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I n t r o d u c t i o n  

The o b j e c t i v e  of t h i s  s t u d y  i s  a  c o n s i s t e n t  a n a l y s i s  of t h e  performance 
and f u e l  c y c l e  c o s t s  w i t h  HEU (93%) f u e l  and  t h e  v a r i o u s  LEU (<20%) f u e l s  
t h a t  are under  development,  undergo ing  i r r a d i a t i o n  t e s t i n g  of s m a l l  samples,  
o r  i n  t h e  d e m o n s t r a t i o n  phase.  A l l  c a l c u l a t i o n s  were performed u s i n g  t h e  
g e n e r i c  1 0  MW r e a c t o r  t h a t  h a s  been s t u d i e d  e x t e n s i v e l y  by a  number of labora-  
t o r i e s  i n  t h e  IAEA Guidebook (Ref. 1 ). 

Tlie f u e l s  t o  be compared a r e  shown i n  T a b l e  1,  and  t h e  f u e l  e lement  and 
c o r e  d e s i g n s  c o n s i d e r e d  are shown i n  F i g s .  1 and  2 ,  r e s p e c t i v e l y .  The  d e t a i l e d  
f u e l  e lement  d e s i g n s  a r e  d e s c r i b e d  i n  Ref. 1. 

T a b l e  1. F u e l s  C o n s i d e r e d  

No. of F u e l  Megt 
Enr.  ,% .- g u/cm3 P l a t e s  T h i c k n e s s e s ,  mm. 

HEU: UA1,-A1 (Ref . )  9 3  0.7 2 3 0.51 

LEU: U A l X - A 1  2  0 2.3 19 1.24 

* * F u e l  O u t e r  Diamete r  

The 5 x 6 e lement  r e f e r e n c e  c o r e  u s i n g  HEU c o n t a i n e d  23 s t a n d a r d  MTR 
e l e m e n t s  (280 g  2 3 5 ~  p e r  e l e m e n t )  and 5 c o n t r o l  e l e m e n t s  (207 g  2 3 5 ~  p e r  
e lement) .  The c o r e  was r e f l e c t e d  by g r a p h i t e  on two o p p o s i t e  f a c e s  and 
sur rounded  by w a t e r .  One w a t e r f i l l e d  f l u x  t r a p  w a s  l o c a t e d  n e a r  t h e  c e n t e r  
of t h e  c o r e  and a n o t h e r  n e a r  a n  edge. The burnup s t u d i e s  of t h e  e q u i l i b r i u m  
c o r e s  f o r  a l l  p l a t e - t y p e  f u e l s  u t i l i z e d  one f u e l  s h u f f l i n g  p a t t e r n  i n  which a  
s i n g l e  f r e s h  s t a n d a r d  e lement  was i n s e r t e d  n e a r  t h e  c e n t e r  of t h e  c o r e  and t h e  
remaining s t a n d a r d  e l e m e n t s  r o t a t e d  s e q u e n t i a l l y  a f t e r  e a c h  o p e r a t i o n a l  c y c l e .  
The c o n t r o l  e l e m e n t s  were  f i x e d .  The model f o r  t h e  burnup s t u d i e s  u s i n g  
U Z r H  rodded-type f u e l  was based on a  6 x 6 e lement  c o r e  (Ref. 1 )  des igned  by 
G e n e r a l  Atomic f o r  o p e r a t i o n  a t  1 0  MW. T h i s  c o r e  had 30  f u e l  c l u s t e r s ,  4 
c o n t r o l  rods  ( c o n t a i n i n g  no f u e l ) ,  and  2 w a t e r - f i l l e d  flux t r a p s .  The f u e l  
s h u f f l i n g  p a t t e r n  was chosen  t o  be similar t o  t h a t  of t h e  HEU r e f e r e n c e  c  
i n  o r d e r  t o  compare pe r fo rmances  on as n e a r l y  a n  e q u a l  b a s i s  as p o s s i b l e .  RIASTER 
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FIG, 2,  C O R E D E S I G N S  

