the  most s ens i t i ve ,  

s ince  these  cos t s  precede revenues t o  a g r ea t e r  extent  than those of 

the  other  components. 

TABLE 13. Calculated Fees w i t h  10% Discount Rate 

Storage Pius 
Uniform Fee Disposal Fee Disposal Fee 

AFR Basin 16.50 0 115.50 

Transportation 3.50 0 23.00 

Packagi ng 30.50 41 .OO 30.00 

Repository 59.00 62.00 45.50 

R&D 43.50 43.50 43.50 

Overhead 7.00 7.00 7.00 

TOTAL 160.00 153.50 264.50 

TABLE 14. Calcuiated Fee w i t h  0% Discount Rate 

Storage Plus 
Uniform Fee Disposal Fee Disposal Fee 

AFR Basin 5.00 0 86.50 

Transportation 2.00 0 31.50 

Packagi ng 23.00 23.00 23.00 

Repos i to ry  37.50 37.50 37.50 

R&D 10.00 10.00 10.03 

Overhead 4.00 4.00 4.00 

TOTAL 81.50 74.50 192.50 

Case 11 - Government Financed AFR Basins 

The cash flow f o r  t he  reference case was a l t e r e d  t o  r e f l e c t  the  p r iva te  

industry f inancing of the cap i t a l  cos t s  of the  AFR basin. I t  was assumed 

t h a t  the  government would pay a commercial operator  an annual f e e  f o r  the  

use of the basin. This f e e  would be s u f f i c i e n t  t o  allow the operator  an 

a f t e r  tax  p r o f i t  on h i s  investment. Table 15 shows t h a t  p r iva te  f inancing 

increases the  A F R  basin component of the  f e e s  approximately 40%. 



TABLE 15. P r i v a t e l y  Financed AFR Basin 

Storage  Plus 
Uniform Fee Disposal Fee Disposal Fee 

A F R  Basin 15.50 - 148.00 

Transpor ta t ion  2.50 - 26.00 

Pac kagi ng 33.00 33.50 27.50 

Reposi t o r y  50.00 51 -50 42.00 

R&D 26.50 26.50 26.50 

Overhead 5.50 5.50 5.50 

TOTAL 133.00 117.00 275.50 

Summary of F inancia l  Var ia t ion  S e n s i t i v i t i e s  

The s e n s i t i v i t y  of  t h e  f e e  t o  t h e  d i scoun t  r a t e  was shown t o  i l l u s t r a t e  

t h e  r e l a t i o n s h i p  between c o s t s  and revenues f o r  each charge component, and 

does not  r e p r e s e n t  an op t ion .  P r i v a t e  f inancing  of AFR basin c a p i t a l  

c o s t s  i n c r e a s e s  t h e  A F R  component 402, but  t h i s  does not  r e p r e s e n t  a 

s i g n i f i c a n t  v a r i a t i o n  of t h e  e n t i r e  fee .  



ANALYSIS OF ABNORMAL SYSTEM PERFORMANCE 

To determine t h e  s e n s i t i v i t y  of t h e  f e e  t o  unexpected v a r i a t i o n s  in  

l o g i s t i c s  and c o s t s ,  cases  were analyzed which simulated unplanned delay of 
^ 

o r  opera t ional  f a i l u r e  a t  t h e  f i r s t  r epos i to ry .  

7.1 UNPLANNED DELAY OF THE FIRST REPOSITORY (CASES 12-13) 

The planned repos i to ry  delay cases  previously analyzed (Cases 5 and 6 )  

were reevaluated assuming t h a t  cap i t a1  c o s t s  f o r  t h e  f i r s t  r epos i to ry  and 

f i r s t  packaging f a c i l i t y  were incurred  a s  i f  t h e  r epos i to ry  were s t a r t i n g  

opera t ion  in  1988, and an add i t iona l  $75 mi l l ion  were spent  each y e a r  

from 1988 t o  eventual s t a r t u p .  This i s  intended t o  s imula te  a c o s t  and 

schedule overrun a t  t h e  f i r s t  r epos i to ry  by continuing the  1988 expenditure 

r a t e  during the  delay period.  The r e s u l t s  of t h e s e  c a l c u l a t i o n s  (Cases 12 

and 13) a r e  given i n  Tables 16 and 17. The impact of t h e  assumed c o s t  

penal ty i s  observed i n  t h e  packaging and repos i to ry  components. Only t h e  

uniform f e e s  a r e  compared, s i n c e  these  a r e  a measure of t o t a l  system cos t .  

