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ASSESSMENT OF THE BENEFIT OF 

RETRIEVABLE SPENT FUEL STORAGE 

INTRODUCTION 

The purpose o f  r e t r i e v a b l e  s torage o f  spent f u e l  i s  t o  avo id  f o r e c l o s i n g  

t he  long-term op t ions  f o r  spent  f u e l  management. The u l t i m a t e  d i s p o s i t i o n  o f  

spent f u e l  w i l l  depend on t h e  s t r a tegy  adopted f o r  long-term nuc lear  power 

development. The s e l e c t i o n  o f  a  p re fe r red  s t r a tegy  f o r  f u t u r e  nuc lear  develop- 

ment i s  c u r r e n t l y  t he  sub jec t  o f  in tense  study, focus ing on f u e l  cyc les  w i t h  

improved n o n p r o l i f e r a t i o n  a t t r i b u t e s .  

Th is  ana l ys i s  eva luates t h e  impact o f  va ry i ng  degrees o f  spent f u e l  

r e t r i e v a b i l i t y .  The chosen bases f o r  eva lua t i ng  impact a r e  r e c y c l i n g  uranium 

and p lu ton ium i n  1 i g h t  water r eac to r s  (LWRs) and implementing a  dec i s i on  t o  

b u i l d  1  i q u i d  metal f a s t  breeder r eac to r s  (LMFBRs). Th is  does n o t  imp ly  a  

recommendation o f  these p a r t i c u l a r  nuc lear  development pathways. These 

op t ions  were se lec ted  as t he  bas is  f o r  ana lys is  f o r  t h e  f o l l o w i n g  reasons: 

1 )  LWR r e c y c l e  and LMFBR i n t r o d u c t i o n  a re  the  bes t  understood o f  

t h e  a l t e r n a t i v e  nuc lear  development pathways under considera- 

t i o n ;  t h e r e f o r e  they a r e  more e a s i l y  analyzed. 

2)  Spent f u e l  i s  the  p lu ton ium source f o r  t he  advanced reac to r  systems 

under cons idera t ion  t h a t  r e q u i r e  plutonium. The LMFBR has 

h i s t o r i c a l l y  been viewed as an e f f i c i e n t  use f o r  plutonium. 

Therefore,  analyz ing the  impact o f  spent f u e l  (and thus p lu ton ium) 

d isposal  on t h e  achievable LMFBR i n t r o d u c t i o n  r a t e  g ives  

i n s i g h t  i n t o  t he  gener ic  problem o f  p lu ton ium supply 1  i m i t a t i o n s  

when imp1 ementi ng any advanced reac to r  system u t i l i z i n g  plutonium. 

SUMMARY AND CONCLUSION 

The impact of r e t r i e v a b l y  s t o r i n g  spent f u e l  i s  measurable i n  terms o f  

the  c o n t r i b u t i o n  t h e  s to red  spent f u e l  makes t o  implementing t he  f u e l  management 

o p t i o n  se lected.  For t he  case o f  a  dec i s i on  t o  r ecyc le  LWR f u e l  i n  LWRs, a  



use fu l  i n d i c a t o r  o f  impact i s  t he  r a t i o  of energy p roduc t ion  w i t h  va ry i ng  

degrees o f  spent f u e l  r e t r i e v a b i l i t y  t o  t h a t  ach ievable w i t h  t o t a l  spent 

f u e l  r e t r i e v a b i l i t y .  For a  dec i s i on  made i n  the  year  2000, t h i s  r a t i o  v a r i e s  

f rom 0.81 (10 y r  s torage i n  r e a c t o r  bas ins )  t o  0.97 ( r e t r i e v a b l e  s torage f o r  

25 years a f t e r  f u e l  d ischarge) .  An e a r l i e r  dec i s i on  t o  r e c y c l e  i n  LWRs 

r e s u l t s  i n  bo th  o f  these r a t i o s  be ing nearer  t o  1  .O.  

