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SUMMARY 

T h i s  r e p o r t  presents  est imates o f  cos ts  t h a t  would be i n c u r r e d  by a  

u t i l i t y  p r o v i d i n g  enhanced s torage c a p a b i l i t y  f o r  spent l i g h t  water r e a c t o r  

(LWR) f u e l .  The c o s t  da ta  a re  arranged t o  a s s i s t  i n  es t ima t i ng  and eva lua t i ng  

cos ts  f o r  s p e c i f i c  s to rage  s i t u a t i o n s .  

Es t imated  s to rage  cos ts  are p rov ided  i n  a  s e r i e s  o f  t a b l e s  p r o v i d i n g  c o s t  

f a c t o r s  o r  a r rays  f o r  each a l t e r n a t i v e  method of s torage considered, and t h e  

- a d d i t i o n a l  cos t s  i nvo l ved  i n  va r i ous  op t i ons  o f  pre-storage p repa ra t i on  of t h e  

f u e l .  Cost  da ta  a re  p rov ided  f o r  ( 1 )  s torage enhancement w i t h i n  an e x i s t i n g  

s torage pool ,  b y  r e r a c k i n g  and/or c o n s o l i d a t i o n  o f  f ue l ;  (2 )  c o n s t r u c t i o n  and 

use o f  an a d d i t i o n a l ,  separate water bas in  f o r  storage; and ( 3 )  u t i l i z a t i o n  o f  

d r y  s to rage  op t i ons  (metal  casks, d rywe l l s ,  concre te  s i l o s ,  o r  s torage 

v a u l t s ) .  I n  a d d i t i o n ,  cos t s  a r e  g iven  f o r  canning o f  i n t e g r a l  assemblies and 

f o r  c o n s o l i d a t i o n  and canning o f  f u e l .  I n  each case, t h e  s to rage  f a c i l i t i e s  

a r e  assumed t o  be l o c a t e d  a t  an e x i s t i n g  r e a c t o r  s i t e .  If a separate s i t e  

were t o  be u t i l i z e d  f o r  storage, app rop r i a te  s i t e  development and maintenance 

cos ts  would need t o  be added. 

The bas i c  c o s t  t a b l e s  a re  t i e d  toge ther  by a  "dec i s i on  t r e e "  l o g i c  

diagram designed t o  s imu la te  t h e  dec i s i on  s teps a  u t i l i t y  p lanner  might  t ake  

i n  s e l e c t i n g  f rom a l t e r n a t i v e  s torage techno log ies  t o  b e s t  meet t h e  

requi rements o f  h i s  s i t u a t i o n .  

Us ing t h e  d e c i s i o n  t r e e  and i t s  assoc ia ted tab les ,  example c a l c u l a t i o n s  

were made t o  show t h e  l i f e  c y c l e  s torage cos t s  f o r  a  h y p o t h e t i c a l  case 

assuming a  p ressu r i zed  water r e a c t o r  (PWR) s i t e .  The r e a c t o r  was assumed t o  

d ischarge 40 assemblies (18.4 MTU) o f  spent f u e l  each year; cos ts  were 

est imated f o r  s to rage  per iods  o f  one, f i v e ,  and 15 years respec t i ve l y .  

D iscounted l i f e  c y c l e  s torage cos ts  i n  thousands o f  d o l l a r s  and u n i t  

cos ts  i n  d o l l a r s  pe r  k i l og ram o f  i n i t i a l  uranium con ten t  (BlkgU) are shown i n  

Tables 1 and 2 f o r  t h i s  hypo the t i ca l  s i t e .  

Cost f o r  spent f u e l  s torage a re  dependent upon c o n d i t i o n s  a t  each r e a c t o r  

s i t e  and t h e  most economical method i s  n o t  expected t o  be t h e  same a t  a l l  



TABLE 1. Cost Comparison for Storage Options 

Discounted Costs in Thousands of Dollars (Based on a Typical PWR) 

Case 1 Year 5 Years 15 Years 

In-pool consol idation only 2,013 2,996 NF ( a) 

Rerack 

Casks - as discharged 3,832 8,325 17,311 
- I n-pool consol i dation 4,866 8,019 14,960 
- Separate consolidation 24,367 34,475 

Drywells - as discharged 6,566 10,092 17,699 
- I n-poo 1 conso l i dat i on 8,240 11,030 17,045 
- In-pool canning 7,381 11,908 21,408 
- Separate consol idation 27,320 36,438 
- Separate canning 28,634 41,084 

Silos - In-pool consolidation 
- In-pool canning 
- Separate consol idation 
- Separate canning 

Vault - as discharged 
- In-pool consol idation 
- In-pool canning 
- Separate consolidation 
- Separate canning 

Water Basin - as discharged 67,473 

- - 

(a) NF = Not feasible (insufficient storage capability). 

sites. For the specific example chosen, reracking of the pool with 

high-density storage racks is seen to be the most economical mode for longer 

term storage, although if the storage requirement is only for a short time 

period it could best be met by consolidating the fuel and storing it in the 

original racks. If the pool were already reracked to the maximum (as is the 

case at many reactors), or if reracking were infeasible (for example, from 

structural limitations in the pool), the use of storage casks may be the 

economical ly preferable option, fol lowed closely (for longer storage periods) 

viii 



TABLE 2. U n i t  Cost Comparison f o r  Storage Options 

U n i t  Costs i n  D o l l a r s  per Ki logram Uranium (Based on a Typ ica l  PWR) 

Case 1 Year 5 Years 15 Years 

In-pool consol idat ion on ly  

Rerack 

Casks - as discharged 
- In-pool consol i d a t i o n  
- Separate consol idat ion 

Drywel ls - as discharged 
- In-pool -consol i dat ion  
- In-pool canning 
- Separate consol i d a t i o n  
- Separate canning 

S i l o s  - In-pool consol idat ion 
- In-pool canning 
- Separate consol idat ion 
- Separate canning 

Vaul t  - as discharged 
- In-pool consol idat ion 
- In-pool canning 
- Separate consol idat ion 
- Separate canning 

Water Basin - as discharged .. - 

by the  use o f  d rywe l ls  w i t h  conso l ida t ion  o f  f u e l .  I n  many cases, the  choice 

between casks and drywel ls  i s  very close; i n  any case the  choice may be 

decided by non-economic consiaerat ions ( p u b l i c  percept ion, e t c ) .  

S i l o s  may be a v i a b l e  op t i on  i n  some cases, p a r t i c u l a r l y  where l a rge r  

q u a n t i t i e s  o f  f u e l  r e q u i r e  storage. Storage v a u l t s  and the  i n s t a l l a t i o n  o f  

new water basins e n t a i l  appreciably  h igher  i n i t i a l  costs, and may be 

app l icab le  on ly  t o  large-scale storage s i t ua t i ons .  





