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GLOSSARY 

GWd Gigawatt-days = l o9  watt-days 

MWd Megawatt-days = lo6  watt-days 

MTIHM Metric tons ( l o 6  g)  of i n i t i a l  heavy metal 

Deplet ion C a l c u l a t i o n  of t h e  f r e s h  r e a c t o r  f u e l  i r r a d i a t i o n  t h a t  
c a l c u l a t i o n  p r e d i c t s  t h e  discharged f u e l  composition 

Fuel  element The smallest s t r u c t u r a l l y  d i s c r e t e  p a r t  of a f u e l  assembly 
t h a t  has  n u c l e a r  f u e l  as t h e  p r i n c i p a l  c o n s t i t u e n t ;  a l s o  
c a l l e d  a f u e l  p i n  o r  a f u e l  rod 

Fuel  assembly A grouping of f u e l  elements t h a t  remains i n t a c t  during t h e  
charg ing  and d ischarg ing  of a r e a c t o r  core  

P i n  c e l l  A c y l i n d r i c a l  model of a f u e l  element used i n  a r e a c t o r  
phys ics  c a l c u l a t i o n  

Assembly c e l l  A c y l i n d r i c a l  model of a f u e l  assembly used i n  a r e a c t o r  
phys ics  c a l c u l a t i o n  

Fuel  channel Hexagonal, s h e e t - m e t a l  can surrounding each f u e l  assembly 
t o  prevent  cross-flow of coolan t  between assemblies  

LMFBR 

FFTF 

Liquid metal (cooled)  , fas t -breeder  r e a c t o r .  " F a s t "  
r e f e r s  t o  t h e  f a c t  t h a t  t h e  neut ron  spectrum is  
high-energy, i .e. ,  no t  thermal.  

Fast-Flux Test F a c i l i t y  i n  Richland, Washington 
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PREFACE 

This  r e v i s i o n  is  being i s sued  t o  c o r r e c t  a s i g n i f i c a n t  e r r o r  t h a t  

occur red  i n  gene ra t ing  t h e  c ros s  s e c t i o n s  f o r  t h e  ORIGEN2 W B R  r e a c t o r  

models descr ibed  i n  t h e  o r i g i n a l  r epor t .  S p e c i f i c a l l y ,  t h e  weight ing  of 

t h e  mult igroup c ross  s e c t i o n  l i b r a r y  wi th  a mult igroup neutron energy 

spectrum t o  y i e l d  a one-group cross-sec t ion  l i b r a r y  was done improperly 

because the  nuc l ide  concen t r a t ions  were not c o r r e c t .  This e r r o r  was 

propogated throughout much of t h e  d a t a  presented  i n  t h e  appendixes ,  t hus  

n e c e s s i t a t i n g  a completely new ve r s ion  of t h i s  p o r t i o n  of t he  r epor t .  I n  

a d d i t i o n ,  some minor changes have been made based on informat ion  obta ined  

a f t e r  t he  o r i g i n a l  r e p o r t  had been i ssued .  The most no tab le  of t hese  are: 

(1) t h e  FFTF i r r a d i a t i o n  parameters have been updated;  ( 2 )  Table B .1 ,  i n  

which t h e  va lues  i n  t h e  f i r s t  column were s h i f t e d ,  has been c o r r e c t e d ;  and 

( 3 )  an e r r o r  i n  t h e  s p e c i f i c  power f o r  t he  r a d i a l  b lanket  i n  t h e  AMORUUUX 

and EMOPUUUX r e a c t o r  models has been e l imina ted .  

The impact of t h e s e  changes on t h e  p r i n c i p a l  a c t i n i d e  nuc l ides  (e.g. ,  

uranium, plutonium) is  n e g l i g i b l e  s i n c e  they are dependent on v a r i a b l e  

c r o s s  s e c t i o n s  which were not a f f e c t e d  by t h e  mult igroup c ross - sec t ion  

p rocess ing  e r r o r s .  However, t he  changes i n  t h e  one-group c ross  s e c t i o n s  

w i l l  a f f e c t  v i r t u a l l y  a l l  o t h e r  nuc l ides  t o  vary ing  degrees.  It should 

be  noted t h a t  t h e  c ros s - sec t ion  process ing  e r r o r s  descr ibed  above do not  

a f f e c t  t h e  FFTF model i n  t h i s  r e p o r t  o r  t h e  CRBRP model descr ibed  i n  

NUREG/CR-2762. 
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LMFBR MODELS FOR THE ORIGEN2 COMPUTER CODE 

A. G. Croff 
3 .  W. McAdoo 
M. A. Bjerke 

. 

ABSTRACT 

Reactor phys ics  c a l c u l a t i o n s  have l e d  t o  t h e  development 
of n ine  l iqu id-meta l  f a s t  b reeder  r e a c t o r  (LMFBR) models f o r  
t h e  ORIGEN2 computer code. Four of t h e  models are based on 
t h e  U-Pu f u e l  c y c l e ,  two are based on t h e  Th-U-Pu f u e l  c y c l e ,  
and t h r e e  are based on t h e  Th-233U f u e l  cyc le .  The r e a c t o r  
models are based on c r o s s  s e c t i o n s  taken  d i r e c t l y  from t h e  
r e a c t o r  physics codes. Desc r ip t ions  of t h e  r e a c t o r  models as 
w e l l  as va lues  f o r  t h e  ORIGEN2 f l u x  parameters THERM, RES, 
and FAST are given. 

1. INTRODUCTION AND SUMMARY 

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

1.1.1 Background 

The ORIGENl  computer code is  a v e r s a t i l e  t o o l  used f o r  c a l c u l a t i n g  

t h e  bui ldup  and d e p l e t i o n  of i s o t o p e s  i n  nuc lea r  materials. This 

computer code w a s  w r i t t e n  i n  t h e  l a t e  1960s and e a r l y  1970s by t h e  ORNL 

Chemical Technology Divis ion .  A t  t h a t  t i m e ,  t he  r equ i r ed  nuc lea r  d a t a  

l i b r a r i e s  ( h a l f - l i v e s ,  c r o s s  s e c t i o n s ,  f i s s i o n  product y i e l d s ,  e t c . )  and 

r e a c t o r  models (PWR-U, PWR-Pu, LMFBR, HTGR, and MSBR) were a l s o  

developed. The code w a s  p r i n c i p a l l y  in tended  f o r  use i n  gene ra t ing  

s p e n t  f u e l  and waste c h a r a c t e r i s t i c s  (composition, thermal power, etc. ) 

t h a t  would form t h e  b a s i s  f o r  t h e  s tudy  and des ign  of f u e l  r ep rocess ing  

p l a n t s ,  spen t  f u e l  sh ipp ing  casks ,  waste t rea tment  and d i s p o s a l  

f a c i l i t i e s ,  and waste sh ipping  casks.  Since f u e l  cyc le  ope ra t ions  were 
being examined g e n e r i c a l l y  i n  o rde r  t o  accommodate a wide range of f u e l  
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c h a r a c t e r i s t i c s ,  i t  w a s  only necessary  t h a t  t h e  ORIGEN r e s u l t s  be 

r e p r e s e n t a t i v e  of t h i s  range. A s a t i s f a c t o r y  r e s u l t  was obta ined  by 

simply a d j u s t i n g  t h e  resonance i n t e g r a l s  of t h e  major f i s s i l e  and f e r -  

t i l e  s p e c i e s  t o  o b t a i n  agreement with a spent  f u e l  composi t ion from a n  

exogenous source.  

Soon a f t e r  t h e  ORIGEN computer code was documented, i t  w a s  made 

a v a i l a b l e  t o  o t h e r  u s e r s  through t h e  Radia t ion  Shie ld ing  Information 

Center  a t  ORNL. Because of t h e  re la t ive s i m p l i c i t y  of ORIGEN and i ts  

convenient  and d e t a i l e d  output ,  many o r g a n i z a t i o n s  acqui red  i t ;  some 

began us ing  ORIGEN f o r  a p p l i c a t i o n s  t h a t  were more s p e c i f i c  and t h a t  

r e q u i r e d  g r e a t e r  p r e c i s i o n  i n  t h e  c a l c u l a t e d  r e s u l t s  than  t h e  g e n e r i c  

f u e l  c y c l e  s t u d i e s  f o r  which t h e  code w a s  o r i g i n a l l y  developed. (Fot  

example, environmental  impact s t u d i e s  r e q u i r e d  r e l a t i v e l y  p r e c i s e  

c a l c u l a t i o n s  of minor i s o t o p e s  such as 3H, l 4 C ,  232U, and 2429244Cm.)  

I n  response t o  t h e s e  requirements ,  a t t e m p t s  were made t o  update  spe- 

c i f i c  a s p e c t s  of ORIGEN and i t s  d a t a  b a s e s ; 2 , 3  however, i n c o n s i s t e n -  

c ies  and numerous d a t a  bases  r e s u l t e d  from t h e s e  e f f o r t s .  

To remedy t h e s e  problems, a concerted program w a s  i n i t i a t e d  i n  

1975 t o  update  t h e  O R I G E N  computer code and i t s  a s s o c i a t e d  d a t a  bases  

and r e a c t o r  models. This i s  one of s e v e r a l  r e $ o r t s  d e s c r i b i n g  t h e  

v a r i o u s  a s p e c t s  of t h e  ORIGEN update  e f f o r t .  Prev ious ly  i s s u e d  

r e p o r t s  d e s c r i b e  (1) a r e v i s e d  v e r s i o n  of t h e  ORIGEN computer 

code, des igna ted  ORIGEN2, ( 2) updated decay and photon d a t a  

l i b r a r i e s ,  (3) updated U-Pu cyc le  PWR and BWR models, and 

( 4 )  a l t e r n a t i v e - f u e l - c y c l e  (thorium c y c l e s  and extended burnup) PWR 

models, and CANDU r e a c t o r  models. 

1.1. 2 Scope 

This  r e p o r t  d e s c r i b e s  n ine  model LMFBRs. Eight  of t h e s e  are com- 

mercial designs based on t h e  Pro to type  Large Breeder Reactor s tudy1 

and t h e  n i n t h  i s  based on t h e  c u r r e n t l y  o p e r a t i n g  FFTF r e a c t o r l l  i n  

t h e  Richland, Washington area. A c h a r a c t e r i s t i c  d e s c r i p t i o n  of t h e  

f u e l  c y c l e s  considered i n  t h e s e  r e a c t o r  models i s  given i n  Table 1. 

c 
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The fundamental o b j e c t i v e  of t h i s  work was t o  develop LMFBR 

models based on e x i s t i n g  c r o s s  s e c t i o n  d a t a l 2 ,  l 3  r a t h e r  than  t h e  

a r b i t r a r y  adjustment of c r o s s  s e c t i o n s  t h a t  t y p i f i e d  p rev ious  ORIGEN 

r e a c t o r  models. The gene ra t ion  of t h e  informat ion  r e q u i r e d  f o r  t h e s e  

r e a c t o r  models began wi th  t h e  ga the r ing  and i n i t i a l  p rocess ing  of t h e  

e x i s t i n g  c r o s s  s e c t i o n  d a t a  i n t o  a l i b r a r y  of 126 neu t ron  energy 

groups t h a t  could be used by a modular system of r e a c t o r  phys ics  

codes (AMPX)14 a t  ORNL (Sect. 2). Two separate l i b r a r i e s  were 

c r e a t e d :  (1) a smaller one con ta in ing  n u c l i d e s  whose presence  i n  t h e  

r e a c t o r  would have t h e  g r e a t e s t  e f f e c t s  on t h e  neut ron  spectrum and 

d e p l e t i o n  c h a r a c t e r i s t i c s ,  and (2 )  a l a r g e r  l i b r a r y  con ta in ing  many 

n u c l i d e s  of i n t e r e s t  i n  ORIGEN2 with n e g l i g i b l e  e f f e c t s  on t h e  neut ron  

spectrum and dep le t ion .  

t h e  subsequent mul t igroup fue l -dep le t ion  c a l c u l a t i o n s .  

Only t h e  smaller l i b r a r y  w a s  cons idered  i n  

Following t h e s e  i n i t i a l  s t e p s ,  composition-dependent c r o s s  sec-  

t i o n s  t h a t  accounted f o r  s p a t i a l  and energy s e l f - s h i e l d i n g  e f f e c t s  

were genera ted  f o r  each of t h e  commercial r e a c t o r s  (Sect.  3). The 

l i b r a r i e s  r e s u l t i n g  from t h i s  procedure conta ined  n ine  neut ron  energy 

groups ,  which were then  used i n  a d i f fus ion - theo ry  d e p l e t i o n  code t o  

p r e d i c t  t h e  spen t  f u e l  composition and t o  supply some of t h e  c r o s s  

s e c t i o n s  r equ i r ed  by ORIGEN2. The 126-group c r o s s  s e c t i o n s  were then  

c o l l a p s e d  t o  1-group c r o s s  s e c t i o n s ,  us ing  a t y p i c a l  neu t ron  spectrum 

t h a t  was der ived  from t h e  d e p l e t i o n  c a l c u l a t i o n .  F i s s i o n  product 

y i e l d s  were obta ined  by spectrum-weighting energy-dependent y i e l d s  , 
u s i n g  t h i s  same neut ron  spectrum. Add i t iona l  c a l c u l a t i o n s  were then  

performed t h a t  y i e lded  new va lues  of t he  ORIGEN2 f l u x  parameters - 
THERM, RES, AND FAST. 

F i n a l l y ,  an i n v e s t i g a t i o n  w a s  undertaken t o  determine a p p r o p r i a t e  

i n p u t  parameters f o r  t h e  r e a c t o r  models. The parameters i n v e s t i g a t e d  

inc luded  t h e  a c t i n i d e  and impur i ty  composition of t h e  f r e s h  f u e l  and 

t h e  s t r u c t u r a l  material type and composition of a f u e l  assembly. 

. 
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2.  THE GENERATION OF THE MASTER, MULTIGROUP CROSS-SECTION DATA BASE 

Th i s  s e c t i o n  d e s c r i b e s  t h e  sources  of t h e  unprocessed c ross -  

s e c t i o n  d a t a  used t o  develop t h e  LMFBR models and t h e  i n i t i a l  p rocess-  

i n g  of t hese  c r o s s  s e c t i o n s  i n t o  an AMPX master c ross - sec t ion  l i b r a r y .  

The 126-energy-group l i b r a r y  s t r u c t u r e  (of which two groups were i n  t h e  

thermal  energy range) is shown i n  Appendix A. 

Cross s e c t i o n s  t h a t  were used f o r  t h e  ORIGEN2 LMFBR models were 

c o l l e c t e d  i n t o  two groups. Group 1 c o n t a i n s  a l l  f i s s i o n  product 

i s o t o p e s  having c ross - sec t ion  d a t a  a v a i l a b l e  f o r  process ing .  Data f o r  

t h e  group 1 nuc l ides  ( l i s t e d  i n  Table 2)  were obta ined  from ENDF/B-IV 

and are documented i n  r e f .  15. These d a t a  were processed wi th  t h e  AMPX 

modules NPTXS and XLACS2. 

Nuclides i n  group 2 ,  i n i t i a l l y  d iv ided  i n t o  subgroups 2A and 2B,  

i n c l u d e  t h e  a c t i v a t i o n  p roduc t s ,  a c t i n i d e s ,  c o o l a n t ,  and s t r u c t u r a l  

materials cons idered  i n  t h i s  work. Subgroup 2A c o n s i s t s  of n u c l i d e s  

t h a t  are important i n  t h e  r e a c t o r  phys ics  c a l c u l a t i o n s .  Most of t h e  

c r o s s - s e c t i o n  d a t a  f o r  subgroup 2A was der ived  from ENDF/B-IV12 and i t s  

p r o ~ e s s i n g l ~ , ~ ~  w a s  accomplished wi th  t h e  M I N X 1 8  computer code. 

f o r  a f e w  of t h e  nuc l ides  i n  t h i s  subgroup were obta ined  from a prelim- 

i n a r y  ve r s ion  of ENDF/B-V13 and were processed i n t o  t h e  master, 

mul t igroup format us ing  t h e  AMPX modules NPTXS and XLACS2 ( o r ,  i n  t h e  

case of 233U, t h e  N J 0 Y l 9  computer code). 

subgroup 2A,  which are summarized i n  Table 3,  were used through t h e  

e n t i r e  sequence of f u e l  d e p l e t i o n  c a l c u l a t i o n s .  

Data 

Data f o r  t h e  n u c l i d e s  i n  

Subgroup 2B con ta ins  nuc l ides  f o r  which d a t a  were obta ined  from 

ENDF/B-IV, through t h e  p rocess ing  sequence def ined  i n  r e f s .  16 and 17. 

Data f o r  t h e s e  nuc l ides  (which inc lude  t h e  l i g h t  n u c l i d e s ,  such as IH,  

and t h e  minor a c t i n i d e s ,  such as 233Pa) w e r e  not used i n  t h e  phys ics  

c a l c u l a t i o n s  f o r  t h e  LMFBR models, but w e r e  in tended  f o r  subsequent 

weight ing  wi th  a r e p r e s e n t a t i v e  spectrum. However, dur ing  t h e  course  

of t h i s  s tudy  t h e  more complete c ros s - sec t ion  d a t a  from ENDF/B-V became 

a v a i l a b l e ,  superseding  t h e  ENDF/B-IV da t a .  As a r e s u l t ,  mul t igroup 

c r o s s - s e c t i o n  d a t a  were c a l c u l a t e d  f o r  a l l  of t h e  i n d i v i d u a l  n u c l i d e s  
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Table 2. ORIGEN2 group 1 ( f i s s ion -p roduc t )  nuc l idesa  

2Ge 

7 9 ~ r  

5Kr 

8 9 ~ r  

9 3 ~ r  

9 6 ~ r  

ORu 
1 0 5 %  

1 0 9 k  

l4Cd 

1 1 9 ~ n  

124sn 

126Te 

I3OTe 

133cs 

1 3 6 ~ e  

1 4 O L ~  

143pr 

147srn 

150sm 

154sm 

157Gd 
1 6 3 ~  

7 3Ge 

80Se 

5Rb 

89Y 

3Nb 

6Mo 

lRu 

05Pd 

l0Pd 

1 1 5rnCd 

12Osn 

124Sb 
1 2 7 m ~ ~  

1301 

134Xe 

136CS 

140ce 

143Nd 

8Nd 
1 5 1 h  

54Eu 

158Gd 
1 6 4 ~  

74Ge 

OKr 

6 K r  

9 Osr 
9 4 ~ r  

9 ~ M O  

02Ru 

06Ru 

l0Cd 

1 

l 2 I S b  

24Te 
1271 

130Xe 
1 34cs 

36Ba 

1 4  Ice  

144ce 
1 4 8 h  

151srn 

54Gd 
159% 

1 6 5 ~ 0  

7 5As 

l B r  

6Rb 

9 OY 

9 4% 

8Mo 

03Ru 

06Pd 
l l l&  

115sn 

122Sn 

125sn 

128Te 
1311 

34Ba 

137CS 

141pr 

44Nd 
1 4 8mpm 

51Eu 

ls5Eu 

160Gd 

66Er  

7 6Ge 7 6 ~ e  

8 %e 2Kr  

8 6Sr 7Rb 

9 Ozr 9 1 Y  

9 ~ M O  9 5 ~ r  

9 %O 9Tc 
103% 1 0 4 ~ ~  

107pd l o ? &  

l l l c d  112Cd 
116cd 1 1 6 ~ ~  

22Te 1 23 Sn 
125sb 1 2 5 ~ ~  

128xe 129rn~, 

1 3 1 ~ ~  1 3 2 ~ ~  

1351 1 35xe 

1 3 7 ~ ~  1 3 8 ~ ~  

1 4 2 ~ e  1 42pr 
1 4 5 ~ d  l r t 6 ~ d  

148srn 1 4 9 h  

1 5 2 ~ ~  1 5 2 ~ ~  

1 5 5 ~ d  1 5 6 ~ ~  

1 6 0 m  1 6 0 ~  

67Er  

7 7 ~ e  

3Kr 

8 7 ~ r  

9 1 Z r  

9 5Nb 

9Ru 

04Pd 

08Pd 
1 1 3 a  

1 1 7 ~ n  

lZ3Sb 

1 26Sn 
1291 

1 32xe 

35cs 
1 3 9 b  

42Nd 

47Nd 

1 4 9 ~ m  

153sm 
1 5 6 ~  

1611-3, 

7 %e 

4 K r  

8 8Sr 

9 2 ~ r  

9 ~ M O  

O0Mo 

05Ru 

08Cd 

1 1 3 1 ~  

1 18sn 

123Te 

26Sb 

1 29xe 

133xe 

35Ba 

I4OBa 
1 4 3 ~  

1 4 7 h  

50Nd 

53Eu 

57Eu 
1 6 2 ~  

. 

a A l l  c r o s s  s ec t ions  are taken  from ref. 1 2  and documented i n  
r e f .  15. 
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Table  3. ORIGEN2 subgroup 2.4 nuc l ides  ( inc luded  i n  
r e a c t o r  phys ics  c a l c u l a t i o n s )  

Nuclide Ref. Nos. Nu c 1 i de  Ref. Nos. 

1 60 12, 16, 17 

N a  12, 16, 17 

S t a i n l e s s  s tee l  12, 16, 17 

Cont ro l  rod 12, 16, 17 

Lumped f i s s i o n  12, 16, 17 
product  

232m 12, 16, 17 

2 3 3 ~ a  12, 16, 17 

233u 13 

2 34u 12, 16, 17 

235u 12, 16, 17 

236u 12, 16, 17 

2 38u 12, 16, 17 

7Np 12, 16, 17 

38Np 

2 38pu 

239pu 

24Opu 

241pu 

242pu 

2 4 1 b  

2 4 2 b  

2 4 2 m h  

2 4 3 h  

242cm 

2 4  3cm 

2 4 4 h  

13 

12, 16, 17 

12, 16, 17 

12, 16, 17 

12, 16, 17 

12, 16, 17 

13 

13 

13 

13 

13 

13 

13 
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i n  group 2, and f o r  some a d d i t i o n a l  a c t i n i d e s ,  u s ing  ENDF/B-V as the d a t a  

source .  Cross s e c t i o n s  f o r  t h i s  new grouping of n u c l i d e s  (des igna ted  as 

group 3 and l i s t e d  i n  Table 4 )  were in t roduced  i n t o  t h e  sequence of 

r e a c t o r  phys ics  codes a f t e r  t h e  d e p l e t i o n  c a l c u l a t i o n  had been performed 

u s i n g  t h e  ENDF/B-IV c r o s s  s e c t i o n s .  The c o l l a p s e  of t h e s e  c r o s s  s e c t i o n s  

t o  1-group va lues  i s  d i scussed  f u r t h e r  i n  Sect.  3.1.4. 

3. MULTIGROUP NEUTRON SPECTRUM AND DEPLETION CALCULATIONS 

The 126-energy-group AMPX master c ross - sec t ion  l i b r a r y ,  desc r ibed  i n  

Sec t .  2 of t h i s  r e p o r t ,  con ta ins  c ros s - sec t ion  in fo rma t ion  of a g e n e r a l  

n a t u r e  f o r  s o l v i n g  LMFBR neu t ron ic s  problems. This s e c t i o n  d e s c r i b e s  t h e  

p r o c e s s i n g  of t h i s  g e n e r a l  m l t i g r o u p  l i b r a r y  i n t o  problem-dependent, 

mul t igroup l i b r a r i e s  used i n  t h e  s o p h i s t i c a t e d  r e a c t o r  phys ics  codes and 

t h e n  i n t o  a problem-dependent, 1-group l i b r a r y  f o r  u se  €n ORIGEN2. 

S e c t i o n  3.1 d e s c r i b e s  t h e  approach used f o r  t h e  e i g h t  commercial LMFBR 

models, and Sect.  3.2 d e s c r i b e s  t h e  somewhat s i m p l i f i e d  procedure used f o r  

t h e  FFTF. 

3.1 Spectrum and Deple t ion  C a l c u l a t i o n s  f o r  ORIGEN2 

Commercial LMFBR Models 

3.1.1 Energy s e l f  - s h i e l d i n g  

The f i r s t  s t e p  i n  t h e  sequence of c a l c u l a t i o n s  l e a d i n g  t o  t h e  d e s i r e d  

ORIGEN2 c ross - sec t ion  l i b r a r y  i s  t o  account f o r  t h e  energy s e l f - s h i e l d i n g  

e f f e c t s  i n  t h e  resonances of va r ious  nuc l ides .  In e f f e c t ,  t h e  master 

l i b r a r y  i s  transformed i n t o  a 126-energy group problem-dependent l i b r a r y  

v i a  t h e  BONAMI module of t h e  AMPX system. This module accesses problem- 

independent master c ross - sec t ion  d a t a  t h a t  c o n t a i n  Bondarenko f a c t o r s  

(from M I N X ) ,  performs a resonance s e l f - s h i e l d i n g  c a l c u l a t i o n  based on t h e  

i t e r a t i v e  Bondarenko method, 2 o  and produces problem-dependent master 

c r o s s - s e c t i o n  da ta .  A BONAMI c a l c u l a t i o n  i s  performed f o r  each of t h e  

f i v e  zones ( i . e . ,  i n n e r  co re ,  o u t e r  co re ,  i n n e r  a x i a l  b l a n k e t ,  o u t e r  a x i a l  

b l a n k e t ,  and r a d i a l  b l a n k e t )  i n  each of t h e  e i g h t  commercial LMFBR models 

cons ide red  i n  t h i s  work. The inpu t  t o  t h i s  c a l c u l a t i o n  inc ludes  a 

s i m p l i f i e d  system geometry and approximate composition f o r  each zone. 
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Table 4 .  ORIGEN2 group 3 nucl ides  (non-f iss ion-product  
and ENDF/B-V Nuclides)a 