UAlx-A1,  U308-A1,  U 3 S i - A 1 ,  CARAMEL 

U Z r H  

b7.7 on 31 
UAT ER 



Performance 

Table  2 compares t h e  geometry, 2 3 5 ~  load ing ,  and burnup d a t a  f o r  the  HEU 
r e f e r e n c e  case  and t h e  c a s e s  wi th  LEU f u e l s .  The ave rage  c y c l e  l e n g t h  i s  a  
f u n c t i o n  of t h e  2 3 5 ~  l oad ing  of a  f r e s h  s t anda rd  element,  t h e  water  volume 
f r a c t i o n ,  t h e  geomet r ic  buckl ing,  and t h e  uranium enri'chment. From Tab le  2 ,  
some s imple  and p r e d i c t a b l e  conc lus ions  i n t e r r e l a t i n g  t h e s e  v a r i a b l e s  can be 
drawn: 

- For  t h e  same water  volume f r a c t i o n ,  a  h i g h e r  2 3 5 ~  l oad ing  
y i e l d s  a  l onge r  cyc l e  length .  - For  t h e  same 2 3 5 ~  load ing ,  a  l a r g e r  w a t e r  volume f r a c t i o n  
y i e l d s  a  l onge r  c y c l e  length .  - For a  l a r g e r  c o r e  s i z e  ( i . e . ,  s m a l l e r  geomet r ic  buckl ing)  o r  
f o r  a  h ighe r  enrichment,  a  s m a l l e r  2 3 5 ~  l oad ing  p e r  element 
is  r e q u i r e d  t o  main ta in  t h e  same c y c l e  length .  

Thermal f lu 'xes  a t  end of equ i l i b r ium c y c l e  a r e  shown i n  Fig.  3  ( excep t  
f o r  t h e  oxide c a s e )  f o r  a  midplane t r a v e r s e  through t h e  c e n t r a l  f l u x  t r a p  and 
t h e  w a t e r r e f l e c t e d  f aces .  One of t h e  thermal  f l u x  peaks f o r  t h e  UZrH case  i s  
d i sp l aced  by about  one f u e l  element s i n c e  t h e  s i z e  of t h e  UZrH c o r e  i s  l a r g e r  
t h a n  t h e  r e f e r e n c e  c o r e  by one row. Although t h e  thermal  f l u x e s  i n  t h e  c e n t r a l  
f l u x ' t r a p  and a t  t h e  r e f l e c t o r  peaks depend on s e v e r a l  v a r i a b l e s  (such a s  burnup 
and f a s t  leakage from t h e  co re ) ,  t h e s e  peaks a r e  ordered  i n  approximate i n v e r s e  
r e l a t i o n  t o  t h e  2 3 5 ~  l oad ing  of a  f r e s h  s t anda rd  element. Thermal f l u x e s  i n  
t h e  co re  a r e  ordered  i n  i n v e r s e  r e l a t i o n  t o  t h e  average  2 3 5 ~  load ing  of t h e  
c o r e  a t  EOC. 

F u e l  Cycle  Cos t s  

The methods and assumptions used f o r  computing f u e l  c y c l e  c o s t s  a r e  based 
on a  model developed by A. Bur t scher  f o r  t h e  ASTRA r e a c t o r  i n  S e i b e r s d o r f ,  
Aus t r i a .  The d e t a i l s  of t h i s  model a r e  desc r ibed  i n  Appendix I of Ref. 1, and 
a r e  repea ted  h e r e  w i t h  minor mod i f i ca t i ons  f o r  c l a r i t y  and completeness.  

The assumed f u e l  c y c l e  c o s t  components a r e  shown i n  Tab le  3. S e v e r a l  
p o i n t s  a r e  wor th  mentioning: 

- The en r i ched  uranium p r i c e s  t h a t  were used were v a l i d  a s  of October  
1979 ($47.8/g 2 3 5 ~  f o r  93.15% enrichment  and $45.2/g 2 3 5 ~  f o r  20% 
enrichment 1. 

- The r e f e r e n c e  HEU aluminide f u e l  element had a  c o s t  of $6600 pe r  
e lement ,  and t h e  c o s t  f o r  a n  LEU aluminide,  ox ide ,  o r  s i l i c i d e  
element was assumed t o  be h i g h e r  by a  f a c t o r  of 1.35 - 1.5. S i n c e  
l i t t l e  i n fo rma t ion  i s  a v a i l a b l e  a t  thds  t i m e  on the c o s t  of caramel 
f u e l ,  i t s  f a b r i c a t i o n  c o s t  f a c t o r  (1.35 - 5.4) was t r e a t e d  a s  a  
parameter  i n  t h i s  exe rc i s e .  The publ i shed  Gene ra l  Atomic ca t a logue  
p r i c e  of $22,100 p e r  element was used f o r  U Z r H  f u e l .  