1.0 INTRODUCTION 

Evaluations and projections f o r  spent fuel  storage in t he  United S ta tes  
c l e a r l y  indicate  t ha t  i n  the  near fu tu re  conventional storage of spent fuel  in  
reactor  storage f a c i l i t i e s  w i l l ,  f o r  some u t i l i t i e s ,  f a i l  t o  meet the  storage 
needs f o r  fu tu re  discharges of spent fuel .  The need f o r  additional storage 
f a c i l i t i e s  f o r  spent fuel  i s  now projected t o  comnence as ea r ly  as 1984, and 
to continue un t i l  a fuel reprocessing industry has been established and/or 

- unt i l  geological reposi tor ies  f o r  spent fue l  or  nuclear wastes a re  i n  service. 

If  Barnwell nuclear fuel  reprocessing plant s tar tup occurs as projected 
(receiving fuel  i n  1987, operations i n  1989) and additional reprocessing 
plants  are  available by the  end of the century, the  requirements f o r  
additional spent fuel  storage wi l l  be small. In the ideal scenario, where 
fuel  f o r  reprocessing is  selected p re fe ren t ia l ly  from u t i l i t i e s  or s i t e s  most 
i n  need of additional storage, national-scale storage requirements would be 
limited t o  about 260 metric tons of uranium. The ideal s i tua t ion  l i ke ly  wil l  
not occur, and greater  storage requirements a re  l ike ly  t o  develop. 

Delays i n  i n i t i a t i on  of reprocessing, however, could sharply increase the  
need f o r  spent fuel  storage. By 1995, when a federal interim storage system 
f o r  spent fuel  and reprocessing wastes is  expected t o  be i n  place, nationwide 
requirements f o r  additional spent fuel  storage i n  the  absence of reprocessing 
are projected t o  increase t o  about 5600 metric tons. Storage f o r  an 
individual s i t e  could be as h i g h  as 500 metric tons, and requirements f o r  
u t i l i t y  combined storage could exceed 700 metric tons. 

The federal  government recognizes the  coming fuel  storage problem. The 
Department of Energy has i n s t i t u t ed  the Commerci a1 Spent Fuel Management 
Program, one of whose major goals is  t o  a s s i s t  u t i l i t i e s  i n  meeting t h i s  
problem. Nuclear waste b i l l s  current ly  before Congress include provisions f o r  
emergency storage of spent f ue l .  However, t h i s  storage wil l  be limited both . in quanti ty and duration of storage,  and the  u t i l i t i e s  wil l  have t o  meet 
c r i t e r i a  f o r  accepting spent fuel  before they can use government storage 
f a c i l i t i e s .  



For many u t i l i t i e s  the preferable solution t o  the spent fuel storage 

problem may well be the construction and operation of the i r  own f a c i l i t i e s  t o  
provide the required additional storage. This report provides a brief 

economic assessment of alternative methods of providing additional storage, 
and i s  intended t o  a s s i s t  in selecting the storage technology most suited t o  

specific needs. A1 ternatives for  "wet" (underwater) storage of fuel include 

the reracking (providing new, high-density storage racks) in existing pools, 
the construction of additional conventional storage pools, and " c o n ~ o l i d a t i o n ~ ~  

of fuel.  Consolidation i s  accomplished by removing the fuel rods from fuel 

assemblies and repackaging them in a more densely packed configuration in 

metal canisters,  followed by storage of the consol idated canisters in existing 

pool s. 

"Dry" storage technologies involve storage of the fuel in a i r ,  e i ther  as 
integral assemblies or consolidated into canisters. Storage technologies 

considered include the use of large metal storage casks, subterranean 

drywells, above-ground concrete s i los ,  or air-cooled vaults. 

Economic assessments of the al ternate  technologies are presented as 

examples for  three cases, assuming a hypothetical single-reactor s i t e  and 
varying periods of time over which additional storage might be required. 

The methodology for  economic assessments and comparisons presented i s  
designed to  be f lexible  and applicable to  a broad range of storage require- 

ments tha t  might be experienced by a u t i l i t y .  I t  i s  presented as a guide 
i n  the selection of storage technologies most suited to  specific storage 
s i tuat ions.  



2.0 ANALYTICAL METHOD 

Since the mid-1970s, when it became apparent that existing spent fuel 

storage capacities at nuclear reactor sites would eventually be insufficient 

to handle increasing inventories of spent fuel, interest has increased in 

a1 ternative technologies for providing additional storage capacity and the 

costs of that added capacity. During the intervening years several 

publications have dealt with the question of costs of storage alternatives. 

In 1981, Clark (1981) provided a detailed comparison of costs for wet 

storage alternatives, including and correlating the results of several earlier 

publications on the subject. Also in 1981, E. R. Johnson Associates (JAI) 

(1981) provided a comparison of cost estimates for dry storage a1 ternatives, 

reporting on an engineering study addressing the storage costs at the Surry 

site of the Virginia Electric and Power Company (VEPCO). The estimates 

provided by Clark and JAI form the primary basis for the present cost 

comparison. Those cost estimates were adjusted to mid-1982 levels, and 

modified as appropriate by including the results of recent engineering studies 

in the PNL Commercial Spent Fuel Management (CSFM) and Monitored Retrievable 
Storage (MRS) programs. 

I The data used in providing cost estimates for a specific alternative are 

provided in a series of tables of cost and cost factors, one for each 

alternative considered. Entry to these tables is made via a "decision tree". 

The decision tree and its associated cost tables (Figure 2.1 and Tables 2.1 
through 2.10) address the selection logic and associated cost estimation for 

j the storage options considered. The basic storage options include: 

reracking to increase capacity of an existing pool 
5 

construction of a new pool 1 - dry storage in large storage casks 1 a dry storage in drywells 
1 .  
I dry storage in concrete silos 
I 



Options considered fo r  preparation of the  fuel  before storage, in addition t o  

storage "as  i s "  in integral  fuel  assemblies, include the  following: 

canning of fuel  assemblies in storage pools 

disassembly, consolidation and canning of fuel in storage pools 

"dry" canning of fuel  i n  a separate f a c i l i t y  

"dry" consolidation and canning in a separate f a c i l i t y .  

2 .1  USE OF COST TABLES 

The decision t r e e  presented in Figure 2.1 represents the  decision process 

a u t i l i t y  planner might go through in selecting an option fo r  spent fuel  

storage. F i r s t  he would decide ( a t  l e a s t  on a t r i a l  basis)  whether the  needed 

additional storage capacity should be provided a t  each reactor or a t  a s ingle  

s i t e  serving a l l  reactors operated by the  u t i l i t y .  From t h i s ,  t he  t o t a l  

storage capacity and the  annual increments of capacity required a t  t he  s i t e  

may be estimated. 