1H 

1 OB 

IB 

2 c  

I4N 

5N 

60 

1 70 

3Na 

5% 

5 9c0 

2 3 0 m  

232Th 

2 3 1pa 

2 3 3 ~ a  

23221 

2 3 3 u  

2 34u 

2 3 5 u  

2 36u  

2 3 7 u  

2 38u  

7Np 

38Np 

2 3 6 p u  

2 38- 

2 39pu 

24OPu 

241Pu 

242Pu 

243Pu 

244Pu 

2 4 1 b  

2 4 2 b  

2 4 2 m b  

2 4 3 h  

2 4 1 ~ m  

242cm 

2 4  3 ~ m  

244cm 

245cm 

2 4 6 ~ m  

247cm 

248cm 

249Bk 

249Cf 

250cf 

2 5 k f  

2 52Cf 

253Cf 

3Es 
~~~~ ~ 

a A l l  data from ref.  13. 



10 

3.1.2 S p a t i a l  s e l f - s h i e l d i n g  and c o l l a p s e  t o  a few groups 

The f i v e  126-energy-group, problem-dependent l i b r a r i e s  from t h e  

BONAMI code are then  employed i n  one-dimensional c a l c u l a t i o n s  u s i n g  t h e  

XSDRNPM module of t h e  AMPX system. The purpose of t h i s  c a l c u l a t i o n  is  

( 1 )  t o  account f o r  t h e  s p a t i a l  s e l f - s h i e l d i n g  e f f e c t s  i n  each of the 

zones and (2 )  t o  c o l l a p s e  t h e  c ros s - sec t ion  l i b r a r y  from 126 energy 

groups t o  a 9-energy-group s t r u c t u r e  t h a t  w i l l  be used i n  subsequent 

d e p l e t i o n  c a l c u l a t i o n s .  Three XSDRNPM c a l c u l a t i o n s  are r e q u i r e d :  one 

i n  t h e  r a d i a l  d i r e c t i o n  a long  t h e  co re  midplane and two i n  t h e  axial  
d i r e c t i o n  (one f o r  t h e  i n n e r  c o r e / a x i a l  b l anke t  and one f o r  t h e  o u t e r  

c o r e / a x i a l  b l a n k e t ) .  The r a d i a l  c a l c u l a t i o n  i s  performed u s i n g  

c y l i n d r i c a l  geometry wi th  o u t e r  r a d i i  as fo l lows :  i n n e r  co re ,  

101.6 cm;  o u t e r  co re ,  142.0 c m ;  r a d i a l  b l a n k e t ,  180.6 cm;  r a d i a l  

s h i e l d ,  195.0 cm. The a x i a l  c a l c u l a t i o n s  are performed u s i n g  s l a b  

geometry wi th  d i s t a n c e s  from t h e  co re  midplane as fo l lows:  co re ,  

53.9 cm; a x i a l  b l a n k e t ,  87.2 cm; a x i a l  s h i e l d ,  100.0 cm. Other i n p u t  

d a t a  r equ i r ed  i n c l u d e  t h e  approximate composition of each zone, 

based on p r i o r  exper ience .  A 9-energy-group c ross - sec t ion  l i b r a r y ,  

c o n t a i n i n g  a l l  of t h e  n u c l i d e s  i n  Table 3, is- ou tpu t  f o r  each zone of 

each r e a c t o r .  

3.1.3 Fue l  d e p l e t i o n  c a l c u l a t i o n  

The f u e l  d e p l e t i o n  c a l c u l a t i o n  w a s  performed wi th  t h e  C I T A T I O N 2 I  

computer code, u s ing  a two-dimensional R-Z geometry model and t h e  

9-energy-group c r o s s  s e c t i o n s  from t h e  prev ious  s t e p .  Each CITATION 

c a l c u l a t i o n  w a s  begun wi th  approximate compositions and w a s  cont inued  

u n t i l  equ i l ib r ium d i scha rge  c o n c e n t r a t i o n s  were reached. The middle-of- 

c y c l e  equ i l ib r ium compositions were then  volume-averaged over  t h e  CITATION 

model zones f o r  use  i n  XSIIRNPM. Also produced i n  t h i s  s t e p  were burnup- 

dependent c ros s  s e c t i o n s  f o r  some of t h e  major a c t i n i d e s  i n  Table 3. 

c 
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3.1.4 Determination of neutron-spectrum-averaged parameters 

The f i n a l  s t e p  is t o  use  a c h a r a c t e r i s t i c  neut ron  energy spectrum as 

a weight ing  f u n c t i o n  t o  y i e l d  average parameters f o r  use i n  ORIGEN2. 

i s  done by c a l c u l a t i n g  a 126-energy-group neut ron  spectrum f o r  each zone 

of t h e  r e a c t o r  u s ing  t h e  XSDRNPM module of AMPX and t h e  exac t  e q u i l i b r i u m  

f u e l  composition from t h e  p rev ious  s t e p .  The r e s u l t i n g  neut ron  s p e c t r a ,  

which are determined u s i n g  t h e  ENDF/B-V c r o s s  s e c t i o n s  i n  Table 4 ,  are 

used t o  c o l l a p s e  t h e  126-energy-group c r o s s  s e c t i o n s  i n  Tables 2 and 4 t o  

1-energy-group c r o s s  s e c t i o n s  t h a t  can be used d i r e c t l y  i n  ORIGEN2. The 

spectra are a l s o  used t o  c o l l a p s e  energy-dependent f i s s i o n  product y i e l d s  

from ENDF/B-IVI2 t o  g ive  average  y i e l d s  t h a t  can be used i n  ORIGEN2. 

F i n a l l y ,  t h e  s p e c t r a  are cast i n t o  two 2-energy-group s t r u c t u r e s  which 

y i e l d  va lues  f o r  t h e  ORIGEN2 f l u x  parameters THERM, RES, and FAST when t h e  

methods desc r ibed  i n  r e f .  4 are app l i ed .  

This 

3.2 Spec t rum C a l c u l a t i o n  f o r  t he  FFTF 

Because t h e  FFTF i s  a tes t  r e a c t o r  r a t h e r  than  a commercial power 

r e a c t o r ,  i t  has s e v e r a l  unusua l  p r o p e r t i e s :  

1. It has  no a x i a l  o r  r a d i a l  b l anke t s .  

2. It has  many test p o s i t i o n s ,  as w e l l  as loops t h a t  can c o n t a i n  

a wide v a r i e t y  of materials t h a t  are unknowable a t  t he  p re sen t  

t i m e  . 
3. The f i s s i l e  and/or  f e r t i l e  materials i n  t h e  r e a c t o r  ( c u r r e n t l y  

high-grade plutonium i n  UO,) may be changed t o  o t h e r  materials 

i n  t h e  f u t u r e .  

4. The f u e l  management and l o n g e v i t y  i n  t h e  r e a c t o r  are s u b j e c t  

t o  change, depending on performance and o t h e r  requirements.  
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These c o n s i d e r a t i o n s  make it  very d i f f i c u l t  t o  do a g e n e r i c  d e p l e t i o n  

c a l c u l a t i o n ;  i t s  va lue  i s  van i sh ing ly  small, s i n c e  t h e  v a r i a b i l i t y  i n  
items 2-4 above can change t h e  neut ron  spectrum d r a s t i c a l l y .  The l a c k  of 

b l a n k e t s  a l s o  e l i m i n a t e s  much of the va lue  of t h e  d e p l e t i o n  c a l c u l a t i o n .  

Theref o r e ,  t h e  approach taken  he re  w a s  t o  perform t h e  energy-self  - 
s h i e l d i n g  c a l c u l a t i o n s  as desc r ibed  p rev ious ly  (i.e.,  u s ing  BONAMI) and 

t h e n  t o  use XSDRNPM t o  (1) account f o r  t h e  s p a t i a l  s e l f - s h i e l d i n g  e f f e c t s ,  

( 2 )  c a l c u l a t e  t h e  c h a r a c t e r i s t i c  126-energy-group neut ron  spectrum, 

( 3 )  c a l c u l a t e  e f f e c t i v e ,  1-energy-group c r o s s  s e c t i o n s  f o r  ORIGEN2, and 

( 4 )  c a l c u l a t e  t h e  ORIGEN2 f l u x  parameters.  The d e p l e t i o n  c a l c u l a t i o n  

u s i n g  CITATION was not performed f o r  t h e  FFTF. 

3 . 3  Summary of Relevant Ca lcu la t ed  R e s u l t s  

The r e l e v a n t  r e s u l t s  of t h e  fo rego ing  s o p h i s t i c a t e d  r e a c t o r  phys ics  

c a l c u l a t i o n s  are summarized below. 

3.3.1 C h a r a c t e r i s t i c  126-energy-group neu t ron  s p e c t r a  

A l i s t i n g  of t h e  energy-group s t r u c t u r e s  and t h e  neut ron  s p e c t r a  

i s  g iven  i n  Appendix A f o r  a l l  r e a c t o r s  considered. A g r a p h i c a l  repre- 

s e n t a t i o n  is a l s o  g iven  i n  Appendix A f o r  t h e  co re ,  axial  b l a n k e t ,  and 

r a d i a l  b lanket  reg ions  of t h e  AMOPUUUX and AM02TTTX, and f o r  t h e  co re  

of t h e  FFTF. 

3 . 3 . 2  l-enerm-grouD. e f f e c t i v e  c r o s s  s e c t i o n s  

The c o l l a p s e  of t h e  multigroup c r o s s  s e c t i o n s  f o r  t h e  n u c l i d e s  

i n  Tables 2 and 4 ,  us ing  t h e  126-energy-group neut ron  spectrum as a 

weight ing  f u n c t i o n ,  y i e lded  1-group, e f f e c t i v e  c r o s s  s e c t i o n s  f o r  t h e s e  

n u c l i d e s .  A l i s t i n g  of t h e s e  1-group c r o s s  s e c t i o n s  f o r  t h e  c o r e ,  

ax ia l  b l anke t ,  and r a d i a l  b lanket  reg ions  of t h e  AMOPUUUX and t h e  

AM02TTTX, and f o r  t h e  FFTF core  i s  g iven  i n  Appendix B. 

3 . 3 . 3  Burnup-dependent c r o s s  s e c t i o n s  f o r  major a c t i n i d e s  

The d e p l e t i o n  c a l c u l a t i o n s  performed wi th  CITATION y i e l d e d  t h e  

1-energy-group, e f f e c t i v e  c r o s s  s e c t i o n s  (from ENDF/B-IV) f o r  about a 

dozen a c t i n i d e s  (depending on t h e  r e a c t o r )  a t  s e v e r a l  d i f f e r e n t  

L 

. 



13 

. 

. 

s e q u e n t i a l  burnups du r ing  f u e l  i r r a d i a t i o n .  These are output  and are 

inco rpora t ed  i n t o  ORIGEN2 t o  improve t h e  accuracy of t h e  a c t i n i d e  

bu i ldup  and d e p l e t i o n  c a l c u l a t i o n .  Tables con ta in ing  t h e s e  burnup- 

dependent c r o s s  s e c t i o n s  f o r  t h e  co re ,  a x i a l  b l a n k e t ,  and r a d i a l  b lanket  

of t h e  AMOPUUUX and t h e  AM02TTTX and f o r  the co re  of t h e  FFTF are g iven  

i n  Appendix C. 

3 . 3 . 4  ORIGEN2 f l u x  parameters  THERM, RES, and FAST 

The XSDRNPM module of AMPX i s  used t o  perform two 2-energy-group 

c a l c u l a t i o n s  f o r  each reg ion  of each r e a c t o r .  When proper ly  manipu- 

l a t e d ,  t h e s e  y i e l d  t h e  ORIGEN2 f l u x  parameters THERM, RES, and FAST. A 

l i s t  of t h e s e  parameters f o r  t h e  n ine  LMFBRs considered i n  t h i s  work is  

g iven  i n  Table 5. 

4 .  DESCRIPTION OF REACTOR MODELS 

This  s e c t i o n  summarizes t h e  inpu t  and output  in format ion  f o r  t h e  n ine  

LMFBR models t h a t  comprise t h i s  work. S p e c i f i c a l l y ,  t h e  fo l lowing  f o u r  

aspects of t h e  models a r e  addressed: 

1. a d e s c r i p t i o n  of t h e  f u e l  assembl ies ,  i nc lud ing  t h e  composition 

of  s t r u c t u r a l  materials, 

2.  t h e  composition of t h e  oxide f u e l  i n  each reg ion  of each r e a c t o r ,  

3 .  a summary d e s c r i p t i o n  of each r e a c t o r ,  and 

4 .  t h e  composition of t h e  d ischarged  f u e l  from s e l e c t e d  reg ions  

and r e a c t o r s .  

4 .1  IMFBR Fuel Assembly Desc r ip t ion  and Composition 

The e i g h t  commercial LMFBRs considered i n  t h i s  work have t h e  same 

f u e l  assembly des ign ,  a l though t h e  des igns  of t h e  r a d i a l  b l anke t  

assembly and t h e  c o r e l a x i a l  b lanket  assembly wi th in  each r e a c t o r  are 

d i f f e r e n t  ( t h e  r a d i a l  b lanket  assembly has fewer f u e l  e lements ,  w i th  a 

l a r g e r  d iameter ) .  The FFTF assembly des ign  d i f f e r s  from t h a t  of t h e  

commercial r e a c t o r s  and, of course ,  has no b l anke t s .  A phys i ca l  

d e s c r i p t i o n  of t h e s e  assembl ies  is given i n  Table 6 .  
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Table 5. ORIGEN2 flux parameters for LMFBR models 

Reactor Reactor Neutron flux 
MNEMONICa region THERM RES FAST (neutrons cm-2 sec-1) 

. 

AMOPUUUX 

EMOPUUUX 

AMORUUUX 

AMOPUUTX 

AMOPTTTX 

AMOOTTTX 

AM0 1 TTTX 

AMO2TTTX 

FFTF 

Core 
Ax.Blan. 
Rad.Blan. 

Core 
Ax.Blan. 
Rad. Blan. 

Core 
Ax.Blan. 
Rad.Blan. 

Core 
Ax.Blan. 
Rad. Blan. 

Core 
Ax. B1 an. 
Rad. Blan. 

Core 
Ax.Blan. 
Rad. Blan. 

Core 
Ax. Blan. 
Rad.Blan. 

Core 
Ax. Blan. 
Rad. Blan. 

Core 

2.888E-11 
3.126E-08 
6.6473-08 

3.9243-1 1 
3.2873-08 
6.903E-08 

2.679E-11 
3.315E-08 
8.222E-08 

8.7463-11 
3.2423-08 
1.099E-06 

2.8473-1 1 
5.4133-08 
3.524E-07 

1.168E-10 
4.674E-08 
4.3623-07 

9.134E-11 
4.630E-08 
4.58 1E-07 

1.044E-10 
4.978E-08 
4.185E-07 

7.301E-11 

1.5333-03 
2.253E-03 
2.328E-03 

1.6153-03 
2.601E-03 
2.383E-03 

1.543E-03 
2.569E-03 
2.335E-03 

1.5773-03 
2.5323-03 
2.479E-03 

1.521E-03 
2.456E-03 
2.325E-03 

1.272E-03 
2.264E-03 
2.157E-03 

1.4483-03 
2.3693-03 
2.2673-03 

1.266E-03 
2.311E-03 
2.131E-03 

1.300E-03 

0.1508 
0.0702 
0.0866 

0.1444 
0.0681 
0.0848 

0.1481 
0.0687 
0.0855 

0.1459 
0.0688 
0.0693 

0.1406 
0.0646 
0.0759 

0.1705 
0.0711 
0.0809 

0.1346 
0.0703 
0.0764 

0.1706 
0.0687 
0.0815 

0.1737 

5.11E + 15 
1.33E + 15 
7.273 + 14 

5.373 + 15 
1.39E + 15 
6.81E + 14 

5.15E + 15 
1.37E + 15 
7.17E + 14 

5.253 + 15 
1.36E + 15 
1.17E + 15 

6.51E + 15 
2.28E + 15 
1.22E + 15 

4.01E + 15 
1.03E + 15 
5.10E + 14 

4.593 + 15 
1.19E + 15 
5.73E + 15 

4.17E + 15 
1.07E + 15 
5.42E + 15 

5.00E + 15 

. 

aSee Table 1 of this document €or a description. 
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Table 6. Physical characteristics of LMFBR fuel assemblies 

Commercia 1 LMFBR~ 

Corelaxial Radial 
blanket blanket FFTF~ 

4 

Assembly component lengths, cm 
Upper end hardware 
Gas plenum 
Upper axial blanket 
Core or radial blanket 
Lower axial blanket 
Lower end hardware 
Overall total 
Fuel element total 

91 
191 

30 
1.07 
1 7 c  
91 
27 
94 
36 6 
24 2 

91 
191 
33 
122 
33 
10 2 
57 2 
37 9 

188 

10 2 
57 2 
379 

Assembly shape hexagonal hexagonal 

13.78 

hexagonal 

Assembly flats, cm 13.78 11.62 

triangular triangular 

91 

1. 270 

1.180 

1. 369 

0.038 

0.221 

495 

0.114 

172.7 

195.9 

97.5 

triangular Fuel element arrangement 

27 1 21 7 

0.584 

Fuel elements per assembly 

Fuel element OD, cm 0.650 

Fuel pellet OD, cm 0.573 0.508 

Fuel element pitch, cm 0.795 0.726 

0.030 0.038 Cladding thickness, cm 

0.221 0. 305 Channel thickness, cm 

495 -300 Channel height, cm 

Circumscribed volume/assembly, m 
3 0.05 2 0.114 

Heavy metal/assembly, kg 

M02 assembly, kgd 

Stainless steel/assembly, kg 

117.7 33. 2 

37.6 133.4 

125.7 115.1 

8.9 Inconel 600lassembly, kg 

172.2 Assembly total weight, kg 257.7 300. 3 

aBased on data in ref. 10. 

bBased on data in refs. 11 and 22. 

cU02 insulator pellet and Inconel 600 reflector. 

d(Pu,U)02 in the corelaxial blanket and U02 in the radial blanket. 
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V i r t u a l l y  t h e  e n t i r e  c o n s t r u c t i o n  of a l l  of t h e  f u e l  assembl ies  i s  

s t a i n l e s s  s tee l  316, wi th  t h e  except ion  of t h e  FFTF assembly, which con- 

t a i n s  some Inconel  600. The compositions of t h e s e  metals, i n c l u d i n g  t h e  

a n t i c i p a t e d  trace i m p u r i t i e s ,  are given i n  Table 7. 

4 .2  IMFBR Fuel Composition 

The LMFBR f u e l  p e l l e t s  c o n t a i n  two groups of e lements:  t h e  act i -  

n i d e s  and t h e  n o n a c t i n i d e s ,  which i n c l u d e  oxygen and i m p u r i t i e s .  The 

i n i t i a l  a c t i n i d e  compositions of t h e  LMFBR core  f u e l s  are given i n  

Table 8. These f u e l  compositions are based on t h e  CITATION c a l c u l a t i o n s  

d e s c r i b e d  i n  Sect. 3. The i n i t i a l  composition of t h e  FFTF f u e l  i s  based 

on d a t a  i n  r e f s .  11, 26, and 27. 

The i n i t i a l  a c t i n i d e  compositions of t h e  f u e l  b l a n k e t s  i s  as 

fo l lows:  

thorium b l a n k e t s  - 100 g 230Th/MTIHM and 999,900 g 2 3 2 T h / M T I ~ .  

230Th i n  t h e  thorium b l a n k e t s  i s  an important  p r e c u r s o r  of 232U,  which 

i s  t h e  parent  of a h i g h l y  gamma-active decay chain.  

uranium b l a n k e t s  - 2000 g 235U/MTIHM and 998,000 g 238U/MTIHM; 

The 

The assumed nonac t in ide  composition of t h e  oxide r e a c t o r  f u e l s  i s  

g i v e n  i n  Table 9. Since s p e c i f i c  d a t a  are no t  y e t  a v a i l a b l e  f o r  t h e  

f u e l s  cons idered  i n  t h i s  work, t h e  va lues  i n  Table 9 are t h e  same as 

t h o s e  f o r  l i g h t  water r e a c t o r  (LWR) oxide f u e l s .  

4.3 Summary Descr ip t ion  of t h e  ORIGEN2 LMFBR Models 

F u e l  d e p l e t i o n  c a l c u l a t i o n s  were performed f o r  the n i n e  LMFBRs con- 

s i d e r e d  i n  t h i s  work wi th  ORIGEN2, us ing  t h e  i n p u t  composi t ions given i n  

Sec t s .  4.1 and 4.2. 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 ,  i n c l u d i n g  i r r a d i a t i o n  

c o n d i t i o n s  and measurements of t h e  uranium, plutonium, and thorium con- 

t e n t s  of t h e  f r e s h  and spent  f u e l s ,  are presented  i n  Tables 10-18. A l l  

v a l u e s  have been normalized so t h a t  t h e  t o t a l  r e a c t o r  power i s  

3956 MW(t). 

u s i n g  t h e  31.6% thermal  e f f i c i e n c y  given i n  r e f .  10. These t a b l e s  can be 

r e a d i l y  a p p l i e d  t o  more advanced des igns  involv ing  h i g h e r  thermal  e f f i -  

c i e n c i e s  (assuming t h e  f u e l  assembly des ign  remains unchanged) by simply 

This corresponds t o  a n e t  e l ec t r i ca l  power of 1250 MW(e), 
4 
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Table 7. Typical  compositions of s t a i n l e s s  s t ee l  316 and Inconel  600 

Amount, g/106 g metal 

Element Atomic number S t a i n l e s s  s t ee l  316a Inconel  6OOb 

B 
C 
N 
A 1  
S i  
P 
S 
T i  
C r  
Mn 
F e  
co 
N i  
cu 
Nb 
Mo 
Sn 
Pb 

3 
Densi ty  , g/cm 

5 
6 
7 

1 3  
14  
15 
16 
22 
24 
25 
26 
27 
28 
29 
41 
42 
50 
82 

5 
610 
3 20 
165 

5,700 
20 4 
150 
150 

170,500 
18,500 

643,726 
150 

135,500 
900 
100 

23,400 
40 
30 

8.02 

5 
400 

45 
0 

2,000 
0 

70 
0 

158,000 
2,000 

7 2,000 
500 

763,870 

100 
0 
0 
0 

1 , 000 

8.33 

a 

bData from r e f s .  

Data from r e f .  23. 

24 and 25. 



Table 8. Heavy metal composition of 1000 kg of LMFBR core fuel 

Reactor typea 

FFTF~ 

Inner Outer Weighted 
core average AMOPUUUX EMOPUUUX AMORUUUX AMOPUUTX AMOPTTTX AMOOTTTX AMOlTTTX AM02TTTX core 

1,676 

813,656 

815,332 

0.023 

2,586 

101,567 

46,738 

24,557 

9,220 

Total plutonium, g 184,668 

Total heavy 1,000,000 
metal, g 

2,054 

831,650 

833,704 

0.021 

2,317 

91,159 

41,944 

22,593 

8,283 

166,296 

1,000,000 

1,674 

821,912 

823,  586 

0.0029 

324 

128,592 

39,793 

5,209 

2,496 

176,414 

1,000,000 

1,675 

821,470 

823,145 

0.022 

2,476 

91,275 

44,755 

23,511 

a ,  a38 

176,855 

1,000,000 

81 

809,377 

809,458 

0.024 

2,668 

104,803 

48,218 

25,331 

9,522 

190,542 

1,000,000 

79 

793,036 

793,115 

402 

172,227 

29,800 

4,455 

1 

206,885 

1,000,000 

60 

603,293 

603,353 

315 375 

134,816 160,665 

23,323 27,795 

3,492 4,161 

1 1 

838,053 203,650 

1,000,000 396,647 

1,000,000 1,000,000 

43 

5,503 

769,523 

775,069 

0.003 

337 

192,407 

25,777 

5,623 

787 

224,931 

1,000,000 

40 

5,142 

719,044 

724,226 

0.074 

413 

235,787 

31,715 

6 ,  a94 

965 

275,774 

1,000,000 

41 

5.283 

P 
738,827 m 

744,151 

0.004 

383 

218,787 

29.388 

6,396 

a95 

255,849 

1,000,000 

aSee Table 1 of this document for mnemonic identification. 

bFuel should be decayed from 1 /71  before irradiation. 

. e 
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Table 9. Assumed nonactinide composition of LMFBR oxide fuelsa 
~ ~~~ ~~ 

Atomic Concentration Atomic Concent rat ion 
Element number (g/MTIHM) Element number ( g /MT IHM ) a 

L i  

B 

C 

N 

0 

F 

Na 

Mg 
A1 

si 

P 

c1 

Ca 

Ti 

v 
Cr 

3 

5 

6 

7 

8 

9 

11  

1 2  

1 3  

14 

15 

17 

20 

22 

23 

24 

1.0 

1.0 

89.4 

25.0 

134,  454c 

10.7 

15.0 

2.0 

16.7 

12.1 

35.0 

5.3 

2.0 

1.0 

3.0 

4.0 

Mn 

Fe 

co 

Ni 

cu 

Zn 

Mo 

43  
Cd 

In 

Sn 

Gd 

W 

Pb 

Bi 

25 

26 

27 

28 

29 

30 

4 2  

47 

48 

49 

50 

6 4  

7 4  

8 2  

8 3  

1.7 

18.0 

1.0 

24.0 

1.0 

40.3 

10.0 

0.1 

25.0 

2.0 

4.0 

2. 5 

2.0 

1.0 

0.4 

aData obtained from refs. 28 to 32. 

bparts of element per million parts of heavy metal. 

CStoichiometric quantity for (Pu,U)O2 fuel; use 137,931 g/MTIHM for 
thorium-based fuels. 
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Table 10. Summary c h a r a c t e r i s t i c s  f o r  an AMOPUUUXa 

Parameter 

Fuel  r e g i o n ( s ) b  

co AB RB c o + A B  c o + A B + R B  

Electric power, MW(e) 

Thermal power, MW(t) 

Average s p e c i f i c  power,C 
Mw ( t ) IMTIHM 

Average f u e l  burnup, 
Mwd/MTIHM 

I r r a d i a t i o n  dura t ion ,  
full-power days 

Refuel ing cyc le  length ,  
f ul l -power days 

Charge, k g l r e f u e l i n g  cyc le  

Thorium 

F i s s i l e  uraniumd 

T o t a l  uranium 

F i s s i l e  plutoniume 

T o t a l  plutonium 

T o t a l  (Th + U + Pu) 
Discharge,  k g l r e f u e l i n g  cyc le  

Thorium 

F i s s i l e  uraniumd 

T o t a l  uranium 

F is s i l e  plu t oniume 

T o t a l  plutonium 

T o t a l  (Th + U + Pu) 

1154 

3652 

123.25 

101,289 

821.8 

273.9 

0 

16.5 

8052 

1246 

1824 

9876 

0 

6.9 

7125 

1102 

1695 

8820 

34 

108 

6.89 

5660 

821.8 

273.9 

0 

10.4 

5207 

0 

0 

5207 

0 

7.6 

5010 

160 

167 

5177 

62 

197 

3.59 

5900 

1643.6 

273.9 

0 

18.2 

9130 

0 

0 

9130 

0 

13.2 

8776 

287 

298 

9074 

1188 

3760 

83.10 

68,280 

821.8 

273.9 

0 

26.9 

13,259 

1246 

1824 

15,083 

0 

14.5 

12,135 

1262 

1862 

13,997 

1250 

3957 

39.56 

44,758 

273.9 

0 

45.1 

22,389 

1246 

1824 

24,213 

0 

27.7 

20,911 

1549 

2160 

23,071 

aSee Table 1 f o r  mnemonic d e f i n i t i o n .  

bCO = core ,  AB = a x i a l  b lanket ,  RB = r a d i a l  blanket .  

CBased on f u l l  power and f u e l  charged. 

d 2 3 3 u  + 2 3 5 ~  + 233pa, 

e 2 3 9 ~  + 2 4 1 ~  + 2 3 9 ~ ~ .  

. 
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Table 11. Summary characteristics for an EMOPUUUXa 

Fuel region(s)b 
~ ~~~ 

Parameter co AB RB c o + A B  c o + A B + R B  

Electric power, MW(e) 

Thermal power, MW(t) 

Average specific power,c 
MW( t ) /MTIHM 

Average fuel burnup, 
MWd/MTIHM 

Irradiation duration, 
f ull-power days 

Refueling cycle length, 
full-power days 

Charge, kg/refueling cycle 

Thor ium 

Fissile uraniumd 

Total uranium 

Fissile plu t oniume 

Total plutonium 

Total (7% + U + Pu) 
Discharge, kg/refueling cycle 

Thorium, 

Fissile uraniumd 

Tot a1 uranium 

Fissile plu toniume 

Total plutonium 

Total (Th + U + Pu) 

1165 

3689 

124.1 

67,992 

547.9 

273.9 

0 

30.6 

12,386 

1694 

2476 

14,862 

0 

16.3 

11,358 

1628 

2433 

13,791 

30 

94 

6.03 

3300 

547.9 

273.9 

0 

15.6 

7826 

0 

0 

7826 

0 

12.5 

7615 

179 

183 

7798 

55 

173 

3.15 

5180 

1643.6 

273.9 

0 

18.3 

9147 

0 

0 

9147 

0 

13.6 

8820 

267 

277 

9097 

1195 

3783 

83.37 

45,677 

547.9 

273.9 

0 

46.2 

20,212 

1694 

2476 

22,688 

0 

28.8 

18,973 

1807 

2616 

21,589 

1250 

3956 

39.46 

34,041 

273.9 

0 

64.5 

29,359 

1694 

2476 

31,835 

0 

42.4 

27,793 

2074 

2893 

30,686 

. 

aSee Table 1 for mnemonic definition. 

bCO = core, AB = axial blanket, RB = radial blanket. 

CBased on full power and fuel charged. 

d233~ + 2 3 5 ~  + 233pa. 

e239p,, + 2't lpu + 2 3 9 ~ ~ .  
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Table 12. Summary c h a r a c t e r i s t i c s  f o r  an AMORUUUXa 

Fue l  r e g i o n ( s ) b  
~~ 

Par  ame t e r co AB RB co+AB c o + A B + R B  

Electric power, MW(e) 1154 35 61  1189 1250 

Thermal power, MW(t) 3652 112 192 3764 3956 

Average s p e c i f i c  power,C 123.25 7.18 3.51 83.21 39.57 
Mw( t ) IMTIHM 

Average f u e l  burnup, 
Mwd/MTIHM 

I r r a d i a t i o n  dura t ion ,  
full-power days 

101,289 5900 5770 68,385 44,783 

821.8 821.8 1643.6 821.8 

Refuel ing cyc le  length ,  273.9 273.9 273.9 273.9 273.9 
full-power days 

Charge, k g l r e f u e l i n g  cyc le  

Thorium 0 0 0 0 0 

F i s s i l e  uraniumd 

T o t a l  uranium 

16.5 10.4 18.2 26.9 45.1 

8133 5202 9122 13,335 22,457 

F i s s i l e  plutoniume 1321 0 0 1321 1321 

T o t a l  plutonium 1743 0 0 1743 1743 

T o t a l  (Th + U + Pu) 9876 5202 9122 15,078 24,200 

Discharge,  k g l r e f u e l i n g  cyc le  

Thorium 0 0 0 0 0 

F i s s i l e  uraniumd 6.8 7.5 13.2 14.3 27.5 

T o t a l  uranium 7194 4994 8772 12,193 20,965 

F i s s i l e  plutoniume 1158 164 284 1322 1606 

T o t a l  plutonium 

T o t a l  (Th + U + Pu) 
1648 171 295 1819 2114 

8842 5170 9067 14,012 23,079 

aSee Table 1 f o r  mnemonic d e f i n i t i o n .  

bCO = core ,  AB + a x i a l  b lanket ,  RB = r a d i a l  blanket .  

CBased on f u l l  power and f u e l  charged. 

d 2 3 3 ~  + 2 3 5 ~  + 233pa, 

e 2 3 9 ~  + 241pu + 2 3 9 ~ ~ .  
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Table 13. Summary characteristics for an AMOPUUTXa 

Fuel region( s)b 

co+AB c o + A B + R B  Parameter co AB RB 

Electric power, MW(e) 

Thermal power, MW(t) 

Average specific power, 
MW(t)/MTIHM 

Average fuel burnup, 
MWd/MTIHM 

Irradiation duration, 
full-power days 

Refueling cycle length, 
full-power days 

Charge, kglrefueling cycle 

Thorium 

Fissile uraniumd 

Total uranium 

Fissile plutoniume 

Total plutonium 

Total (Th + U + Pu) 
Discharge, kglrefueling cycle 

Thorium 

Fissile uraniumd 

Total uranium 

Fissile plutoniume 

Total plutonium 

Total (Th + U + Pu) 

1144 

36 20 

122.52 

100,689 

821.8 

273.9 

0 

16.5 

8108 

1190 

1742 

9850 

0 

6.7 

7154 

1079 

1652 

8841 

33 

105 

6.75 

5550 

821.8 

273.9 

0 

10.4 

5198 

0 

0 

5198 

0 

7.7 

5010 

154 

16 1 

5171 

73 

231 

4.43 

7 280 

1643.6 

273.9 

8670 

0 

0 

0 

0 

8670 

8301 

296 

304 

0 

0 

8606 

1177 

3725 

82.53 

67,825 

821.8 

273.9 

0 

26.9 

13,306 

1190 

1742 

15,048 

0 

14.4 

12,164 

1233 

1813 

14,012 

1250 

3956 

40.71 

45,693 

273.9 

8670 

26.9 

13,306 

1190 

1742 

23,718 

8301 

3 10 

12,468 

1233 

1813 

22,618 

e aSee Table 1 for mnemonic definition. 

bCO = core, AB = axial blanket, RB = radial blanket. 

CBased on full power and fuel charged. 

d233~ + 2 3 5 ~  + 233pa. 

e239p, + 241pu + 2 3 9 ~ ~ .  
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Table 14. Summary characteristics for an AMOPTTTXa 

Fuel region(sIb 

Parameter co AB RB co+AB c o + A B + R B  

Electric power, MW( e) 

Thermal power, MW(t) 

Average specific power,c 
MW(t)/MTIHM 

Average fuel burnup, 
MWd / MT I HM 

Irradiation duration, 
full-power days 

Refueling cycle length, 
f ull-power days 

Charge, kg/refueling cycle 

Thorium 

Fissile uraniumd 

Total uranium 

Fissile plutoniume 

Total plutonium 

Total (Th + U + PU) 
Discharge, kg/refueling cycle 

Thorium 

Fissile uraniumd 

Total uranium 

Fissile plutoniume 

Total plutonium 

Total (Th + U + PU) 

1145 

36 24 

129.55 

106,467 

821.8 

273.9 

7547 

0 

0 

1213 

1776 

932.3 

6795 

414 

479 

535 

1021 

8319 

34 

107 

7.28 

5980 

821.8 

273.9 

4909 

0 

0 

0 

0 

4909 

47 29 

148 

153 

0 

0 

4882 

7 1  

2 25 

4.37 

7 180 

1643.6 

273.9 

8 5 9 2  

0 

0 

0 

0 

8592 

8237 

283 

29 1 

0 

0 

8529 

1179 

3731 

87.38 

71,806 

821.8 

273.9 

12,456 

0 

0 

1213 

1776 

14,232 

11,524 

56 2 

6 3 2  

535 

1021 

13,201 

1250 

3956 

41.97 

47,478 

273.9 

21,048 

0 

0 

1213 

1776 

22,824 

19,761 

845 

923 

535 

1021 

21,730 

aSee Table 1 for mnemonic definition. 

bCO = core, AB = axial blanket, RB = radial blanket. 

CBased on full power and fuel charged. 

d233~ + 2 3 5 ~  + 2 3 3 ~ ~ .  

e239P~ + 241Pu + 239Np. 

. 
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Table 15. Summary c h a r a c t e r i s t i c s  f o r  an AMOOTTTXa 
~~~ ~ 

Fuel reg ion(s )b  

Parameter co AB RB co+AB c o + A B + R B  

E l e c t r i c  power, W ( e )  

Thermal power, W ( t )  

Average s p e c i f i c  power,c 
MW ( t  ) /MTIHM 

A.verage f u e l  burnup, 
MWd/MTIHM 

I r r a d i a t i o n  dura t ion ,  
full-power days 

Refueling cycle  length,  
full-power days 

Charge, kg / re fue l ing  cycle  

Thorium 

F i s s i l e  uraniumd 

Tota l  uranium 

F i s s i l e  plutoniume 

T o t a l  plutonium 

Tota l  (Th + U + Pu) 
Discharge, kg/refuel ing cycle  

Thorium 

F i s s i l e  uraniumd 

Tota l  uranium 

F i s s i l e  p l u t  oniume 

Tota l  plutonium 

Tota l  (Th + U + Pu) 

1194 

3780 

135.28 

111,176 

821.8 

273.9 

7386 

1645 

1927 

0 

0 

9313 

6706 

1226 

1537 

0 

0 

8246 

20 

62 

4.15 

3410 

821.8 

273.9 

4984 

0 

0 

0 

0 

4984 

4829 

136 

138 

0 

0 

4968 

36 

114 

2.18 

3583 

1643.6 

273.9 

8736 

0 

0 

0 

0 

8736 

8456 

242 

246 

0 

0 

8702 

1214 

3842 

89.57 

73,608 

821.8 

273.9 

12,370 

1645 

1927 

0 

0 

14,297 

11,535 

1362 

1675 

0 

0 

13,214 

1250 

3956 

41.51 

47,049 

273.9 

21,106 

1645 

1927 

0 

0 

23,033 

19,991 

1604 

1921 

0 

0 

21,916 

aSee Table 1 f o r  mnemonic d e f i n i t i o n .  

bCO = core,  AB + a x i a l  blanket ,  RB = r a d i a l  blanket.  