I f  a  dec i s i on  i s  reached t o  implement a  breeder r e a c t o r  economy, t he  

chosen comparison i s  the  i n s t a l  1  ed breeder capac i ty  ach ievable w i t h  va ry i ng  

degrees o f  spent f u e l  r e t r i e v a b i l i t y .  I f  a  dec i s i on  t o  b u i l d  breeder r eac to r s  

i s  reached i n  t h e  yea r  2000, t he  maximum poss ib l e  i n s t a l l e d  breeder capac i ty  

i n  2040 v a r i e s  f rom 490 GWe (10 y r  s torage i n  r e a c t o r  bas ins )  t o  660 GWe 

( a l l  f u e l  r e t r i e v a b l y  s to red ) .  If a1 1  f u e l  i s  r e t r i e v a b l y  s to red  25 years, 

635 GWe o f  breeder capac i t y  i s  ach ievable by 2040. For an e a r l i e r  dec i s i on  

date, such as 1985, t h e  maximum poss ib l e  i n s t a l l e d  breeder capac i t y  i n  2040 

ranges f rom 740 GWe (no r e t r i e v a b l e  s torage)  t o  800 GWe (a1 1  f u e l  r e t r i e v a b l y  

s to red  ) . 
As l ong  as a  dec i s i on  t o  reprocess i s  reached be fo re  2000, most o f  t he  

p o t e n t i a l  b e n e f i t  o f  r e t r i e v a b l e  s torage may be r e a l i z e d  by implementing 

r e t r i e v a b l e  s torage a f t e r  such a  dec i s i on  i s  made. Less than 10% o f  t h e  

p o t e n t i a l  b e n e f i t  o f  LWR r e c y c l e  and l e s s  than 15% o f  t he  p o t e n t i a l  breeder 

capac i ty  a re  s a c r i f i c e d  i f  p o s t  r e a c t o r  bas in  r e t r i e v a b l e  spent f u e l  s torage 

i s  de fe r red  u n t i l  a f t e r  a  dec i s i on  t o  reprocess has been made. 

Ne i t he r  p r o v i d i n g  r e t r i e v a b l e  spent f u e l  s torage p r i o r  t o  a  dec i s i on  t o  

reprocess, no r  des ign ing such s torage f o r  more than 25 years o f  r e t r i e v a b i l i t y  

appear t o  o f fe r  s i g n i f i c a n t  incremental  b e n e f i t .  Since t he  i d e n t i f i a b l e  

b e n e f i t s  o f  ea r l y ,  extended r e t r i e v a b l e  spent f u e l  s torage appear t o  be 

small,  t he  resources expended i n  ach iev ing i t  should a l s o  be commensurately 

smal l .  De ta i l ed  c o s t - b e n e f i t  ana l ys i s  would be requ i red  t o  q u a n t i f y  t h i s  

t r a d e o f f .  

DISCUSSION 

The ana l ys i s  i s  based on an LWR growth schedule t h a t  reaches 380 GWe 
6 by 2000, and cont inues t o  grow a t  a  moderate r a t e  u n t i l  3.7 x  10 ST U3O8 (DOE 

2  



est imate o f  domestic U308 reserves)  a re  committed. The schedule then 
dec l ines  by r e a c t o r  re t i rements  t o  zero i n  2071. This schedule i s  shown i n  

Table 1. 

TABLE 1. LWR Growth Schedule U t i l i z i n g  
3.7 x 106 Tons U308 

GWe GWe 
Year - Capacity Year Capaci ty 

Four degrees o f  spent f u e l  r e t r i e v a b i l i t y  were considered. These a re  

descr ibed below. 

Case A: 10 Year Re t r i evab le  Storage i n  Reactor Basin 

Each r e a c t o r  has the  capac i t y  t o  s t o r e  i t s  spent f u e l  10 years.  

A t  t he  end of 10 years f u e l  must be reprocessed ( i f  capaci t y  i s  

ava i  l a b l e )  o r  te rmina l  l y  stored. No p o s t  r e a c t o r  bas in  r e t r i e v a b l e  

spent f u e l  s torage e x i s t s .  Th i s  imp l i es  spent fue l  cont inues t o  

be sent  t o  te rmina l  s torage f o r  10 t o  15 years a f t e r  t he  dec is ion  

t o  reprocess, w h i l e  t h a t  dec i s i on  i s  be ing implemented. 