As h i s  next s tep in selection,  he would choose one of the  available 

options fo r  storage; costs  f o r  these options may be estimated from Tables 2.1 

through 2.6. Finally,  he would decide on the  preparation of the  fuel  before 

i t  i s  placed in storage. Depending on circumstances, i t  may be desirable t o  

s tore  the  fuel "as  is, ' '  as integral fuel  assemblies; t o  I1can1' the  assemblies, 

enclosing them in metal canis ters ;  or t o  disassemble the  fuel  rods and 

consolidate them into  metal canis ters .  Each option may have advantages in 
par t icular  circumstances. Tables 2.7 through 2.10 present costs  fo r  the 
canning and consolidation options, performed e i ther  in a reactor storage pool 

or in a separate consolidation/canning f a c i l i t y .  

Capital costs  fo r  the t ab les  were primarily taken from Clark and JAI, 

with modifications developed by Pacif ic  Northwest Laboratory (PNL) f o r  the  

Commercial Spent Fuel Management (CSFM) program. Labor costs  and other 

operating costs  incurred during fuel handling or the  emplacement and removal 

of stored fuel  were derived from the sources mentioned. Costs of maintenance 

and maintenance supplies during the  storage period were taken from PNL as an 

annual amount equivalent t o  1.4% of t o t a l  capi ta l  costs .  Labor costs ,  general 

supplies, and overhead during the  storage period were apportioned according to  



the number of fuel assemblies handled, number of canisters handled, number of 

storage units placed or removed and the number of storage units in inventory. 

Labor assessments for both handling and storage phases of operation assumed 

that the activities involved were incremental for the normal operating crew. 

Decommissioning costs were taken as 10% of the total capital costs, with 

cost reductions allowed in some facilities storing canned fuel. 

Normally the most economical means of achieving increased spent fuel 

storage capacity is by installing "high density" racks in an existing storage 

pool. These racks permit fuel storage in more closely packed configurations, 

and are usually equipped with neutron poisons and/or flux traps to preclude 

criticality problems. 

Table 2.1 presents typical costs of reracking an existing pool. The 

capital costs were obtained from Clark, and increased by a factor of 1.059 to 

convert 1981 dollars to 1982 dollars. The schedule of capital expenditures 

was derived from similar data presented by JAI. However, the JAI schedule was 

delayed by one year to reflect completion of reracking in the first year of 

use rather than in the year prior to use. 

The apportioned costs previously discussed were used for operating and 

decommissioning costs. 

Construction of an additional water basin for additional storage is a 

technically feasible option, but because of the relatively high costs involved 

it is not expected to be exercised frequently. Selection of a 

capital-intensive option such as this would normally infer that the storage 

requirement will be intensive and long-lasting. 

Capital costs of the new basin are derived from a formula given by Clark; 

the schedule of expenditures is as given by JAI (1981). Annual operating 

costs (6% of capital) are from JAI (1982); Clark estimates 5% of capita1 as 

operating costs. 

The use of large storage casks for dry storage of spent fuel is one of 

the more popular options under consideration. The "front end1' costs of this 

option are low, the casks are moderately priced, and the use of casks would 

lend an air of impermanence to the storage facility. 



Costs f o r  t h i s  option were taken from JAI, except the cask and storage 

yard costs  developed by PNL f o r  t he  CSFM program. I n i t i a l  cos ts  f o r  the  

storage yard include l icensing,  s i t e  preparation and leveling,  and 

construction of access roads f o r  a rubber-tired t ranspor ter .  The costs  were 

compiled f o r  a yard capable of holding 1000 casks; cos t  reauctions f o r  smaller 

yards would be minor and may be masked by si te-to-si te  differences in 

preparation and level ing costs .  

Large metal casks capable of s tor ing 24 PWR or 52 BWR asserr~blies are  

estimated a t  8700,000 each. Concrete storage pads (one per cask) a re  poured 

the  year before they are  placed in service  and estimated a t  82000 each. 

Additionally, 82330 per cask is  assessed f o r  placement or  removal of the  cask 

in or from the  f i e l a ,  a f t e r  JAI. Loading and unloading operations are an 

estimated 85000 per cask; i f  the cask i s  loaded during a canning operation, 

the  85000 f e e  i s  included in the  canning fee .  

Decommissioning costs  a re  assumed a t  10% of capi ta l  cos t s  i f  uncanned 

fuel  has been stored in a cask. However, i f  canned fuel  i s  s tored in the  

cask, decontamination costs  wil l  be minimal and the  salvage value of the  cask 

materials covers the  decommissioning costs .  

The use of drywells may be an a t t r a c t i v e  option in many instances; 

front-end costs  f o r  this option are  moderate, and the  drywells are  inexpensive 

t o  i n s t a l l  and use. The drywells a re  assumed t o  be designed t o  hold one PWR 

o r  3 BWR assemblies, e i t he r  canned or uncanned, or  the  same numbers of 

consolidated fuel  canis ters .  Radioactivity-control regulat ions,  however, may 
preclude the  use of uncanned fuel .  

Capital cos ts  f o r  the  drywell option were taken from JAI, excepting the  
drywell and storage yard cos t s  developed f o r  the  CSFM program by PNL. Costs 
of preparing a storage yard capable of holding 1000 drywells are  estimated a t  

8300,000; l icensing costs  a re  an added 81.63 million (assumed t o  be assigned 

t o  cos t s  of the f i r s t  yard). Transfer equipment required consis ts  of a 
rubber-tired t ranspor ter  equipped w i t h  a shielded t rans fe r  cask designed f o r  

top loading and bottom unloading. 



The drywells themselves cost 818,000 and are assumed t o  be emplaced in 

the year before use. Operating costs are incurred as indicated in the table  

for  loading fuel in the drywell and removing i t ;  storage and surveillance 

costs are assigned a t  8185 per year per drywell. 

The use of concrete s i los  may offer an alternative t o  casks or drywells 

for  storage of spent fuel.  The s i lo s  ( a t  an estimated 578,000 ea) are 

intermediate in cost between casks and drywells; storage yard development 

costs and base pad costs are the same as fo r  casks (excluding license fees) .  .. 
However, since the s i l o  i s  cooled by an induced flow of a i r  t h r o u g h  i t s  

structure,  the fuel (whether as assemblies or consolidated) must be 

encapsulated in storage canisters. If a separate "aryn consolidation or 

canning f a c i l i t y  i s  provided, the canned fuel may be loaded direct ly  into the 

s i l o  a t  that  f ac i l i t y .  Otherwise, special transporters and s i l o  loading 

structures must be provided, as indicated in the table. Loading and unloading 

of the s i l o  are relat ively complicated operations bearing higher charges than 

casks. 