CBased on f u l l  power and f u e l  charged. 

d 2 3 3 ~  + 2 3 5 ~  + 233pa. 

e7-39pu + 241pU + 2 3 9 ~ ~ .  



26 

Table 16. Summary c h a r a c t e r i s t i c s  f o r  an  AMOITTTXa 

Fue l  r e g i o n ( s ) b  

Parameter co AB RB co+AB c o + A B + R B  

Elec t r ic  power, W ( e )  1168 38 44 1206 1250 

Thermal power, W ( t )  3698 119 139 3817 3956 

Average s p e c i f i c  power,C 125.38 7.64 2.54 84.65 39.65 
MW( t ) /MTIHM 

Average f u e l  burnup, 
MWd/MTIHM 

I r r a d i a t i o n  d u r a t i o n ,  
ful l -power days 

103,040 6270 4175 69,566 44,880 

821.8 821.8 1643.6 821.8 

Refue l ing  cyc le  l e n g t h ,  273.9 273.9 273.9 273.9 273.9 
f u l l - p o w e r  days 

Charge, k g / r e f u e l i n g  c y c l e  

Thorium 0 5199 9115 5199 14,314 

F i s s i l e  uraniumd 1360 0 0 1360 1360 

T o t a l  uranium 983 1 0 0 9831 9831 

F i s s i l e  plutoniume 0 0 0 0 0 

T o t a l  plutonium 

T o t a l  (Th + U + Pu) 

0 0 0 0 0 

9831 5199 9115 15,030 24,145 

Discharge ,  k g / r e f u e l i n g  c y c l e  

Thorium 0 4945 8806 4945 13,751 

F i s s i l e  uraniumd 

T o t a l  uranium 

F i s s i l e  plutoniume 

T o t a l  plutonium 

575 220 265 795 1060 

8270 224 270 8494 8767 

478 0 0 478 478 

512 0 0 512 512 

T o t a l  (Th + U + Pu) 8785 5169 9077 13,954 23,031 

aSee Table  1 f o r  mnemonic d e f i n i t i o n .  

bCO = core ,  AB + axial  b l a n k e t ,  RB = r a d i a l  b lanket .  

cBased on f u l l  power and f u e l  charged. 

d 2 3 3 ~  + 235u + 233p,, 

e 2 3 9 P ~  + 241Pu + 239Np. 

. 
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Table 17. Summary characteristics for an AM02TTTXa 

Fuel region(s)b 

Parameter co AB RB c o + m  c o + A B + R B  

Electric power, MW(e) 

Thermal power, MW(t) 

Average specific power,C 
MW(t )/MTIHM 

Average fuel burnup, 
MWd/MTIHM 

Irradiation duration, 
full-power days 

Refueling cycle length, 
f ull-power days 

Charge, kglref ueling cycle 

Thorium 

Fissile uraniumd 

Total uranium 

Fissile plutoniume 

Total plutonium 

Total (Th + U + Pu) 
Discharge, kglrefueling cycle 

Thorium 

Fissile uraniumd 

Total uranium 

Fissile plutoniume 

Total plutonium 

Total (Th + U + PU) 

1191 

3768 

131.60 

108,151 

821.8 

273.9 

5760 

1573 

3786 

0 

0 

9546 

5218 

1083 

3149 

106 

113 

8482 

20 

64 

4.26 

3500 

821.8 

273.9 

4979 

0 

0 

0 

0 

4979 

4827 

134 

136 

0 

0 

4963 

39 

124 

2.36 

3879 

1643.6 

273.9 

8729 

0 

0 

0 

0 

8729 

8446 

244 

249 

0 

0 

8695 

1211 

3832 

87.95 

72,278 

821.8 

273.9 

10,739 

1573 

3786 

0 

0 

14,525 

10,045 

1217 

3285 

106 

113 

13,445 

1250 

3956 

41.23 

46,603 

273.9 

19,468 

1573 

3786 

0 

0 

23.254 

18,491 

1461 

3534 

106 

113 

22,140 

aSee Table 1 for mnemonic definition. 

bCO = core, AB + axial blanket, RB = radial blanket. 

CBased on full power and fuel charged. 

d 2 3 3 ~  + 235u + 233pa, 

e239p,, + 241pu + 2 3 9 ~ ~ .  
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Parameter 

Fuel  r e g i o n ( s )  

Inne r  Outer 
co re  co re  T o t a l  

Table 18. Summary c h a r a c t e r i s t i c s  f o r  an FFTFa 

Electric power, W ( e )  

Thermal power, W ( t >  

Average s p e c i f i c  power, 
Mw (t ) IMTIKM 

Average f u e l  burnup, 
MWd/MTIHM 

I r r a d i a t i o n  du ra t ion ,  
full-power days 

Refuel ing cycle  l eng th ,  
fu l l -power  days 

Charge, k g l r e f u e l i n g  cyc le  

Thorium 

F i s s i l e  uraniumC 

T o t a l  uranium 

F i s s i l e  plutoniumd 

T o t a l  plutonium 

T o t a l  (Th + U + Pu) 
Discharge,  k g l r e f u e l i n g  cyc le  

Thorium 

F i s s i l e  uraniumC 

T o t a l  uranium 

F i s s i l e  plutoniumd 

T o t a l  plutonium 

T o t a l  (Th + U + Pu) 

0 

138 

143 

45,000 

315 

105 

0 

1.8 

249 

64  

72 

321 

0 

214 

143 

45,000 

315 

105 

0 

2.6 

361 

121 

137 

498 

0 

352 

143 

45,000 

315 

105 

0 

4.4 

610 

185 

209 

819 

0 

3.5 

587 

163 

193 

780 
~ ~ ~~ ~ ~~ 

aSee Table 1 f o r  mnemonic d e f i n i t i o n .  

bBased on f u l l  power and f u e l  charged. 

c233u + 2 3 5 ~  + 2 . 3 3 ~ ~ .  

d 2 3 9 ~  + 2 4 1 ~ ~  + 2 3 9 ~ ~ .  
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i n c r e a s i n g  t h e  amount of e l e c t r i c i t y  produced t o  a va lue  g r e a t e r  than  

t h e  3956 MW(t> t h a t  forms t h e  b a s i s  of t h e  r e a c t o r  models. Thus, t h e  

f u e l  being charged and d ischarged  t o  t h e  r e a c t o r  and i t s  i r r a d i a t i o n  

c o n d i t i o n s  would be e s s e n t i a l l y  unchanged , but i nc reased  tempera tures  

would a l low more e l e c t r i c i t y  t o  be produced from the f u e l .  

4.4 Discharge Compositions of Se lec t ed  LMFBR Fuels  

The a c t i n i d e  d i scha rge  composition of t h e  t h r e e  U-Pu cyc le  commer- 

c i a l  LMFBR core  f u e l s  and t h e  average FFTF f u e l  are g iven  i n  Table 19. 
The e f f e c t  of r e c y c l i n g  plutonium i n  t h e  LMFBR may be seen by comparison 

of t h e  AMOPUUUX and AMORUUUX d i scha rge  compositions,  which i n d i c a t e  t h a t  

t h e  product ion  of t h e  heav ie r  plutonium and t ransplu tonium nuc l ides  i s  

s u b s t a n t i a l l y  reduced i n  t h e  l a t te r .  The d i scha rge  compositions f o r  a l l  

of t he  b l anke t s  are somewhat similar. 

The d i scha rge  compositions f o r  t y p i c a l  U-Pu cyc le  axial  and 

r a d i a l  b l a n k e t s ,  as r ep resen ted  by the  AMOPUUUX, are given i n  Table 20. 
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Table 19. Discharge f u e l  composi t ion f o r  1000 kg (one tonne) 
of  s e l e c t e d  co re  f u e l s a  

Discharge f u e l  composi t ion (g/MTIHM) 

Nuclide 
FFTF 

AMOPUUUXb AMORUUUXb EMOPUUUX~ average  

235u 

2 3 6 u  

2 3 8 ~  

T o t a l  uranium 

237Np 

238Pu 

239Pu (+ 239Np) 

2 4 0 h  

241Pu 

242Pu 

T o t a l  plutonium 

2 4 1 b  

2 4 3 h  

242cm 

2 4 4 ~ m  

Tot a1 heavy m e t  a1 

Burnup, GWd/MTIHM 

696 

210 

720 , 400 

721 , 400 

389 

1553 

98,748 

49,410 

12,840 

9335 

171,886 

1304 

1511 

127 

248 

896 , 900 

100 

692 

208 

727 , 400 

728,400 

382 

308 

110,929 

46,970 

6374 

2696 

167,277 

450 

409 

40 

67 

897 , 000 

100 

1096 

210 

762 , 800 

764,200 

293 

1538 

95 ,811 

44,420 

13 ,760 

8569 

164,098 

974 

1052 

84 

134 

930 , 800 

68 

4277 

251 

712,000 

716,600 

209 

407 

194,843 

34,600 

4170 

1027 

235,047 

2159 

35.4 

120 

1.43 

954,200 

45 

aSee Table 8 f o r  i n i t i a l  compositions.  

bSee Table 1 €or mnemonic d e f i n i t i o n s .  



31 

Table 20. Charge and d i scha rge  composition of AMOPUUUXa b l a n k e t s  

Nuclide 

Discharge composition 
( g /MT I f w  1 

Charge 
composition A x i  a1 Rad ia l  

(g /MT IHM ) b lanke t  b l a n k e t  

2 3 5 ~  

236u 

238u 

T o t a l  uranium 

37Np 

238p,  

239Pu (+ 239Np) 

2 4 0 p ,  

24  lp, 

2 4 2 p ,  

T o t a l  plutonium 

24  1 b  

2 4 3 b  

242cIn 

244cm 

T o t a l  heavy metal 

Burnup, GWd /MTIHM 

2000 1460 

134 

998,000 960,500 

1,000,000 962,100 

68.8 

8.0 

30,782 

1336 

35.7 

0.6 

32,162 

0.98 

0.012 

0.02 

0.00037 

1,000,000 994,300 

0 5.7 

1446 

139 

959,600 

961,200 

86.9 

9.4 

31,404 

1347 

36.6 

0.7 

32,798 

1.1 

0.013 

0.03 

0.00044 

994,100 

5.9 
~~ ~~ ~ 

aSee Table 1 f o r  mnemonic d e f i n i t i o n .  
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APPENDIX A: 

126-ENERGY-GROUP NEUTRON SPECTRA 
GRAPHS AND LISTINGS 

. 



36 

r LO 
L

 

c
-
-
 

L
 

.
 \
 

a, &
 

0
 

V
 

x h
 

M
 

&
 

a, 
G 

0
 

M
 

-ri 
Frr 

+
 

0'02 
I

1
 

S*LI 
O'SI 

S'ZI 
0'01 

S
'L 

0 'S 
I 

s '2 1
1

-
 

O'C 
0

 
-

4
 

I 
1 

I 
I 

3V/XfllAH3 - A38clli.I.31 
LINn 83d XnlA 

. 



4
 

37 

r 

8 

. 

r
l 

al 
9
 

w
 

r
l 

P
 

fi 9 
k

 
U

 

ri 
t 



38 

L
 

N
 

a
 

I 



. 

I 
I 

I 
I 

0'81 
0'91 

O.+I 
0'21 

I 
I
 

I 
I 

1 
0'01 

0'8 
0

'9
 

0.b 
0 '2 

0 '0 

I
 

- :E 0
 

-
4

 
-
0

 

- :E 7 0
 

4
 

39 

lu (D
 

r 

P a J
 

z
 

lr 0 

. 

\
 

t 
. 4 .. aJ 7 

w
 a, 

k
 
0
 

L1 

6
 

7
 

k
 

4J L1 
aJ a 
v
) 

h
 

M
 

k
 

aJ 
5 G
 0 

k
 

M
 

.rl 
Fr 



40 

r 

------- 

;1 
r
l 

t 
cd 

. 



41 

a, 
7

 
Ic

l 

h
 

M
 

$
4

 
a, 
5 C

 
0
 

$4 
u
 7
 

a, 
z
 



42 

m
 

0
,
 

I 

m
 

z 

LL 
b
 

LL 
LL 

h
 

bo 
LI 
aJ 3 G 0 
LI 
U

 

. 

. bo 
.d 
Fr 



4 

T a b l e  A . l .  F l u x  p e r  u n i t  l e t h a r q y  f o r  t h e  AMOPUUUX and AMORUUUX LMFRR f u e l s  

G r o u p  e n e r q y  AMOPUUUX AMORUUUX 
b o u n d a r i e s ,  eV 

E n e r q y  
q r o u p  U p p e r  Lower  C o r e  

_____ 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18  
19 
20 
21  
22 
23  
24 
25 
26 
27 
2 8  
29 
30 
31 
32 
33 
34 
35 
36 
37  
38 
39 
40 
41  
42 
43 
44 
4 5  
46 
47 
4 8  
49 
50 
51 
52 
5 3  
54  

1.73330E 07 
1.221UOE 07 
1.00000E 07 
8.187303 06 
6.70320E 06 
6.06530E 06 
5.48810E 06 
U.49330E 06 
3.678803 06 
3.1669OE 06 
3.01190E 06 
2.865003 06 
2.72530E 06 
2.592403 06 
2.46600E 06 
2.385201 06 
2. 365303 06 
2.30690E 06 
2.23130E 06 
2. 12250E 06 
2.01YOCE 06 
1.92050E 06 
1.826802 06 
1.73770E 06 
1.6530013 06 
1.5724013 06 
1.49570E 06 
1.422703 06 
1. 35340E 06 
1.28730E 06 
1.22460E 06 
1.16480E 06 
1.10800E 06 
1.0026013 06 
9.616UOE 05 
9.0718rJE 05 
8.62Y40E 05 
A.20850E 05 
7.80R20E 05 
7.427403 05 
7.06510E 05 
6.72060E 05 
6.39280F 05 
6.081003 05 
5.784403 05 
5.502303 05 
5.23UOOE 05 
4.97870E 05 
0.504903 05 
4.07620E 05 
3.688303 05 
3.337303 05 
3.019703 05 
2.985003 05 

55 2.97200E 05 

1.221403 07 
1.  O O O O O E  07 
8.18730E 06 
6.70320E 06 
6.06530E 06 
5.U8810E 06  
U.49330E 06 
3.67880E 06 
3.166403 06 
3.01190E 0 6  
2.865003 06 
2.72530E 06 
2.59240E 06 
2.46600E 06 
2.38520E 06 
2.36530E 06 
2.306903 06 
2.231303 06 
2.12250E 06 
2.01900E 06 
1.92050E 06 
1.826803 06 
1.737703 06 
1.65300E 06 
1.572403 06  
1.095703 06 
1.U22703 06 
1.35340E 06 
1.28730E 06 
1.22460E 06  
1.1648OE 06  
1.108003 06 
1.00260E 06 
9.616403 0 5  
9.071803 0 5  
8.62940E 05 
8.208503 0 5  
7.808203 05 
7.427403 05  
7.065103 0 5  
6.72060E 0 5  
6.39280E 05 
6.08100E 05  
5.78a40E 0 5  
5.502303 0 5  
5.234003 05 
4.978703 05 
4.50990E 05 
4.076203 0 5  
3.688302 0 5  
3.337301 05  
3.019702 0 5  
2.98500E 05 
2.972002 0 5  
2.9452OE 05 

1.11786P-02 
6.80366E-02 
2.10623F-01 
5.08535E-01 
8.86060E-01 
1.143688 00 
1.72883E 00 
2.39114E 00  
3.14050E 00 
4. 37901E 00 
4.54933E 00 
4.875888 00 
5.53247E 00 
5.574063 00 
5.94611E 00 
6.88306E 00 
6.93526E 00 
6.36485E 00 
5.71664E 00 
5.469203 00 
5.70247E 00 
5.91815E 00 
6.8387UE 00 
6.92793E 00 
6.608733 00 
7.13215E 00 
7.610833 00 
7.93778E 00 
6.522633 00 
8.35369F 00 
9.43505E 00 
8.60801E 00 
6.68915E 00 
6.30288E 00 
7.864451: 00 
8.91206E 00 
1.15078B 01 
1.213123 01 
1.28535E 01 
1.26991E 01 
1.29118E 01 
1.435523 01 
1.53329E 01 
1.590383 01 
1.620093 01 
1.72429E 01 
1.729013 01 
1.27130E 01 
9.61455E 00 
1.12615E 01 
1.482103 01 
1.634782 01 
1.541183 01 
1.619273 01 
1.71813E 01 

A x i a l  R a d i a l  A x i a l  R a d i a l  
b l a n k e t  b l a n k e t  C o r e  b l a n k e t  b l a n k e t  

2.117593-03 1-0905UP-03 
1.251413-02 
3.81210E-02 
9.0382YE-02 
1: 521093-01 
1.99 2 14 3-0 1 
2.97015E-01 
4.26211E-01 
5.7U864E-01 
7.58449P-01 
7.976283-01 
8.53505E-01 
9.69289E-01 
9.76275E-01 
1.032973 00 
1.20253E 00 
1.216023 00 
1.20674E 00 
1.12905E 00 
1.102663 00 
1.21511E 00 
1.35652E 00 

1.481053 00 
1.425U3E 00 
1.56657E 00 
1.64871E 00 
1.83527E 00  
1.68883E 00 
1.86709E 00 
2.26523E 00 
2.21052E 00 
2.08476E 00 
2.13710E 00  
2.35383E 00 
2.43171E 00 
2.99126E 00 
2.770833 00 
3.05716E 00 
3.14169E 00 
3.299763 00 
3.971943 00 
4.51869E 00 
4.888033 00 
S.17608E 00 
5.91759E 00 
6.398543 00 
6.265853 00 
4.98831E 00 
5.910023 00 
6.80640E 00 
7.36473E 00 
6.669913 00 
7.06317E 00 
7.73696E 00 

1 . 3 8 9 2 7 ~  0 0  

2.088402-02 
5.12313E-02 
9.366582-02 
1.170393-01 
1.811303-01 
2.360103-01 
3.0 1 90 1 E-0 1 
4.76089E-01 
4.997103-01 
5.37339-01 
6.18987E-01 
6.28986E-01 
6.98275E-01 
8.5068233-01 
8.8 15 86 3-0 1 
7.395852-01 
6- 180931-01 
5.71 3 17E-0 1 
5.802883-01 
5.83715E-01 
7. 4038UE-01 
7.31462E-01 
6.91 9U2E-0 1 
7.50058E-01 
8.161U6E-01 
8. 467563-01 
6.52554E-01 
9.3439 1 E-0 1 
1.060663 00 
9.587473-01 
6.96 328E- 0 1 
6. 943873-01 
8.72U77E-01 
1.05815E 00 
1.40613E 00 
1.58?97E 00 
1.705533 00 
1.73184E 00 
1.820913 00 
2.043203 00 
2.20874E 00 
2.33051E 00 
2.42488E 00 
2.581U3E 00 
2.585493 00 
1.81001E 00 
1.373743 00 
1.603033 00 
2.21169E 00 
2.489188 00 
2.433193 00 
2.51303E 00 
2.627463 00 

1.09003E-02 
6.62286P-02 
2-048753-01 
4.9U339E-01 
8.61768E-01 
l . l l C U 1 E  00 
1.678353 00 
2.31626E 00 
3.03996E 00 
4.25319E 00 
4.421823 00 
U.74003E 00 
5.38290E 00 
5.42405E 00  
5.79091E 00 
6.71619E 00 
6.77169E 00 
6.20301E 00 
5.559343 00 
5.311822 00 
5.53534E 00 
5.742373 00  
6.652073 00 
6.736743 00 
6.42371E 00 
6.936843 00 
7.409763 00 
7.733543 00 
6.342893 00 
8.14733E 00 
9.215933 00 
8.40488E 00 
6.5157UE 00 
6. 13652E 00 
7.677621 00 
8.718303 00 
1.128183 0 1  
1.190853 01 
1.263263 01 
1.250123 01 
1.272593 0 1  
1.116903 01 
1.515983 01 
1.573853 01 

1.710YUE 01 
1.716143 0 1  
1.260133 01 
9.52237E 00 
1.115893 01 
1.47225E 01 
1.62736E 0 1  
1.53581E 01 
1.608723 01 
1-71197E 01 

1.605293 01 

1.741 19E-03 
1.03872E-02 
3.2344UE-02 
1.8U693E-02 
1.391593-01 
1.7713lE-01 
2.721203-01 
3.65694E-01 
4.80488E-01 
7.268023-01 
7.66117E-01 
8.27160E-01 
9.582UO3-01 
9.68051 3-01 
1.05798E 00 
1.28826E 00 
1.31825E 00 
1.18120E 00 
1.02306E 00 
9.569503-01 
1.00389E 00 
1.047153 00 
1.2USU2E 00 
1.26989E 00 
1.198813 00 
1.31667E 00 
1.41798E 00 
1.506593 00 
1.196433 00 
1.59283P 00 
1.86721E 00 
1.70690E 00 
1.28548E 00 
1.197973 00 
1.54512E 00 
1.797UUE 00 
2.39971E 00 
2.532103 00 
2.75023E 00 
2.780571 00 
2.89061E 00 
3.32799E 00 
3.65569E 00 
3.881623 00 
4.04719E 00 
1.42229E 00 
0.51701E 00 
3.330383 00 
2.511183 00 
3.00303E 00 
U.OY354E 00 
4.59183B 00 
4.361103 00 
4.595202 00 
1.927213 00 

1. 497903-03 
9.02516E-03 
2.83548E-02 
6.97609E-02 
1.28829E-01 
1.60885E-01 
2.51724E-01 
3.271351-01 
4.196313-01 
6.735063-01 
7.093243-01 
7.66535E-01 
8.92367E-01 
9.084053-01 
1.017663 00 
1.26372E 00 
1.30512E 00 
1.07157E 00 
8.85374E-01 
8.088222-01 
8.151163-01 
8.15861E-01 
1.052773 00 
1.03192E 00 
9.69087E-01 
1.049863 00 
1. 14554E 00 
1.178903 00 
8.86135d-01 
1.282723 00 
1.44904E 00 
1.2841UE 00 

8.23918E-01 
1.12465E 00  
1.354003 00 
1.808583 00 
2.029613 00 
2.169693 00 
2.18191E 00 
2,275343 00 
2.542673 00 
2.734632 00 
2.868163 00 
2.959653 00 
3.13797B 00 

2.112023 00 
1.572652 00 
1.834933 00 
2.567203 00 
2.88892E 00 
2.81817E 00 
2.931763 00 
3.084213 00 

8.97037~-01 

3,119733 00 

c- 
w 



T a b l e  A . l  ( c o n t i n u e d )  

Group enerqy AMOPUUUX AMORUUUX 

Enerqy A x i a l  R a d i a l  A x i a l  R a d i a l  
b o u n d a r i e s ,  eV 

g rou P Upper Lower Core  b l a n k e t  b l a n k e t  Core  b l a n k e t  b l a n k e t  

2.583072 00 1.61476E 01 
2.560173 00 1.553653 01 

56 
57 
58 
59 
60  
6 1  
6 2  
6 3  
64 
6 5  
66  
6 7  
6 8  
6 9  
70 
71 
72  
73  
74 
75  
76  
77 
78 
79 
80 
81  
82 
83 
94 
85 
86 
E7 
e8 
89  
90 
9 1  
92 
9 3  
94  
95  
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

2.995203 05 
2.872503 05 
2.732403 05 
2.97240E 05 
2.23710E 05 
2.12800E 05 
2.02420E 05 
1.925503 05 
1.83160E 05 
1.74220E 05 
1.65730E 05 
1.57640E 05 
1.U99603 05 
1.42640E 05 
1.356903 05 
1.290700 05 
1.227703 05 
1.16790E 05 
1.11090E 05 
9.803703 04 
8.65170E 00 
8.250004 04  
7.950003 04 
7.20000E 04 
6.737903 04 
5.656203 04 
5.247503 0 4  
4.63090E 04 
4.08680E 04 
3.43070E 04 
3.18280E 04 
2.85000E 04 
2.70000E 04 
2.60580E O U  
2.47880E 04 
2.35790E 04 
2. 187503 04 
1.9305OX 04 
1.50340E 04 
1. 17090E 04 
9.118803 03 
7.10170E 03 
5.53080E 03 
4.307403 03  
3.7074OE 03 
3.354603 03 
3.035UOE 03 
2.7U650E 03 
2.612608 03 
2.485203 03 
2.248705 03 
2.034703 03 
1.58460E 03  
1.231103 03 
9.611203 02 

2.872503 05 
2.732402 05 
2.472403 05 
2.23710E 05 
2.128003 05 
2.024203 05 
1.92550E 05 
1.83160E 05 
1.79220E 05 
1.65730E 05 
1.5764033 05 
1.49960E 05 
1.42640E 05 
1.356903 05  
1.290701 05 
1.22770E 05 
1.16790E 05 
1.11090E 05 
9.803703 04 
8.651703 0 4  
8.25000E 0 4  
7.950003 04 
7.200003 04 
6.73790E 0 4  
5.656203 04 
5.247502 04 
U.63090E 0 4  
4.08680E 04 
3.430703 0 4  
3.18280E 0 4  
2.85000E 04 
2.700003 0 4  
2.60580E 04 
2.478803 0 4  
2.357903 0 4  
2.187503 09 
1.930503 04 
1.503POE 0 4  
1.17090E 04 
9.118803 03  
7.101703 03  
5.530803 0 3  
4.307403 03  
3.707403 03  
3.350602 0 3  
3.03540E 03 
2.746503 03 
2.612603 03  
2.48520E 03 
2.24870E 0 3  
2.034703 03  
1.5846OE 03  
1.234108 0 3  
9.611203 02  
7.48520E 02  

1.61980E 01 
1.55747E 01 
1.627553 01 
1.61893E 01 
1.57943E 01 
1.470831 01 
1.54086E 0 1  
1.691112 01 
1.91994E 01 
1.56484E 01 
1.60415E 01 
1.599967: 0 1  
1.29157E 01 
1.68921E 01 
1.72848E 01 
1.65UOUP 01 
1.669013 01 
1.51667E 0 1  
1.37053E 01 
1.46975E 01 
1.11134E 01 
1.89980E 01 
1.31145E 0 1  
1.52949E 01 
1.34604E 01 
8.47403E 00 
1.25322E 0 1  
1.21630E 01 
1.03470E 01 
9.3849UE 00 
5.22319E 00 
U.67569E 00 
1.26855E 01 
1.47467E 01 
1.063643 01 
9.66946E 00 
9.19892E 00 
6.15867F 00  
6.28066E 00 
5.44680E 00 
3.79739E 00 
3.286061 00 
2.46853E 00 
1.779903 00  
1.157553 00 
5.29957E-01 
2.22503E-01 
3.46962E-01 
5.92179E-01 
1.02859E 00 
1.73861E 00  
2.04885E 00 
1.70913E 00  
1.26303E 00 
8.8079OE-0 1 

6.95463E 0: 
6.28777E 00 
6.500693 00 
6.U22063 00 
6.20526E 00 
5.51859E 00 
5.86710E 00 
6.849203 00 
8.689013 00 
6.673373 00 
6.7908372 00 
6.68359E 00 
4.775515 00 
6.92132F 00 
7.6479UE 00 
7.53527'3 00 
7.89006P 00 
6.81671E 00 
5.52415E 0 0  
6.32039E 00 
4.41390E 00 
9.53427E 00 
5.81643E 00 
7.50773E 00 
6.43291E 00 
3.21768E 00  
5.68476E 00 
5.96666E 00 
U.65841P 00 
4.090833 00 
1.82280E 00 
1.54239E 00 
5.080413 00 
7.84740E 00  
6.13778E 00 
5.403683 00 
4.61920E 00 
2.47482E 00 
2.800753 00 
2.439453 00 
l.49035E 00  
1.307573 00  
9.40942E-01 
6.U3436E-01 
3.912903-01 
1.65899E-01 
6.69004E-02 
1.06106E-01 
1.867963-07 
3.4948UE-01 
6.812263-01 
9.89417E-01 
8.75867P-01 
6.705563-01 
4.68783E-01 

2.69895E 00 
2.76238E 00 
2.75675E 00 
2.665033 00 
2.78SdOE 00 
2,963553 00 
3.25445E 00  
2.86363E 00 
2.9497UE 00 
2.97342E 00 
2.60378E 00 
3.12460E 00 
3.204 15E 00 
3.14342E 00 
3. 18272E 00 
3.02962E 00  
2.892908 00 
3.08175E 00 
2.56048E 00  
3.728752 00 
2.94792E 00 
3.29543E 00 
3.07973E 00 
2.24225E 00 
3.010791 00 
2.961761 00 
2.70223E 00 
2.53084E 00 
1.668571 00 
1.547443 00 
3.31677E 0 0  
3.45260E 00 
2.67433E 00 
2.51503E 00 
2.48748E 00 
1.887593 00 
1.86148E 00  
1.65080P 00 
1.26190E 00 
l.lOl8OE 00 
8.706983-01 
6.63260E-01 
4.689993-01 
2.332453-01 
1.04574E-01 
1.597573-01 
2.655943-01 
4. 15376E-01 
6.4090UE-01 
6.62892E-01 
5.658273-01 
4. 86453E-01 
3.74315E-01 

1.6264UE 01 
1.620163 01 
1.582723 01 
1.47480E 0 1  
1.545693 01 
1.69778E 01 
1.93049E 0 1  

1.61558E 01 
1.61295E 0 1  
1.302253 01 
1.705151 01 
1.747093 01 
1.67420E 01 
1.6922UE 01 
1.53823E 01 
1.39221E 01 
1.49171E 01 
1.13242E 0 1  
1.940203 01 
1.34067E 01 
1.56678E 01 
1.38320E 01 
8.72309E 00 
1.292318 01 
1.25751E 01 
1.0735UE 01 
9.749515 00 
5.42709E 00 
4.85880E 00 
1.32050E 01 
1.53955F 01 

1.01335E 01 
9.67473E 00 
6.500083 00 
6.66805E 00 
5.82207E 00 
4.08025E 00 
3.55369E 00 
2.68673E 00 
1.9443UE 00 
1.267623 00 
5.80850E-01 
2.440351-01 
3.80479E-01 
6. Q92USE-01 
1.12771E 00 
1.91220E 00 
2.27333E 00 
1.921803 00 
1.44171E 00 
1.02499E 00 

i . 5 7 a 6 2 ~  01  

i . i i 2 6 e ~  01 

4.63279E 00 
0.065963 00 
4.762603 00 
4.844183 00 
4.794031 00 
4.48096E 00 
4.707303 00 
5.28909E 00 
6.14821E 00 
5.038273 00 
5.222683 00  
5.271193 00 
4.24266E 00 
5.671843 00 
5.91318!? 00 
5.75792E 00  
5.91096E 00 
5.40237E 00 
4.94364F 00 
5.453903 00 
U.16012E 00 
7.39813E 00 
5.10357E 00 
6.11413E 00  
5.56103E 00 
3.52517E 00 
5.381963 00 
5.36755E 00 
4.68833E 00 
4.30510E 00 
2.39415E 00 
2.1U674E 00 
5.937483 00 
7.134213 00 
5.2UOU7S 00 
4.834335 00 
4.68001E 00 
3.212413 00 
3.4188UE 00 
3. 10312E 00 
2.228423 00 
2.00218E 00 
1.5609UE 00 
1.15027E 00 
7-580753-01 
3.50250E-01 
1.481413-01 
2.31906E-01 
3.9681UE-01 
6.918213-01 
1.196243 00 
l.49482E 00 
1.356883 00  
1.12579E 00 
8.83552E-01 