Case B: 10 Year Re t r i evab le  Storage Expanded A f t e r  Reprocessing Decis ion 

Th i s  case i s  the  same as Case A, except t h a t  i t  i s  assumed t h a t  

if a dec i s i on  i s  reached t o  reprocess spent f u e l ,  s u f f i c i e n t  away 



reactor ( A F R )  storage can be constructed in the following f i ve  years 

t o  eliminate terminal storage of any additional fue l .  Thus spent 

fuel i s  sent  t o  terminal storage f o r  only 5 years a f t e r  the decision 

t o  reprocess i t  i s  made. 

Case C :  25 Year Retrievable Storage 

Suff ic ient  A F R  storage i s  available so t ha t  spent fuel may be 

retr ievably stored an additional 15 years a f t e r  discharge. After 

a to ta l  of 25 years in storage i t  i s  terminally stored.  

Case D :  Maximum Retrievable Storage 

All spent fuel i s  retr ievably stored unti l  i t  may be employed in 

implementing the selected option. No spent fuel i s  terminally 

stored.  

Table 2 gives the amounts of fuel which a re  terminally stored fo r  each 

of the four r e t r i evab i l i t y  levels  and three potential reprocessing decision 

dates.  

TABLE 2 .  MT Fuel Terminally Stored 

Date of Decision 
1985 1990 2000 

Case A 20,500 42,700 118,000 

Case B 6,700 15,600 56,300 

Case C 0 1 ,400 17,800 

Case D 0 0 0 

LWR RECYCLE 

Figure 1 i l l u s t r a t e s  the benefits of increasing increments of spent 

fuel r e t r i evab i l i t y  following a decision t o  reprocess spent fuel and recycle 

uranium and plutonium in LWRs. I t  shows t ha t  over 80% of the energy producing 

potential (Case D )  of recycling spent fuel i n  LWRs can be realized i f  a 

decision t o  reprocess and recycle i s  reached by 2000, even i f  no post 

reactor basin re t r ievable  storage i s  provided (Case A). Over 90% of the 



energy producing p o t e n t i a l  i s  achieved i f  r e t r i e v a b l e  s torage i s  prov ided 

a f t e r  a  dec i s i on  t o  r e c y c l e  i s  reached (Case B). Less than 3% o f  t he  energy 

producing p o t e n t i a l  o f  spent f u e l  i s  l o s t  i f  f u e l  i s  r e t r i e v a b l y  s to red  f o r  

25 years a f t e r  d ischarge (Case C) . 

80 
CASE D 
CASE C 

CASE B 

CASE A. 10 YEAR RETRIEVABLE 
STORAGE I N  REACTOR 
B A S I N  CASE A 

CASE B: 10 YEAR RETRIEVABLE 
STORAGE EXPANDED AFTER 
REPROCESSING DECl S l O N  

CASE C: 25 YEAR RETRIEVABLE 
STORAGE 

CASE 0: M A X I M U M  
RETRIEVABLE STORAGE 

7. 

YEAR OF DECIS ION 

FIGURE 1. P o t e n t i a l  Add i t i ona l  Energy f rom LWR Recycle 

LMFBR INTRODUCTION 

Figures 2, 3, and 4 show the maximum LMFBR growth f o r  1985, 1990, and 

2000 dec i s i on  dates. The same f o u r  degrees o f  r e t r i e v a b i l ~ t y  as descr ibed 

f o r  LWR r e c y c l e  a re  d isp layed.  F igure  5 summarizes these r e s u l t s ,  showing 

achievable LMFBR generat ing capac i ty  i n  2040, as a f u n c t i o n  o f  the  reprocess ing 

dec is ion  date, f o r  t he  four  l e v e l s  o f  r e t r i e v a b i l i t y .  The 2040 date was 

se lec ted  because i t  i s  long  enough a f t e r  each o f  the  assumed dec i s i on  dates 

so t h a t  breeder growth w i l l  depend on the  breeder c y c l e  doub l ing  t ime r a t h e r  

than p lu ton ium recovery f rom spent fue l .  
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FIGURE 2 .  I n s t a l l e d  LMFBR Generat ing Capaci ty Resu l t i ng  
from a 1985 Decis ion Date 