An air-cooled vault i s  in essence a structure containing shielded rooms 

or p i t s  in which spent fuel i s  stored--in racks or equivalent arrangement--and 

cooled by induced recirculation of a i r .  

The i n i t i a l  construction costs of a storage vault are significantly 

higher than those of other dry storage options. For th i s  reason, the vault 

storage option i s  best suited to  storage of large quantit ies of fuel and/or to  

long storage periods. So i t  may not be as a t t ract ive t o  a u t i l i t y  as other 
options. 

The costs for  vault storage were taken from JAI and recast into the 

format shown i n  the table. Although provisions are included for estimating 

the costs of storing uncanned, "as-discharged" fuel ,  the air-cool ing features 

of the vault l ikely will require canning of the fuel unless a i r  f i l t r a t i o n  
. . 
! f a c i l i t i e s  and perhaps an a i r  discharge stack are added. 

For any method of storage chosen, several options are usually available 

I 
for  the form in which the fuel i s  stored. The simplest option, and on the 

1 surface the least  expensive, i s  t o  store the fuel assemblies in the "as 



discharged' c o n d i t i o n  w i t h  no f u r t h e r  treatment.  A l t e r n a t i v e l y ,  t he  

assemblies may be canned (emplaced i n  sealed can i s te rs )  f o r  storage, o r  they  

may be disassembled, t h e  f u e l  rods regrouped i n  more compact arrays, and t h e  

conso l ida ted  rods canned. Fur ther ,  t h e  canning and conso l i da t i on  may be 

c a r r i e d  ou t  i n  a  r e a c t o r  storage pool, i f  space i s  ava i lab le ,  o r  i n  f a c i l i t i e s  

constructed f o r  ' 'dry" conso l i da t i on  and canning. 

Costs f o r  t h e  prepara t ion  op t ions  are prov ided i n  Tables 2.7 

through 2.10. The cos ts  l i s t e d  i n  these tab les  were p r i m a r i l y  der ived  from 

JAI and esca la ted  by 5,9% t o  convert  1981 do1 l a r s  t o  1982 do l l a r s ;  c a n i s t e r  

cos ts  are f rom an es t imate  developed f o r  t h e  CSFM program by PNL. The cos ts  

o f  l abo r  and general  suppl ies, g iven by JAI i n  case-by-case analyses, are 

converted i n  these tab les  t o  a  " l i n e a r  equat ion" form ( a  constant  term p l u s  a  

term p r o p o r t i o n a l  t o  throughput) f o r  g rea ter  ease o f  use. 

Cost est imates a v a i l a b l e  i n  t h e  l i t e r a t u r e ,  i n c l u d i n g  those referenced, 

are f o r  PWR f u e l  on ly .  Cost f a c t o r s  f o r  BWRs as g iven i n  t h e  tab les  assume, 

as an es t imat ion ,  t h a t  p repara t ion  and storage costs f o r  PWR and BWR f u e l s  

would be approximately equal on an equivalent-weight basis.  

The t a b l e s  a l l ow  es t imat ion  o f  cos ts  f o r  any prepara t ion  op t i on  i n  

combinat ion w i t h  any of t h e  storage var ian ts .  I n  us ing t h e  tab les,  however, 

i t  should be borne i n  mind t h a t  f o r  some o f  t h e  storage methods ava i lab le ,  

c e r t a i n  f u e l  p repara t ion  op t ions  may be precluded o r  inappropr ia te.  For  

example, f u e l  may be s to red  "as discharged" i n  water basins o r  sealed storage 

casks. Fo r  these cases, canning o f  t h e  assemblies would have no economic 

advantage; canning would no t  be used unless needed t o  i s o l a t e  assemblies w i t h  

l eak ing  o r  f a i l e d  f u e l  rods. On the  o the r  hand, i f  storage i s  t o  be i n  

d rywe l ls ,  s i l o s ,  o r  vau l ts ,  r a d i o l o g i c a l  considerat ions may prec lude the  use 

o f  "as discharged" f u e l  o r  contaminat ion c o n t r o l  may r e q u i r e  t h a t  added 

f a c i l i t i e s  be provided, a t  e x t r a  cost,  i f  as-discharged f u e l  i s  used. 

Conso l ida t ion  o f  f u e l ,  w h i l e  i t  invo lves  added costs,  a l so  provides more 

e f f i c i e n t  use o f  t h e  a v a i l a b l e  storage space. Depending on t h e  s i t u a t i o n ,  

o v e r a l l  cos t  reduc t ions  f o r  s torage may be r e a l i z e d  i f  conso ld ia t i on  i s  used. 

I n  add i t ion ,  c o s t  saving may r e s u l t  a f t e r  t h e  storage p e r i o d  i s  past. For  



example, fewer shipments are required fo r  transporting consolidated fuel than 
for  the same quantity of fuel in integral assemblies. Thus, savings in 

I post-storage shipping costs may as s i s t  in compensating for  consolidation costs. 
I 

I In selecting and sizing any f a c i l i t y  for  additional storage, possible 

I long-term effects  of the selection must be taken into account. Selection of 

I an option (e.g., vaults or water basins) requiring high-volume or long-term 

I storage for  economy of costs, for  example, can resul t  in unexpected costs i f  
1 reprocessing should become available before the "breakevenn point in the 

* 

I storage period i s  reached. Whether f u l l  use of the f a c i l i t y  i s  abrogated or 
1 the reprocessing option i s  deferred until  a f te r  the "breakeven" point i s  
I reached, greater costs are l ikely to  be incurred than i f  an option amenable to  
I modular storage additions had been chosen. On the other hand, unexpected 
I 
I 

additional delay in reprocessing could require a second vault or water basin, 

I while the modular systems could be expanded for  relat ively l i t t l e  cost. 
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TABLE 2.1. Reracking Costs 

Range of application: Reactor Specific 

Capital Costs: 

Assumed pool area 

PWR BWR 

1225 sq ft 1000 sq ft 

Assumed initial capacity, assemblies 660 1300 
MTU 360 250 

Reracked capacity, assemblies 1374 3016 
MTU 637 580 

Rack Cost $4,384,000 84,987,000 

Installation and licensing 51,590,000 61,590,000 

Total Capital Costs 85,974,000 86,577,000 

Expenditures in year -2 
- 1 
0 

First year of use 

Operating Costs: 

Maintenance supplies: 1.4% of capital 

Labor and general suppl ies: 5185 per assembly or canister 
in inventory 

Property tax and insurance: 0.93% of capital 

Decommissioning: 10% of capital 

NOTE: Placement or removal is not an expense for increased storage in the 
original pool. 