2.997693 00 
2.960873 00 
3.133363 00 
3.20890E 00 
3.205538 00 
3,088278 00 
3.23619P 00 
3.45701E 00 
3.82770E 00 
3.32326E 00 
3.44985F 00 
3.983871 00 
3.019853 00 
3.680363 00 
3.764453 00 
3.68406E 00 
3.73808E 00 
3.54155E 00 
3.37638P 00 
3.59877E 00 
2.947113 00 
4.45991E 00 
3.41269E 00 
3.86569E 00 
3.60437'3 00 
2.58946E 00 
3.546573 00 
3.48305E 00 
3.1916UE 00 
2.99719E 00 
1.95678E 00 
1.82056E 30 
U.09735E 00 
4.23071E 00 
3.20750E 00 
3.07085E 00 
3.07353E 00 
2.35705E 00 
2.394563 00 
2. 18702E 00 
1.71493E 00 
1.546813 00 
1.260163 00 
9.776003-0 1 
6.901 14E-01 
3.44847E-01 
1. SU575E-01 
2.387323-01 
3.982633-01 
6.43479E-01 
9.973973-01 
1.10857E 00 
1.00157F 00  
8.671 27E-0 1 
7. 122863-01 



T a b l e  A . l  ( c o n t i n u e d )  

Group enerqy AMOPUUUX AMORUUUX 
b o u n d a r i e s ,  eV 

E n e r q y  A x i a l  R a d i a l  A x i a l  R a d i a l  
w o w  Upper Lower C o r e  b l a n k e t  b l a n k e t  C o r e  b l a n k e t  b l a n k e t  

11  1 7.48520E 02 4.54000E 02  9.67506E-01 2- 543602-01 2. 46547E-01 5.593QUE-01 5.970693-01 5- 3U122E-01 
112 U.54000E 0 2  2.75360P 02 1.78188E-01 1-01228E-01 1.25418E-01 2.21331E-01 3.00563E-01 3-085933-01 
113  2.75360E 02 2,14450E 02 8.22562E-02 5.56226E-02 7.31495E-02 1.04253E-OI 1.784973-01 1-92581E-01 
114 2.14450E 02 1.67020E 02  4-882943-02 3-95727E-02 5.59U57E-02 6.U1051E-02 1.341933-01 1.538823-01 
115  1.67020E 02 1.01300E 02 1.402658-02 1-39749E-02 2.06076E-02 1.93180E-02 5.58819E-02 7.29467E-02 
116 1.01300E 02 6.14U20E 0 1  9.810993-03 1-0374UE-02 1.61157E-02 7-113623-03 3.72439E-02 5.224063-02 
117 6. lUU2OE 01 4.785103 0 1  1-530U6E-03 5-53413E-03 9.25742E-03 2.36602E-03 1.98305E-02 2-92727E-02 
118  4.785 10E 01 3.726703 01 4.71289E-04 2- 515798-03 4. 42579E-03 7.977633-04 9.87112E-03 1- 6U031E-02 
119 3.726703 01 2.260303 0 1  2.35558B-04 2- 2668UE-03 3.289053-03 U. 81942E-OP 6.89249E-03 1-31978E-02 
120 2.26030E 01 1.067703 01 2.17422E-05 6-76891E-04 6.925693-04 5.03084E-05 1.72679T-03 3.36179E-03 
121 1.06770E 01  5.0U350E 00 1.6227UE-06 2-03979E-04 1.15550E-04 U. 200953-06 3.94864E-04 6-69724E-04 
122 5.OU350E 00 2.37239E 00  6.81776E-07 1- 370UlE-04 1.33257E-OU 2.25029E-06 2.186993-04 6.11413E-04 
123 2.37239E 00 1.125UOE 00 2 . 1 8 8 1 5 ~ 0 7  4- 1U767E-05 6.20329E-05 6. U2351E-07 6.90882E-05 3- 318143-04 
124 1.125UOE 00 4. 13990E-01 1.77656E-08 5-87U50E-06 1.25199E-05 2.97420E-08 9.96113E-06 U-72489E-05 
125 4.139903-01 1.00000E-01 7.80016E-09 1.916923-07 3.49671E-07 7.422293-09 3.478403-07 1.22207E-06 
126 1.00000E-01 1.OOOOOE-05 5.43688E-10 8.3W06E-09 1.207301-08 5.68503E-10 1.448853-08 6- 89637E-08 



T a b l e  A.2. F l u x  p e r  u n i t  l e t h a r q y  f o r  t h e  EMOPUUUX a n d  AMOPUUTX LMFBR f u e l s  
~ 

G roup  e n e r g y  - EMOPUUUX AM0 PU U T X 

E n e r g y  A x i a l  R a d i a l  A x i a l  R a d i a l  
g r o u p  Upper  Lower  Core b l a n k e t  b l a n k e t  C o r e  b l a n k e t  b l a n k e t  

b o u n d a r i e s ,  eV 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2 7  
28 
29 
30 
31 
32 
33 
34 
35  
36 
37  
38 
39 
uo 
41 
u2 
43 
4 4  
45 
46 
4 7  
48 
49 
50 
51  
5 2  
53 
5 4  
5 5  

1.73330E 07 
1.2214OE 07 
1.00000E 07 
8.19730E 06 
6.70320E 06 
6.065303 06 
5.U8810E 06  
4.49330F 06 
3.67880E 06 
3.16640E 06 
3.01190E 06 
2.P6500E 06 
2.725303 06 
2.592UOE 06 
2.46600E 06 
2.38520E 06 
2.365303 06 
2.306902 06 
2.23130E 06 
2.12750E 06 
2.01900E 06 
1.92050E 06 
1.82680F 06 
1.7377OE 06 
1.65300X 06 
1.572UOE 06 
1.49570E 06 
1.42270E 06 
1.3534OE 06 
1.287303 06 
1.22U6OP 06 
1.16480E 06 
1.108OOE 06 
1.00260E 06 
9.616UOE 05 
9.071802 05 
8.62940E 05 
8.20850E 05 
7.808203 05 
7.427UOE 05 
7.065103 05 
6.72060E 0 5  
6.39280E 05 
6.08100E 05 
5.784UOE 05 
5.502302 05 
5.23400E 05 
4.97870E 05 
U.504908 05 
U.07620E 05 
3.68830E 05 
3.33730E 05 
3.01970E 05 
2.985003 05 
2.97200E 05 

1.221UOE 07 
1.00000E 07  
8.18730E 06  
6.70320E 06 
6.06530E 06  
5.188101 06  
U.49330E 06 
3.67880E 06 
3.166403 06 
3.01190E 06 
2.86500E 06  
2.72530B 06 
2.59240E 06 
2.46600E 06 
2.385203 06 
2.365303 06 
2.30690B 06 
2.23130E 06 
2.12250E 06 
2.01900E 06 
1.92050E 06 
1.8268OE 06 
1.73770E 06 
1.65300E 06 
1.572408 06 
1.49570E 06  
1.92270E 06 
1.353UOE 06 
1.28730E 06 
1.22460E 06 
1.1648OE 06 
1.108OOE 06 
1.00260E 06 
9.616UOE 05 
9,071802 05 
8.629UOE 05 
8.20850E 05 
7.80820E 05 
7.427UOE 05 
7.065101 0 5  
6.72060E 0 5  
6.392803 0 5  
6.08100E 0 5  

5,50230E 05  
5.23400E 0 5  
U.97870E 0 5  
9.50490E 0 5  
4.07620E 05 
3.68830E 0 5  
3.33730E 05 
3.019702 05 
2.98500E 05 
2,972008 0 5  
2.9P520E 05 

5 . 7 8 a ~ 0 ~  05  

1. 1094UE-02 
6.75535E-02 
2.09302E-01 
5.06 122 E-0 1 
8.85377B-01 
1.1408PE 00 
1.72769E 00 
2.38134E 00 
3.12237F 00  
4.3A763E 00 
4.56188P 00 

5.54635E 00 
5.58287'2 00 
5.96385E 00 
6,93131E 00 
6.99430E 00 
6.36410E 00 
5.67630E 00 
5.40998E 00 
5.619573 00  
5.81705E 00 
6.77991F 00 
6.8U781E 00 
6.50P56E 00 
7.03415E 00 
7.5182UE 00 
7.81895E 00 
6.39065E 00  
8.24831E 00 
9.31944E 00 
8.U6636E 00 
6.52066E 00 
6.15120E 00  
7.7499UE 00 
8.80769E 00 
1.145181 01 
1.20875E 01 
1.28146E 01 
1.26988E 01 
1.300623 01 
1.44800E 0 1  
1.55156E 01 
1.60051E 01 
1.63779E 01 
1.7U850E 01 
1.75061E 01 
1.27660P 0 1  
9.60783E 00 
1.130683 01 
1.501853 01 
1.659783 0 1  
1.570U9E 01 
1.645793 01 
1.76073E 01 

a . e 8 6 4 9 ~  00 

1.54914E-03 
9.17351E-03 
2.83939E-02 
6.87279E-02 
1 . 2 2 6 9 3 ~ 0  1 
1.559773-01 
2. U0813E-01 
3.26007E-01 
U. 3 12UOE-0 1 
6.547202-01 
6.93402E-01 
7.4961UE-01 
8.7C720E-01 
8.79945E-01 
9-65337E-01 
1.18018E 00 
1.208UlE 00  
1.08171E 00 
9.37625E-01 
8.7575lE-01 
9.19513E-01 
9.58935E-01 
1.14483E 00 
1.16875E 00 
1.10373E 00 
1.21188E 00 
1.30846E 00 
1.3943CE 00 
1.103838 00 
1.473588 00 
1.73470E 00 
1.58609E 00 
1.19068E 00 
1.10836E 00 
1.43359E 00 
1.6692UE 00 
2.23281B 00 
2.359873 00 
2.566992: 00 
2.60417E 00 
2.71634F 00 
3.131412 00 
3.44617E 00  
3.66641E 00 
3.81763E 00 
9.177113 00 
4.267173 00 
3.14522E 00 
2.37108E 00 
2.83726E 00 
3.82909E 00 
4.353413 00 
4.14456E 00 
4.368543 00 
U.68291E 00 

9.50658E-04 
5.74819E-03 
1.80950E-02 
0.43878E-02 
8.13059E-02 
1.0 1359E-01 
1.57231E-01 
2.03801E-01 
2.60385E-01 
4.129U8E-01 
4.3U596E-01 
4.67734T-01 
5.39538P-01 
5.48808E-01 
6.10762E-01 
7. U6734E-31 
7.7562 1E-0 1 
6. U9YU3E-01 
5. U0872E-01 
4.98889E-01 
5.06390E-01 
5.08987E-01 
6. U7505E-01 
6.39959E-01 
6 - 0 5  1 3  1E-0 1 
6.56385E-01 
7.14826E-01 
7. 4238UE-01 
5.70942F-01 
8.1920UE-01 
9.32243E-01 
8.43139E-0 1 
6.10905E-01 
5.64762E-01 
7.66177E-01 
9-314963-01 
1.24048E 00 
1.397283 00  
1.509253 00 
1.53596E 00 
1.61790E 00 
1.819503 00 
1.97111E 00 
2.083802 00 
2.17196E 00 
2.31613E 00 
2.32266E 00 
1.625863 00 
1.23386E 00 
1.491453 00  
1.99555E 00 
2.248613 00 
2.200493 00 
2.273063 00 
2.37707E 00 

1.063811-02 
6.47451'-02 
2.00592E-01 
4.844398-01 
8. U1196U E-0 1 
1.08930E 00 
1.64785E 00 
2.27413F 00 
2.98473E 00 
4.18051E 00 
U.34518E 0 0  
4.65936E 00 
5.29361E 00  
5.33199E 00  
5.694U6F: 00 
6.61322E 00 
6.66620E 00 
6.10133E 00 
5.46588E 00 
5.22099E 00 
5.44311E 00 
5.64670E 00 
6.53932E 00 
6.62211E 00 
6.3108UE 00 
6.81750E 00 
7.28015E 00 
7.59784E 00 
6.22360E 00 
8.00040E 00 
9.055UOE 00 
8.25512E 00 
6.40162E 00 
6.02989E 00 
7.55067E 00 
8.575003 00 
l.llO42E 01 
1.17097E 01 
1.24296E 01 
1.23003E 0 1  
1.25286E 01 
1.39691E 01 
1.49530E 01 
1.55404E 01 
1.58617E 01 
1.69219E 01 
1.698931 01 
1.2U878E 01 
9.433742 00 
1.10668E 0 1  
1.46117E 01 
1.61630E 01 
1.5255UE 01 
1.59878E 01 
1.70332E 01 

1.34765E-03 
7. 93769E-03 
2.45453E-02 
5.93658E-02 

1.34752E-01 
2.OR679E-01 
2.8 156 9 F-0 1 
3.73015E-01 
5.74066E-01 
6.09399E-01 
6. 59655E-01 
7.692UlE-01 
7.77445E-01 
8.55837E-01 
1.05962E 00 
1.08255E 00 
9.6705UE-01 
8.34829E-01 
7.773693-01 
8.18246E-01 
8.55512E-01 
1.02459E 00 
1.04815E 00 
9.8R337E-01 
1.08848E 00 
1.17670' 00 
1.257123 00 
9.89953E-01 
1.32722E 00 
1.57012E 00 
1.43599E 00 
1.07351E 00 
9.97465P-0 1 
1.29529E 00 
1.51216P 00 
2.030213 00 
2.14367E 00 
2,33747E 00 
2.373223 00 
2.47944E 00 
2.86938B 00 
3.16810E 00 
3.37902E 00 
3.526923 00 
3.872612 00 
3.967893 00 
2.92757" 00 
2.20607E 00 
2.64497E 00 
3,5820UE 00 
4.08520E 00 
3.89123E 00 
4.107lUE 00 
U.41111E 00 

1 06242 E-o 1 

9.44260E-04 
5.64019E-03 
1.760611-02 
4.29806E-02 
7.885732-02 
9.839762-02 
1.5339RE-01 
l.i)9620E-01 
2.56978E-01 
4.115873-01 
4. 34956E-01 
4.68665E-01 
5.43059E-01 
5.52OUOE-01 
6.17432E-01 
7.62178E-01 
7.921 3UE-0 1 
6.59699E-01 
5.48709E-01 
5.04573E-01 
5.13381E-01 
5.161378-01 
6.60863F-01 
6.5303172-01 
6.156U9E-01 
6.705222-01 
7.3232UE-01 
7.6286 1E-0 1 
5.81202E-01 
8.UOU79E-01 
9.622391-01 
8.68546E-01 
6.233752-0 1 
5.76535E-01 
7.861762-01 
9.57605E-01 
1.28039E 00 
l.44114E 00 
(-55966E 00 
1.591303 00 
1.681883 00 
1.89718P 00 
2.06126E 00 
2.189723 00 
2-27628E 00 
2.43951E 00 
2.443892 00 
1.700963 00 
1.29130E 00 
l . f l464E 00 
2.10596E 00 
2.37168E 00 
2.33135E 00 
2.4117UE 00 
2.526203 00 

.E- rn 



. c c 

T a b l e  A.2 ( c o n t i n u e d )  

Group energy EMOPUUUX AMOPUUTX 

E n e r w  Axi  a1 R a d i a l  Axi  a1  R a d i a l  
b o u n d a r i e s ,  eV 

I 

g r o u p  Upper  Lower C o r e  b l a n k e t  b l a n k e t  C o r e  b l a n k e t  b l a n k e t  

56 
57 
58 
59 
60  
61 
6 2  
6 3  
64 
6 5  
66  
67 
69 
69 
70 
7 1  
1 2  
73 
74 
75 
76 
77 
78 
79 
8 0  
81  
82 
8 3  
8 4  
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103  
104 
105 
106  
107 
108 
109  
110 

2.94520E 05 
2.872502 05 
2.73240E 05 
2.47240E 05 
2.237103 05 
2.12800E 05 
2.020203 05 
1.92550E 05 
1.83160E 05 
1.7422OE 05 
1.65730E 05 
1.5764OE 05 
1.49960E 05 
1.426UOE 05 
1.35690E 05 
1.29070E 05 
1.227703 05 
1.16790E 05 
1.11090E 05 
9.803700 OU 
8.65170E 04 
8.25000E 04 
7.95000E 04 
7.200005 04 
6.737902 04 
5.65620E 04 
5.2U75OP 04 
4.63090E 04 
U.09690E 04 
3.430703 04 
3. 182802 OU 
2.85000E 04 
2.70000E 04 
2.605808 04 
2.47880E 04 
2.357905 04 
2. 18750E 0 4  
1.93050E 04 
1.50340B 04 
1.17090E 0 4  
9.118801 03 
7.10170E 03 
5.53080E 03 
4.307403 03  
3.707402 03 
3.35460E 03  
3.03540E 03 
2.74650E 03 
2.612603 03  
2.48520E 03 
2,24870E 03 
2.034701 03 
1.584603 03  
1-234105 03 
9.61120E 02 

2.872503 05 
2.7324OE OS 
2.4724OE 0 5  
2.237103 OF. 
2.128003 05 
2.02020E 05 
1.925502 05 
1.831603 05 
1.74220E 0 5  
1.65730E 05 
1.57640E 05 
1.499603 0 5  
1.92640E 05 
1.35690E 05 
1.29070E 05 
1.22770E 05 
l.lF790E 05 
1.11090E 0 5  
9.803703 04 
8.6S170E 04 
8.25000E 04 
7.950001 0 4  
7.2000OE 04 
6.73790E 01 
5.656203 Oi( 
5.247503 04 
4.63090E 04 
4.086803 04 
3.43070E 0 4  
3.182803 04 
2.85000E 04  
2.70000E 04 
2.60580E 00 
2.47880E OU 
2.35790E 04  
2.19750E 04 
1.930503 04 
1.50340E 04 
1.17090E 04 
9.1188OE 0 3  
7.10170E 0 3  
5.53080E 03  
4,30740E 03 
3.707QOE 03 
3.354603 0 3  
3.03540E 0 3  
2.74650E 03 
2.61260E 0 3  
2.48520E 03  
2.248703 03  
2.03470E 03  
1.584602 0 3  
1.23410E 0 3  
9.611203 02 
7.48520E 02  

1.663681 0 1  
1.598171 01 
1.665522 01 
1.65507E 01 
1.64489E 01 
1.52381E 01 
1.571602 01 
1.738623 01 
1.978563 01 
1.62921E 01 

1.608661 01 
1.33873E 01 
1.791782 01 
1.75579E 01 
1.72867E 01 
1.72711E 01 
1.58726E 01 
1.42996E 01 
1.54262E 01 
1.16023E 01 
2.02934E 01 
1.30285E 01 
1.66586E 01 
1.41409E 0 1  
9.02603E 00 
1.342113 01 
1.30842E 01 
1.122793 01 
1.0234OE 01 
5.72301E 00 
5.00700E 00 
1.40231E 01 
1.65872E 01 
1.16981E 01 
1.07820E 01 
1.051582 01 
R.04643E 00 
7.290781 00 
5.84467E 00 
4.0950172 00 
3.60QllE 00 
2.7585572 00 
1.958341 00 
1.267723 00 
5.79110E-01 
2.435068-01 
3.80029E-01 
6.481453-01 
1.121353 00 
1.91034E 00 
2.256313 00 
1.89585E 00 
1.41533B 00 
9.93794E-01 

1.698772 01 

4.40012E 00 
4.24104E 00 
U.53472E 00 
U.61985E 00 
4.57581E 00 
0.2809UE 00 
U.53769E 00 
5.053723 00 
5.89097E 00 
4.82479E 00 
5.00884E 00 
5.057823 00 
4.07176E 00 
5.44271E 00 
5.68900E 00 
5.54062E 00 
5.692072 00 
5.206363 00 
4.76874E 00 
5.26968E 00  
U.OZ085E 00 
7.15948E 00  
4.94114E 00 
5.928882 00 
5.40060E 00 
3.42686E 00 
5.23658E 00 
5.22895E 00 
4.57376E 00 
4.20325E 00 
2.33816E 00 
’2.096713 00 
5.80160E 00 
6.97453E 00 
5.12660E 00 
4.73115E 00 
4.58905E 00 
3.151243 00 
3.358763 00 
3.05311E 00 
2.195202 00 
1.979723 00 
7.54139E 00 
1.136601 00 
7.501353-01 
3.461 11E-0 1 
1. 46367E-01 
2.291502-01 
3.92190E-01 
6.839683-01 
1. 183043 00 
1.U8015E 00 
1.34577E 00 
1.12020E 00 
8.813003-01 

2.33791E 00 
2.31917E 00 
2.45018E 00 
2.51381E 00 
2.51261P 00 
2.43144E 00 
2.54397P 00  
2.70987P 00 
2.98096E 90 
2.62686E 00 
2.70847E 00  
2.73373E 00 
2.39558E 00 
2.87751E 00 
2.9563511 00 
2.90575E 00 
2.94633P 00 
2.80796E 00 
2.68663E 00 
2.87093E 00 
2.388311 00 
3.4823515 00 
2.76030E 00 
3.09160E 00 
2.9007472 00 
2.11626E 00 

2.81154E 00 
2.574452 00 
2.41602E 00 
1.59427E 00 
1.47875E 00 
3.16848E 00 
3.30959E 00 
2.57099E 00 
2.42057E 00 
2.39969E 00 
1.828093 00  
1.810721 00 
1.61334E 00 
1.23680E 00 
1.083023 00 
8.57896E-01 
6.541463-01 
U.62938E-01 
2.302613-01 
1.03235E-01 
1.576353-01 
2-620823-01 
4. 097703-01 
6.32 192E-0 1 
6.55088E-01 
5.60362E-01 
4.831363-01 
3.72551E-01 

2 . 8 u e ~ i ~  00 

1.60558E 01 
1.54428E 01 
1.61800E 01 
1.613303 01 
1.57662E 01 
1.469092 01 
1.54142E 01 
1.699533 01 
1.92907E 01 
1.571922 01 
1.61451E 01 
1.61288E 01 
1.30135E 01 
1.70760E 01 
1.750711 01 
1.67845E 01 
1.69810E 01 
1.54370E 01 
1.398103 01 
1.50101E 01 
1.13945E 01 
1.960712 01 
1.35179E 01 
1.58355E 01 
1.400022 01 

1.31153E 01 
1.27776E 01 
1,09210E 01 
9.92767E 00 
5.52306E 00 
4.904832 00 
1.34605E 01 
1.56977E 01 
1.138UOE 01 
1.03379E 01 
9,873023 00 
6,634313 00 
6.797833 00 
5.918082 00 
U.13357E 00 
3.57464E 00 
2.680173 00 
1.93078E 00 
1.255593 00 
5.752323-01 
2.414153-01 
3.763993-01 
6.39410E-01 
1. l t068E 00 
1.863723 00 
2.0720UE 00 
1.69225E 00 
1.216183 00 
7.79486E-01 

8 . e 2 8 ~ 9 ~  00 

4.1U349E 00 
3.99380E 00 
4.27936E 00 
4.369193 00  
4.33291E 00 
4.05585E 00 
4.30599E 00 
U.80297E 00 
5.61286E 00 
4.59975E 00 
4.78150E 00 
4.834U5E 00 
3.89174E 00 
5.21040E 00  
5.U5SR5E 00 
5.32256P 00 
5.47649E 00  
5.01368E 00  
4.59930E 00 
5.09598E 00 
3.8907UE 00 
6.94456E 00 
4.79700E 00 
5.76749E 00 
5.268281 00 
3.34654E 00 
5.12343E 00 
5.12639E 00 
4.494223 00 
4.13418E 00 
2.30108E 00 
2.06423E 00 
5.705793 00 
6.864513 00 
5.057893 00 
4.669843 00 
U.53343E 00 
3. 117903 00 
3.32196E 00 
3.01335E 00 
2.164723 00 
1.93689E 00 
1.50228E 00 
1.105593 00 
7.30295E-01 
3.37334E-01 
1.025923-01 
2.231 51 E-0 1 
3.795743-01 
6.624913-01 
9.132203 00 
1.305693 00 
1.14101E 00 
9.046253-01 
6.263103-01 

2.47983E 00 
2.45721E 00 
2.603322 00 
2.67616E 00 

2.59220E 00 
2,7168715 00 
2.89619E 00 
3.200313 00 
2.81277E 00 
2.907713 00 
2.937681 00 
2.57100E 00 
3.09719E 00 
3.190762 00 
3.136473 00 
3.18513E 00 
3.036622 00 
2.90843E 00 
3.11749E 00 
2.591893 00 
3.80651E 00 
3.00521E 00 
3.37989E 00 
3.176912 00 
2.30191E 00 
3.13015E 00 
3.09602E 00 
2.84120E 00 
2.66926E 00 
1.760503 00 
1.633703 00 
3.51337E 00 
3.6680UE 00 
2.84827E 00 
2.68523E 00 
2.667003 00 
2.033143 00 
2.014623 00 
1.791173 00 
1.37116E 00 
1.19203E 00 
9.350603-01 
7.099523-01 
5.019283-01 
2,497313-01 
1.12120E-01 
1.71248E-01 
2.803071-01 
4. U0203E-0 1 
6.6 70773- 0 1 
6.17452P-01 
5.055083-01 
0.062@6~-01 
2.633333-01 

2.678452 00 

c- 
U 



T a b l e  A.2 ( c o n t i n u e d )  

Group energy EMOPUUUX AMOPUUTX 

Enerqv A x i a l  R a d i a l  A x i a l  R a d i a l  
b o u n d a r i e s ,  eV 

I 

group Upper Lower Core  b l a n k e t  b l a n k e t  Core  b l a n k e t  b l a n k e t  

1 1 1  7.48520E 02 
112 U.54000E 02 
113 2.753609 02 
114 2.14450E 02 
115 1.67020E 02 
116 1.01300E 02 
717 6- 1U420E 01 
118 4.78510E 01 
119 3.72670E 01 
120 2.26030E 01 
121 1.06770E 01 
122 5.00350E 00 
123 2.37239E 00 
12U 1.125403 00 
125 4. 13990B-01 
126 1.00000E-01 

4.54000E 02 
2.753603 02 
2.14450E 02 
1.67020E 02 
1.01300E 02 
6.14420E 01 

3.12670E 01 
2.260303 01 
1.06770E 01 
5.093503 00 
2.372393 00 
1.125UOE 00 
4.139903-01 
1.00000E-01 
1.00000E-05 

4.78510~ 01  

5.33556E-01 
2.067 14 E-0 1 
9.6739UE-02 
5.83979E-02 
1.677973-02 
6.11315E-03 
1.985591-03 
6.24572E-04 
3.28503E-04 
3.04748E-05 
2.2508lE-06 
8.74558E-07 
2.752663-07 
1 - 9 51 56 E-08 
8.099371-09 
6.7784OE-10 

5.99915E-01 
3.04490E-01 
1.82339E-01 
1.319522-0 1 
5.77863E-02 
3.938UOE-02 
2.135858-02 
1.07137E-02 
7.37896E-03 
1.84914E-03 
4. 05556E-04 
2.18036E-04 
6.931782-05 
1.08581E-05 
3.83479E-07 
1. 53388Y-08 

2. U5377E-01 
1.20038E-01 
7.20402E-02 
5.496UlE-02 
2.005703-02 
1.54472E-02 
8-80 1 26 E-0 3 
4.11005E-03 
2-980561-03 
6 .  10861E-04 
9.85U23E-05 

4.97106E-05 
1.03157E-05 
2.731711-07 
8.5560SE-09 

1. I ~ ~ O Z E - O ~  

3.46331E-01 
1. 15251E-01 
4.25985E-02 
1.45051E-02 
1.82325E-03 
6.76 103E-OU 
2.10423F-04 
6.257222-05 
5.38756E-Ob 
2.978982-07 
7.443192-09 
4. 33162E-01 
2.168952-07 
1.95701 E-08 
7.26768E-09 
6.18153E-10 

3.245223-01 
1.329172-01 
5.80801E-02 
2.04367E-02 
3.34969E-03 
2.473948-03 
2.55219E-03 
1.56643E-03 
1.71795E-04 
5.05563E-05 
1.53627:-05 
8.99087E-05 
3.61037E-OS 
6.41352E-06 
2.08648F-07 
9.96479E-09 

1.20877E-01 
1.55186E-02 
1.72327~02 
4. 90727E-03 
6.1728UE-04 
4.89105E-04 
6.703532-04 
0.08154E-04 
3.566723-05 
1.06U16E-05 
3.40147E-06 
6.85708E-05 
5.29815E-05 
1.536133-05 
5-176883-07 
3.594883-08 

c . c 



4 c 

T a b l e  A.3. F l u x  p e r  u n i t  l e t h a r g y  f o r  t h e  AMOPTTTX and AMOOTTTX LMFBR f u e l s  

Group energy AMOPTTTX AMOOTTTX 

Energy A x i a l  R a d i a l  A x i a l  R a d i a l  
group Upper Lower Core  b l a n k e t  b l a n k e t  Core  b l a n k e t  b l a n k e t  

b o u n d a r i e s ,  eV 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
.20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
50 
55 

1.733303 07 
1.221003 07 
1.000003 07 
8.18730E 06 
6.703203 06 
6.06530E 06 
5.488103 06 
4.U9330E 06 
3.678803 06 
3.166003 06 
3.011903 06 
2.865003 06 
2.725303 06 
2.5924OE 06 
2.46600E 06 
2.38520E 06 
2.365303 06 
2.306903 06 
2.23130E 06 
2.122503 06 
2.019003 06 
1.920503 06 
1.826803 06 
1.737703 06 
1.653003 06 
1.572403 06 
1.495703 06 
1.422703 06 
1.35140E 06 
1.28730E 06 
1.22U6OY 06 
1.1648OE 06 
1.10900E 06 
1.002603 06 
9.616403 05 
9.071801 05 
8.629403 05 
8.208503 05 
7.808203 05 
7.427YOE 05 
7.065103 05 
6.720603 05 
6.392803 05 
6.08100E 05 
5.7844OE 05 
5.502303 05 
5.23000E 05 
4.978703 05 
4.504903 05 
0.076203 05 
3.688303 05 
3.3373013 05 
3.019703 05 
2.985003 05 
2.97200E 05 

1.221403 07 
1.000003 07 
8.187303 06 
6.703203 06 
6.065303 06 
5.488103 06 
U.49330E 06 
3.678803 06 
3.166403 06 
3.01190E 06 
2.865002 06 
2.725303 06 
2.592403 06 
2.466003 06 
2.38520E 06 
2.365303 06 
2.306902 06 
2.231303 06 
2.122503 06 
2.019003 06 
1.920503 06 
1.826803 06 
1.737703 06 
1.65300E 06 
1.572403 06 
1.495703 06 
1.422703 06 
1.353UOE 06 
1.287303 06 
1.224603 06 
1.164803 06 
1.108003 06 
1.002603 06 
9.616403 05 
9.071803 05 
8.629403 05 
8.208502 05 
7.808203 05 
7.427403 05 
7.065103 05 
6.720602 05 
6.39280E 05 
6.081003 05 
5.78U40E 05 
5.502303 05 
5.234OOE 05 
4.978703 05 
4.504903 05 
U.076203 05 
3.688302 05 
3.337303 05 
3.019703 05 
2.985003 05 
2.972003 05 
2.9452OE 05 

1.11761E-02 
6.79804E-02 
2.13074E-01 
5.21418E-01 
9.155373-01 
1.181753 00 
1.787U8E 00 
2.45065E 00 
3.22170E 00 
4.531993 00 
4.731323 00 
5.09976E 00 
5-826443 00 
5.901802 00 
6.351622 00 
7.43091E 00 
7.51696E 00 
6.89737E 00 
6.21055E 00 
5,957203 00 
6,2480UE 00 
6.52058E 00 
7,625573 00 
7.79100E 00 
7.50226E 00 
8.220573 00 
8.81880P 00 
9.203213 00 
7.58320Il 00 
9.783353 00 
1.119253 01 
1.02041E 01 
7,908653 00 
7.428553 00 
9.28995E 00 
1.050783 01 
1.36411E 01 
1.435543 01 
1.523373 01 
1.500713 01 
1.515623 01 
1.68269E 01 
1.78935E 01 
1.850183 01 
1.87708E 01 
1.98973E 01 
1.9814lE 01 
1. 44640E 0 1 
1.087943 01 
1.27755E 01 
1.67927E 01 
1.848683 01 
1.74627E 01 
1.838473 01 
1.966513 01 