TABLE 16. Uniform Fee f o r  Unplanned Delay of 
F i r s t  Repository Until  1990 ($/kg) 

Unul anned 

AFR Basin 14.50 

Transpor ta t ion  4.00 

Packaging 33.50 

Reposi to ry  52.50 

R&D 34.50 

Overhead 7.50 

TOTAL 146.50 

Planned 

14.50 

4.00 

32.00 

50.00 

34.50 

7.50 



TABLE 17. Uniform Fee f o r  Unplanned Delay of 
F i r s t  Repository Until 1993 ($/kg) 

Unplanned Planned 

A F R  Basin 26.00 26.00 

Transportation 7.50 7.50 

Packaging 35.50 25.50 

Reposi tory  58.50 48.50 

R&D 54.50 54.50 

Overhead 11.50 11.50 

TOTAL 193.50 176.50 

7.2 FAILURE OF THE FIRST REPOSITORY 

Case 14  - Preoperat io ;~al  Fai lure  of the  I n i t i a l  Repository 

This case assumes t h a t  the  f i r s t  repository i s  constructed normally, but 

p r i o r  t c  operation i s  deemed u n ~ s a b l e  f o r  underground d i sposa l .  The ex i s t i ng  

above-yrocnd f a c i l i t i e s  a r e  assumed t o  be usable. An above-ground s torage 

yard i s  constructed t o  temporarily s t o r e  packaged fue l .  During the construc- 

t ion  period of t he  temporary s torage yard,  AFR basin f a c i l i t i e s  continue t o  

s t o r e  unpackaged fue l .  The f i r s t  operat ional  i the second reposi tory  from 

the reference case )  reposi tory  becomes avai 1 able  i n  1997. The backup reposi tory  

replacing the  f a i l e d  reposi tory  a l so  becomes ava i lab le  in  1997. Fuel i s  

assumed received by the  government as in  the  reference case. Costs f o r  a l l  

incremental spent  fuel management a c t i v i t i e s  have been included i n  the  

component cos t s  in  Table 18. Higher t r anspor ta t ion  cos t s  a r e  due t o  shipment 

of encapsulated fuel  from the  f a i l e d  reposi tory  s i t e  t o  the  replacement 

reposi tory .  The fee  component f o r  the  f a i l e d  reposi tory  includes a l l  co s t s  

incurred p r i o r  t o  the  t i n e  of the  f a i l u r e  and a l l  cos ts  f o r  constructing and 

operating the  temporary s torage yard. 



TABLE 12. Calculated Fee fo r  a Preoperational 
Fai lure  of the I n i t i a l  Repository 
($/kg) 

Uniform Fee 

A F R  Basin 

Transportation 

Packagi ng 

Fai 1 ed Repos i tory  

Reposi tory  

R8i) 

Overhead 

TOTAL 

Case 15 - Fai lure  of the  I n i t i a l  Repository During Operaticn 

This case represents a s i t ua t i on  in which the  reposi tcry  operates as  

designed f o r  the  f i r s t  f i v e  years,  but p r io r  t o  the s i x th  year i t  i s  determined 

t h a t  fuel may no longer be placed underground. The surface f a c i l i t i e s  a r e  

s t i l l  assumed t o  be operational and a surface  s torage yard 5s constructed. 

Fbel received a f t e r  the  i n i t i a l  repository f a i  1s i s  packaged and held a t  

the  surface storage yard. Fuel already underground a t  the f a i l ed  repository 

i s  re t r i eved  and s tored in  the  surface s torage yard. A replacement repository 

i s  constructed by 2000 and a l l  fuel  a t  the i n i t i a l  repository s i t e  i s  

u l t imately  deposited there.  As before, t ranspor ta t ion costs  a r e  higher due 

t o  shipment of encapsulated fuel  from the  s torage yard t o  the  replacement 

repository.  The f e e  component f o r  the  f a i l e d  repository (Table 19) includes 

a l l  cos t s  incurred p r io r  t o  the  time of f a i l u r e  and est imates of a l l  cgs t s  

incurred unloading and decommissioning the  f a i l e d  repository.  