TABLE 2.2. New Water Basin Costs 

Range of App l i ca t i on :  500 t o  5,000 MTU capac i t y  

Cap i ta l  Cost i n  ~ i l l i o n s ( ~ ) :  

where S = storage capacity,  Mg U 
C = conso l i da t i on  f a c t o r  (say, 0.58 i f  consol idated)  

Expenditures i n  year 

F i r s t  year o f  use 

Trans fer  Cask: 
81 ,059,000 

Operat ing Cost: 
6% o f  c a p i t a l  

(a )  The s i z i n g  formula i s  f rom Clark  (1981); esca la t ion  t o  mid-1982 d o l l a r s  
i nvo l ves  a f a c t o r  o f  1.059. 



TABLE 2.3. Storage Cask Costs 

Range o f  A p p l i c a t i o n :  0 t o  12 p e r  yea r  

C a p i t a l  Costs: 

Yard: $1,270,000 + $2,000 per  cask f o r  each increment 
when b u i  1 t 

Transpor te r :  81,520,000 

Expend i tu res  i n  year :  -3 25% 
-2 6 X 
- 1 0% 

0 69% 
F i r s t  yea r  o f  use 0% 

Cost o f  Casks: 8700,000 (cask ho lds  24 PWR o r  52 BWR assembl ies) 
( yea r  b e f o r e  need) 

Opera t ing  Cost: 

Maintenance supp l i es :  1.4% o f  cumu la t i ve  investment  

Labor and genera l  supp l ies :  82,330 pe r  cask placement o r  removal + 
85,000 p e r  cask t o  l o a d  o r  un load i f  n o t  
i n l uded  i n  a canning o p e r a t i n g  + 8185 per  
year  f o r  each cask i n  use. 

P r o p e r t y  t a x  and insurance:  0.93% o f  c a p i t a l  

Decommi ss i o n  i ng : 10% o f  c a p i t a l  i f  uncanned f u e l ,  none f o r  canned 
f u e l  



TABLE 2.4. Drywell Storage Costs 

Range of Application: 0 to 300 per year 

Capital Costs: 

Yard: 81,930,000 for the first 1000 + 8300,000 for each 
subsequent 1000 drywell s 

Transfer equipment: 84,640,000 (may need more transfer equipment for 
high removal rates) 

Expenditures in year: -3 25% 
(for first increment) -2 6 % 

- 1 0% 
0 6 9% 

First year of use 0 % 

Cost of Drywells: 818,000 

Operating Cost: 

Maintenance suppl ies: 1.4% of investment 

Labor and general suppl ies: 82,750 per drywell filled + 8185 per year 
for each drywell in use + 8780 per drywell 
emptied 

Property tax and insurance: 0.932 of capital 

Decommissioning: 10% of capital if uncanned fuel, 2% if canned fuel. 



TABLE 2.5. 

Range o f  A p p l i c a t i o n :  0 t o  100 

C a p i t a l  Costs: 

Yard: 

T ranspo r t e r s  : 

Storage Costs i n  S i l o s  

$1,510,000 l o a d i n g  f a c i l i t y  i f  separate  disassembly 
o r  canning f a c i l i t y  n o t  a v a i l a b l e  + 51,930,000 f o r  
t h e  f i r s t  1000 s i l o s  + 8300,000 f o r  each subsequent 
1000 s i l o s  + 520OO/silo 

$4,640,000 r e a c t o r  b a s i n - t s s i  l o  t r a n s p o r t e r  i f  
separate  canning o r  disassembly f a c i l i t y  n o t  
a v a i l a b l e  + $2,280,000 f o r  t r a n s p o r t e r  t o  move and 
emplace s i l o s  

Expend i tu res  i n  year :  -4 18% 
-3 11% 
- 2 0% 
- 1 25% 
0 46% 

F i r s t  year  o f  use 0% 

Cost o f  S i l o :  L i n e r  
S i l o  

$78,000 ( ho lds  4 c a n i s t e r s )  

Opera t ing  Cost: 

Maintenance supp l ies :  1.4% o f  investment  

Labor and genera l  suppl  i e s :  57600 pe r  s i  1  o  f o r  placement + 51880 per  
s i l o  f o r  removal (+ 82430 per  c a n i s t e r  f o r  
l o a d i n g  + 1070 per c a n i s t e r  f o r  un load ing  i f  
canned i n  poo l )  (+ $1000 t o  l o a d  and un load 
a  t r a n s f e r  cask i f  n o t  i nc l uded  i n  a  canning 
ope ra t i on )  + 8185 pe r  year  per  s i l o  i n  
s e r v i c e  

P r o p e r t y  t a x  and insurance: 0.93% o f  c a p i t a l  

Decommissioning: 2% o f  c a p i t a l  s i nce  f u e l  i s  canned. 



TABLE 2.6. Storage Costs in an Air-Cooled Vault 

Range of Application: 0 to 300 assemblieslyear 

Capital Costs: 

Vault ana transfer $19,900,000 + 830,20O/canister of capacity 
equipment: If a high unloading rate is assumed, extra 

unloading equipment may be required at tnat time. 

Expenditures in year: -6 7 % - 5 8 % 
-4 0% 
- 3 1% 
-2 2 5% 
-1 38% 
0 2 1% 

First year of use 0 % 

Operating Cost: 

Maintenance supplies: 1.4% of investment 

Labor and general suppl ies: 54760 per canister placed + 8185 per year 
per canister in inventory + $1270 per 
canister removed 

Property tax and insurance: 0.93% of capital 

Decommissioning: 10% of capital if fuel is uncanned, 2% of 
capital if fuel is canned. 



TABLE 2.7. In-Pool Canning Costs 

Range of Application: 30 t o  300 assemblieslyear 

Capital Costs: Sb42,OOO 

Expenditures in year: -3 19% 
-2 19% 
-1 5% 
0 57% 

F i r s t  year of use 0% 

Operating Cost: 

Maintenance supplies: Included in general supplies below 

Labor an6 general suppl ies :  85500 per can is te r  + 839,000 + 51800 per 
can is te r  loaded 

Property tax and insurance: 0.93% of capi ta l  

Decommissioning: 10% of capi ta l  

NOTE: Mild s tee l  cans would dissolve a t  t he  reprocessing plant ,  complicate 
the  process, and increase HLW volume. S ta in less  s tee l  cans would 
increase the  hul ls  and hardware volume. The processor would be 
expected t o  charge a premium of about the  same order as removal of the  
can or about 81500 each. The can may be an advantage i f  spent fuel  i s  
sent t o  a disposal s i t e  since surface contamination i s  reduced. A 
small c r ed i t  may be expected. 