1.43247E-03 
8.02842E-03 
2.702273-02 
6.820423-02 
1.24895E-01 
1.597573-01 
2.488973-01 
3.35124E-01 
4. 459253-01 
6.895783-01 
7.371353-01 
8.050533-01 
9. 472723-01 
9.663763-01 
1.074943 00 
1.33483E 00 
1.336153 00 
1.236503 00 
1.07864E 00 
1.01288E 00 
1,076333 00 
1.13670E 00 
1.3771UE 00 
1.427573 00 
1.367993 00 
1.53725E 00 
1.67017E 00 
1.79119E 00 
1.42082E 00 
1.902493 00 
2.27147E 00 
2.078031 00 
1.56068E 00 
1.448103 00 
1.868661 00 
2.163492 00 
2.906533 00 
3.056233 00 
3.329126 00 
3,35079E 00 
3.45851E 00 
3.97562E 00 
4.340633 00 
4.597663 00 
4.75926E 00 
5.18243E 00 
5.25634E 00 
3.848728 00 
2.884173 00 
3.45282E 00 
4.648923 00 
5.26747E 00 
5.00728E 00 
5.316973 00 
5.74736E 00 

9.657553-04 
5.752513-03 
1.851283-02 
4.680 19E-02 
8.750 19E-02 
1.093703-01 
1.707533-01 
2.196983-01 
2.83525E-01 
4. 600773-01 
4.910773-01 
5.35790E-01 
6.287893-01 
6.472733-01 
7.351913-01 
9.2133 1E-01 
9.65425E-01 
8.07409E-01 
6.787062-01 
6.287292-01 
6.467603-01 
6.571733-01 
8-561282-01 
8.59100E-0 1 
8-265692-01 
9.23668E-0 1 
1.01280E 00 
1.058333 00 
8.106433-01 
1.17332E 00 
1.360733 00 
1.22548E 00 
8.812473-01 
8.127143-01 
1.101923 00 
1.330703 00 
1.784513 00 
2.00209E 00 
2.16571E 00 
2.186013 00 
2.277603 00 
2.551793 00 
2.745733 00 
2.886963 00 
2.983273 00 
3.163893 00 
3.144713 00 
2.169263 00 
1.640233 00 
1.921343 00 
2.668973 00 
2.995803 00 
2.938113 00 
3.057153 00 
3.226753 00 

6.831753-03 
4. 181813-02 
1.441873-01 
3.93094E-01 
7.372513-01 
9.925882-01 
1.55776E 00 
2.198572 00 
2.936193 00 
U.11985E 00 
4.305743 00 
4,643173 00 
5.301333 00 
5.380113 00 
5.784273 00 
6.742393 00 
6.810013 00 
6.270763 00 
5.676053 00 
5.967383 00 
5.73747E 00 
5.971723 00 
6.992503 00 
7.119493 00 
6.787341 00 
7.507101 00 
8.051683 00 
8.41809E 00 
6.88497E 00 
8.886321 00 
1.01146E 01 
9.196343 00 
7.02148E 00 
6.66690E 00 
8.290442 00 
9.375093 00 
1.214413 01 
1.275763 01 
1.34678E 01 
1.320393 01 
1.32745E 01 
1.46541E 01 
1.550123 01 
1.59527E 01 
1.61100E 01 
1.7002UE 01 
1.680943 01 
1.184463 01 
9.04760E 00 
1.08021E 01 
1.414863 01 
1.54107E 01 
1.44992E 01 
1.525961: 01 
1.627663 01 

8.314723-01 
4.93U02E-03 
1.69747E-02 
4. 629533-02 
8.915 173-02 
1.167973-01 
1.875033-01 
2.531593-01 
3.382793-01 
5.367063-01 
5.71 1533-01 

7.36655E-01 
7.529733-01 
8,399233-01 
1.04910E 00 
1.090043 00 
9.613773-01 
8.317263-01 
7.804503-01 
8.28U65E-01 
8.70721E-01 
1.065383 00 
1.10075E 00 
1.04662E 00 
1.19063E 00 
1.292703 00 
1.36919E 00 
1.073673 00 
1.46696E 30 
1.727143 00 
1.57621E 00 
1.166213 00 
1.084403 00 
1.398013 00 
1.643072 00 
2.20103E 00 
2.333723 00 
2.552483 00 
2.509693 00 
2.600833 00 
2.99258E 00 
3.261033 00 
3.439803 00 
3.58234E 00 
3.898263 00 
3.982013 00 
2.842163 00 
2.14264E 00 
2.53632E 00 
3.44795E 00 

6.239a03-01 

3.86174E 00 
3.63976E 00 
3.897363 00 
0.276012: 00 

4.510183-09 
2.691263-03 
9.282923-03 
2.531993-02 

6. U0520E-02 
1.028593-01 
1.357643-01 
1.78767P-01 
2.9051UE-01 
3.13150E-01 
3.42395E-01 
U. 0310 13-01 
4. 15057E-01 
4-725783-01 
5.951173-01 
6.200 103-0 1 
5.27254E-01 
1.452483-01 
4. 122653-01 
4.26886E-01 
4. 359883-01 
5.669993-01 
5-715733-01 
5.47554E-01 
6.12842E-01 
6-736253-01 
7.13105E-01 
5.457163-01 
7.81866F-01 
9.215973-01 
8.29876E-01 
5.93653E-01 
5 .  460U8E-01 
7.432063-01 
8.89075E-01 
1.199653 00 
1.33232E 00 
1.43968E 00 
1.179193 00 
1.53445E 00 
1.71926E 00 
1.851673 00 
1.94895E 00 
2.001183 00 
2.123073 00 
2.09692E 00 
1.45699E 00 
1.09083E 00 
1.296463 00 
1.78166E 00 
2.00960E 00 
1.977323 00 
2.016393 00 
2.138223 00 

0.96070~-02 



T a b l e  A.3 ( c o n t i n u e d )  
~~ 

Group energy AMOPTTTX AMOOTTTX 
b o u n d a r i e s ,  eV 

Energy Axi a1 R a d i a l  Ax1 a1 R a d i a l  
group Upper  Lower Core b l a n k e t  b l a n k e t  Core  b l a n k e t  b l a n k e t  

2.872503 Oq 1.83201E 01 1.51434E 01 9.009531 00 2-045a7E 00 56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
e8 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

2.945203 05 
2.87250E 05 
2.732003 05 
2.472UOP 05 
2.237103 05 
2.128003 05 
2.02420E 05 
1.925503 05 
1.831603 05 
1.74220E 05 
1.65730E 05 
1.5764OE 05 
1.999602 05 
1.426601: 05 
1.35690E 05 
1.29070E 05 
1.22770E 05 
1.167903 05 
1.11090E 05 
9.80370E 04 
8.651703 04 
8.25000F 04 
7.95000E 04 
7.200003 04 
6.737903 OU 
5.65620E O U  

4.630905 04 
U.086803 04 
3.U3070E 04 
3. 18290E 04 
2.850002 04 
2.70000E 04 
2.60580E 04 
2.478801 04 
2.357903 04 
2.187503 04 
1.930509 OU 
1.50340E 04 
1. 17090E 04 
9.11880E 03 
7.10170E 03 
5.530802 03 
4.3074OE 03 
3.707UOE 03 
3.354603 03 
3.035403 03 
2.74650E 03 
2.612602 03 
2.485203 03 
2.248103 03 
2.034703 03 
1.580603 03 
1.23410E 03 
9.611203 02 

5.217503 ou 

2.7324OE 05 
2.472403 05 
2.237103 05 
2.12800E 05 
2.02420E 05 
1.925503 05 
1.83160E 05 
1.74220E 05 
1.657303 05 
1.576UOE 05 
1.499603 05 
1.42640E 05 
1.356903 05 
1.290703 05 
1.227703 05 
1.167902 05 
1.11090E 05 
9.803703 04 
8.651703 04 
8.25000E 04 
7.950003 OU 
7.200003 04 
6.737903 04 
5.696203 04 
5.247503 04 
4.63090E OU 
4.086803 04 
3.430703 04 
3.182803 04 
2.85000E 04 
2.70000E 04 
2.605802 04 
2.478803 04 
2.357903 04 
2.187503 04 
1.930503 04 
1.503403 04 
1.170903 04 
9.11880E 03 
7.10170E 03 
5.530803 03 
U.307403 03 
3.70740E 03 
3.354603 03 
3.035503 03 
2.74650E 03 
2.612603 03 
2.48520E 03 
2.248703 03 
2.034702 03 
1.580602 03 
1.23410E 03 
9.611203 02 
7.485203 02 

1.83804E 01 
1.830053 01 
1.785083 01 
1.65915E 01 
1.738763 01 
1.91477E 01 
2.185613 01 
1.77035E 01 
1.822963 01 
1.8189513 01 
1.4601UB 01 
1.922121: 01 
1.96591E 01 
1.893683 01 
1.90732E 01 
1.72545E 01 
1.55773E 01 
1.6U955E 01 
1.24274E 01 
2.15271E 01 
1.46241E 01 
1.71491E 01 
1.50597E 01 
9.49269E 00 
1.422033 01 
1.38337E 01 
1.18250E 01 
1.073373 01 
5.97837E 00 
5.35397E 00 
1.47503E 01 
1.720131 01 
1.23076E 01 
1.12281E 01 
1.072733 01 
7.21179E 00 
7.39398E 30 
6.442UOE 00 
4.48876E 00 
3.8864OE 00 
2.915643 00 
2.09072E 00 
1.363563 00 
6.272673-01 
2.63846E-01 
4. 09500E-01 
6.976663-01 
1.23341E 00 
2.009211 00 
2.227923 00 
1.97080E 00 
1.350663 00 
9.57309E-01 

~ 

5.32187E 00 
5.095993 00 
5.44922E 00 
5.5U556E 00 
5.48052E 00 
5.10770.F 00 
5.41617E 00 
6.062013 00 
7.09939E 00 
5.767U23 00 
6.00639E 00 
6-05663F 00 
U.81669E 00 
6.50990T 00 
6.78553E 00 
6.64276E 00 
6.796333 00 
6.17483E 00 
5.625063 00 
6.11752E 00 
4.61866F 00 
8.318163 00 
5.62707E 00 
6.76462E 00 
6.10710E 00 
3.85136E 00 
5.97522E 00 
5.96310E 00 
5.20633E 00 
4.773883 00 
2.6U865E 00 
2.37305E 00 
6.67286E 00 
8.05358E 00 
5.865013 00 
5.42071E 00 
5.2550UE 00 
3.5868013 00 
3.82346E 00 
3.46873E 00 
2.U7895E 00 
2.22328E 00 
1.725733 00 
1.260033 00 
8.303913-01 
3.840693-01 
1.620903-01 
2.52830E-01 
4.33101E-01 
7.777373-01 
1.296053 00 
1,532343 00 
1.50447E 00 
1,150733 00 
9.24025E-01 

3.125069 00 
3.072993 00 
3.253663 00 
3.33841E 00 
3.332923 00 
3.21369F 00 
3.36687E 00 
3.608263 00 
3.99860E 90 
3.48761F 00 
3.61429E 00 
3.6U606E 00 
3.17091E 00 
3.841833 00 
3.944183 00 
3.89223E 00 
3.93010E 00 
3.722203 00 
3.53958E 00 
3.722373 00 
3.05747P 00 
4.530253 00 
3.50690E 00 
3.942923 00 
3.66833E 00 
2.60315.F 00 
3.666643 00 
3.62683E 00 
3.33200E 00 
3.12708E 00 
2.05055E 00 
1.90526E 00 
0.19502E 00 
4.382023 00 
3.366253 00 
3.18587E 00 
3.17089E 00 
2.41047E 00 
2.00257E 00 
2.151213 00 
1.64747E 00 
1.447843 00 
1.147143 00 
8.638093-01 
6.080313-01 
3. 04004 E-0 1 
1.358UlE-01 
2.065893-01 
3. U3523E-01 
5.71246E-01 
8.264553-01 
8.161753-01 
7-993203-01 
6.25587E-01 
5.0906UE-01 

1.44739E 01 
1.505903 01 
1.48612E 01 
l.UU014E 01 
1.334683 01 
1.39237E 01 
1.525043 01 
1.72622E 01 
1.391843 01 
1.42586.F 01 
1.41534B 01 
1.13426E 01 
1.48386E 01 
1.50632E 01 
l.UU031E 01 
1.4415UE 01 
1.298503 01 
1.16199E 01 
1.21468E 01 
9.11097E 00 
1.56240E 01 
1.05585E 01 
1.225362 01 
1.05751E 01 
6.830143 00 
9.79853E 00 

7.82153F 00 
7.00929E 00 
3.8P906E 00 
3.47444E 00 
9.48488F 00 
1.090143 01 
7.70513E 00 
6.959373 00 
6.542443 00 
U.28253E 00 
4.238383 00 
3.55635E 00 
2.40815E 00 
2.025192 00 
1.48182E 00 
1.OU880E 00 
6.79 248E-0 1 
3.112393-01 
1.307823-01 
2.0213UE-0 1 
3.829633-01 
6.008663-01 
9.732783-01 

8.80037E-01 
5.7 92 7 1 3-0 1 
3.866563-01 

9.3108a~ 00 

i.033ia~ 00 

3;83817E 00 
4.02257E 00 
U.0892UE 00 
4.035462 00 
3.79878E 00 
4.081483 00 
4.48445E 00 
5.12049E 00 
4.256882 00 
4.429333 30 
9.452753 00 
3.686143 00 
U.7073UE 00 
U.872503 00 
4.782ROE 00 
U.@5802E 00 
U.49001E 00 
4.14740E 00 
U.Ul520F 00 
3.43531E 00 
5.70653E 00 
4.05639E 00 
4.74080E 00 
4.280493 00 
2.68116E 00 
4.16691E 00 
4.16438E 00 
3.67161E 00 
3.383UlE O@ 
2.009653 00 
1.82926E 00 
4.634743 00 
5.189153 00 
3.84057F 00 
3.60317E 00 
3.487603 00 
2.46909E 00 
2.521623 00 
2.239773 00 

1.012553 00 
1.06795E 00 
7.589093-01 
4.879693-01 
2.22980E-01 
9.37690E-02 
1. U7984E-01 
2.583852-01 
0.776303-01 
7.889783-01 
9.17328E-01 
8.896713-01 
6.73901 3-0 1 
5.2922UE-01 

1.62~89~ ao 

-. . - . - . . 
2.00650E 00 
2.152743 00 
2.197233 00 
2.186891: 00 
2.085503 00 
2.16111E 00 
2.34753E 00 
2.64359E 00 
2.24663E 00 
2.32475E 00 
2.34383E 00 
1.97005E 00 
2.49788E 00 
2.561491 00 
2.505593 00 
2.53088E 00 
2.355163 00 
2.202303 00 
2.335302 00 
1.85543E 00 
2.94311E 00 
2. 16616E 00 
2.478703 00 
2.27083E 00 
1.63370E 00 
2.247833 00 
2.18814E 00 
1.964203 00 
1.818953 00 
1.112993 00 
1.015941 00 
2.498353 00 
2.737462 00 
2.02895E 00 
1.88022E 00 
1.85923E 00 
1.34425E 00 
1.359153 00 
1.21003E 00 
8.9715UE-0 1 
7,96254E-01 
6.35535E-01 
0.87049E-01 
3.49 96 1E-0 1 
1.774683-01 
7.972163-02 
1.195173-01 
1.9U303E-01 
3.134893-01 
4.59763E-01 
4. 553513-01 
4. IOY97E-01 
3. U0665B-01 
2.76 1 303-0 1 

. 0 c 



& 4 
0 

T a b l e  A.3 ( c o v t i n u e d )  

Group e n e r g y  AMOPTTTX AMOOTTTX 

E n e r g y  A x i a l  R a d i a l  A x i a l  R a d i a l  
g r o u p  Upper  Lower Core  b l a n k e t  b l a n k e t  Core  b l a n k e t  b l a n k e t  

b o u n d a r i e s ,  eV 

1 1 1  7.085203 02 U.54000E 02 5.00147E-01 6.30390E-01 3.67070E-01 1.81155E-01 3.46919E-01 1.99483E-01 
1 1 2  U.54000E 02 2.753602 02 1.75335E-01 2.94732E-01 1.86202E-01 5.45948E-02 1.56562E-01 1.02437E-01 
113 2.75360E 02 2.14450E 02 7.64116E-02 1.70549E-01 1.11007E-01 2.11102E-02 8.79230E-01 6.22247E-02 
114 2.14450E 02 1.67020E 02 3.8972UE-02 1.11151E-01 7. U5277E-02 9.5579UE-03 5.59919E-02 0.2560UE-02 
115 1.67020E 02 1.01300E 02 1.33205E-02 6.44120E-02 4.63UllE-02 3.87980E-03 3.24521E-02 2.71010E-02 
114 1.01300E 02 6.14420E 01 3.23418E-03 3.55945E-02 2.79276E-02 1.19190E-03 1.83711E-02 1.671813-02 
117 6.1UU2OE 01 4.78510E 01 9.23892E-04 1.79717P-02 1.49557E-02 3.56574E-04 9.33076E-03 9.05561E-03 
119 4.78510E 01 3.72670E 01 U. 13009E-04 1.27967E-02 1.186U4L-02 2.05735E-04 6.870992-03 7.15062E-03 
119 3.72670E 01 2.26030E 01 1.63394E-04 6.60791E-03 6.49493E-03 5.23413E-05 3.609lUE-03 4.02001E-03 
120 2.26030E 01 1.06770E 01 1.99823E-05 2.32967E-03 2.21237E-03 7.917511-06 1.34594E-03 l.UlU31E-03 
121 1.06-”70E 01 5.OU350E 00 3.81981E-06 9.,51581E-O4 8.73399E-04 1.49728B-06 5.885153-04 5.61173E-04 
122 5.04350E 00 2.37239E 00 1.661U8E-06 3.3U236E-04 5.20840E-04 8.37U96E-07 2.09591E-04 3.23809E-04 
123 2.37239E 00 1.125UOE 00 2.85225E-07 7.060091-05 1. 178503-04 9.08648E-08 U.51807E-05 8.28441E-05 
124 1.125UOE 00 4.13990E-01 3.00916E-08 1.45544E-05 3.83583E-05 S.62851P-08 9.233483-06 2-639403-05 
125 4. 1399OP-01 1.00000E-01 8.06679E-09 7.20799E-07 2.40349E-06 1.70814E-08 4.538371-07 1.69416E-06 
126 1.OOOOOE-01 1.00000E-05 5.72139E-10 2.35823E-08 9.370078-08 6.049962-10 1.0654UE-08 7.06901E-OR 



Table A.4. Flux per u n i t  lethargy f o r  the AMOlTTTX, AMOZTTTX. and FFTF LMF8R fuels 

Group energy AMOlTTTX AMOZTTTX 

Energy Axial  Radial  Axial Radial 
group Upper Lower Core blanket blanket Core blanket blanket FFTF 

boundaries , eV 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3u 
35 
36 
37 
38 
39 
uo 
41 
42 
43 
44 
45 
46 
47 
48 
u9 
50 
51 
52 
53 
54 
55 

1.733302 07 
1.2214OE 07 
1.00000E 07 
8. 18730E 06 
6.7032013 06 
6.065303 06 
5.48810E 06 
4.49330E 06 
3.67880E 06 
3.166403 06 
3.01190E 06 
2.865003 06 
2.725303 06 
2.59200E 06 
2.466003 06 
2.385203 06 
2.365303 06 
2.306903 06 
2,231303 06 
2.12250E 06 
2.01900E 06 
1.920503 06 
1.826803 06 
1.737703 06 
1.653003 06 
1.572903 06 
1.495703 06 
1.022703 06 
1.353UOE 06 
1-28730E 06 
1.221602 06 
1.1648OE 06 
1.10800E 06 
1.002603 06 
9.616UOE 05 
9.071803 05 
8.629UOE 05 
8.20850E 05 
7.80820E 05 
7.4271102 05 
7.06510E 05 
6.72060E OS 
6.392803 05 
6.081003 05 
5.78440E 05 
5.502303 05 
5.234003 05 
U.97870E OS 
4.50490E 05 
4.076203 05 
3.688303 05 
3.337303 05 
3.01970E 05 
2.985003 05 
2.97200E 05 

1.221903 07 
1.00000E 07 
8.18730E 06 
6.703203 06 
6.065303 06 
5.48810E 06 
U"U9330E 06 
3.678803 06 
3.166403 06 
3.011903 06 
2.865003 06 
2-725303 06 

2.46600E 06 
2.38520E 06 
2,365302 06 
2.306903 06 
2.23130E 06 
2.122503 06 
2.01900E 06 
1.92050E 06 
1.826803 06 
1.731703 06 
1.65300E 06 
1.572UOE 06 
1.495702 06 
1.42270E 06 
1.353003 06 
1.287303 06 
1.2246OE 06 
1.164803 06 
1.108003 06 
1.00260E 06 
9.61640E 05 
9.071803 05 
8.62940E 0 5  
8.20850E 05 
7.808202 05 
7.427403 0 5  
7.065103 05 
6.72060E 0 5  
6.392803 05 
6.08100E 0 5  
5.78U40E 05 
5.502303 05 
5.234003 05 
4.978703 05 
U.50490E 05 
U.07620E 05 
3.68830E 05 
3.33730E 05 
3.019703 05 
2.98500E 05 
2.972003 05 
2.94520E 05 

2.592403 06 

7. 052853-03 
4.546203-02 
1.51767E-01 
4.00681E-01 
7.39663E-01 
9.88415E-01 
1.54379E 00 
2.182733 00 
2.897693 00 
0.062363 00 
0.229933 00 
4.54227E 00 
5.16133E 00 
5.212U5E 00 
5.58011E 00 
6.469083 00 
6.52344.E 00 
5.98574E 00 
5.3849UE 00 
5.16161E 00 
5.386963 00 
5.58871E 00 
6.47355E 00 
6.55558E 00 
6.25692E 00 
6.75218E 00 
7.21019E 00 
7.52087E 00 
6.16991E 00 
7.92U36E 00 
8.95985E 00 
8.16963E 00 
6.34576E 00 
5.98045E 00 
7.47826E 00 
8.47907E 00 
1.09495E 01 
1.15564E 01 
1.22343E 01 
1.21073E 01 
1.23163E 01 
1.36782E 01 
l.45951E 01 
1.51311E 01 
1. 5UOOOE 01 
1.636193 01 
1.637212 01 
1.202912 01 
9.112583 00 
1.06882E 01 
1.40119E 01 
1.539903 01 
1.45283E 01 
1.51903E 01 
1.612253 01 

1.0006 1 E-0 3 
5.93161E-03 
1.91720E-02 
4.88980E-02 
9.049803-02 
1.173U2E-01 
1.856 15E-0 1 
2.54066E-01 
3.390043-01 
5.23849E-01 
5.56951E-01 
6.03646E-01 
7.04585E-01 
7.13178E-01 
7.869962-01 
9.70751 E-01 
9.96947E-01 
8.905133-01 
7.69031 E-01 
7.16779E-01 
7.55078E-01 
7.89398E-01 
9.U7208E-01 
9.69 196E-01 
9.14202E-01 
1.00698E 00 
1.OR90UE 00 
1.163942 00 
9.15678E-01 
1.22977E 00 
1.45579E 00 
1.33133E 00 
9.9U119E-01 
9.23238E-01 
1.20029E 00 
1.402UlE 00 
1.883269 00 
1.989863 00 
2.17031E 00 
2.204913 00 
2.30441E 00 
2.6654UE 00 
2.940683 00 
3.13437E 00 
3.26896E 00 
3.58487E 00 
3.66883E 00 
2.704553 00 
2.03745E 00 
2.UU091E 00 
3.30000E 00 
3.75S73E 00 
3.57644E 00 
3.77266E 00 
4.04773E 00 

5.22681E-OU 
3.11U06E-03 
1.0571 1E-02 
2.84549E-02 
5.55200E-02 
7.12860E-02 
1.lU629E-01 
1.502203-01 
1.956073-01 
3.21110E-01 
3.03160E-01 
3.7343UE-01 
4.379162-01 
4.50 127E-0 1 
5.115373-0 1 
6.4 1865E-0 1 
6.71565E-01 
5.60273E-01 
4.68898E-0 1 
4.33211E-01 
0.153753-01 
4. 518853-01 
5.87756E-01 
5.876663-01 
5.625983-01 
6.254602-01 
6.8U555E-01 
7.14882E-01 
5.06225E-01 
7.91228E-01 
9.157263-01 
8.234983-01 
5.90782E-01 
5 .  446073-01 
7.38968E-01 
8.9295UE-01 
1.19691E 00 
1.34239E 00 
1.45236E 00 
1.46736E 00 
1.53146E 00 
1.71780E 00 
1.85075E 00 
1.94797E 00 
2.01532E 00 
2.14070E 00 
2.13179E 00 
1.472583 00 
l.ll517E 00 
1.3099UE 00 
1.816373 00 
2.03881E 00 
1,99679E 00 
2.078693 00 
2.19230E 00 

6.86029E-03 
0.189653-02 
1.43669E-01 
3.89994E-01 
7.302293-01 
9.82978E-01 
1.54197E 00 
2.17956E 00 
2.89757E 00 
4.06636E 00 
U.246llE 00 
U.5755UE 00 
5.218652 00 
5.292451 00 
5.68893E 00 
6.619769 00 
6.688483 00 
6.15415E 00 
5.56172E 00 
5.352601 00 
5.61363E 00 
5.95433E 00 
6.817143 00 
6.946853 00 
6-67952E 00 
7.281293 00 
7.79307E 00 
8.145UlE 00 
6.69875P 00 
8.6065UE 00 
9.77778E 00 
8.90135E 00 
6.90869E 00 
6.U9561E 00 
8.091702 00 
9.127042 00 
1.179093 01 
1.24040F 01 
1.31129B 01 
1.28920E 01 
1.30042E 01 
1.437UlE 01 
1.52348E 01 
1.57044E 01 
1.58903E 01 
1.67858E 01 
1.668593 01 
1.219153 01  
9.1953UE 00 
1.07561E 01 
1.40287E 01 
1,532091 01 
1.44262E 01 
4.510833 01 
1.614523 01 

7.89666E-04 
4. 65842E-03 
1.59018E-02 
4.30460E-02 
8.237289-02 
1.08002E-01 
1.7 29 35E-0 1 
2.3591 5 E-0 1 
3.16665E-01 
U.97021E-01 
5.33129E-01 
5.83316E-01 
6.88822E-01 
7.03648E-01 
7.85561E-01 
9.81709E-01 
1.013888 00 
9.08807E-01 
7.900 1UE-01 
7. U0992E-01 
7.8820UE-01 
8.33368E-01 
1.01377E 00 
1.05149E 00 
1.006113 00 
1.13188E 00 
1.23061E 00 
1.321533 00 
1.04378E 00 
1.U0336E 00 
1.619132 00 
1.534723 00 
1.14717E 00 
1.062653 00 
1.37U93E 00 
1.59514E 00 
2.1U746E 00 
2.25850,: 00 
2.46368E 00 
2.481602 00 
2.56438E 00 
2.95213E 90 
3.229263 00 
3.41944E 00 
3.54176F 00 
3.859823 00 
3.91767E 00 
2.86594E 00 
2.14709E 00 
2.569683 00 
3.46016E 00 
3.918012 00 
3.723453 00 
3.95382E 00 
4.274103 00 

5-533213-04 
3-305333-03 
1.13925E-02 
3.113203-02 
6.11845E-02 
7.883573-02 
1.26897E-01 
1.66099E-0 1 
2.16462E-01 
3.555663-01 
3.80544E-01 
4. 15061E-01 
U.87980E-01 
5.02742E-01 
5.72766E-01 
7.203391-0 1 
7.54636E-01 
6.303 50E-01 
5.28670E-01 
0.894973-01 
5.04730E-01 
5.13480E-01 
6.791 42E-01 
6.72233E-01 
6.455523-01 
7-212852-01 
7.905USE-01 
8.26783E-01 
6.3 1 1  71 E-01 
9.160582-01 
1.0630UE 00 
9-559662-01 
6.8U868Y-01 
6.30789E-01 
8.56U37E-01 
1.03436E 00 
1.38760E 00 
1.55496E 00 
1.68243E 00 
1.697902 00 
1.76906E 00 
1.98173E 00 
2.131273 00 
2.2393UE 00 
2.312452 00 
2.451463 00 
2.43629E 00 
1.680232: 00 
1.27037E 00 
1.48881E 00 
2.06035E 00 
2.30640E 00 
2.2592073 00 
2.34994E 00 
2.079152 00 

1.37677E-02 
8.30170E-02 
2.50620E-01 
6.09340E-01 
1.042991 00 
1.35353E 00 
2.02678E 00 
2.852393 00 
3.78745E 0 0  
5.10669E 00 
5.31877E 00 
5.689722 00 
6.44016E 00 
6.46849E 00 
6.86081E 00 
7.92774E 00 
7.880292 00 
7.46323E 00 
6.82446E 00 
6.58661E 00 
6.984973 00 
7.394782 00 
8.240043 00 
8.42375E 00 
8.04345E 00 
8.66016E 00 
9.194223 00 
9.76266E 00 
8.194103 00 
1.00507E 01 
1.155341 01 
1.05500E 01 
8.41031E 00 
7.95567E 00 

1.05883E 01 
1.36075E 01 
1.37760E 01 
1.45564E 01 
1.155703 01 
1.462543 01 
1.633703 01 
1.74700P 01 
1.815363 01 
1.821828 01 
1.951583 01 
1.95421E 01 
1.49585E 01 
1.1166UE 01 
1.31913E 01 
1.680122 01 
1.851323 01 
1.725423 01 
1,809303 01 
1.92351E 01 

9.68624~ 00 

J c I . c . 
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T a b l e  A.4 ( c o n t i n u e d )  

Group energy AMOlTTTX AMOZTTTX 

Energy A x i a l  Radi  a1 A x i a l  Radi a1 
group Upper  Lower Core  b l a n k e t  b l a n k e t  Core  b l a n k e t  b l a n k e t  FFTF 

b o u n d a r i e s ,  eV 

56 
57 
5 8  
59 
60 
6 1  
62  
6 3  
64 
65  
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
8 1  
82 
83  
84 
5 5  
86 
E7 
88 
89 
90 
91 
92 
93 
94 
95  
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
1 0 7  
108 
109 
110 

2.94520E 05 
2.87250E 05 
2.732UOE 05 
2.4724OE 05 
2.23710Y 0 5  
2.12800E 05 
2,02420E 05 
1.925503 05 
l.@3160E 05 
1.74220E 05 
1.657303 05 
1.57640E 05 
1.49960E 05 
1.4264OE 05 
1.356901 05 
1.29070E 05 
1.227703 05 
1.16790E 05 
1.11090E 05 
9.80370E 04 
8.651702 04 
8.25000E 04 
7.95000E 04 
7.20000E 0 4  
6.737903 04 
5.65620E 04 
5.24750E 04 
4.63090E 04 
9,086803 04 
3.030703 04 
3. 182803 04 
2.85000E 04  
2.70000E 04 
2-605803 04 
2.47880E 04 
2.357903 04 
2.187503 04 
1,93050E 04 
1.50340E 04 
1.17090E 011 
9.1188OE 03 
7.10170E 03  
5.53080E 03 

3.707UOE 03  
3.35460E 03 
3.03510E 03 
2.74650E 03 
2.612603 03 
2.48520E 03  
2.208703 03  
2.0347OE 03 
1.58460E 03  
1.23410E 03 
9.611203 02 