- Reprocess ing  charges  f o r  a luminide,  ox ide ,  and zirconium hydr ide  
f u e l s  a r e  based on F e d e r a l  R e g i s t e r  No t i ce s  v a l i d  through December 
1982. Fo r  s i m p l i c i t y ,  t h e  same p r i c e s  were assumed f o r  both HEU and 
LEU f u e l s .  S ince  t h e r e  is  no informat ion  a v a i l a b l e  on r ep roces s ing  
charges  f o r  e i t h e r  t h e  s i l i c i d e  o r  caramel  f u e l s ,  t h e  p r i c e  was 
assumed t o  be t h e  same as t h a t  f o r  HEU a luminide  f u e l  f o r  purposes 
of t h i s  comparison. A c t u a l  p r i c e s  may be q u i t e  different. 



T a b l e  2. Comparison of Geometry, 2 3 5 ~  Loading,  and ! 
Burnup Data f o r  t h e  HEU Refe rence  Case and 

Cases w i t h  LEU F u e l s  ! 

P l a t e 3  Uranium F u e l  N e a t /  k a t e r  Average Average Crams p e r  
F u e i  Type o r  Rods 3 e n s i t y  i n  Water Channe l  Volume 23511 i n  Cyc le  Crams F i s s i l e  Burned Discharge  Discharged  

and p e r  S td .  ? u e l  Meat Th ickness  F r a c t i o n  F r e s h  S t d .  Length,  i n  D i s c h a r  e Element Burnup Element  
Enrichment  Element g/cm3 mm S t d .  E l .  Element, g Days 23511. 23fP&41Pu % 2 3 5 ~  MUda 2 3 9 ~ u / 2 4 0 ~ u / ~ o t a l  Pu 

Aluo in ide ,  20% 19 2.27 . 1.238i2.188 0.468 403.0 . 16.7 170.5 10.7 ; 42.3 143.3 11.012.1114.2 
. . 

Oxide,  20% 19 3.0 1.238i2.188 0.468 533.5 28.0 253.9 25.6 , 47.6 219.6 16.314.0122.8 

S i i l c i d e ,  20%'  23 6.0 0.5112.188 . 0.561 532.1 37.8 367.7 44.0 ., 69.1 322.5 15.6/5.4/24.4 

Caramel, 6.5% 16 8.41 1.65/:.75 0.519 497.5 23.7 216.7 35.6 ' 43.6 196.3 35.216.8145.7 

aEnergy p r o d u c t i o n  based on burnup of 1.25 g 235~!MWd and 1.55 g , S ' ~ ~ P U  + 241~u)/MWd 

b0.81 wt% Erbium 
cFu2l  o u t e r  d iamete r  



Fig. 3. Comparison of Thermal Fluxes at EOC for 10 MW Reactor Between HEU 
Reference Case and Cases with Different LEU Fuels for a Midplane 
Traverse Through the Central Flux-Trap and Water-Reflected Faces 
(ns = not shorn). 



T a b l e  3 .  FUEL CYCLE COST COMPONENTS 

URANIUM COSTS 

- E n r i c h e d  Uranl.um 
.- -. - . . . - .. - - .. .. 

- Uranium L o s s e s  Dur ing  C o n v e r s i o n  and FE F a b r i c a t i o n :  2.5% 

- C o n v e r s i o n  of  UF6 t o  U-Metal: $330/kg U 

FUEL ELEMENT FABRICATION COSTS 

HEU R e f e r e n c e  Element  (Approx. NUKEM P r i c e  f o r  ASTRA ~ l e m e n t ) :  $6600 

LEU.. F u e l  E lemen t s :  . -. - .  . - - - .  