TABLE 19. Calculated Fee for  a Failure of the I n i t i a l  
Repository During Operation ($/kg) 

Uniform Fee 

ARF Basin 

Transportati on 
Packaging 

Fai 1 ed Reposi tory 

Reposi tory 

R&D 

Over head 

TOTAL 

Summary of Abnormal System Performance Sens i t iv i t ies  

These cases a re  d i f fe rent  from the variatjons analyzed previously in the 
sense tha t  advance knowledge of a f a i l u r e  or  delay would be required in 

order to  co l lec t  the correct fee fo r  the en t i r e  period. Therefore, they 

d o  not reprssent normal fee calculations,  b u t  instead i l l u s t r a t e  the 

relationship between the reference fee and a fee su f f i c i en t  to  fu l ly  

recover expenses associated with the abnormal events considered. 

In the delay cases the arnount of fuel received pr ior  to  2000 decrease 

from the reference case. This magnifies the impact of cost increases, since 
there i s  l e s s  fuel over which to  level ize fixed costs.  The repository 

f a i lu re  cases were analyzed assuming the reference case fuel receipt 

schedule. This was done to  provide a basis for  comparison w i t h  the 

reference case. 
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FACILITY COST DATA 

The cost data used for  spent fuel storage/disposal f a c i l i t i e s  are  

presented in t h i s  appendix. Preliminary engineering cost estimates were 
used to  model expenditure patterns for  the various f a c i l i t i e s .  These 

estimates are  not detailed in the budget sense and should not be inter-  

preted as such. 

The AFR basin cost data were excerpts from economic analyses of water 
basin storage performed a t  Savannah River Laboratory. Since one of the 
cases assumed private ownership of the AFR basin, assumptions about the 

financial posture of the private owner were necessary. A 25%/75% debt 

equity r a t io ,  8% loan ra te ,  12% return on equity, 50% tax ra te ,  and 6% 

investment tax credi t  were assumed. ( 2  

Transportation costs ( fo r  transporting fuel from AFR basins to  the 

repository) were provided by DOE,  based on work being performed by TRW. (1 1 

Packaging costs were adapted from cost estimates developed fo r  the 

Spent Fuel Handling and Packaging Project, managed for  DOE by Rockwell 

Hanford Operations. ( 3 )  Cost estimates fo r  packaging fuel for  the drywell 

interim storage were modified where appropriate for  use in th i s  study. 

The cost data f o r  above-ground storage i n  the repository f a i lu re  cases 

was also adapted from t h i s  source. 

Repository costs were modeled using preliminary cost estimates 
developed fo r  the Office of Waste Isolation. 



TABLE A-1 . 10,000 MT Capaci t y  AFR 

F a c i l i t y :  10,000 MT Capacity AFR 
Total Capacity: 10,000 MT 

Maximum Receipt Rate: 3,000 MT/Year 

Capi ta l  Construction 322 

CAPITAL COSTS 

Occurrence 

Capital  Item Cost Pre-Startup Dur inaOpera t ion  Post-Shutdswn Comments 

Capital  Construction 10 - 4 

Capital  Construction 17 - 5  

Capital  Construction 111 -2  

Capital  Construction 184 - 1 Includes Baskets 

Occurrence 

Item Cost Pre-Startup During Operation Post-Shutdown C3mments 

Operating Cost 5 Every Year 

Operating Cost 3 Incurred when f a c i l i t y  i s  loaded o r  unloaded. 

Decomnissioning 28 +1 

( a )  All Costs a r e  i n  mi l l i ons  of 1978 d o l l a r s .  