4 . 3 0 7 4 0 ~  0 3  

2.872503 05 
2.732UOE 05 
2.472UOE 05 
2.23710E 0 5  
2.128003 0 5  
2.024203 05 
1.925503 05 
1.83160E 05  
1.74220E 05 
1.65730E 0 5  
1.57640E 0 5  
1.499603 05  
1.426403 0 5  
1.356903 05 
1.29070E 05 
1.227703 05 
1.167903 0 5  
1.11090E 05  
9.803703 04 
8.651703 04 
8.250002 04 
7.95000E 04 
7.20000E 04 
6.737903 04  
5.656202 04 
5.24750E 04 
4.630903 04  
4.08680E 04 
3.430702 04 
3.182803 04 
2.85000E 04  
2.70000E 0 4  
2.60580E OU 
2.47880E 0 4  
2.35790E 04 
2.187503 04 
1.930503 04 
1.50340E 04 
1.170903 0 4  
9.11880E 0 3  
7.101703 03 
5.530803 03 
4.307UOE 0 3  
3.7074OE 0 3  
3.354603 03  
3.035UOE 03 
2.74650E 03  
2.612603 03  
2.48520E 0 3  
2.248703 0 3  

1.58460E 0 3  

9.611202 02  
7.48520E 02 

2 .03470~  03  

i . 2 3 a i o ~  03 

1.52014E 01 
1.U6132E 01 
1.525503 01 
1.513183 01 
1.U7447E 0 1  
1.372901 01 
1.43U183 01 
1.56846E 0 1  
1.77477E 01 
l.UUU25E 01 
1.47896E 01 
1.47225E 01 
1.189133 01 
1.55059E 0 1  
1.582383 01 
1.510873 01 
1.52164E 01 
1.38053E 01 
1.245UOE 01 
1.32528E 01 
1.004603 01 
1.710513 01 
1.17805E 0 1  
1.368723 01 
1.19713E 01 
7.555551 00 
1.106143 01 
1.064383 01 
8.995623 00 
8.106303 00 
4.515903 00 
P.OU147E 00  
1.090023 01 
1.25436E 01 
8.97938E 00 
R.12341E 00 
7.668693 00 
5.08600E 00 
5.083383 00  
4.31917E 00  
2.967493 00 
2.527363 00 
1.877063 00 
1.34746E 00 
8.77137E-01 
4. 02862E-0 1 
1.69743 E-0 1 
2.643 26 E-0 1 
4. 094173-01 
7.7U383E-01 
1.294153 00 
1.47309E 00 
1.197671: 00 
8.829933-0 1 
6.076613-01 

3.802633 00 
3.66445E 00 
3.92104E 00 
3.996501 00 
3.95892E 00 
3.70452E 00 
3.92855E 00 
4.375043 00 
5.101323 00 
4.177663 00 
4.33769E 00  
4.380193 00 
3.526233 00 
4.71201E 30 
U.92425E 00  
4.194813 00 
4.92432E 00 
4.503973 00 
U.12465E 00 
4.55453E 00 
3.47509E 00 
6.178683 00 
4.26450E 00 
5.111241 00  
U.64744E 00 
2.94991E 00 
4.49739E 00 
4.47915E 00 
3.90913E 00 
3.587311 00 
1.99672E 00 
1.79069E 00 
4.93845E 00 
5.91471E 00 
4.34315E 00 
3.9981UE 00 
3.86504E 00 
2.64423E 00 
2.795373 00 
2.51430E 00 
1.797483 00 
1.600203 00 
1.23660E 00 
9.08913E-01 
6.002983-01 
2.77367E-01 
1.17271E-01 
1.835 19E-01 
3.121183-01 
5 .  44385E-01 
9.29175E-01 
1.069513 00 
9.314693-0 1 
7.379293-01 
5.12308E-01 

2.125512 00 
2.09053E 00 
2.21248E 00 
2.267733 00 
2.26241E 00 
2.18096E 00 
2.283681 00 
2.44461E 00 
2.70481E 00 
2.35825E 00 
2.44126E 00 
2.46024F 00 
2.13924E 00 
2.587893 00 
2.65350E 00 
2.6134OE 00 
2.635763 00 
2.4950UE 00 
2.36890E 00 
2.487302 00 
2.04210E 00 
3.01833E 00 
2.33703E 00 
2.62255E 00 
2.4321UE 00 
1.74963E 00 
2.41583P 00 
2.377878 00 
2.172833 00 
2.03266E 00 
1.33467E 00 
1.237222 00 
2.714367 00 
2.81889E 00 
2.15861E 00 
2.03691E 00 
2.01747E 00 
1.52286E 00 
1.50215E 00 
1.32996E 00 
1.01158E 00 
8.82086E-01 
6.94408F-01 
5.2 1 4 3 7 E-0 1 
3.666UOE-01 
1.83267E-01 
8.1880PE-02 
1.245243-01 
2.07047E-01 
3.43920E-01 
4.967673-01 
4- 885213-01 
4. 72978E-01 
3.68854E-01 
2.97983E-01 

1.507292 0 1 
1.44237E 01 
1.50128E 0 1  
1.483203 01 
1.44008E 01 
1.33597E 0 1  
1.39419E 01 
1.525933 01 
1.726323 0 1  
1.39528E 01 
1.429293 01 
1.419533 01 
1.14024E 01 
1.48994E 01 
1.51408E 01 
1.44732E 01 
1.050363 01 
1.30851E 0 1  
1.17357E 01 
1.23094P 01 
9.25901E 00 
1.583653 01 
1.07481E 01 
1.24695E 01 
1.07937E 01 
6.77018E 00 
9.96603E 00 
9.539393 00 
8.01711E 00 
7.195953 00 
4.00127E 00 
3.57692E 00 
9.726083 00 
1.11672E 01 
7.92030E 00 
7.155693 00 
6.732903 00 
4.42230E 00 
4.38287E 00 
3.686563 00 
2.50055E 00 
2.10877E 00 
1.54522E 00 
1.09612E 00 
7. 114853-01 
3.267493-01 
1.37496E-01 
2.13311E-01 
3.62424E-01 
6.353083-01 
1.029153 00 
1.099193 00 
9. 114813-01 
6.174493-01 
4.14117E-01 

3.95871E 00 
3.790098 00 
4.05064E 00 
4.11890E 00 
4.068003 00 
3.79054E 00 
U.01825E 00 
4.49369E 00 
5.255903 00 
4.26775E 00 
4.U4156E 00 
U.47522E 00 
3.57376E 00 
U.80381E 00 
5.00070E 00 
4.88941E 00 
4.9953733 00 
4.536033 00 
4.127172 00 
4.478242 00 
3.37960P 00 
6.06946E 00 
4.10427E 00 
4.922952 00  
4.42880E 00 
2.789793 00 
4.31343E 00 
4.28747E 0 0  
3.72829E 30 
3.41125E 00 
1.892023 00 
1.69531E 00  
4.75683E 00 
5.714273 00  
4.147503 00 
3.823163 00 
3.692232 00 
2.50709E 00 
2.651803 00 
2.384802 00 
1.696093 00 
1.51260E 00 
1.168781 00 

5.6 1170E-0 1 
2.595953-01 
1,095792-01 
1.739108-01 
2-927213-01 
5.253202-01 
8.74095E-01 
1.02706E 00 
9.9139893-01 
7.594373-01 
6- 05020E-01 

8. si88a3-01 

2.40053E 00 
2.35844E 00 
2.49102E 00 
2.54768E 00 
2.53772E 00 
2.443889 00 
2.556363 00 
2.733913 00 
3.020663 00 
2.630313 00 
2.72036E 00 
2.73850E 00 
2.379771 00 
2.875432 00 
2.94341F 00 
2.89606E 00 
2.91628E 00  
2.757192 00 
2.61277E 00 
2.73218E 00 
2.24062E 00 
3.30304E 00 
2.552282 00 
2.856363 00 
2.63798E 00 
1.89533E 00 
2.61065E 00 
2.56176E 00 
2.33423E 00 
2.180153 00 
1.43171E 00 
1.32713E 00  
2.908303 00 
3.01335E 00 
2.303193 00 
2.17079E 00 
2.14612E 00 
1.61556E 00 
1.587623 00 
1.40018E 00 
1.062553 00 
9.24038E-01 
7.25783E-01 
5.444003-01 
3.82790E-01 
1.91407E-01 
8-553813-02 
1.300862-01 
2.16248E-01 
3.59157E-01 
5.17889E-01 
5.058UlE-01 
4.88093E-01 
3.78129E-01 
3.04056E-01 

1.74701E 0 1  
1.6UUU7E 0 1  
1.735563 01 
1.708123 01 
1.63206E 01 
1.499703 01 
1.53830E 01 
1.729373 0 1  
2.038223 01 
1.561693 01 
1.60675E 01 
1.592003 01 
1.20001E 01 
1.66361E 0 1  
1.767672 01 
1.62458E 01 
1.64746E 0 1  
1.44897E 01 
1.23478E 01 
1.33181E 01 
9.47029E 00 
1.84649E 01 
1.1392UE 0 1  
1.38155E 01 
1.18078E 01 
6.70992E 00 
1.042023 0 1  
1.01313E 01 
8.34074E 00 
6.90682E 00 
3.49436E 00 
3.09880E 00 
9.734953 00 
1.21585E 01 
8.910611 00 
7.570653 00  
6.92543E 00 
4.09161E 00 
0.398362 00 
3.931333 00 
2.679053 00 
2.16671E 00 
1.62763E 00 
1.18006E 00 
7-622722-01 
3. U2738E-01 
1. U2356E-01 
2.267933-01 
U.09977E-01 
7.99655E-01 
1.263693 00  
1.45540E 00 
1.206683 00 
8.600783-01 
5.944573-01 

UI 
w 



T a b l e  A.4 ( c o n t i n u e d )  
~~ 

G roup  e n e r g y  AMOlTTTX AMOZTTTX 

E n e r g y  A x i a l  R a d i a l  A x i a l  R a d i a l  
g r o u p  u p p e r  Lower  Core  b l a n k e t  b l a n k e t  C o r e  b l a n k e t  b l a n k e t  FFTF 

b o u n d a r i e s ,  eV 

111  
112 
113  
114 
115 
116 
117 
118 
119 
120 
121 
122 
123  
120 
125 
126 - 

7.48520E 02 
4.5UOOOE 02 
2.753601 02 
2.104503 02 
1.67020E 02 
1.01300E 02 
6. 14420E 01 
4.78510E 01 
3.726703 01 
2.26030E 01 
1.06770E 01 
5.043501 00 
2.372393 00 
1.125UOE 00 
4. 139903-01 
1.000 00E-01 

4.54000E 02 
2.75360E 02 
2.144502 02 
1.67020E 02  
1.01300E 02  
6.14420E 01 
4.785103 01 
3.72670E 0 1  
2.260303 0 1  
1.06770E 0 1  
5.04350E 00 
2.3723911 00 
1.1254OE 00 
U. 13990E-0 1 
1.00000E-01 
1.00000E-05 

3.193403-01 
1.213613-01 
5.840863-02 
3.42 83 1 E-0 2 
1.027UOE-02 
4.  159993-03 
1.50119E-03 
6.02553E-04 
1.997482-09 
1.94001E-05 
1.83U39E-06 
9. lU399E-07 
1.10007E-07 
8. 10654E-08 
1.40312E-08 
6.24785E-10 

2.689153-01 
1.11413E-01 
4.  9U097E-02 
1- 777983-92 
3.01249E-03 
2.21683E-03 
2.25116E-03 
1.36736E-03 
1, 47544E-04 
4.2UO33E-05 
1.284312-05 
7. U8579E-05 
3.00548E-05 
5.370572-06 
2.09827E-07 
8.37382E-09 

~ 

2.12913E-01 
1.079 11P-01 
6. UUOUOE-02 
4.330933-02 
2.67765E-02 
1.625373-02 
8.65924E-03 
6.90651E-03 
3.7883UE-03 
1.30925E-03 
5.1783UE-04 
3.10709E-00 
7.78 112f-05 
2.53803E-05 
1.5831UE-06 
6.28890E-08 

1.995 58E-0 1 
6.4 8 102 E-02 
2.75699E-02 
1.31416E-02 
4.09943E-03 
1.2U9 06E-03 
4.08375E-04 
2.163585-04 
5.69945E-05 
7.31025E-06 
1. U1263E-06 
8.04493E-07 
8.85669E-08 
8.26383E-08 
1.63569E-08 
6.257503-10 

4.08576E-01 
1.90405E-01 
1.10152E-01 
7.18386E-02 
4.183472-02 
2.347U6E-02 
1.19488E-02 
8.56U39E-03 
4. U6830E-03 
1.60U63E-03 
6.69292E-04 
2.33503E-04 
5.06734E-05 
1.018213-05 
5.02846E-07 
1.64719E-08 

2.15957E-01 
1.09012E-01 
6. 4929 1E-02 
4.35686E-02 
2.71862E-02 
1.66535E-02 
8.92884E-03 
7.18967E-03 
3.99596E-03 
1.4 175OE-03 
5.8847OE-OU 
3.57272P-04 
9.16377E-05 
3.00933E-05 
1.92663E-06 
7.90473E-08 

3-076853-01 
1.206911-01 
4.93779E-02 
2.78573E-02 
8. 24889E-03 
2-337092-03 
5.879 19E-04 
2.01945E-04 
1.216542-04 
1 - 452 34 E-05 
7.04249E-06 
1.003923-05 
2. 4 1 OR1 E-06 
6. U8793E-08 
7.59713E-09 
7.73024E-10 

” C 
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APPENDIX B: 

ONE-GROUP, SPECTRUM-AVERAGED CROSS SECTIONS FOR THE 
AMOPUUUX, AM02TTTX, AND FFTF LMFBRS 



56 

Table 6.1. One-group, spectrum-averaged cross sections f o r  
AMOPUUUX, AMOLTTTX, and FFTF LMFBR fuels  

Cross Cross section (barns) 
sect ion 

Isotooe tvDea AMOPUUUC AMOPUUUA AMOPUUUR AMOZTTTC AMOETTTA AMOETTTR FFTFC 

H -  1 
B - 10 
B - 1 1  
c - 12 
N - 14 
N - 1 5  
0 - l b  
0 - 17 
N A -  23  
PIN- 5 5  
co- 5 9  
GE- 72 
G E -  7 3  
CIE- 74 
G E -  76 
AS- 7 5  
SE-  76  
SE- 77  
SE- 7 8  
SL- 80 
SE- 82 
dR- 7 9  
BR- 8 1  
K R -  80 
K R -  82  
K R -  8 3  
K R -  84 
K f -  85 
K R -  86  
EB- 85 
RB- 86 
RB- 87  
SR- 86 
SR- 8 7  
SR- 80 
Sh- 8 9  
SR- 90 
Y - 8 9  
Y - 90  
Y - 9 1  
ZR- 90 
Z R -  91  
Zh- 93 
Z R -  94 
ZR- 95 
ZR- 96  
N E -  9 3  
N 3 -  9 3  
NE- 94 

I .89E-04 
2.51E 00 
3 .753-05  
3 .073-06  
1.41E-02 
1 .23E-05 
1. 13E-03 
6 .58  E-05 
1.41 E-03 
6.19E-02 
5 .433-02  
5 .08E-02 
3.22 E-0 1 
2 . 9 9 3 - 0 2  
1.86 E-02 
3.U9E-0 I 
1.51E-01 
3.46E-01 
6.03E-OL 
5.26E-02 
9 .10E-03 
b. 14E-0 I 
3 .33 E-0 1 
1.83E-01 
1.39E-0 I 
4 .76E-01 
4.90E-02 
3.66 E-02 
3 .30E-03 
2.01 E-01 
l.60E-0 I 
1 .443-02  
6 . 7 l E - 0 2  
9 .563-02  
1.14E-03 
2 .033-02  
I .  28E-02 
2.19E-02 
1.22 E-01 
3.54E-02 
2.24E-02 
7 .83  E-02 
8.58 E-0 2 
2.01 E-02 
1.46 E-0 1 
4.30E-02 
I .  98 E-0 1 
2 . 0 0 E - 0 1  
2.23E-0 I 

3 .363-04  
4 .223  00 
5 .2  5E-05 
3.75E-06 
9.91E-03 
1. 01E-05 
4 .903-04  
4.29E-05 
2.22E-03 
1.66E-0 I 
2 .233-0 1 
5 . 9  1 E- 02 
7 .693-01  
3.5 1E- 0 2  
3.92E-02 
6.9 IE-0 I 
2.7513-0 1 
6.O3E-01 
1. 1 IE-0 1 
7.10E-02 
9.7 1 E- 03  
1. I 8 E  00  
5.93E-0 1 
4.04E-01 
3. 14E-01 
7.88E-0 1 
1. 10E-01 
5.80E-02 
3 .833-03  
3.14E-0 1 
3.79E-0 1 
3 .553-02 
1 .3  3E- 0 1 
1. 59E-0 I 
1.07E-03 
2.72E-02 
I .  47E-02 
2.73E-02 
1.85E-01 
6. 14E-02 
2.72E-02 
1. 49E-0 1 
L.22E-0 I 
2 .653-02  
2.36E-0 1 
9 .573-02  
3.3 1E-0 1 
3.35E-01 
4. 32E-0 I 

3.07E-04 
3.88E 00 
5.0 1E-05 
3.563-06 
1.04E-02 
1.03E-05 
6.203-04 
4.54E-05 
2 .23E-03 
1.4 IE-01 
1.72E-0 1 
5.94 E-02 
6.57E-01 
3 - 5 4 1 - 0 2  
3.3 1E-02 
6.14E-0 I 
2 .47E-01 
S.47E-01 
1.0 IE-0 1 
6.74E- 02 
9.7 1E-03 
1.06E 00 
5.38E-0 1 
3.41E-G 1 
2.9 IE-0 I 
7 . 4 l E - 0 1  
9.142-02 
5 . 3 5 3 - 0 2  
1.92E-03 
2.933-0 1 
3.27E- 0 1 
3.11E-02 
1.15E-01 
I .  47E-0 1 
1.09E-03 
2.653-02 
I -47E-02  
2.79E-02 
1.7413-01 
5.663-02 
2 .763-02  
1.34E-0 1 
I .86E-01 
2.65E-02 
2.17E-01 
8.43E-02 
3.03E-01 
3.06E-01 
3.89E-0 I 

1 .49E-04 
2.06E 00 
3.21E-0 5 
2.85E -0 6 
1.50E-02 
1 .30E-05 
I .  28E- 0 3  
7 .10E-05 
1.13E-03 
3.6 IX-02 
3.13E-02 
4.80E-02 
2 .21E-01 
2 .813-02  
1 . 3 6 3 - 0 2  
2.63E-0 1 
1.17E-0 1 
2.73E-0 1 
4.78E-02 
4. 54E-02 
8.97E-0 3 
4.72E-0 1 
2.71E-0 1 
1.40E-0 1 
I .  l5E-0 I 
3 .873-0 1 
3.17E-02 
2.88E-02 
3.13E-03 
1.65E-0 1 
1.09E-0 I 
1.02E-02 
5 . 0 2 3 - 0 2  
7 .60E-02 
1.15E-03 
1 .773-02  
1.22E-02 
2.OOB-0 2 
1.32E-0 1 
3. 17E-02 
2.03E-02 
5 .88E-02 
5.96E-02 
1.76E-02 
1.17E-3 1 
3 - 2 0 E - 0 2  
1.5613-0 1 
1.57E-91 
1.68E-01 

3 .03E-04 
3.d6E 00 
5.O9E-05 
3 .38E-06 
9 .533-03  
1.02E-05 
4.85E-04 
4. 16E-05 
2 . 0 3 3 - 0 3  
I .  36E-0 I 
2.18E-0 I 
5 .85E-02 
6.63E-0 I 
3 . 5 0 . ~ - 0 2  
3 .393-02  
b. 103-0 I 
2.42E-0  1 
5.42E-0 1 
9 .8  1 E-02 
6 .723-02  
9 .883-03  
1.04E 00 
5 .  U4E-0 1 
3 .85E-0  1 
2 .9  1 E-0 1 
7 . 2  1 E-0 I 
9 .24E-02  
5 . 3  IE-02 
3 .80E-03 
2 .9  1E-0 1 
3 .21E-01 
2 .983-02  
1. 1bE-01 
1.46E-0 1 
1.07E-03 
2 .603-02  
I .46E-02 
2 . 6 7 3 - 0 2  
1.73E-0 1 
5 .633-02  
2.63E-02 
1.30E-0 1 
I - 9 7  E- 0 1 
2.553-02  
2. 15E-01 
8.0 IE-02 
3.002-0 I 
3.03E-0 1 
3.87E-0 I 

2 .76E-04 
3 . 5 5 3  00 
4.84E- 05 
3. 18E-06 
9.83E- 0 3  
1.05E- 05 
5 .92E-04 
4.3 IE-05 
2 .00E-03 
1. 1 IE-01 
1.78E- 0 1 
5.859-  02 
5. bOE-0 1 
3 . 5 i E - 0 2  
2 . 8 s  8- 02 
5.40E-0 I 
2. 15E-01 
4.8 7E- 0 1 
8 .82E-02 
6.32E-02 
9 .933-03  
9 .283-01  
4.95E- 0 I 
3 .32E-01 
2.88E- 0 1 
6.783-01 
7.52E- 02  
U. 83E- 02 
3.94E-03 
2.7 1E- 0 1 
2.71E-01 
2.56E- 02 
9.95E-02 
I .  35E-0 I 
I .  0 9 4- 0 3  
2.51E-02 
I .  46E-02 
2.69E- 02 
1.62E-0 1 
5. 14E-02 
2.63E- 02 
1. 15E-01 
l.65E-0 I 
2 .52E-02 
1.95E- 01  
6.90E-02 
2 .7  I E-0 I 
2.73E- 0 1 
3 .509-0  1 

1.553-04 
2.11E 00 
3.07E-05 
3.02E-06 
I .  53E-02 
I .  31E-05 
1.36E-03 
7 .343-05  
1.20E-03 
4.39E-02 
3 . 7 9 3 - 0 2  
4.72E-02 
2.433-0 1 
2 .743-02  
1 .523-32  
2.79E-0 1 
1.24E-91 
2 .8  1E-0 1 
5 . 0  1E-02 
4 .553-52  
8.78E-03 
4.97E-0 1 
2.76E-0 1 
1.49E-0 1 
1.22E-3 I 
4 .02E-3 I 
3 . 7  1E-02 
2.953-02 
3 .11E-03 
1.66E-0 1 
1.  18E-i) I 
I .  1 IE-02 
5.49E-02 
8 .08E-02 
I .  15E-03 
1.75B-02 
1.20E-02 
1.98E-D2 
1.02E-5 1 
3.26E-02 
2.0 IE-02 
6.20E-02 
6 . 4 7 3 - 0 2  
1.743-02 
1.20E-C1 
3.543-02 
1.6 IE-0 1 
1.62E-0 1 
1.76E-0 1 

c 

8 
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Table 6.1 (continued) 
~ 

Cross Cross sect i o n  ( b a r n s )  
section 

IsotoDe tvDed AMOPUUUC AMOPUUUA AMOPUUUR AM02TTTC AM02TTTA AMOPTTTR FFTFC 

NB- 9 5  
NO- 94 
10- 9 5  
80- 96  
MO- 9 7  
no- 99 
?lo- 100 
TC- 9 9  
R U -  
RU- 
RU- 
HU- 
a D- 
RU- 
R U- 

99 
00 
01 
02 
0.3 
04 
0 5  

RU-106 
RH-103 
RH-105 
PD-IO4 
PD-105 
PD-106 
PD-107 
?D-108 
PD-110 
AS- I07  
AG-109 
86-111 
CD-108 
CD-110 
CD-111 
CD- 112 
CD-I  1 3  
CD-114 
CD-I15 
CD-116 
IN-1 1 3  
IN-115 
SN-115 
SN-116 
SN-117 
SN-118 
S I - 1  19 
SN-122 
SN-123 
31-124 
SN- I 2 5  
S I - 1 2 6  
SB-121 
SB- 123 
SB-124 

3.3 1 E-0 1 
4 .69E-02 
2.75E-0 1 
5 . 5 5  E-02 
2.60E-0 1 
4.47E-01 
7.48E-02 
4.49E-OI 

5.8OE-01 
6 . 3 7 3 - 0 2  
5.06E-01 
1. I8E-0 1 
4.30E-0 1 
6.853-0 1 
1.30F- 0 1 
7.85E-0 1 

5.25E-0 1 
6.04E-0 2 
4.66E-01 
I .  02E-0 1 
3.95E-0 1 
6.42E-0 1 
1.17E-0 1 
7.18E-0 1 

2.63E-0 1 5.233-0 I 
4 .033-02  6 . 0 2 3 - 0 2  
2.21E-0 1 4.65E-01 
4.46E-02 1 .  16E-01 
2. I IE-0 1 3.923-0  1 

5.78E-02 1 .  16E-01 
3.57E-0 I 7 .17E-01 

3. ~ O E - o  1 6 . 4 2 ~ - 0 1  

4 .69  E- 0 1 
5 .643-02  
4.37E-01 
1.03E-0 1 
3.58E-0 I 
6 .023-0  1 
1.03E-01 
6.60E-0 I 

2 .70E-01 
4.10E-02 
2.29E-0 1 
4.633-02 
2. I5E-0 I 
3.79E-0 1 
6 .10E-02 
3.70E-0 I 

4 55 E-0 1 
1.54E-0 1 
4.93E-0 I 
1.76E-0 1 
4 .04E-01 
1.30 E-0 I 
3.25E-01 
7.50E-02 

8.32E-0 
2.7 IE-0 
7.89E-0 
2.41E-0 
6.79E-0 
2. 19E-0 
4.59E-0 
1. 13E-0 

7.553-01 3.65E-01 7.58E-01 6 .893-0  
2.42E-01 1.20E-01 2.41E-01 2.14E-0 
7.39E-01 4. 17E-01 7.34E-01 6.90E-0 
2.28E-01 1.52E-01 2 . 2 9 3 - 0 1  2.15E-0 
6.31E-01 3.40E-0 I 6 .263-01  5 . 8 5 3 - 0  
2.00E-01 1.05E-01 1.98E-01 1.79E-0 
U.112E-01 2.83E-01 4.42E-01 4.253-0 

3.75E-0 1 
1.25E-0 1 
4. 18E-S 1 
1.53E-01 
3 . 4  1E-0 1 
I .  07E-0 I 
2.76E-0 1 - _ _  . 

1.08E-01 5:97!?-02 1.03E-01 9.66E-02 6. 14E-02 
6 . 4 6 3 - 0 1  1.03E 0 0  9.643-01 5 .393-01  9 .533-01  8.86E-01 5.49E-01 
5.3OE-01 8 .30E-01 8.753-01 4 .593-01  7 .763-01  7.923-01 5 .09E-01 
2 .563-01  4.36E-01 3.983-01 2.113-01 3.87E-01 3.51E-01 2.15E-01 
7 . 6 7 3 - 0 1  1.17E 00 1.11E 00 6.52E-01 1. IOE 00 1.03E 00 6 .533-01  
1.52E-01 2.47E-01 2 .283-01  1.25E-01 2.23E-01 2 .04E-01 1.28E-01 
5 .271-01  8.08E-01 7 .602-01  4.56E-01 7 .59E-01 7. 16E-01 4.56E-0 -~~ 
1.58E-01 
1.4OE-OI 
6 . 5  IE-0 1 
4.55E-0 1 
6.14E-0 1 
I .89E-D I 
2.49E-0 1 
3.86E-0 1 
2.21E-0 I 
3 .663-0 I 
2 .74E-01  
6.18E-01 
1.35E-0 1 
5 . 6 7  E-0 1 
4.19E-0 1 
4.493-02  
5 .7  1 E-02 
I .9  1 E-0 1 
1.09E-01 
5 .228-02  
2.203-02 
1.06E-31 
2 .763-02  
2.663-01 
7.0 IE-03 
4.42E-0 1 
2.49E-0 1 
6.30E-0 I 

3.88E-0 1 
2.66E-0 1 
1.05E 00 
9.09E-0 I 
1.38E 00  
2 .5  1 E- 0 1 
4. 14E-01 
6.46E- 0 1 
3.3SE-0 I 
6. 9 1E-0 1 
4.54~3-01  
1.63E 0 0  
1.47E-0 1 
8. 18E-01 
6.6UE-0 1 
8 .64E-02 
1.05E-01 
3.09E-0 1 
1.7OE-0 1 
9.14E-02 
2.89E-02 
1.58E-0 1 
4.73E-02 
5. 64E-0 1 
7. IOE-03 
6 .932-01  
U. 2 I E- 0 1 
9.35E-01 

3.60E-0 1 
2.29E-01 
9.753-01  
8 . 3  IE- 0 1 
1.18E 00 
2 .  UOE-0 1 
3.8413-0 1 
5.91E-0 1 
3.10E-0 I 
b.25E-0 I 
4. O8E-0 1 
1.36E 00 
1.38E-0 I 
7.77E-01 
6.56E-0 1 
7.70E-02 
9.1313-02 
2.86E-01 
1.56E-0 1 
8.26E- 02 
2.71E-02 
I .  472-0  I 
4 .52E-02 
4.76E-0 1 
7. l6E-03  
6 .492-01  
3.87E-0 1 
8.89E-0 1 

1.2%-0 1 
9.96E- 0 2  
5.43E-0 1 
3.56E-0 1 
4.30E-0 1 
1.68E-0 1 
2.12E-0 1 
3.17E-0 1 
1.90E-01 
2.833-0 1 
2.22E-0 1 
3.889-0 1 
9.04E-0 2 
5.03E-0 1 
3.58E-0 1 
3 .383-02  
4.63E-02 
1.57E-0 I 
9 .20E-02 
3 .983-02  
1.9513-02 

% . b7E-0 2 
2.44E- 0 2  
I .  62E-0 I 

7 . 0  IE-03  
3.75E-0 1 
2.04E-0 1 
5.36E-0 I 

3 .182-0  1 
2.31E-01 
9.6UE-0 1 

1.18E 0 0  
2.38E-0 1 
3.69E-0 1 
5.93E-01 
3 . 0 5 1 - 0 1  
6 .14E-01 
4.14B-G 1 
1.36E 00 
I .  37E-0 1 
7.70E-01 
6 . l l E - 0 1  
7.60E-02 
1.0 1 E-0 1 
2.85E-0 1 
I .  53E-0 I 
8 . 2 3 3 - 0 2  
2.7 1 E-02 
1.46E-0 I 
4 .15E-02 
4.77E-0 1 
7.2OE-03 
6.46E-0 1 
3 .87  E- 3 1 
8.88E-01 

8.2 IE-0  I 

3.12E-01 
1.95E- 0 1 
8.97E-0 1 
7.80 E- 0 1 
1.00E 00 
2.27E-01 
3.42E-0 1 
5.42E-0 I 
2.84E-01 
5.78E-0 I 
3 .7  1E-0 1 
1.12E 00 
1.28E-0 1 

7.36E-01 
5.88E-01 
6.72E-02 
8.8 3 E- 02 
2.63E-01 
1.40'5-0 1 
7.34E-02 
2.52E-02 
1.34E-01 
3.98.E-02 
3.89E-01 
7 .283-03  
6 .10~3-01  
3.598-01 
8. 43E-01 

1.43E-0 
1 .09E-0 
5.49B-0 
3.96E-0 
4.70E-0 
1.68E-0 
i. 16E-0 
3.24E-0 
1.92E-0 1 
2.943-0 1 
1 .31E-01 
4.49E-0 1 
9.17E-02 
5 . 1  IE-C 1 
3.852-01  
3.6 IE-02 
4.862-02 
1.60E-0 1 
9 .5  1E-02 
4 .123-32  
1.98E-02 
8 .843-02  
2.50E-02 
1.90E-0 1 
6.90E-03 
3.82E-0 1 
2.lOE-Gl 
5.28E-0 1 
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T a b l e  5.1 ( c o n t i n u e d )  