- UA1,-Al, U308-A1 (NUKEM E s t i m a t e )  

(1.35-1 - 5 )  x HEU Ref.  FE: -$8910-$9900 

- UjSi-A1 . ( E s t i m a t e  f o r  t h i s  Comparison)  

'(1.35-1.5) x HEU Ref.  FE: -$8910-$9900 

- CARAMEL ( E s t i m a t e  f o r  t h i s  Comparison)  

(1.35-5.4) x HEU Ref.  FE: ~ $ 8 9 1 0 - 3 5 , 6 4 0  

- UZrH ( G e n e r a l  Atomic C a t a l o g u e  P r i c e ) :  $22,100 

FRESH NEL SHIPPING COSTS 

- ' S h i p  UF6 f rom USA t o  Europe (Based on  Shipment  of -200 kg  
' ~ n r i c h m e n t  Uranium): $3000 + $550/kg U 

- S h i p  F r e s h  F u e l  f rom NUKEM t o  ASTRA: $400/Element 

SPENT NE.L SHIPPING COSTS 

- S h i p  S p e n t  F u e l  f rom ASTRA t o  Savannah R i v e r  P l a n t :  $3140/Element 

- $400/kg M e t a l  (UA1,-A1, U308-A11 Based on F e d e r a l  R e g i s t e r  
N o t i c e s  V a l i d  Through 

- $145/kg M e t a l  (U2rH.H) December 1982. 

- $400/kg Metal ( U 3 S i - ~ 1 ,  CARAMEL) E s t i m a t e  f o r  Chis 
Comparison Only. 

URANIUM CREDIT 

P r i c e  f o r  C o n t a i n e d  2 3 5 ~  ( I n t e r p o l a t e d  f o r  D i f f e r e n t  ~ n r i c h m e n t s ) ,  
Reduced by: 

- Uranium L o s s e s  Dur ing  R e p r o c e s s i n g  and Convers ion:  2.5% 

- C o n v e r s i n n  C o s t s ;  $260/kg U 

- S h i p p i n g  C h a r g e s  t o  Enrichment PlanL:  2% of Uranium C r e d i t  



- Uranium c r e d i t s  were computed i n  t h e  same manner f o r  a l l  f u e l s  and 
enrichments.  

A d d i t i o n a l  assumptions f o r  t h e s e  c o s t  comparisons a r e  shown i n  T a b l e s  4  
and 5. A l l  c a l c u l a t i o n s  were performed f o r  a  batch s i z e  of ' 2 6  f u e l  elements.  
The annual  c a p i t a l  i n t e r e s t  r a t e  (P) was t r e a t e d  a s  a v a r i a b l e  and t h e  annual  
e s c a l a t i o n  r a t e  (E) was f i x e d  a t  10%. A l l  c o s t s  were r e f e r r e d  t o  t h e  beginning 
of the  f u e l  c y c l e  f o r  v a r i o u s  v a l u e s  of (P - E). 

- The r e s u l t s  of t h i s  s tudy  are shown i n  Fig.  4 ,  where t h e  f u e l  c y c l e  
c o s t s  i n  $ / M w ~  a r e  p l o t t e d  a g a i n s t  (P-E) f o r  t h e  r e f e r e n c e  HEU f u e l  and t h e  
va r ious  LEU f u e l s  (except  f o r  t h e  caramel).  S ince  t h e  curves  i n  F ig .  4 a r e  
a l l  r e l a t i v e l y  p a r a l l e l ,  i t  can be concluded t h a t ,  w i t h i n  a  reasonable  range, 
d i f f e r e n c e s  between i n t e r e s t  r a t e s  and e s c a l a t i o n  r a t e s  a r e  not  impor tan t  
s i n c e  they i n f l u e n c e  a l l  nf t h e  f u e l s  i n  about  t h e  same manner. Thus, i n t e r p r e -  
t a t i o n  of t h e  r e s u l t s  can  be s i m p l i f i e d  by cons ide r ing  only t h e  c a s e  where 
t h e s e  r a t e s  a r e  e q u a l  (P - E = 0).  

The f u e l  c y c l e  c o s t  components ( i n  thousands of U.S. $)  f o r  t h i s  c a s e  a r e  
shown i n  Table  6  a long  w i t h  t h e  c o s t  i n  $/MWd f o r  each  of t h e  f u e l s .  Some of 
t h e  conc lus ions  t h a t  can be drawn from Table  6  a r e :  

- Aluminide f u e l  w i t h  a  uranium d e n s i t y  of 2.3 g/cm3 and 19 t h i c k  
p l a t e s  would n o t  be a  good cho ice  f o r  convers ion  of t h i s  r e a c t p r  
s i n c e  t h e  o v e r a l l  f u e l  c y c l e  c o s t s  would be i nc reased  by aboup 20%. 