FIGURE 3. I n s t a l  l e d  LMFBR Generat ing Capaci ty Resu l t ing  
from a 1990 Decis ion Date 



FIGURE 4. Instal led LMFBR Capacity Resulting from 
a 2000 Decision Date 

Figure 5 shows that over 74% of the potentially achievable 2040 LMFBR 
generating capacity (Case D )  can be realized, even i f  no post reactor basin 

retrievable storage i s  provided (Case A ) .  Over 87% of the potential generating 
capacity acievable may be reached i f  retrievable storage i s  bui l t  a f te r  a 
decision to build breeders i s  reached (Case B ) .  Less than 4% of the potential 

generating capacity i s  lost i f  spent fuel i s  terminally stored 25 years a f te r  
discharge. 

Period of Retrievable Storage 

The length of spent fuel storage i s  determined by the philosophy adopted 
in unloading the storage f ac i l i t y  and the attractiveness of retrievably stored 
spent fuel for reprocessing relative to spent fuel in reactor basins. Table 3 

gives the maximum storage times for  the case where retrievably stored spent 

fuel i s  reprocessed preferentially t o  spent fuel in reactor basins. That i s ,  
only that fuel which must be shipped from reactor basins because of basin 

capacity limitations i s  reprocessed. The remainder of the reprocessing 



c a p a c i t y  i s  devoted t o  emptying t h e  spent f u e l  s torage f a c i l i t y .  Th i s  might  

occur i f  t h e  c a r r y i n g  charges f o r  spent f u e l  i n  t he  r e t r i e v a b l e  f a c i l i t y  were 

high. The two spent  f u e l  unloading ph i losoph ies  employed a re  f i r s t  i n ,  

f i r s t  o u t  (FIFO) and l a s t  i n ,  f i r s t  o u t  (LIFO). 

I REPROCESSING D E C I S I O N  \ I 

"t CASE C. 25 YEAR RETRIEVABLE 
STORAGE 

CASE D -  ~ ~ A x I ~ I u ? ~ ~  CASE A 

7' RETRIEVABLE STORAGE 
" 1 

-I' 

YEAR OF D E C I S I O N  

FIGURE 5. Po ten t i  a1 LMFBR Generat ing Capaci ty i n  2040 

TABLE 3. Maximum Spent Fuel Storage Time (years)  

Date o f  Decis ion 
t o  B u i l d  Breeder LIFO - FIFO 



Table 4 gives the maximum spent fuel storage times i f  spent fuel from 
reactor basins i s  preferentially reprocessed. This case would resul t  i f  the 
retrievable storage scheme made i t  significantly more d i f f i cu l t  t o  reprocess 
spent fuel. 

TABLE 4. Maximum Spent Fuel Storage Time (years) 

Date of Decision 
to  Build Breeder - LIFO FIFO 

The LIFO storage times in Table 4 are the maximum stored times for 
which retrieved spent fuel i s  useful in support of breeder growth. This i s  
seen by inspecting Figures 2 ,  3, and 4, and noting that  the horizontal dis- 
placement i s  less than one year between curves C and D. This indicates that 
i f  the breeder growth curve s l ips  by as l i t t l e  as one year, no fuel in 

storage more than 25 years need be recovered t o  support breeder growth. Also, 

for  a one year slippage in the breeder growth schedule following a 1985 

decision t o  reprocess, no fuel retrieval i s  required (Curves A and D ,  

Figure 2 ) .  

MODIFIED LWR GROWTH SCHEDULE 

Identical analyses were performed based on a modified LWR growth 
scenario which reaches 400 GWe installed by 2000 and declines by reactor 
retirements to zero i n  2040. This scenario i s  i l lus t ra t ive  of the situation 

6 where less U308 (2.2 x 10 ST u308) i s  uti l ized. This schedule i s  given in 

Table 5. 