TABLE 2.8. Canning i n  Separate F a c i l i t y  Costs 

Range o f  App l i ca t i on :  30 t o  300 assembl ieslyear 

Cap i ta l  Costs: 
S i t e  p repara t ion  8 200,000 
St ruc tu res  5,000,000 
C e l l  Equipment 1,600,000 
Trans fer  Equipment 1,400,000 

Subto ta l  $ 8,200,000 
I n s t a l l a t i o n  1,000,000 
(35% o f  equipment) 

Subto ta l  9,200,000 
Engineering 1,400,000 
L icens ing  1,000,000 
License Fee 400,000 

Subto ta l  g12,000,000 
Contingency 

TOTAL 

Expenditure i n  year: -6 6 % 
- 5 11 % 
-4 0% 
-3 2% 
- 2 26% 
-1 32% 

0 2 3% 
F i r s t  year o f  use 0% 
(May need a d d i t i o n a l  t r a n s f e r  equipment i f  removal r a t e  i s  h igh)  

Operat ing Cost: 

Maintenance suppl ies:  1.4% o f  c a p i t a l  

Labor and general suppl i es: 536,000 + 88150 per c a n i s t e r  loaded + $2540 
per  c a n i s t e r  removed + 85500 f o r  c a n i s t e r  + 

$580 per  PWR assembly o r  $290 per  BWR 
assembly i f  f a c i l i t y  and r e a c t o r  a re  a t  
d i f f e r e n t  s i t e s  

P rope r t y  t a x  and insurance: 0.93% o f  c a p i t a l  

Decommissioning: 10% o f  c a p i t a l  

NOTE: Same as Table 2.7. 



TABLE 2.9. In-Pool Consolidation and Canning Costs 

I Range of Application: 30 to 300 assemblieslyear 

I Capital Costs: 81,978,000 

Expenditures in year: -3 13% 
-2 10% 
- 1 2% 
0 75% 

First year of use 0% 

Operating Cost: 
i 

Maintenance supplies: Included in general supplies below 

Labor and general suppl ies: 85500 per canister + 8104,000 + $3200 per 
I canister loaded. 

Property tax and insurance: 0.93% of capital 

Decommissioning: 10% of capital 

i NOTE: 1) Same as Table 2.7. 
2) The number of shipments is reduced by consolidation, resulting in a 

savings of about 84000 per assembly shipped to a reprocessor, 
assuming a 500-mile shipment or 813,000 per assembly shipped to a 
repository, assuming a 2500-mile shipment. 



TABLE 2.10. Consolidation and Canning in Separate  F a c i l i t y  Costs 

Range of Applicat ion:  30 t o  400 assemblieslyear 

Capi ta l  Costs: 
S i t e  prepara t ion  
S t r u c t u r e s  
Cell  Equipment 
Transfer  Equipment 

Subtotal  
I n s t a l l a t i o n  
(35% of equipment) 

Subto ta l  
Engineering 
Licensing 
License Fee 

Subto ta l  
Contingency 

TOTAL 

Expenditures i n  year:  -6 6% 
- 5 11% 

First year  of use 

Operating Cost: 

Maintenance suppl i e s :  1.4% of c a p i t a l  

Labor and general suppl i e s :  661,000 + 614,400 per c a n i s t e r  f i l l e d  + 

$5500 f o r  c a n i s t e r  + 83200 per c a n i s t e r  
during removal + 6580 per PWR assembly or  
8290 per BWR assembly f o r  shipping i f  
f a c i l i t y  and r eac to r  a r e  a t  d i f f e r e n t  s i t e s .  

Property t ax  and insurance: 0.93% of c a p i t a l  

Decommissioning: 10% of c a p i t a l  

NOTE: 1) Same as  Table 2.7. 
2 )  Same as note 2,  Table 2.9. 



3.0 EXAMPLE CALCULATION AND ANALYSIS 

To demonstrate use o f  t h e  dec i s i on  t r e e  and i t s  assoc ia ted tab les ,  

example c a l c u l a t i o n s  were made o f  a  h y p o t h e t i c a l  s i t u a t i o n  and cos t s  f o r  

a l t e r n a t i v e  s to rage  modes were compared f o r  t h a t  case. 

3.1 CASE DESCRIPTION 

The example case assumed a  u t i l i t y  w ish ing  t o  p rov ide  o n s i t e  supplemental 

s to rage  f o r  a  s i n g l e  PWR. Th i s  r e a c t o r  has a  spent f u e l  pool  area o f  

1225 square f e e t  ana has non-high d e n s i t y  f u e l  racks  w i t h  capac i t y  f o r  660 

f u e l  assemblies, o r  306 m e t r i c  tons  conta ined uranium (MTU). Two hundred f u e l  

p o s i t i o n s  w i l l  remain open t o  accommodate f u l l  co re  reserve,  s torage f o r  

f a i l e d  assemblies, and o the r  purposes. The pool  con ta ins  460 spent f u e l  

assembl i es ,  and 40 a d d i t i o n a l  assemblies are d ischarged each year. The 

u t i l i t y  r e a l i z e s  a  r e t u r n  on e q u i t y  o f  6% above i n f l a t i o n ,  and t h e  i n t e r e s t  

r a t e  on debt i s  2% above i n f l a t i o n .  The u t i l i t y ' s  d e b t l e q u i t y  r a t i o  i s  1:l 

and taxes a re  l e v i e d  a t  an e f f e c t i v e  46% r a t e .  Thus, t h e  a f t e r - t ax  weighted 

c o s t  o f  c a p i t a l  i s  3.5% above i n f l a t i o n .  T h i s  was used as t h e  d iscoun t  r a t e  

i n  t h e  example. 

Wi th  460 r a c k  p o s i t i o n s  f i l l e d  and 200 h e l d  i n  reserve,  t h e  spent f u e l  

rack  i s  e f f e c t i v e l y  f i l l e d  t o  capac i ty .  Costs o f  s to rage  us ing  avai l .ab le  

op t i ons  a re  t o  be compared, assuming t h e  r e q u i r e d  l e n g t h  o f  s torage i s ,  

one,'" f i v e ,  and 15 years. Cons t ruc t i on  o f  t h e  s to rage  f a c i l i t y  i s  assumed 

t o  beg in  a t  an appropr ia te  t ime  so t h a t  t h e  a d d i t i o n a l  s torage i s  a v a i l a b l e  i n  

t h e  year  i t  i s  needed. ( A l l  cases were normal ized f o r  commencement o f  s to rage  

i n  t h e  year 1990.) Costs a re  t o  be c a l c u l a t e d  as t o t a l  l i f e - c y c l e  costs ,  

i n c l u d i n g  decommissioning costs,  and as u n i t  cos t s  i n  d o l l a r s  per  k i l og ram o f  

uranium i n  t h e  f u e l .  For  t h e  case assuming one year o f  storage, t h e  s to rage  

f a c i l i t y  i s  assumed t o  be emptied and decommissioned i n  t h e  second year. Fo r  

( a )  Storage f o r  a  one-year p e r i o d  i s  n o t  a  r e a l i s t i c  case. However, cos t s  
were c a l c u l a t e d  f o r  t h i s  case f o r  use i n  i n t e r p o l a t i o n  and i n  g raph ic  
d i s p l a y s  o f  data. 



t h e  f i ve - yea r  s to rage  case t h e  un loading takes p lace  i n  t h e  s i x t h  year  and 

decommissioning i n  t h e  seventh; and i n  t h e  15-year case t h e  f a c i l i t y  i s  

unloaded i n  t h e  1 6 t h  and 1 7 t h  years and decommissioned i n  t h e  18th.  