- A b e t t e r  choice  would be ox ide  f u e l  w i t h  3.0 g u/cm3 i n  t h i s  element 
wi th  19 t h i c k  p l a t e s  s i n c e  t h e  f u e l  c y c l e  c o s t s  would be reduced by 
about  7%. The l a r g e r  2 3 5 ~  l oad ing  t h a t  can  be achieved i n  t h e  oxide 
f u e l  l e a d s  t o  a cons iderab ly  l o n g e r  o p e r a t i n g  c y c l e  and reduced 
cos t s .  

- I f  t h e  i r r a d i a t i o n  t e s t i n g  of s i l i c i d e  f u e l  i s  s u c c e s s f u l ,  t h e  high 
uranium d e n s i t i e s  o f f e r  t h e  advantage of a  s imple  s u b s t i t u t i o n  of a  
new f u e l  meat w i thou t  any changes i n  t h e  23-plate  HEU f u e l  element 
geometry. With 6.0 g u/cm3 LEU s i l i c i d e  f u e l  meat, t h e  f u e l  c y c l e  
. c o s t s  would be about  73% of t h e  c o s t s  w i t h  HEU f u e l .  

- R e f e r r i n g  t o  Table  2 ,  i t  i s  i f i t e r e s t i n g  t o  n o t e  t h e  advantage  of 
t h e  t h i n  f u e l  meat c a s e  w i t h  23 p l a t e s  and LEU s i l i c i d e  f u e l  ove r  
t h e  t h i c k  f u e l  meat c a s e  w i t h  19 p l a t e s  and LEU oxide f u e l .  Both 
des igns  c o n t a i n  about  530 g 2 3 s ~  p e r  element,  but ,  because of t h e  
l a r g e r  w a t e r  volume f r a c t i o n  w i t h  23 t h i n  p l a t e s ,  t h e  c y c l e  l e n g t h  
would be about  38  days i n s t e a d  of 28 days and t h e  average  2 3 5 ~  
d i scha rge  burnup would be about  69% i n s t e a d  of 48%. T h i s  t r a n s l a t e s  
i n t o  f u e l  c y c l e  c o s t s  of $114/MWd w i t h  t h e  s i l i c i d e  element and 
$145/M~d w i t h  t h e  oxide element. 

- The 16-pin U Z r H  f u e l  element w i th  erbium burnable  poison h a s  a  h igh  
2 3 5 ~  con ten t ,  a  long c y c l e  l eng th ,  and a  h igh  2 3 5 ~  d i s c h a r g e  burnup. 
The r e s u l t i n g  f u e l  c y c l e  c o s t s  would bc about  87% of t hose  w i t h  t he  
r e f e r e n c e  HEU a luminide  f u e l .  



Table  ' 4 .  A d d i t i o n a l  Assumptions f o r  Cos t  Comparisons 

Equ i l i b r ium Core 

Methods Based on F u e l  Cycle  of t h e  ASTRA Reac to r  

. . . . . . - - - - - . . . - - . - - - - . , - -. - - . .. . . 

Batch S i z e  of New Elements Ordered: 26 Elements 

R e a c t o r  Operated u n t i l  26 Elements Have Achieved Discharge 
Burnup (Spent F u e l  Shipments a r e  Usua l ly  26 ~ l e m e n t s )  

C o s t s  Re fe r r ed  t o  Beginning of F u e l  Cycle  Using Assumptions 
f o r  t h e  ASTRA Reac tor  f o r  Var ious  Values  of (P-E). 

P = C a p i t a l  I n t e r e s t  ~ a t e / ~ r .  Duty F a c t o r  = 40% 

E = E s c a l a t i o n  ~ a t e h r .  (10%) (Ref. 1; Appendix I )  

Table  5. Cos t  Flow Assumptions f o r  F u e l  Cycle  Cos t  Components 
. * 

Time i n ,  Months a t  Which D i f f e r e n t  
Cos t s  a r e  I n c u r r e d  

'Cost Component 

1. Uranium C o s t  

2. S h i p  UF6 t o  Europe 

3 .  Convert  UF6 t o  U Metal  

4. F a b r i c a t e  F u e l  Elements 

5. S h i p  F r e s h  F u e l  t o  Reac tor  

6 .  S h i p  SpenL F u e l  t o  U.S. 

7. Reprucess ing  Cos t  

8. Uranium C r e d i t  

Shipment Shipment 
Cycle  1 .Cycle 2 

X = Resident  Time f o r  Burnup of 26 F u e l  Elements 



Fig, 4 .  Fuel Cycle Costs v s .  P-E for Ref. HEU Fuel and LEU Fuels 

P-E 



Table 6. COST COMPARISON. (P-E = 0) 
($OOO),. 