Cross Cross s e c t i o n  ( b a r n s )  
s e c t i o n  

1 sotooe t m e a  AMOPUUUC AMOPUUUA AMOPUUUR AMOLTTTC AMOZTTTA AMOZTTTR FFTFC 

SB-125 
S a - 1 2 6  
TE-122 
TE-  123  
TE-124 
TE-125 
T E -  126 
TE-127 
T E- 128  
TE-129 
TE-130 
TE-132 
I -127 
I -129 
I -130 
I - 1 3 1  
I -135 
XE-128 
XE- I 2 9  
XE- 130 
LE-131 
XE-132 
XE-133 
XE-134 
PE- 135 
XE-136 
CS-133 
CS- 13U 

cs-137 
9 A -  134 
8 8 - 1 3 5  
BA- 136 
BA-137 
BA- 138  
BA- 140 
LA-139 
LA-140 
LE-I40  
Ci3-14 I 
CE-142 
CE-143 
CE-144 
CR-141 
PE- 142 
PR-I43 
ND-142 
ND-I43 
ND- I44  

cs-r Ai 

2.70E-0 I 
3 .92E-0  1 
3 .228-01  
4. SUE-0 I 
2.27E-0 1 
3 .323-01  
9 .873-02  
3.43E-0 1 
9.11E-02 
I .  12E-0 1 
1 .443-02  
U . OBE-OU 
5.09E-01 
3.54E-0 1 
5 .13E-01 
1.32E- 0 1 
5.91E-04 
1.62E-01 
3.88E-01 
1.05E-01 
2.OOE-0 1 
6 .383-02  
I .  10E-0 1 
3.16E-02 
5.223-03 

6.61E-02 
2 .463-01  
1.22E-02 
I .OUE-0 1 
3.20E-0 1 
4.42E-02 
5 . 2  IE-02 
5.79E-03 
4.49E-02 
3.78 E-02 
2.86E-01 
1.71E-02 
1.3 IE-0 1 
3 .18E-02 
Z.44E-0 I 
4.92E-02 
1 . U8E-0 1 
3.79E-0 1 
3.34E-0 I 
3 .73E-02 
2.89E-01 
9. 13E-02 

4.6 1E- 0 1 
7.2213-0 1 
6 .26E-01  
8.8 (E- 3 I 
3. 17E-01 
5.94E- 0 1 
1. 78E- 0 1 
6.23E-0 1 
1.2 3E- 0 1 
2.0lE-0 1 
1.983-02 
3.04E-04 
9.90E-01 
6.09E-0 1 
1.25E 0 0  
2.57E-0 I 
6 .53E-04 
2.78E- 0 1 
7.55E- 0 1 
1.29E-0 I 
4.28E-01 
8.8 IE- 02  
4.3 IE-0 1 
3 .873-02 
8 .55E-02 
3.763-03 
8.30E-0 1 
9.92E-0 I 
1.71)E-0 1 
5. 15E-0 1 
2. OOE-02 
1.95E-0 I 
6.89E- 0 1 
7.31E-02 
9.40E-02 
4.171-03 
I .  67E-0 1 
7. 38E-02 
7.20E-0 1 
I .  86E-02 
2.23E-0 1 
3 .78E-02 
6. l3E-0 I 
8. 75B-02 
3 .06E-01 
8. 12E-0 1 
7.42E-0 I 
5 .05E-02 
6.22E-0 1 
1.J3E-0 I 

4 .17E-01 
6.5 1E-0 1 
5.63E-01 
8.681-0 1 
2.96E-0 I 
5.36E-0 1 
1.61E-01 
5.61E-01 
1 .163-01  
I .8 IE-0 1 
1.90E-02 
3.14E-OU 
8.951-01 
5.523-0 I 
1.08E 00 

6.60E-04 
2 .511-01  
6 . 7 3 % - 0 1  
1 .27 '~ -0  I 
4.01E-01 
8 .353-02  
3.76E-0 1 
3 . 8 5 1 - 0 2  
1.8 1E-0 1 
3 .55s-03  
7.55B-01 
e .853-01  
1.53E-01 
4.523-0 1 
I -87E-02  
I .  7 1E-0 1 
6.09E-0 1 
6.55E-G2 
8.44Z-02 
4 .883-03  
1.383-01 
6.74.E-02 
6.09E-0 1 
1.873-02 
2 - 04.E-0 I 
3.763-02 
5. l4E-0 1 
7 .55E-32 
2.70E-0 1 
7 -20E-0 1 
6 .55E-0 I 
4 .823-02 
5.4513-0 I 
1.29E-01 

2.263-0 1 

2.17P-0 1 
3.06E-0 1 
2.6OE-0 1 
3.66E-0 I 
1.97E-0 I 
2.58E-0 1 
8 . 2 2 3 - 0 2  
2.71E-01 
8 .09E-02 
8.52E- 0 2  
1.23E-02 
U.36E-04 
3.98E-0 1 
2.80E-0 I 
3 .  U6E-0 1 
9.34E-02 
5.753-04 
1.34E-i) 1 
2.99E-0 1 
9.67E-02 
1.62E-0 1 
5.68E-02 
6 .681-02  
2.903- 0 2  

2.31E-03 
3.633-0 1 
3.68E-0 1 
4.62E-02 
1.8OB-0 1 
9.00E-03 
8.59E- 0 2  
2.39E-0 1 
3 . 6  IE-02 
3.99E-02 
6 .10E-03 
2.083-02 
2 .993-02  
1.86E-0 1 
1.64E-02 
I .06E-01 
2 . 9 7 8 - 3 2  
1.4913-0 1 
3.55E-02 
1.09B-311 
2.75E-0 I 
2.45E-0 1 
3 .31E-02 
2.15E-0 1 
7 .69B-02 

3.90E-03 

4. 16E-0 1 
6 .47E-01  
5.38E-0 1 
7.99E-0 1 
2 .963-0  1 
5.33E-01 
1.54E-01 
5.57E-0 1 
1.15E-01 
1.80E-01 
1 .863-02  
3. D6E-04 
d.80E-01 
5.5 1E-0 1 
1 .06E 00  
2 .24E-0  1 
6.63E-04 
2 .  SOE-01 
b.69E-01 
1.26E-0 1 
4.02E-01 
8 .34E-02 
3. SUE-0 1 
3.7717-02 
1 .15E-01 
3 . 5 2 3 - 0 3  
7.54E-01 
8 .76  E-0 1 
I .  46 E- 0 I 
4 .51E-01 
1 . 7 8 3 - 0 2  
I .  8oE-0 I 
5.99E-0  1 
6 .58E-02 
8.35 E- 02 
4.86E-03 
1.3 1 E-01 
6.UOE-02 
6.07E-0 1 
I .  84E-02 
2.01E-0 I 
3 .7  1 E-02 
5 .18E-01 
7.67 E-02 
2.65E-01 
7 .08  E-0 1 
6.42E-01 
4 .733-02  
5 .40E-01 
1.29E-01 

3.74E- 0 1 
5.80 E- 0 1 
4.8 3E- 0 1 
7.86 E- 0 1 
2.75E- 0 1 
4.76E- 0 1 
1.39E-01 
4.95E-0 I 
1.09E- 0 1 
1.60E-01 
1.76E-02 
3. 14E-OU 
7.99E-01 
4.96E-01 
9 . 0 8  E- 0 1 
1.93E-01 
6 .7  1E:-04 
2.25E-01 
5.99E-01 
1. L C E - 0  I 
4.07E- 0 1 
7.9 1 E-02 
3.20E-0 I 
3.73B-02 
8.363-01 
3 .28E-03 
6 .933-01  7.78E- 0 1 

1.29E-01 
3.93E-01 
1.6 1E-02 
1.66E- 0 I 
5 . 2 8 E -  0 1 
5.871-02  
7.4OE-02 
4.973-  03  
1.04E-01 
5.83E-02 
5.04E-0 1 
1 .843-02  
1.83B-01 
3.673-02 
4.2 3E- 0 1 
6.46E-02 
2.31E-01 
6.26E-0 1 
5.66E-0 I 
4 .483-02  
4 .69F-01  
1. 16E-01 

2.24E-01 
3. ISE-0 I 
2.73E-01 
4.48E-0 1 
2.OOE-0 1 
2.66E-0 1 
8.32E-02 
2.80E-0 1 
8.1%-02 
8 .862-02  
I .  23E-02 
4.50E-OU 
4.15E-0 1 
2.89E-0 1 
3.85E-0 1 
1.01E-01 
5.5UE-GQ 
1.36E-0 1 
3.15E-01 
9.56E-02 
1.87E-0 1 
5.70E-02 
8.893-02 
2.86E-32 
3.30E-02 
2.353-03 
3.77E-01 
3.91E-0 1 
5. l6E-02 
1.9 1E-0 1 
9 .6  3E-03 
8.92E-02 
2.57E-0 1 
3.78E-02 
4 . 2  IE-02 
6.17E-03 
2.82E-02 
3.09E-02 
2.10E-01 
1.62E-82 
1.09E-0 1 
2.93B-02 
1.72E-0 1 
3.86E-02 
1.14E-G 1 
2.95E-0 1 
2.67E-0 1 
3.36E-02 
2.30E-0 1 
8.0 1E-02 

c 
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Table 6 . 1  (continued) 

Cross Cross section (barns) 
section 

Isotope t w e a  AMOPUUUC AMOPUUUA AMOPUUUR AMOZTTTC AMOZTTTA AMOZTTTR FFTFC 

6 

t 

UD-145 
ND-146 
ND-147 
I D - I 4 8  
ND- I 5 0  
P I - 1 4 7  
i? I -14& 
PU-149 
P I - 1 5 1  
S I - I 4 7  
SLI-I48 
51-149 
S I - I 5 0  
SII-151 
SN-152 
SU- 153  
S I - I 5 4  
EU-151 
E U -  I52 
EU- I53 
EO-154 
EU- 155 
EU-156 
20-157 
GD- 154 
GD- 155 
GD-156 
GD-157 
GD- 158 
GD-160 
TB-159 
T9- 160 
DY-160 
DY-161 
DY-162 
DY-163 
DY-I64 
HO- 165  
ER-166 
ER-167 
TH-230 
TH-230 
T H-232 
TH-232 
PA-231 
PA-23 I 
PA-233 
PA-233 
PA-233 
u -A32 

3.23E-0 I 
I .20E-0 I 
6 .4  1 E-0 1 
I .  74E-0 1 
2. I4E-0 I 
1 .19E 00  
6 .76E 00 
2.94E 00  
3.23E-02 
7.683-0 I 
3 .27 E-0 1 
1.35E 00  
3 .88  E-0 I 
2.09E 00  
3.90E-01 
4.9UE-02 
2.02E-0 I 
3 .41E 00 
4.30E 00  
2 .  16E 00  
2.58E 00 
2.40E 00 
5.67 E-02 
3.66E-02 
9.30E-01 
1.86E 00 
4.28E-0 1 
3.44E 00 
2.68 E-0 I 
1 - 9 3  E- 0 1 
1.32E 00 
1.33E-0 1 
1.85E 00  
2 .03E 00 
8 .023-3  I 
8 .94 E-0 1 
2.40 E-0 1 
I .44E 00  
4.26E-0 1 
1.35E 00  
I .  78E-0 I 
3 .59E-02 
3.6  1 E-0 1 
1 . i 5 E - 0 2  
2.81E 00  
2.85E-0 1 
4.97E-0 I 
8.02E-02 
4.97E-0 1 
6.23E-0 I 

6 .9  1E- 0 1 
I .  bOE-0 I 
1.46E 00  
2.86E- 0 I 
3.52E-0 1 
2.46E 00 
I.22E 0 1  
5.45E 0 0  
1.66.E- 0 1 
1.67E 0 0  
5. IOE-01 
2.87E 0 0  
7. I4E-01 
4.39E 00 
8.56E- 0 1 
3.96E- 0 1 
3.87E-0 1 
6.62E 00 
7.92E 0 0  
4. 16E 00 
4.93E 00 
4.65E 00  
1.78E-0 1 
1.20E-0 1 
1.77E 00  
3.44E 00 
8.32E-01 
8 . 7 6 3  00 
4.873-0 1 
3. 37E-01 
2.81E 00 
3.35E-0 1 
3.71E 00 
4.423 00 
1.70E 00 
1 .94z  00  
4. OOE-  0 1 
3.05E 00 
8.08E-0 1 
2 . 9 8 1  00  
4.77E-0 1 

6.48E-0 1 
5.97E-03 
4.31E 8 0  
1.66E-0 1 
8.93E-0 1 
3.88E-02 
8. 93E- 3 I 
9.84E-0 I 

1. a23-  0 2 

6.DUE-01 
I .  52E-0 I 
1.28E 00 
2.57E-0 1 
3.23E-0 I 
2.20E 00 
1 .13E 0 1  
4 .88E 00  
1.68E-0 1 
I.49E 00 
4.65E-0 1 
2 . 5 5 3  00 
6.42E-0 I 
3.89E 00 
7.833-01 
3.69E-0 1 
3.45.E-0 1 
5.92E 00  
1.17E 00 
3.74E 00 
4.443 00 
4.132 0 0  
1.73E-01 
1.2 1 E-0 1 
1.56E 00 
3.15E 00  
7.43L-01 
7.21E 00 
4.33E-0 I 
2 .80E-0 1 
2.45E 00  
3.06E-0 1 
3.29E 00 
3.883 00 
1.52E 00 
1.70E 00 
3.583-01 

7 - 2  5 E-0 1 
2.62E 00 
4.30B-01 
2.04E-01 
5.88E-0 1 
6.96E-03 
4 . 0 6 1  00 
1 .&0E-0 1 
8. l5E-0 1 
4.4 9E-02 
8.15E-0 1 
9.22E-0 1 

2 . 6 a ~  00 

2.35E-0 I 
I .  07E-0 I 
4 .57E-0 1 
1.49E-01 
1 .773-31  
8.783-0 1 
5.30E 0 0  
2.27E 0 0  
2.16E-02 
5 .79E-0  1 
2.81E-3 1 
1.02E 0 0  
3.15E-0 I 
I.52E 00  
3.06E-01 
2.16E-02 
I. 58E-0 I 
2 .573  0 0  
3.36E 0 0  
1.65E 0 0  
1.97E 0 0  
1.81E 0 0  
3.87E- 0 2  
2.64E-02 
7.22E-01 
1.44E 00  
3.30E-0 1 
1.98E 0 0  
2.08E-0 1 
1 .60E-0 1 
9 .393-5  1 
9.03E-02 
1.41E 0 0  
1.42E 0 0  
6.14E-0 I 
6 . 2 7 3 - 0 1  
2.5 1E-3 1 
1.03E 00 
3.34E-01 
9.53E-01 
I -27E-3  I 
4.00E-02 
2.65E-0 I 
I .  40E-02 
2.40E 00  
3.1 IE-0 I 
3.87E-0 1 
9.02E-02 
3 . 8 7 3 - 0 1  
5.263-0 1 

6.09E-0 I 
I .  52E-0 I 
1.27E 00 
2 .632-0  1 
3. 19E-0 I 
2. 18E 00  
1.09E 01  
4 . 8 4 3  00 
1.61E-01 
1.47E 00 
4.63  E-0 1 
2.51E 00 
6 .373-01  
3 . 8 3 2  00 
7 .842-0  1 
3 .58E-01 
3.37E-0 I 
5.853 00 
7.10E 00 
3.69E 00  
4.39E 00 
4 .07E 00  
1.64E-0 I 
1.15E-01 
1.57E 00 
3 .09E 00 
7 .25  E-0 1 
7.25E 00 
4.33E-0 1 
2.79E-0 1 
2.44E 00 
2.96E-01 
3 . 2 4 3  00 
3 . 8 3 1  00 
I.48E 00 
1 .67E 00 
3.72E-0 1 
2.6UE 00 
7.05E-0 1 
2 .58E 00 
4.08 E-0 1 
1.78E-02 
3 .81E-01 
5 . 8 8 3 - 0 3  
4.05E 00 
I. 6 1 B-0 1 
8.00E-01 
3.82E-02 
8 .00E-01 
9. 18E-0 I 

5 .343-01 
I. 44E- 0 1 
1.12E 00 
2.37E-01 
2.92E-0 1 
1.99E 00 
1.00E 0 1  
4.30E 00 
2.05E-01 
1.32E 00 
4.2 IE-0 I 
2.27E 00 
5.79E-0 1 
3 . 3 9 3  03  
7.87E- 01 
4.14.E-01 
2.98 E- 0 1 
5.21E 00 
6 .41E 00 
3.31E 00 
3.94E 00 
3.58E 00 
1.8 IE- 0 I 
1.35E-01 
1.38E 00 
2.83E 00 
6.43E- 0 1 
5.80E 00 
3 .832-01  
2 .533-01  
2.11E 00 
2.8412-0 I 
2.87E 00 
3.33E 00 
1 .38E 00 
1.45E 00 
3.35E-01 
2.29E 00 
6.29E- 0 1 
2.28E 00 
3.72E-0 I 
1.922-02 
3.65~3-0 1 
6.6 IS-03 
3.823 00 
1.69E- 0 1 
7.26E-0 1 
4.2 6E- 02 
7.26E-0 1 
&.67E-0 I 

2.57E-G 1 
1.08E-SI  
5.07E-0 1 
1.54E-0 1 
1.81E-01 
9.67E-0 1 
2.84E 00 
2.39E 00 
6 .44E-02 
6.3 IE-0 1 
2.90E-0 1 
1.09E 00 
3.37E-0 1 
1.66E 00 
3.72E-0 1 
9.13E-02 
1.66E-0 I 
2 . 7 4 3  00 
3 . 5 2 3  00 
1.75E 00 
2.08E 00 
1.94E 00 
6 .833-02  
5.19E-02 
7.70E-0 1 
1.51E G O  
3.55E-01 
2.42E 00 
2.20E-31 
1.64E-0 1 
1.02E 00 
1. M E - 0  1 
1 . 5 4 3  00 
1 . 5 5 2  00 
7.04E-0 1 
6.92E-0 1 
2.11E-01 
1.12E 00 
3.55E-0 1 
1.06E 00 
I. 48E-0 1 
4.13E-02 
3.04E-01 
1.43E-02 
2.4OE 00 
3.23E-0 1 
4.OSE-0 1 
9.17E-02 
0.05E-3 1 
5.33E-0 I 
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T a b l e  B . 1  ( c o n t i n u e d )  

Cross  Cross s e c t i o n  ( b a r n s )  
s e c t  i o n  

I s o t o p e  t y p e a  AMOPUUUC AMOPUUUA AMOPUUUR AMOETTTC AM02TTTA AMOZTTTR FFTFC 

U -232  
U - 2 3 3  
U -233  
U -234 
0 -234 
U - 2 3 5  
U - 2 3 5  
U -236  
U -236  
U -237  
!I -237  
U - 2 3 8  
U - 2 3 8  
NP-237 
NP-237 
1 3 - 2 3 8  
WP-238 
PO-236 
PU-236 
PO-23 7 
PU-237 
PU-238 
PO-238 
PU-239 
PU-239 
PU-240 
20-240 
PO-24 1 
PU-241 
PU-242 
PO-242 
PO-243 
PO-243 
PU-244 
PO-244 
An-24 1 

AH-24 I 
61-242 

81-24 1 

81-242 
~ n - 2 4 2  

~ n - 2 4 3  
~ n - 2 4 3  
81-243 

An-242 

C!I-24 1 
C 8-24 1 
C 1-242 

C 1-243 
c n - 2 4 2  

2 .263  00 
2.58E-0 I 
2 .67E 00 
5.78E-0 I 
3.83E-0 I 
5.30E-0 1 
1.862 00 
5 .253-01  
1 .24E-O1 
4.55E-0 I 
6 .20E-01 
2 .793-01  
5 .223-02  
I .43E 00 
3.9 1 E-0 1 
8.05E-02 
5 . 3 6 3 - 0 1  
3 - 6 6  E-0 1 
1.52E 00 
I .86E-0 1 
3.64E 0 0  
6.93E-0 I 
1. 19E 00 
4 .68  E-0 1 
1.82E 00 
4 -85  E-0 I 
4 - 2 4  E-0 1 
4.39E-0 I 
2 .44E 0 0  
4.05 E-0 1 
3 .07 E-0 I 
3 .56E-0 I 
8 -4UE-0 1 
2. l l E - 0 1  
2.59E-0 1 
1.32E 00 
3.45E-0 1 
3.30E-01 
7.2OE-02 
4.8OE-0 1 
3.652-0 1 
3.40E 00 
5.03 E-02 
2.72 E-0 I 
9.5513-0 1 
1.87E-0 1 
3.12E 00 
3.08 E-@ 1 
1.98E-01 
2.285-0 1 

2.81p: 00  
3.82B-0 I 
3 . 4 1 3  00  
1.03E 0 0  
2.34E-0 I 
8.67E-0 1 
2.53E 30 
8.7 IE- 0 1 
7.0913-02 
9.59E- 0 I 
5.85E-0 I 
3 .753-01  
2.533-02 
2.SOE 00 
2.3013-0 1 
2.OOE-0 I 
1.32E 00 
6.993-01 
1.63E 00 
3. 1 IE-0 I 
4.548 00 
I .  16E 00 
1. l6E 00 

9 .15E-01 
2.20E 00 
1.01E 00 
2.79E-0 1 
7.26E-01 
3.30E 00 
7.30E-01 
1.78E- 0 1 
6.28E- 0 1 
1.17E 00  
5. 10E-0 I 
I .  45E-0 1 
2.11)E 00 
I .  98E-0 I 
5.3tiE-0 I 
1.79B- 0 1 
I .  18E 00  
7.05E-0 I 
5.73E 00 
9.48E-02 
1.48E-0 1 
1 . 8 O E  00 
3. OOE- 0 I 
3.95E 0 0  
6.99E-01 
1.03E-0 1 
4.30E-0 1 

2.65E 00  
3.583-01 
3.25E 00 
9.36E-0 I 
2 .52E-0 I 
7.99E-0 1 
2.393 00 
8.OOE-0 I 
7 .726-02 
8.4613-0 1 
5 .931~-0  I 
3.62E-01 
2.92E-02 
2.28E 00 
2.493-01 
1.722-0 1 
1 . 1 5 E  00 
6.3013-0 1 
1.59E 00 
2.87E-01 
4 .333  00 
1.06E 00 
1.14E 00 
8.17E-01 
2.11E 00 
9.24E-01 
2.95E-01 
6.69E-01 
3. 12E 00 
6.89E-01 
1.93E-0 I 
5.75E-0 1 
1.09E 00 
4.U2E-OI 
I .58E-0 1 
1.98E 00 
2. ISE-Ol 
4.951-0 I 
1 .53E-01 
1.022 00 
6.36B-0 I 
5.34E 00  
8 .633-02  
l.63E-0 1 
1.6UE 00 
2 .782-01  
3 .763  00 
6.12E-0 1 
1.16E-0 1 
3.90E-01 

2.I2E 0 0  
2.2413-0 I 
2.47E 0 0  
4.68E-0 I 
4.17E-0 I 
4 .43E-01  
1.69E 0 0  
4.42E-GI 
1.36E-0 1 
3.37E-0 1 
6.30E-0 1 
2.5%-0 1 
5.87E- 0 2 
1 . 1 5 E  0 0  
4.26E-0 1 
4.75E-02 
3.22E-0 I 
2 .853-01 
1.493 30 
1.52E-01 
3.41E 00  
5.77E-0 I 
1.18E 00 
3.65E-0 1 
l .74E 00  
4.2QE-0 I 
4.5713-0 1 
3.64E-0 1 
2.22E 00 
3.38E-0 1 
3.35E-0 1 
2.84E-0 1 
7.64E-0 1 
I. 44E-0 1 
2.83E-0 I 
1.11E 0 0  
3.783-0 1 
2.763-0 1 
4.25E-0 2 
2.89E-0 1 
2.72E-0 I 
3.42E 0 0  
3 .873-02  
2.993-0 1 
7.35~3-0 1 
1 . m - 0  I 
2.90E 00 
2.18E-0 1 
2.2 1E-0 1 
1.77E-01 

2 .61E 00  
3 . 5 7  E- 0 I 
3 . 2 3 3  00 
9.23E-0 1 
2.27E-0 I 
7.9t)E-01 
2.38E 00 
7.95E-0 1 
6.80E-02 
8 . 3 4  E- 0 1 
5.9 IE-0 I 
5 .77E-0 1 
2 .493-02  
2.27E 00 
2 .23E-01 
1.68E-0 1 
I .  I I E  00 
6 .23E-01 
1.55E 00 
2.843-0 1 
4.31E 00  
1 . 0 6 2  00 
1 . I I E  00  
8.5 1 E-0 1 
2.13E 00 
9.30E- 3 1 
2.70E-0  1 
6 . 6 4  E-0 I 
3.11E 0 0  
6 .64E-01 
1.72E- 0 1 
5.69E-0 1 
1.07E 00  
4.34E-0 1 
1.43E-01 
1 . 9 7 3  00  
1.91 E-0 1 
4.93E-0 I 
1 . 5 0 3 - 0 1  
9.95E-01 
6.2DE-01 
5.333 00 
8.50E-02 
I .  4413-0 1 
1.61E 00  
2.78.E-01 
3 . 7 4 3  00 
6.06E-01 
1.00E-01 
3 .863-01  

2.46E 00 
3.35E-01 
3.09E 00 
8.15E-01 
2.38E-0 1 
7.37E-01 
2 . 2 4 3  00 
7 .371~-0  I 
7 .203-  02 
7 .353-01  
5.98E-0 I 
5.32E- 0 1 
2.783-02 
2.06E 00 
2.35E-01 
1.4 1 E-01 
9.49E-0 I 
5.638-01  
1.51E 00 
2.62E-0 I 
4.12E 00 
9 .7  1C- 0 1 
1.09E 03 
7.59E- 0 1 
2.04E 00 
8.57E-0 1 
2.80E-01 
6. 138-01  
2 . 9 5 3  00 
6 .363-01  
1 . 8 1 E - 0 1  
5. 19E-0 I 
1 . 0 0 3  00 
3.75E-01 
I .  48E-01 
1.82E 00 
2.0 1 E- 0 1 
4.56E-0 1 
1.2 6E- 0 1 
8.4 7E- 0 1 
5.64E- 0 1 
4.94E 00 
7.70E-02 
1.53E-01 
1.U6E 00 
2.59E-01 
3.56E 00 
5.29 E- 0 1 
1.09E-0 1 
3.5 IE-0 I 

2.20.E 00 
2.288-0 1 
2.51E 00 
5.02E-0 1 
4.30E-0 1 
4.523-01  
1 . 7 l E  00 
4.60E-0 1 
1.40E-0 1 
3.66E-0 1 
6.30E-0 I 
2.95E-0 1 
5.97E-02 
1.19E 0 0  
4 .403-0  1 
5 .633-02  
3.80E-0 I 
3.03E-01 
1.52E 00 
1.57E-0 1 
3.47.E 00 
5.90E-01 
1.21E 00 
3.86E-21 
1.77E 00 
4. 4613-0 1 
4.70.E-01 
3.74E-0 1 
2.25E 00 
3.74E-01 
3.47E-01 
2.95E-0 1 
7.94E-0 1 
I .  59E-0 1 
2.93E-0 1 
1.13E 00 
3.90E-G 1 
2.833-0 1 
5.OlE-02 
3.38E-01 
2.85E-0 1 
3.51E 00 
4.09E-02 
3. 10E-0 1 
7.77E-0 1 
1.60E-0 1 
2.96E 00 
2.38E-0 1 
2.2713-0 1 
I .  87E-0 1 

1 



61 

Table B . l  (continued) 

Cross Cross sect ion (barns) 
sect ion 

Isotope typea AMOPUUUC AMOPUUUA AMOPUUUR AMOZTTTC AM02TTTA AMOZTTTR FFTFC 

CI-243 
C I -244  
CB-244 

CH-245 
C I - 2 4 6  
Cii-246 

CI-247 

CI-248 
BK-249 
BK-249 
CF-249 
c P-24 9 
C P-255 
CP-250 
C P-25 1 
CP-25 I 
CP-252 
CP-252 
C F-253 
(33-253 
ES-253 
ES-253 
1 /v 

c n - 2 ~ 5  

c 1-247 

c n - 2 4 8  

2.60E 00  
7.94E-0 1 
4.87E-01 
2.98 E-0 I 
2 .59E 00 
2 .2  IE-0 1 
3.20E-0 I 
2 .928-0 1 
1.93E 00  
2.32E-0 1 
3.56E-0 I 
8.76 E-0 1 
I .90 E-0 1 
3.43E-0 I 
2 . 5 7 3  00  
3.90E-0 I 
I .  1 3 E  00 
2.97E-0 1 
2 . 2 7 3  00  
2.77E-0 1 
7.59E- 0 1 
I .75E-0 I 
6.26E-0 1 
1.32E-01 
9.18E-02 
6.90E-04 

3 .653  0 0  
l . 2 9 d  00 
3.09E-01 
4.48E-0 I 
3 .28E 00  
3.993-01 
1.73E-01 
4. 533- 0 1 
1.95E 00 
4.70E- 0 1 
2. 14E-0 1 
2.273 00  
1. 03E-0 1 
5.98E-0 1 
3.49E 00  
8.22E-0 1 
8.4 5B- 0 I 
4.86E-01 
2.76E 00 
4.4313-0 I 
8.29E- 0 1 
4.78E-0 I 
1.53E 00  
4.46E- 0 1 
3. 10E-0 I 
I .  13E-03 

3.422 00  
1.20E 00 
3.30E-01 
4.24E-0 1 
3.14E 00 
3.6 1E-01 
I .9 1E-0 1 
4. 28E-0 I 
1.95E 00  
4. N E - 0  I 
2.30E-01 
1.96E 00 
I .  l4E-0 I 
5.48E-0 1 
3.293 00 
7.44E-01 
8.75E-0 1 
U.53E- 01 
2.68E 00 
4. IZE-0 I 
7.89E-01 
4.OSE-0 1 
1.34E 00 
3 .823-01  
2.661-0 1 
I .  05E-03 

2.33E 0 0  
6.69E-0 I 
5.25E-0 1 
2.563-0  I 
2.42E 0 0  
1.77E-0 1 
3 .523-01  
2.50E-0 1 
1.94E 00  
1.8UE-0 I 
3 . 8 7 E - 0  1 
5.58E-0 1 
2.09E-0 I 
2.77E-0 I 
2.33E 00 
2.97E-01 
1.2IE 0 0  
2.5OE-O 1 
2.16E 0 0  
2.34E-0 1 
7 .  4OE-0 1 
9.66E-0 2 
3 .81E-01 
6 . 8 2 3 - 0 2  
4 .748-02  
5.70E- 0 4 

3 . 3 8 3  00 
I .  19E 00 
2 .98P-0  1 
4.2 I E-0 1 
3 . 1 3 E  0 0  
3.56E-01 
1.66 E-0 1 
4.23E-0 1 
1.94E 00 
4.12E-01 
2.05E-0 I 
1.91E 00  
1.0 1 E-0 1 
5.40E-0 1 
3.29E 00  
7 .2  1 E-0 1 
8 . 5 7 3 - 0 1  
4.46 E-0 1 
2 . 6 7 3  00  
4.10E-0 I 
7 .47E-0  1 
3.96 E-0 1 
I .30E 00 
3 .65  E-0 1 
2.54E-01 
1.04E-03 

3. 17E 00  
1. 1ze 00 
3.10E-01 
4. OOE- 0 1 
3.00E 00 
3.2 1 E- 0 1 
1.77E-01 
4.0 13-0 I  
1 . 9 4 3  00 
3.87E- 0 1 
2.  l6E-0 I 
1 .652 00 
1.08E-0 1 
4.942-0  I 
3. 11E 00 
6.63E-0 1 
8.8OE-0 1 
4.19E-01 
2.62E 00 
3.83E-0 I 
7.03E- 0 1 
3.28E-0 1 
I .  I I E  00 
3.18E-01 
2.2 1 E- 0 1 
9.599-01( 

2 .42E 0 0  
6.853-0 1 
5 .  U2E-0 1 
2.56E-01 
2.45E 00 
1.86E-0 1 
3.653-01 
2.52E-0 I 
1.95E 00 
1.99E-0 1 
4. 0 1E-0 I 
6 .69E-0 1 
2.15E-0 1 
2.88E-0 I 
2 . 3 7 3  00  
3.2 1 E-O 1 
1.23E 00 
2.57E-0 1 
2.17E 00  
2.36E-0 I 
7 .7%-0 1 
1.21E-0 1 
4.47E-0 1 
9.69E-GZ 
6.73E-02 
5.853-04 

- 
aN,G = (n,gamma) t o  a ground state. 