T A B L E  A - 2 .  5,000 MT Capacity AFR 

F a c i l i t y :  5,000 MT Capacity AFR 

Tota l  Capacity: 5,000 MT . . Maximum Receipt  Rate: 2,000 MT/Year 

Cap i ta l  Const ruc t ion  201 

CAPITAL COSTS 

Occurrence 

Capi ta l  I t e m  - Cost Pre-Startup During Operation Post-Shutdown Comments 

Cap i ta l  Construct ion 10 -4 - - 
Capi ta l  Construct ion 15 - 3 - - 
Capi ta l  Const ruc t ion  71 - 2 - - 
Capi ta l  Construct ion 105 - 1 - - Includes Baskets 

OPEhATi NG COSTS 

Occurrence 

I tern - Cost Pre-Startup During Operation Post-Shutdown Comnents 

Operating Cost 4 Every Year - 
Gperating Cost 2 Incur red when f a c i l i t y  i s  loaded o r  unloaded. 

Decomni ss ion ing 20 - - +1 

(a) A l l  cos ts  a r e  i n  m i l l i o n s  o f  1978 do l l a r s .  



TABLE A-3. 1,000 M i  AFR Module 

F a c i l i t y :  1,000 MT Capacity AFR Module 

T o t a l C a p a c i t y :  1,000MT 

Maximum Receipt  Rate: 1,000 MT/Year 

Cap i t a l  Const ruc t ion  19.2 

CAPITAL COSTS 

Occurrence 

Cap i ta l  I t em Cost Pre-Startuo During Operation Pcst-Shutdown Comments 

Cap i ta l  Const ruc t ion  19.2 - 1 - Inc ludes Baskets 

OPERATING COSTS 

Occurrence 

I kcni Cost Pre-Startup Ourinq Operat ion Post-Shutdown Coments 

Operating cos t  i s  assumed t o  be inc luded i n  the base module (accompanying 5,000 o r  10,000 MT f a c i l i t y ) .  

( a )  A!1 cos ts  are  i n  m i i l i o n s  o f  1978 d o l l a r s  



TABLE A-4. Transpor t a t ion  

Faci 1 i t y :  Transpor ta t ion  from AFR t o  packaging f a c i l i t y  

To ta lCapac i t y :  NA 

Maximum Receipt  Rate: NA 

Capi ta l  Construct ion Cost: NA 

CAPITAL COSTS 

Occurrence 

Capi ta l  I t em - Cost Pre-Startup Dur ing Operation Post-Shutdown Coments 

None 

OPERATING COSTS 

Occurrence 

I tem - Cost Pre-Startup Dur ing Operation Post-Shutdown Comnents 

Transpor ta t ion  31 .50/ Kg - During AFR unload - Round t r i p  cos t  f o r  1,600 
m i l e  one-way route .  



TABLE A-5. Packaging Faci  1 i t y  (Two Components) 

F a c i l i t y :  Packaging F a c i l i t y  - Two Component Type 

Total Capacity: NA 
Maximum Receipt Rate: 6,000 MT/Year 

Capital  Construction cost'": 346.4 

CAPITAL COSTS 

Occurrence 

Caoital  Item Cost Pre-Startup During Operation Post-Shutdown Comments 

Capital  Construction 139.2 -4 - - 
Capital  Construction 121.2 - 3 - 
Capital  Construction 51.4 - 2 - 
Capital  Construction 34.6 - 1 - 

OPERATING COSTS 

Occurrence 

I tem Cost Pre-Startup Durinq Operation Post-Shutdown Coments 

Fixed Cost 21 .? Every Year 

Variabie Cost .00384/Canister - - 

( a )  All c o s t s  a r e  in mi l l i ons  of 1978 d o l l a r s .  



TABLE A-6. Packaging Faci 1 i ty (Three Components) 

Faci  1 i t y :  Packaging Faci 1 i t y  - Three Component Type 

Tota l  Capacity: NA 

Maximum Receipt  Rate: 9,000 MT/Year 
- Cap i ta l  Const ruc t ion  519.6 

CAPITAL COSTS 

Occurrence 

Capi ta l  I tem - Cost Pre-Startup Dur ing Operation Post-Shutdown Comnents 

Cap i ta l  Const ruc t ion  208.8 -4 

Cap i ta l  Construct ion 181 .a  - 3 

Cap i ta l  Const ruc t ion  77.1 - 2 

Capi ta l  Construct ion 51.9 -1 

OPERATING COSTS 

Occurrence 

- Item - Cost Pre-Startup Dur ing Operation Post-Shutdown Comnents 

Fixed Cost 31.8 Every Year 

Yar iab le  .30384/Canister - - 

(a)  A l l  costs are  i n  m i l i i o n s  o f  1978 d o l l a r s .  