SHIP SHIP 
U FABR.a FRESH SPENT REPR. URANIUM 

FUEL COST COST FUEL FUEL COST CREDIT TOTAL - MWD $1 MWD - 
UAlx-A1 341 172 18 82 4 8 -113 548 3524 15 6 
(HEU Ref.) 

U3S I-A1 631 232 50 82 62 -146 1 911 7964 114 

I 

UZRH. .LO94 575 7 6 8 2 5 0 -397 i480 10871 136 

aFabr. costs for LEU UAl,-Al, U3OrAl, and U3Si-Al assumed to be 1.35 x HEU Ref. ($6600/element). 

b~abr. costs for CARAMEL parameterized as (1.35, 2.7, and 5.4) x HEU Ref. 



FUEL 

uAlx-Al 
(HEU Ref .) 

Tabie 7. COST COMPONENT COMPARISON (P-E = 0) 

(Percent of Total) 

SHIP SHIP 
U COST + FABR. a FRESH SPENT 
U CREDIT COST FUEL FUEL 

REPR. 
COST 

UZRH 47.1. 38.9 5.1 5.5 3.4 

CARAMEL 37.7 24.7b 12.4 

30.3 39.7 9.9 

21.7 56.8 7.1 

aFabr. costs for UA1,-Al, U308-Al, and U ~ S I - A ~  assumed to be 1.35 x HEU Ref. ($6600/element) 

b~abr. costs for CARAMEL parameterized as (1.35, 2.7, and 5.4) x H E U ' R ~ ~ .  



- A s m e n t i o n e d a b o v e ,  t h e  f a b r i c a t i o n c o s t  f o r  t h e c a r a m e l  f u e l w a s  
t r e a t e d  as a  parameter  i n  t h i s  s t udy  s i n c e  i n fo rma t ion  on t h i s  f u e l  
cyc l e  component was not a v a i l a b l e .  Using a  f a b r i c a t i o n  c o s t  f a c t o r  
of 1.35 i n  comparison w i t h  t h e  r e f e r e n c e  HEU f u e l ,  t h e  f u e l  c y c l e  
c o s t  was computed t o  be $ 1 9 5 / ~ ~ d ,  about  25% h i g h e r  t han  t h e  HEU 
case.  O v e r a l l  c o s t s  rise sha rp ly  i f  h i g h e r  f a b . r i c a t i o n  c o s t s  are 
assumed. 

I n  Table  7 ,  t h e  c o s t  components, a r e  broken down a s ,  a  pe rcen tage  of t h e  
t o t a l  f o r  each of t h e  f u e l s .  A s  expected,  en r i ched  uranium c o s t s  and f a b r i -  
c a t i o n  c o s t s  a r e  t h e  major components, and t h e s e  c o n s t i t u t e  65 - 85% of t h e  
t o t a l s .  

Conclusion 

-. 
The conc lus ion  of t h i s  s tudy  i s  t h a t  t h e r e  a r e  e x c e l l e n t  opportuni-  

t ies  f o r  reducing f u e l  c y c l e  c o s t s  i n  convers ions  from HEU t o  LEU i f  t h e  LEU 
f u e l s  t h a t  a r e  being developed and t e s t e d  a r e  s u c c e s s f u l  and i f  a l l  s a f e t y  
c o n s i d e r a t i o n s  allow. The c o s t  r educ t ions  desc r ibed  he re  a r e  t h e  d i r e c t  
r e s u l t  of t h e  l onge r  c y c l e  l e n g t h s  t h a t  can be ob t a ined  w i t h  i n c r e a s e d  2 3 5 ~  
loadings.  Each r e a c t o r  is  an  i n d i v i d u a l  c a s e  and f u e l  c y c l e  economics should,  
a long  w i t h  s a f e t y  c o n s i d e r a t i o n s ,  be an i n t e g r a l  p a r t  of choosing t h e  op t imal  . 
f u e l  and f u e l  element des ign  f o r  convers ion  t o  LEU. 

Ref. 1: "IAEA Guidebook on ~ e - s e a r c h  Reac tor  Core Conversion f r o m ' t h e  Use of 
Highly Enr iched  Uranium t o  t h e  Use of Low Enr iched  Uranium F u e l s , "  
IAEA-TECDOC-233, August 1980. 