6 TABLE 5. LWR Growth Schedule fo r  Util izing 2 . 2  x 10 Tons U308 

Year GWe Capacity Year GWe Capacity 

Figure 6 i l l u s t r a t e s  the benefits of increasing increments of spent 

fuel r e t r i evab i l i t y  following a decision to  reprocess spent fuel and recycle 

uranium and plutonium i n  LWRs. I t  should be noted tha t  implici t  in t h i s  

scenario i s  the decision not to  build any LWRs t ha t  begin power production 

a f t e r  2000. The decision to  ha l t  reactor construction would be made in 

1990 or e a r l i e r .  Therefore, a decision in the year 2000 to  reprocess spent fuel 

t o  recycle in LWRs i s  unlikely, b u t  was included fo r  comparison. I f  the 

decision to  recycle i s  made in 1990, the loss of energy production potential 

i s  12% f o r  Case A ,  4% fo r  Case B and less  than 1% fo r  Case C.  

C A S t  B  I0 q A R  R E T Q I t V A I L I  
s r o R A r L  EXPANDED A ~ R  
R I P R O C I S S I N G  D E C I S I O N  I 

C A S t  C 25 T l 4 R  R I T R l t V A L f  
I I O I I A f f  

C A 5 I  3 U A X I M U M  
R I T R I ~ V A B I I  I ~ o R A ~ ~  CASE D 

YEAR CF DECISION 

FIGURE 6. Potential Additional Energy from 
Modi f i ed LWR Recycl e (Modi f i ed 
LWR Growth Schedule) 



The growth of LMFBR capacity of the three decision dates i s  similar to  
b u t  s l ight ly less than that  depicted in Figures 2 ,  3, and 4 for the other 

LWR scenario. Figure 7 summarizes the results. For a decision to  build 
breeder reactors, made no la te r  than 1990, 85% of the potentially achievable 
LMFBR generating capacity (Case D )  can be realized even i f  no post reactor 

basin retrievable storage i s  provided (Case A ) .  Over 95% of the potential 
generating capacity i s  achievable i f  retrievable storage i s  bui l t  a f t e r  

such a decision i s  made (Case B )  and 99% i s  achievable i f  fuel i s  retievably 

stored for  a maximum of 25 years. 

The spent fuel storage times for  this  scenario for the FIFO method are 

essentially unchanged from those given in Tables 3 and 4. The storage 

times for the LIFO method are increased 1 or 2 years. 

1 CASE A 

C A S E  5 

10 C A R  RETRlE 'VABL i  
STORAGE I N  R E A C i O R  
B A S I N  

I0 E A R  RETRIEVABLE 
STORAGE EXPdNOED AFTER 
REPROCESSING DECI S I C Y  

25 ' C A R  RETRIEVABLE 
STORAGE 

CASE D ~ I A X I ' I I U M  
RETQIEVABLE Z lORAGE 

I' 

CASE A I 

YEAR OF DECISION 

FIGURE 7. Potential LMFBR Generating Capacity 
in 2040 (Modified LWR Growth Schedule) 



ANALYSIS ASSUMPTI ONS 

The additional energy production achievable by recycling spent fuel in 

LWRs (Figures 1 and 6 )  was calculated assuming self-generating recycle of 

the amount of spent fuel retrievably stored for  each of the cases. 

The breeder buildup results depicted in Figures 2 ,  3 ,  and 4 were based 

on the breeder plutonium requirements given in Table 6. The key analysis 

assumptions were: 

1 )  10 year delay between a decision t o  reprocess and startup of 

f i r s t  LWR reprocessing plant; 

2 )  LWR reprocessing capability buildup to a levelized rate in 

each case suff ic ient  to  reprocess a l l  of the retrievably stored 

spent fuel within a 40 year period; 

3)  In i t ia l  breeder core required 2 years prior to startup; 

4 )  LMFBR fuel reprocessing buildup as required subject to  the 

constraint of a 2 year minimum out of reactor time. 

TABLE 6. Pu  Flows for HEDL Large Pin, 800 MWe, 
2500 MWt LMFBR 

F i rs t  Core 2800 kg 

Re1 oad 1400 kg 

1 s t  Discharge 1500 kg 

2nd Discharge 1600 kg  

Equi 1 i bri um 1700 kg 
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