3.2 CALCULATION METHOD AND CONSIDERATIONS 

C a l c u l a t i o n s  f o r  each s torage o p t i o n  were performed us ing  t h e  dec i s i on  

t r e e  and i t s  assoc ia ted  tab les ,  as descr ibed p r e v i o u s l y  i n  t h i s  r e p o r t .  

T rac ing  th rough t h e  dec i s i on  t r e e  de f i ned  t h e  t a b l e s  p r o v i d i n g  t h e  r e q u i s i t e  

cos t  f a c t o r s  bo th  f o r  t h e  s p e c i f i c  s to rage  o p t i o n  and f o r  t h e  f u e l  p repa ra t i on  

s teps chosen f o r  use w i t h  t h a t  opt ion.  These c o s t  f a c t o r s  were then used t o  

c a l c u l a t e  d e t a i l e d  annual cash f l ows  and d iscounted cos t s  f o r  each year  i n  

which cons t ruc t i on ,  operat ion,  o r  decommissioning a c t i v i t i e s  were assumed t o  

be underway. The appendix t o  t h i s  r e p o r t  con ta ins  cash f l o w  t a b l e s  f o r  each 

s to rage  mode and f u e l  p repa ra t i on  method considered i n  t h e  example exerc ise.  

The d iscounted c o s t  t o t a l s  f rom t h e  cash f l o w  tab les  were t r a n s f e r r e d  t o  

Tables 3.1 and 3.2. 

Tab le  3.1 summarizes t h e  cos ts  f o r  t h e  var ious  s torage modes, i n c l u d i n g  

t h e  c o s t  v a r i a t i o n s  occasioned by t h e  f u e l  p repa ra t i on  assumed. Tab le  3.2 i s  

a  s i m i l a r  summary f o r  t h e  cos t s  o f  op t i ons  f o r  f u e l  p repara t ion .  

The c o s t  da ta  i n  Tables 3.1 and 3.2 were combined t o  p rov ide  t h e  c o s t s  

g iven  i n  Tab le  3.3. These are t h e  t o t a l  d iscounted cos t s  f o r  each o p t i o n  

cons idered in t h e  exerc ise.  Tab le  3.4 shows t h e  corresponding u n i t  cos t s  i n  

d o l l a r s  per  k i l o g r a m  uranium. F igu res  3.1 and 3.2 g i v e  g raph ic  d e p i c t i o n  o f  

t h i s  data. 

I n  per fo rming  t h e  c a l c u l a t i o n s  and assembling t h e  t a b l e s  o f  r e s u l t s ,  

cons ide ra t i ons  o f  cos t s  o r  l o g i s t i c s  obv ia ted  i n c l u s i o n  o f  some combinat ions 

o f  op t ions .  For  example, i f  added s to rage  c a p a b i l i t y  i s  pursued by us ing  

in-pool  c o n s o l i d a t i o n  o f  f u e l  assemblies f o l l o w e d  by s to rage  i n  t h e  e x i s t i n g  

racks, o n l y  e i g h t  years '  a d d i t i o n a l  s to rage  may be gained i n  t h e  s p e c i f i c  

example considered; hence no cos t s  were c a l c u l a t e d  f o r  t h e  15-year s to rage  

case. On t h e  o the r  hand, i f  t h e  pool  were reracked w i t h  h igh-densi ty  racks, a  

f u l l  15 yea rs '  s to rage  cou ld  be a t t a i n e d  w i t h o u t  conso l ida t ion ;  hence t h e  



TABLE 3.1. Storage Cost Summary 

Discounted Costs in  Thousands 
Case Capital  Operati  ng Total  

Rerack Reactor Pool 

New Water Basin 15 y r  40,625 26,848 67,473 

Cask Storage ( a s  discharged) 15 y r  14,162 3,149 17,311 
5 Yr 7,468 85 7 8,325 
1 Yr 3,675 157 3,832 

Cask Storage (consol ida ted  f u e l  ) 15 y r  8,842 
5 Yr 4,842 
1 Yr 2,815 

Cask Unloading (add f o r  in-pool 15 y r  
consol i dat ion)  5 y r  

1 Yr 

Drywell Storage (unconsol ida ted  15 y r  12,347 
fue l  ) 5 Yr 8,225 

1 Yr 6,127 

Transfer  Cask Loading (add f o r  15 y r  
fue l  as  discharged) 5 Yr 

1 Yr 

Transfer  Cask Unloading (add f o r  15 y r  
in-pool canned and a s  discharged 5 Yr 
fue l  ) 1 Yr 

Drywell Storage (consol ida ted  15 y r  9,442 
f u e l )  5 Yr 7,133 

1 Yr 5,968 

Transfer  Cask Unloading (add f o r  15 y r  
in-pool consol idated f u e l )  5 Yr 

1 Yr 

S i l o  Storage (unconsol ida ted  f u e l )  15 y r  11,096 
5 Yr 6,602 

S i l o  Loading F a c i l i t y  (add f o r  15 y r  5,115 
in-pool canned fue l  ) 5 Yr 5,139 

1 Yr 5,153 



TABLE 3.1. (contd) 

Discounted Costs in Thousands 
Case Capital Operating Total 

Silo Storage (consol idated fuel) 15 yr 7,906 2,441 10,347 
5 Yr 5,307 857 6,164 
1 Y 4,004 207 4,211 I 

Silo Loading Facility (add for 15 yr 5,115 2,354 7,469 
in-pool consolidated fuel) 5 Yr 5,139 1,058 6,197 

1 Yr 5,153 2 94 5,447 I 

Air Cooled Vaul t-600 Assembl ies 32,094 12,191 44,285 1 

Transfer Cask Loading and 
Decommissioning (add if 
uncanned fuel) 

Transfer Cask Unloading (add if 
i n-poo 1 canned) 

Air Cooled Vault-345 Canisters 25,593 9,142 34,735 

Transfer Cask Unloading (add if 
in-pool consol idation) 

combination of reracking and consolidation was not considered in the example. 

Additionally, some storage options became clearly uneconomical for shorter 

storage times; calculations for those instances were omitted. 

3.3 RESULTS OF CALCULATIONS 

Results of the example calculations are displayed as total discounted 

costs for the various storage options in Table 3.3 and Figure 3.1, and as unit 

costs per kilogram of uranium in Table 3.4 and Figure 3.2. 