TABLE A-7.  I n i t i a l  Repository - Conservative Design 

F a c i  1 i t y :  I n i t i a l  R e p o s i t o r y ,  Conservati:.e 5es icn  

T o t a l  C a p a c i t y :  aS,OC;O : 4 i  Spent F l ie l  

Maximum R e c 2 i p t  Rate:  1,800 W / Y e a r  f o r  f i r s t  f i v e  gears ,  6,COO t4TiYear subsequen t l y  

C a p i t a l  C o n s t r u c t i o n  : 500 

CAPITAL COSTS 

Occurrence 

C a p i t a l  I t e m  Cost  P r e - S t a r t u p  D u r i n g  O p e r a t i o n  Post-Shutdown C o m e n t s  

C a p i t a l  C o n s t r u c t i o n  5.00 - 7 

C a p i t a l  C o n s t r u c t i o n  20.00 

C a p i t a l  C o n s t r u c t i o n  60.00 

C a p i t a l  C o n s t r u c t i o n  125.00 

C a p i t a l  C o n s t r u c t i o n  110.00 

C a p i t a l  C o n s t r u c t i o n  85.00 

C a p i t a l  C o n s t r u c t i o n  75.03 

C a p i t a l  Equipment 
Jeplacement 2.31 

C a p i t a l  Equipment 
Replacenent  6.00 

C ~ p i t a l  Equicrnmt 
Rep1 a c e n e ~ t  71.09 

Cspi t a l  Eqdi  pn:eq:. 
Xeplace~f ient  10.00 

Every  Year 

OPERATING COSTS 

Occur re rce  

I t e m  Cost  Pre-Star tup-  D u r i n q O p e r a t i o n  Post-Shutdown Comments __ 

'Support  S e r v i c e s  50.00 Every  Year 

V a r i a b l e  Cost  .C0501/Canister  - 1-5 

V a r i a b l e  Cost  .00201 6-N 

Decommissioning 198.35 

( a )  A l l  c o s t s  a r e  i n  m i l l i o n s  o f  1976 d o l l a r s .  
( b )  Costs o c c u r  t h e  y e a r  cumulat. ive c a n i s t e r s  reach  t h i s  l e v e l  



TABLE A-8. Second and Subsequent Repositories 

F a c i l i t y :  R e p o s i t o r i e s  b u i l t  a f t e r  i n i t i a l  c o n s e r v a t i v e  d e s i g n  

T o t a l  Capac i t y :  100,000 YT Spent F ~ r e l  

Maximum R e c e i p t  Rate:  4,500 MT/Year f o r  f i r s t  t h r e e  years ,  9,000 MT/Year subsequen t l y  
- 

C a p i t a l  C o n s t r u c t i o n  515 

CAPITAL COSTS 

Occurrence 

C a p i t a l  I t e m  Cost P r e - S t a r t u p  D u r i n g  Opera t ion  Post-Shutdown 

C a p i t a l  C o n s t r u c t i o n  5.15 -7 

C a p i t a l  C o n s t r u c t i o n  20.60 - 6  

C a p i t a l  C o n s t r u c t i o n  52.40 - 5 

C a p i t a l  C o n s t r u c t i o n  158.75 - 4 

C a p i t a ?  C o n s t r u c t i o n  113.30 -3 

C a p i t a l  C o n s t r u c t i o n  87.55 - 2 

C a p i t a l  C o n s t r u c t i o n  77.25 - 1 

C a n i s t e r  .0002?/Canis t e r  - 

L s p i  t a l  Equipzent  
Replacement 12.00 

i a p i  t a l  i q u i  prnent 
Rep1 a c e r e n t  12.60 

Capi t a i  Equipment 
Replacement . 12.C0 

C a p i t a l  Equipment 
Repl jcement  1 4 . 9 i i  

C a p i t a l  Equipment 
Rep1 acement 24.50 

C a p i t a l  Equipment 
Replacement 40.00 

OPERATING COSTS 

Comments 

Occurrence - 

I t e m  -- Cost P r e - S t a r t u p  D u r i n g  O p e r a t i o n  P c s t - S h ~ t d o w n  

Support  S e r v i c e s  54.30 Every Year 

V a r i a b l e  Cos t  .DO501 7 / C a n i s t e r  - 1-5 - 
V a r i a b l e  Cost  . OC201 6-N 

Deccmmissioning 137.653 - 1-5 
-- - 

( a )  A l l  c o s t s  a r e  i n  m i l l i o n s  o f  1978 d o l l a r s .  