The relative ranking of results will depend upon the specific conditions 

at a given site, but these results indicate that the most cost-effective 

storage option available at the hypothetical site is the in-pool consolidation 

of fuel, with subsequent storage of the consolidated fuel in the pool. 

However, this option by itself is inherently limited by the capacity of the 



TABLE 3.2. Fuel Canning and Consolidation Cost Summary 

Discounted Costs in Thousands 

I Case Capital Operat i ng Tot a 1 

In-pool Canning 15 yr 527 3,544 4,071 
5 Yr 528 1,430 1,958 ! 1 Yr 528 317 845 

Canning in Separate Faci 1 i ty 15 yr 13,999 10,015 24,014 
5 y r  14,308 4,504 18,812 
1 yr 14,493 1,213 15,706 

In-pool Consol idat ion 

i .  

Consol id 
Separate 

ation and Canning in 15 yr 14,879 8,697 23,576 
Facility , 5 y r  15,208 3,733 18,941 

1 y r  15,404 1,066 16,470 

In-pool Consolidation Only 

pool's storage racks. In the example case, using a consolidation factor of 

1.75, the use of consolidation achieves only eight years' added storage 

capabi 1 i ty. 

The second most cost-effective method of storage augmentation for this 

hypothetical site, and the only one of the study options (except construction 

of a new storage pool) which is now considered licensable, is the reracking of 

a pool--the installation of high-density storage racks. Such racks have been 

installed or are planned for installation in many U.S. LWR storage pools; the 

option is still an attractive one for those sites which have not yet been 

reracked. 

The combined use of reracking and fuel consolidation provides the 

potential for considerable increase in storage capacity at favorable unit 
costs. As was previously mentioned, this combination was not considered in 

the specific example calculations, since consolidation for that example was 

superfluous once the pool was reracked. In general, however, the storage of 

consolidated fuel in high-density racks may be a favorable option. 



TABLE 3.3. Cost Comparison for Storage Options 

Example Case 
Discounted Costs in Thousands of Dollars 

Case 1 Year 5 Years 15 Years 

In-pool consolidation only 2,013 2,996 NF ( a) 

Rerack 

Casks - as discharged 3,832 8,325 17,311 
- In-pool consolidation 4,866 8,019 14,960 
- Separate consolidation 24,367 34,475 

Drywells - as discharged 
- In-pool consol idation 
- In-pool canning 
- Separate consolidation 
- Separate canning 

Silos - In-pool consolidation 
- In-pool canning 
- Separate cons01 idation 
- Separate canning 

Vault - as discharged 
- In-pool consolidation 
- In-pool canning 
- Separate consolidation 
- Separate canning 

Water Basin - as discharged 

(a) NF = Not feasible (insufficient storage capability). 

At some reactor sites, structural or seismic limitations would prevent 
full utilization of storage augmentation by use of either high-density racks 

or consolidation. At others, the perceived storage requirements may exceed 

the capacity attainable through in-pool modifications. For those cases, dry 

storage technologies offer the primary options for increasing spent fuel 

storage capability. Dry storage also may be the logical choice if a utility 
chose to develop a common site to accommodate all its spent fuel storage needs. 

Comparative costs of the dry storage options, as shown, indicate that for 

the hypothetical site chosen the use of storage casks is the least expensive 



TABLE 3.4. Unit Cost Comparison for Storage Options 

Example Case 
Unit Costs in Dollars per Kilogram Uranium 

Case 1 Year 5 Years 15 Years 

In-pool consol idation only 144 46 

Rerack 379 8 7 41 

Casks - as discharged 274 127 104 
- In-pool consolidation 348 123 90 
- Separate consol idation 3 73 207 

Drywells - as discharged 469 155 106 
- In-pool consolidation 589 169 102 
- In-pool canning 527 182 128 
- Separate consolidation 418 219 
- Separate canning 438 24 7 

Silos - In-pool consolidation 
- In-pool canning 
- Separate consolidation 
- Separate canning 

Vault - as discharged 
- In-pool consolidation 
- In-pool canning 
- Separate consolidation 
- Separate canning 

Water Basin - as discharged 

t 
option, followed successively by utilization of drywells and concrete silos 

(for some specific storage situations the order of preference may varyj. The 

cask option may also be the only dry storage option for which the use of 

as-discharged fuel would be authorized. However, consolidation offers cost 
advantages for this as well as other options, if the consolidation may be t - 

i performed in-pool. If separate consolidation facilities must be provided, 

their use with the cask storage option would compete with storage of 

as-discharged fuel only for larger quantities and/or longer times of storage 

than considered in the example calculations. Also, the cost figures indicate 

that silos may be competitive with casks, and perhaps drywells also would, for 

larger storage requirements. 
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FIGURE 3.1. Life Cycle Cost Comparisons for Storage Options 
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FIGURE 3.2. U n i t  Cost  Comparisons f o r  Spent F u e l  Storage Opt ions  



The cost advantage of casks is primarily because at many installations 

they can be loaded, handled and deployed using less costly equipment than for 

other options. The casks themselves are more expensive than either drywells 

or silos, but the latter two technologies require use of more expensive 

auxiliary facilities. If storage requirements were sufficiently large, the 

use of drywell s or s i 1 os might appear more advantageous. 

The use of dry storage vaults or the construction of new storage pools 

would be of interest only for very large storage facilities. In the example 

calculations, the unit costs for these options were well above those for any 

of the other options considered. 

The relative ranking of storage costs will depend on the specific 

conditions at a given site. However, based on the results of the example 

calculations, the most cost-effective additions to spent fuel storage, for a 

single-reactor situation, would be 1) development of in-pool storage capa- 

bility, through high-density storage racks and consolidation, to the extent 

possible, and 2) use of storage casks (preferably with fuel consolidation) to 

achieve the remaining storage capacity required. 
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LIFE CYCLE COST CALCULATION DETAILS 





Year  - 
1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

199 7 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

200 7 

T o t a l  

Requ i red  S to rage  
Assembl ies C a n i s t e r s  

TABLE Al. Rerack Reactor  Pool 

C a p i t a l  Cos ts  b y  Year  

Costs  i n  Thousands o f  D o l l a r s  
I n p o o l  o r  
Separa te  S t o r a g e  Yard 

Canning o r  o r  F a c i l i t y  Casks, 
Cumula t i ve  S to rage  C o n s o l i d a t i o n  o r  Pool  D r y w e l l s  D iscounted  

Assembl ies C a n i s t e r s  and Canning M o d i f i c a t i o n s  o r  S i l o s  T o t a l  T o t a l  

597 253 - - 
6571 4961 

6571 5091 ( 5  yr) 

6571 5147 ( 1  yr) 
















































