Coments  

Average v a l u e  

(b )  Casts occur  y e a r  c u m u l a t i v e  c a n i s t e r s  reach  t h i s  l e v e l .  



TABLE A-9. Miscellaneous Costs 

F a c i l i t y :  Research R Development Cost and Government Overhead 

Total  Capacity:  FiA 

Maximum Receipt Rate: NA 

Capital  Construction ?jA 

CAPITAL COSTS 

Capital  Item 

R&D Cost 

R&D Cost 

R&D Cost 
R&D Cost 

R&D Cost 

R&D Cost 

RSD Cost 

R&D Cost 

R&D Cost 

R & D  Cost 

Cost 

40.1 
86.1 

120.5 

97.8 

93.4 

76.1 

27.5 
9.4 

5.8 

3 .7  

Occurrence 
Pre-Star tup  During Operation Post-Shutdown Comments 

- Occurs in 1977 

Occurs in 1978 - 
Occurs in 1379 

Occurs in 1980 

Occurs i n  1981 - 
Occurs in 1982 

- Occurs i n  1983 

Occurs i n  1984 
- Occurs in 1985 

Occurs in 1986 - 

OPERATING C3STS 

Occurrence 
I :em Cost Pre-Startup During Operation Post-Shutdown Coments 

Government overhead 13.0 - From 1977 on - 

( a )  All cos t s  a r e  i n  mill  ions of 1978 d o l l a r s .  



APPENDIX B 

SPENT FUEL LOGISTICS 



TABLE B-1 . Fuel Logistics 
MT 

f o r  Case 1 

To AFR From AFR TQ Repos i tory  --- - 
1983 1710 

1984 860 

1985 1620 

1986 147G 

1987 1780 

1988 21 0 

1989 280 

1990 920 

1991 920 

1992 920 

1993 3000 

1994 3000 

1995 3000 

1991 1690 

1997 

1998 

1999 

2000 

TABLE 8-2. Fuel L o g i s t i c s  for Case 2 
MT 

To AFR From AFR To Repos i tory  - - 
1983 1378 

1984 729 

1985 906 

1986 1005 

1987 1055 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 



TABLE B-3. Fuel Logistics for Case 3 
MT 

Tc AFR From AC9 To R e p o s l t 3 r y  - - 

i l ? 3  976 

1984 429 

1 ?85 506 

1986 605 

1987 655 

1989 1192 

1989 1 C U E  

1990 35G 

i 991 7 3  

; 992 

1993 

1994 

1995 

7 195 

1997 

i 998 

1999 

2300 

i 500 

18C0 

1 BOO 
lC58 

19; 1 

l l i !  

1 : 99 
. "q 
! 3'9 
.", I - ~ 7  

1571 

1714 

260: 

79C2 

TABLE B-4. Fuel Logistics for Case 4 
MT 

To 4FR From AFR To R e ~ o s i t c r y  - - - 

1983 3040 

1984 2783 

1985 1412 

1936 166; 

1987 1943 

1988 310 

1989 461 

1390 537 

1931 544 

1992 451 

1993 

1994 

1995 

1996 

1997 

19'38 

1999 

2000 



TABLE B-5. Fuel L o g i s t i c s  f o r  Case 5 
MT 

To AFR From AFR To Repos i tory  - - 
1983 978 

1984 506 

1986 605 

1987 655 

1988 698 

1989 752 

1990 

1991 

1992 

1393 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

TABLE B-6. Fuel L o g i s t i c s  f o r  Case 6 
MT 

To AFR From AFR To Repos i tory  
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