N,F = (n,fission). 
N,GX = (n,gamma) t o  an exci ted state. 
N,A = (n,alpha). 
N,P = (n,proton). 

i 
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A P P E N D I X  C: 

L I S T I N G S  OF ONE-GROUP, BURNUP-DEPENDENT CROSS S E C T I O N S  
F O R  THE AMOPUUUX AND AMOZTTX LMFBRS 



6 4  

Table C.1. Cross sect ions dS d f unc t i on  of burnup f o r  t h e  core o f  an AMOPUUUX LMFBR 
- ~ 

Cross Cross sections (barns) f o r  fue l  burnup [MUd(t)/g-atom heavy metal present] of:  
C P C t  I"" 

Nuclide 
TH232 
TH232 

0233 
0 2 3 3  
U234 
0234 
0235 
0235 
0238 
0238 

PO239 
PU239 
PO240 
PU240 
PO241 
PU241 

. .  
typed 0.0 3 . 1 2 0  6 .144  9 .080  9.080 1 0 . 9 5 5  1 2 . 7 8 7  

N , G  3.891-01 3.89E-01 3.898-01 3 .90E-01 3.89E-01 3 .893-01  3 .893-01  
PIS5 1.07E-02 1.06E-02 1.06E-02 1.06E-02 1.07E-02 1.06E-02 1.06E-02 
N , G  2.583-01 2.581-01 2.58E-01 2.58E-01 2.581-01 2.58E-01 2.582-01 
PISS 2.74E 00 2.74E 00 2.75E 00 2 . 7 5 1  00 2.74E 00 2.743 00 2.151 00 
N , G  5.68E-01 5.69E-01 5.69E-01 5 .691-01  5.688-01 5 .698-01  5 .69E-01 
P I S S  3 .19E-01 3.18E-01 3.18E-01 3.17E-01 3.19E-01 3.18E-01 3.18E-01 
N , G  5.562-01 5.571-01 5.578-01 5.58E-01 5 .563-01  5.518-01 5 .57E-01 
PIS5 1.90E 00 1.90E 00 1.90E 00 1.90E 0 0  1.90E 0 0  1.90E 00 1.90E 0 0  
N , G  2.87E-01 2.87E-01 2 .871-01  2.88E-01 2.871-01 2.87E-01 2.87E-01 
PIS5 4.68E-02 4.67E-02 4.651-02 4.648-02 4.68E-02 4.671-02 4.65E-02 
N , G  4.92E-01 4.933-01 4 .931-01  4.94E-01 4.92E-01 4.93E-01 4.93E-01 
P I S S  1.79E 00 1.79E CO 1.79E 00 1.79E 00 1.79E 00 1.79E 00 1.79E 00 
N , G  5.00E-01 5.00E-C1 5.01E-01 5.01E-01 5.00E-01 5.00E-01 5.01E-01 
P I S S  3.861-01 3.85E-C1 3.841-01 3 .833-01  3.86E-01 3.85E-01 3 .841-01  
N , G  4.61E-01 4.62E-01 4.62E-01 4.62E-01 4.61E-01 4.622-01 4 .623-01  
P I S S  2.U6E 00 2.46E 00 2.46E 0 0  2.46E 00 2.46E 0 0  2.462 00 1 . 4 6 E  0 0  

14.582 14 .582  
3.90E-01 3.89E-01 
1.0'6E-02 1.07E-02 
2.581-01 2.581-01 
2 .75E 0 0  2.793 00 
5.693-01 5.68E-01 
3.17E-01 3 .19E-01 
5.581-01 5.563-01 
1.90E 0 0  1.90E 00 
L 8 8 E - 0 1  2.87E-01 
4.6 4 E-02 4.68E-02 
4-941-01  4.92E-01 
1.79E 00 1.79E 00 
5.0 1 E-0 1 5 .00  E-0 1 
3.83E-01 3.86E-01 
4.621-01 4.61E-01 
2 .463  00 2 .463  00 

17 .480  20 .272  2 2 . 9 6 8  
3.893-01 3.891-01 3.90E-01 
1.06E-02 1.06E-02 1.06E-02 
2.581-01 
2 . 7 9 1  00 
5.691-01 
3.18E-01 
5.57E-01 
1.9OE 00 
2.871-01 
4.611-02 
4.93E-01 
1 .19E 00 
5.00E-01 
3.8 5E-01 
4.62E-01 
2.46E 00 

2.58E-01 2 .581-01  
2 . 7 5 1  00 2.751 00 
5.69E-01 5.691-01 
3.18E-01 3.17E-01 
5 .511-01  5 .581-01  
1.90E 00 1 .901  00 
2.873-01 2 . 8 8 3 - 0 1  
4.65E-02 4.64E-02 
4.93E-01 4.94E-01 
1 . 7 9 E  00 1 .79E 00 
5.01E-01 5.01E-01 
3.843-01 3 .833-01  
4.62E-0 1 4.62E- 0 1 
2.46E 00 2 . 4 6 3  00 

PU242 N , G  5.50E-01 5.50E-01 5.51E-01 5 . 5 l E - 0 1  5.50E-01 5 .50E-01 5 .51E-01 5-51E-01 5.50E-01 5.50E-01 5.51E-01 5 .51E-01 
PU242 P I S S  2.99E-01 2.98E-01 2.972-01 2.97E-01 2.99E-01 2.98E-01 2 .97E-01 2.971-01 2.99E-01 2.983-01 2.913-01 2 .973-01  
18241 N , G  1 .37E 0 0  1.37E 00 1.37E 0 0  1.37E 00 1.37E 0 0  1.37E 00 1.37E 0 0  1.37E 00 1.37E 00 1 . 3 l E  00 1 .37E 00 1.37E 00 
Lfl241 N G E X  2 .481-01  2.48E-01 2.471-01 2.472-01 2 .481-01  2 .48E-01 2 .47E-01 2.47E-01 2.48E-01 2.481-01 2 .4 lE-01  2 . 4 7 3 - 0 1  

dN,G = (n,gammd) t o  d ground state;  NGEX = (n,qamm) t o  an exc i ted  s tate;  FISS = (n , f iss ion) .  

Table C.2. Cross sections as a funct ion of hurnup f o r  t h e  a x i a l  b lanket  of an AMOPUUUX LMFBR 

Cross Cross sect ions (barns) f o r  f u e l  burnup [MWd(t)/g-dtOm heavy metal present ]  o f :  

Nuclide 
TR232 
T8232 

0 2 3 3  
0 2 3 3  
0234 
0234 
8 2 3 5  
0235 
0 2 3 8  
0238 

PO239 
PO239 
PI1240 
PU240 

PO241 
PO242 
PO242 
111241 
LR241 

~ 0 2 4 1  

sec t i on  
typed 0.0 0 . 1 4 8  0 . 3 1 6  0.504 0 . 5 0 4  
N , G  6.43E-01 6 .351-01  6 .263-01  6 .19E-01 6. U3E-01 
PIS5 5.12E-03 5.281-03 5.451-03 5 .61E-03 5.12E-03 
N , G  3.643-01 3.60E-C1 3.57E-01 3.54E-01 3.64E-01 
PIS5 3.48E 00 3.46E 00 3.43E 00 3.41E 00 3.48E 0 0  
N . G  9.27E-01 9.15E-01 9.03E-01 8.91E-01 9 . 2 7 1 - 0 1  
P i S S  1.90E-01 1.94E-01 1.98E-01 2.01E-01 1.90E-01 
N , G  8. 73E-01 8 .62E-01 8 .52E-01 8.428-01 8 .731-01  
FISS 2.51E 00 2.491 CO 2 . 4 7 3  00 2.45E 00 2.51E 0 0  
N , G  3.853-01  3 .826-01  3.79E-01 3 .768-01  3.85E-01 
PISS 2.271-02  2.341-02 2.41E-02 2.488-02 2.271-02 
N , G  9.20E-01 9.06E-01 8 .926-01  8.781-01 9.20E-01 
P I S S  2.13E 00 2.12E 00 2 .11E 0 0  2.1OE 0 0  2.13E 0 0  
R , G  9 .41E-01  9.24E-C1 9.09E-01 8 .94E-01 9 .41E-01 
PISS 2.61E-01 2.65E-01 2.68E-01 2 .728-01  2.61E-01 
N , G  1.391-01  7.30E-01 7.21E-01 7 .13E-01 7 .391-01  
P I S S  3 .26E 00 3.24E 00 3.21E 0 0  3.1913 00 3.26E 00 
N . G  1.04E 0 0  1.03E 00 1.01E 0 0  9 .948-01  1 .04E 0 0  
P I S S  1.76E-01 1.80E-01 1.84E-01 1 .87E-01 1.76E-01 
N . G  2.12E 00 2.10E 00 2 .07E 00 2 .05E 00 2.12E 0 0  
N G E X  1.44E-01 1.47E-C1 1.50E-01 1.53E-01 1 .44E-01 

0 . 5 9 1  0 . 6 9 8  0.807 0.807 0.880 0.968 1 . 0 7 2  
6.353-01 6 .263-01  6.19E-01 6 .431-01  6.353-01 6.261-01  6.19E-01 
5.28E-03 5.E5E-03 5 .613-03  5.12E-03 5.2BE-03 5.453-03 5.613-03  
3.60E-01 3 .573-01  3 .541-01  3.64E-01 3 .603-01  3.571-01 3 .541-01  
3.46E 00 3.43E 0 0  3.01E 00 3 . 4 8 3  00 3.46E 00 3 . 4 3 E  00 3.41E 00 
9.15E-01 9 .03E-01 R 9 1 E - 0 1  9 .271-01  9.15E-01 9.03E-01 8.91E-01 
1.94E-01 1.98E-01 2.01E-01 1.90E-01 1.94E-01 1.988-01 2 .01E-01 
8.62E-01 8 .52E-01 8.42E-01 8.73E-01 8.623-01 8.52E-01 8 .421-01  
2.49E 00 2 .47E 0 0  2.U5E 00 2 .51E 00 2.49E 00 2 . 4 7 1  00 2.451 0 0  
3.828-01 3 .793-01  3 .761-01  3.85E-01 3 .823-01  3.793-01 3 .763-01  
2.34E-02 2.41E-02 2.483-02 2 .271-02  2.3YE-02 2 .4 lE-02  2.48E-02 
9.06E-01 8 .921-01  8.781-01 9 .203-01  9.06E-01 8 .921-01  8 .781-01  
2.12E 00 2 .11E 0 0  L l O E  0 0  2.13E 00 2.12E 00 2 .11E 0 0  2.10E 00 
9.24E-01 9.09E-01 8.948-01 9.41E-01 9.2UE-01 9.093-01 8.941-01 
2.65E-01 2 .681-01  2.723-01 2.61E-01 2.651-01 2.68E-01 2 . 7 2 3 - 0 1  
7.30E-01 7 .21E-01 7.13E-01 7 .393-01  7.30E-01 7.21E-01 7.13E-01 
3.24E 00 3.21E 0 0  3.19E 0 0  3 . 2 6 1  00 3 . 2 4 1  00 3 . 2 1 8  00 3.19E 0 0  
1.03E 0 0  1 .01E 0 0  9.94E-01 1 . 0 4 8  00 1.03E 00 1.01E 00 9 .94E-01 
1.80E-01 1.84E-01 1.87E-01 1.76E-01 1.80E-01 1.8YE-01 1 .87E-01 
2. 10E 00 2.07E 00 2.05E 00 2.128 00 2.10E 00 2.07E 0 0  2.05E 00 
1.47E-01 1.50E-01 1.53E-01 1.44E-01 1.47E-01 1.50E-01 1 - 5 3 1 - 0 1  

b 

1 

8 

'N,G = (",gamma) t o  a g r o u n d  s t a t e ;  W E X  - (n,gamma) t o  an e x c i t e d  s t a t e ;  F I S S  - (n,flsslon). 
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Table C.3. Cross sect ions as a func t i on  of burnup f o r  t h e  r a d i a l  b lanket  o f  an AMOPUUUX LMFBR 

Cross Cross sect ions (barns) f o r  fuel burnup [MWd(t)/g-atom heavy metal present] of:  
sec t i on  

Nucl ide typea 0.0 0.005 0 .011  0.018 0.018 0 .029  0 . 0 4 2  0.056 0.056 0.080 0.106 0 . 1 3 6  
T8232  l , G  1.05E 00 1.03E 00 1.02E 00 1.00E 00 8.59E-01 8.45E-01 8.33E-01 8.20E-01 7.653-01 7.53E-01 7.921-01 7.31E-01 
TU232 FISS 2-163-03  2.321-03 2 - 4 8 1 - 0 3  2.64E-03 2.68E-03 2.87E-03 3.051-03 3.231-03 3 .36E-03  3.573-03 3 .763-03  3.963-03 

0 2 3 3  N.G 5.18E-01 5.12E-01 5.06E-01 5.00E-01 4.51E-01 4.953-01 4.40E-01 4.351-01 4.15E-01 4.11E-01 4.06E-01 4.01E-01 
0233  
0234  
0234  
0235  
0235  
0238  
0238  

PO239 
PO239 
PO240 
PO240 
PO241 
PO241 
PO242 
PO242 

A1241 
1 1 2 4 1  

P k S  4.57E 00 4.53B 00 4.49E 00 4.45E 0 0  4.08E 0 0  4.04E 00 4.01E 0 0  3 .973  0 0  3.82E 0 0  3.79E 00 3 . 7 5 3  00 3.72E 00 
N , G  1.54E 00 1.51E EO 1.49E 00  1.47E 00 1.25E 00 1 .23E  00 1.21E 0 0  1.19E 00 1.11E 00 1.09E 00 1.07E 00 1.05E 0 0  
PISS 1.07E-01 1.11E-01 1.15E-01 1.20E-01 1.22E-01 1.278-01 1.32E-01 1.36E-01 1.42E-01 1.47E-01 1.51E-01 1.56E-01 
R,G 1.331 00 1 .3 lE  00 1.29E 0 0  1.28E 00 1.12E 00 1.11E 00 1 .09E  00 1.OBE 00 1.021 00 1.0OE 00 9.871-01 9.74E-01 
PISS 3.40E 00 3 . 3 6 1  00 3.33E 00 3.293 00 2 .993  00 2.96E 00 2 .933  0 0  2 .908  00 2.78E 00 2 .751  00 2 .723  00 2.70E 00 
N . G  5.00E-01 4.95E-01 4.90E-01 4.86E-01 4.57E-01 4.53E-01 &.@BE-01 4.44E-01 4.293-01 4.253-01 4.218-01 4.17E-01 
PiSS 9.693-03 1.041-C2 l . l l E - 0 2  l .18E-02 1.19E-02 1.28B-02 1 .361-02  1.431-02 1.49E-02 1.58E-02 1.67E-02 1 .75E-02  
l , G  1 .568 00 1.53E CO 1.51E 00 1.48E 00 1.26E 0 0  1.24E 00 1.21E 0 0  1.19E 00 1 . 1 l E  00 1.09E 00 1.07E 0 0  1 .05E  0 0  
PISS 2.781 00 2 .751  00 2.731 00 2.71E 00 2.4YE 00 2.42E 00 2.40E 00 2.383 00 2.29E 00 2.273 00 2 .253  00 2.2YE 00 
B , G  1.83E 00 1.80E 00 1.77E 00 1.741 00 1.39E 0 0  1.368 00 1.33E 00 1.31E 00 1.19E 00 1.16E 00 1.14E 00 1.12E 00 
PISS 1.88E-01 1.92E-01 1.96E-01 2.OOE-01 1.97E-01 2.02E-01 2.06E-01 2.10E-01 2.138-01 2.18E-01 2.221-01 2.273-01 
l , G  1.13E 00 1 .111  CO l . lOE 00 1 .08E  00 9.55E-01 9.418-01 9.28E-01 9.15E-01 8.631-01 8.50E-01 8.38E-01 8 .273-01  
PISS 4 . 4 9 1  00 4.44E 00 4.4OE 00 4 .351  00 3.928 00 3.88E 00 3.84E 00 3.80E 00 3.63E 00 3.60E 00 3 . 5 6 1  00 3.53E 00 
N.G 1.8OE 00 1 .778  00 1.74E 00 1.71E 0 0  1.45E 00 1.42E 00 1.40E 0 0  1.37E 00 1.27E 00 1.24E 00 1.22E 00 1 .20E  00 
PISS 9.961-02 1.04E-C1 1.08E-01 1.11E-01 1.14E-01 1.18E-01 1.23E-01 1.27E-01 1.31E-01 1.36E-01 1.40E-01 1 .45E-01  
I1.G 3.22E 00 3.17E 00 3.13E 00 3.09E 00 2.73E 00 2 . 6 9 3  0 0  2 . 6 5 3  0 0  2.62E 00 2.47E 30 2 .433  00 2.4OE 00 2.37E 0 0  
N G E X  8.48E-02 8.80E-C2 9.11E-02 9.423-02 9.30E-02 9.661-02 1.00E-01 1.04E-01 1.06E-01 l.1OE-01 1.13E-01 1 .17E-01  

Cross Cross sect ions (barns) f o r  fuel burnup [MWd(t)/g-atom heavy metal present] of:  
sec t i on  

Nucl ide typea 0 .136  0 . 1 8 e  0 .245  0 .309  0.309 0.419 0 . 5 4 0  0.672 0 . 6 7 2  0 .901  1 .148  1 . 4 1 2  
TR232 N.G 6.9OE-01 6.8OE-01 6.70E-01 6.61E-01 6.16E-01 6.08E-01 6.00E-01 5.93E-01 5.363-01 5.323-01 5.281-01 5.2i)E-01 

5.488-03 
3.553-01 
3.39E 00 
8.873-01 
1.97E-01 
8.353-01 
2.43E 0 0  
3.74E-01 
2.421-02 
8.61E-01 

.. -.- 
1 8 2 3 2  

0 2 3 3  
0 2 3 3  
0234 
0234  
0235  
0 2 3 5  
0238 
0238 

PO239 
PO239 
PO240 
P0240 
PO241 

r i s s  
N , G  
PISS 

4.25E-03 4.468-03 4.671-03 4 .871-03  
3.861-01 3.81E-C1 3.771-01 3.733-01 
3.61E 0 0  3 . 5 8 3  00 3 . 5 5 1  00 3.52E 00 

5.68E-03 
3.5 1E-01 
3.37E 00 
8.76E-01 
2.0 1 E-0 1 
8.25E-01 
2.41E 00 
3.71E-01 
2 . 5 1  E-02 
8. U8E-0 1 
2.06E 0 0  
8.84E-01 
2.68E-01 
6.97 E-0 1 
3.14E 00 
9.62E-0 1 

5 .871-03  6.06E-03 
3.481-01 3.453-01 
3 . 3 4 1  0 0  3 . 3 2 3  00 
8.65E-0 1 8.54E-01 
2.0 5E-0 1 2.09E- 0 1 
8.16E-01 a . o 7 ~ - o i  

7.38 E- 0 3  7.5OE-03 7.62E-03 
3.17E-01 

7 .73E-03  
3.15E-01 3.20E-01 

3.15E 00 
7.73E-01 
2.4 1E-01 

3.18E-01 
3.14E 00 
7.671-01 
2 .43E-0 1 
7.29E-01 
2.23E 00 
3.381-01 
3.303-02 
7 .243-01  
1.97E 00 
7.47E-01 
3.10E-01 
6.14E-01 
2.90E 00 
8.13E-01 
2.2 6E-0 1 
1 . 7 8 3  00 
1.8 5E-01 

7.61E-0 3.13E 00 1 

2 ,45E-01  
7.24 E-0 1 
2 . 2 2 3  00 
3.373-01 
3.361-02 
7.17E-01 
1.96E 0 0  
7.40E-01 
3.1ZE-01 
6.10E-01 
2.89E 00 
8.05E-0 1 
2.28E-0 1 
1.77E 00 
1.87E-01 

3.11E 0 0  
7 .551-01  
2.48E- 0 1 
7. 19E-01 

9.963-01 9.81E-01 9.663-01 9.521-01 
1.65E-01 1.70E-01 1.75E-01 1.8OE-01 
9.261-01 9.14E-C1 9.01E-01 8.90E-01 
2.61E 00 2.583 CO 2.56E 00 2.541 00 
4.031-01 3.991-01 3.953-01 3.92E-01 

7 . 3 5 8 - 0 1  
2 .243  00 2.3913 0 0  2.37E 00 

3 .681-01  3.651-01 
2.591-02 2.671-02 

2 .21E  0 0  
3.35E- 0 1 
3.41E-02 
7 .10E-01  
1.96E 00 
7.32E-01 
3. 14E-01 
6 .06E-01  
2 . 8 8 3  00 
7.98E-01 
2.30E-01 
1 .761  00 
1.89E- 01 

~ . -  ~ 

3.40E-01 
3 .258-02  
7.31E-01 
1.97E 00 

1.88E-02 1.98E-C2 2.073-02 2.151-02 
9.84E-01 9.678-01 9.51E-01 9.35E-01 8.36 E- 0 1 8.2 4E- 0 1 

2.05E 0 0  2.04E 00 2.18E 00 2.16E CO 2.15E 00 2.14E 00 - - 
1.048 00 1.O2E 00 1.00E 00 9.82E-01 9.00E-01 
2.353-01 2.391-01 2.443-01 2.48E-01 2.64E-01 
7 .853-01  7.74E-C1 7.64E-01 7.54E-01 7.06E-01 

3.16E 00 
9.77E-01 

2.07E 0 0  
8 .703-01  8.56E-01 
2 .123-01  2.768-01 
6.89E-01 6 .81  E-01 
3.12E 00 3.09E 00 

7 - 56E-01 
3.07E-01 
6.19E-01 
2.91E 00 
8.22E-01 
2.233-01 
1.79E 00 
1 .83 B- 0 1 

PO241 
PO292 
PO242 

a 1 2 4 1  
11241  

3.40E 00 3.373 00 3.34E 00 3 . 3 1 E  00 
1.12E 00 l . l O E  00 1.08E 0 0  1.07E 0 0  
1.53E-01 1.58E-C1 1.628-01 1.66E-01 
2 .261  00 2.223 00 2.20E 00 2.17E 00 
1.23E-01 1.27E-01 1.31E-01 1.35E-01 

9.47E-0 1 9.34E- 01 
1.90E-0 1 1.94E-01 
1.99E 0 0  1.97E 0 0  
1. %E-01 1.57E-01 

( n .  f i s s i o n ) .  

1.82E-01 
3.04E 0 0  
1 .4 lE-0  1 

1.86E-01 
2.01E 00 
1.51 E-01 

a ~ , ~  = ) t o  a ground state;  NGEX = (n,qamma) t o  an exc i ted  st :ate; FISS = 

Table C.4. Cross sect ions as a funct ion o f  burnup f o r  t h e  core of an AMOZTTTX LMFBR 

Cross Cross sect ions (barns) f o r  f u e l  burnup [MWd(t)/g-atom heavy m t a l  present] of: 
sec t i on  

Nucl ide t w e a  0.0 3 .570  7.046 10.431 10 .931  12.362 14.300 1 6 . 2 4 1  16 .241  18 .581  20 .906  23 .212  
T8232 A G 3 18E-01  3.20E-01 3.21E-01 3.23E-01 3.18E-C1 3.20E-01 3.21E-01 3.231-01 3.18E-01 3.20E-01 3.21E-31 . 2  E-01 
TR232 P;SS 1:18E-02 1.17E-02 1.16E-02 1 .151-02  1.1RF-02 1.17E-02 1.16E-02 1. 15E-02 1.18E-02 1.171-02 1.16E-02 i -1 ;E-02  

0 2 3 3  N , G  2.31E-01 2.32E-01 2.33E-01 2.341-01 2.31E-01 2.321-01 2.33E-01 2.34E-01 2.31E-01 2.321-01 2.33E-01 2.34E-01 
0 2 3 3  PISS 2.568 00 2.56E W 2.51E 00 2.589 00 2.56E 00 2.561 00 2 .573  0 0  2.581 00 2 . 5 6 1  00 2.56E 00 2 .573  00 2 .581  0 0  

0234 PIS5 3.611-01 3.59E-01 3.56E-01 3.54E-01 3.61E-01 3.593-01 3.563-01 3.54E-01 3.61E-01 3.59E-01 3.56E-01 3.54E-01 
0234 A , G  4.863-01 4.893-01 u . 9 1 ~ - 0 1  4 . 9 3 ~ - 0 1  u . e 6 ~ - 0 1  U - ~ ~ E - O I  U . ~ I E - O I  4 . 9 3 ~ - 0 1  4 . 8 6 ~ - 0 1  U . ~ ~ E - O I  U . ~ ~ E - O I  6 . 9 3 1 - 0 1  

11235 U . I :  4.781-01 4.81E-01 4.8YE-01 4.86E-01 4.78E-01 4.811-01 4.84E-01 4.86E-01 4.78E-01 4.81E-01 4.84E-01 4. 8 6 1 - 0 1  
1.76E 00 1.76E 00 1.75E 00 1.75E 00 1.76E 00 1 .161  00 
2 .60E-01  2.621-01 2.58E-01 2.593-01 2.6OE-01 2 .621-01  
5 .133-02  5.093-02 5 .231-02  5.18E-02 5.13E-02 5 .091-02  
4.07E-01 4.lOE-01 4.01E-01 4.04E-01 4.071-01 4. lOE-01 
1.74E 00 1.74E 00 1.74E 00 1.74E 00 1 .74E  00 1 . 7 4 3  00 
4.26E-01 4.29E-01 4.21E-01 4.241-01 4.26E-01 4.29E-01 
4.22E-01 0.20E-01 4.27E-01 4.25E-01 4.22E-01 4.20E-01 
3.98E-01 4.OOE-01 3.93E-01 3.95E-01 3.983-01 4 .00E-01  
2.28E 0 0  2 .291  0 0  2 .218  00 2.28E 00 2 . 2 8 1  0 0  2.29E 0 0  
4.451-01 4.49E-01 4.373-01 4.421-01 4.45E-01 4 .49E-01  
7-72R-01 7.308-01 3.378-01 3.341-01 3.32E-01 3.30E-01 

PO239 PiSS 1.74E 00 1.741 00 1.74E 0 0  1.791 OD 1.74E 00 1.74E 00 
PO240 N G 4.21E-01 4.24E-01 4.263-01 4.29E-01 4.21E-01 4.24E-01 
PO240 P;SS 4.271-01 4.25E-01 4.22E-01 4.20E-01 4.271-01 4.25E-01 
DnI)ul Y I: 2 q q p - a l  3 .95 r -n i  3 . 9 8 ~ - 0 1  U . O O R - O I  3 . 9 3 ~ - 0 1  3.953-01 * --.. ..,_ _ _  .__ . -. _ _ _  . .. . - 
PO241 PISS 2.27E 00 2.28E 00 2.28E 00 2.298 00 2-27;  00 2.28E 00 
PO242 N , G  4 .371-01 4.42E-01 4.45E-01 4.49E-01 4.37L-01 4.421-01 
PO202 PISS 3.371-01 3.34E-01 3 .321-01  3.30E-01 3.37E-01 3.343-01 . - - - . -. . - 

1.19E 00 1.2OE 00 i . 1 8 8  00 1 .188  00 1.19E 00 1.2OE 00 
2 .763-01  2.743-01 2.80E-01 2.78E-01 2.76E-01 2 .74E-01  

i n 2 4 1  11.G 1.18E 00 1.18E 00 1.19E 00 1.20E 00 1.18E 0 0  1.18E 00 
AN241 l G E 1  2.8OE-01 2.781-01 2.761-01 2.74E-01 2 .831-01  2.78E-01 
-~ ~~~ 

'N,G = (n,gamna) t o  a ground s t a t e ;  NGEX = (n.gamna) t o  an exc l ted  s t a t e ;  F I S S  = (n , f iss ion) .  
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Table C.5. Cross sections as a function of burnup for the axial  blanket of an M O Z T T T X  LMFBR 
~~~ ~ 

Cross Cross SeCtlOnS (barns) for fuel burnup [MWd(t)/g-atom heavy metal present] of 
section 

Nuclide typea 0.0 0 .021  0 .062  0 .124  0 .124  0.155 0 .194  0 . 2 4 1  0.241 0 .331  0 . 4 3 5  0 . 5 5 5  
T8232 N G U.33E-01 9.31E-01 4.281-01 4.261-01 4.33E-01 4.31E-01 4.282-01 4.26E-01 4.331-01 4.31E-01 U.28E-01 U.26E-01 
T8232 F;SS 5.26E-03 5.38E-03 5.52E-03 5.671-03 5 .268-03  5.383-03 5 .523-03  5.67E-03 5 .261-03  5.38E-03 5 .523-03  5 . 6 7 1 - 0 3  

0 2 3 3  Y G 3.388-01 3.361-01 3.348-07 3.31E-01 3.38E-01 3.363-01 3.34E-01 3 .3 lE-01  3 .381-01  3 .36E-01 3.34E-01 3 .31E-01 
0 2 3 3  P;SS 3.291 00 3.271 00 3.26E 00 3.2YE 00 3.29E 0 0  3.27E 00 3 .263  00 3.24E 00 3 . 2 9 3  00 3.27E 00 3.26E 0 0  3.24E 00 
0234 Y G 8.36E-01 8.29E-01 8.21E-01 8.13E-01 8 .36E-01 8 . 2 9 3 - 0 1  8.21E-01 8.13E-01 8 .36E-01 8 .291-01  8.21E-01 8 . 1 3 3 - 0 1  
0234 F k S  2.10E-01 2.12E-01 2.16E-01 2.19E-01 2.10E-01 2.12E-01 2.16E-01 2.19E-01 2.10E-01 2.12E-01 2.16E-01 2.19E-01 
0 2 3 5  R G 7.91E-01 7.843-01 7 .788-01  7 . 7 l E - 0 1  7.911-01 7.84E-01 7.78E-01 7.71E-01 1. 9 l E - 0 1  1.84E-01 1 . 7 8 1 - 0 1  7 .71E-01 
0 2 3 5  FtSS 2.341 00 2 .333  M, 2.323 00 2.31E 00 2.34E 0 0  2.33E 00 2.32E 00 2.31E 00 2 .343  00 2.33E 00 2 .32E 00 2.31E 0 0  
0 2 3 8  N,G 5.263-01 5.20E-01 5 .14E-01 5.09E-01 5.261-01 5.2OE-01 5.14E-01 5.09E-01 5 .268-01  5.20E-01 5.14E-01 5 .09E-01 
0 2 3 8  FISS 2.35E-02 2.413-02 2.97E-02 2.53E-02 2.35E-02 2 .4 lE-02  2 .47E-02 2 .531-02  2 .351-02  2.41E-02 2 .473-02  2 .53E-02 

PO239 W G 8.151-01 8.07E-01 7.973-01 7.88E-01 8.15E-01 8.07E-01 7.97E-01 7.88E-01 8. 15E-01 8.07E-01 7 .973-01  7 .88E-01 
P0239 F;SS 2.04E 00 2.03E 00 2.02E 00 2.02E 00 2.041 00 2.03E 0 0  2.02E 0 0  2.02E 0 0  2.04E 0 0  2.03E 00 2.02E 00 2.OZE 00 
PO240 I( G 8.393-01 8.293-01 8.19E-01 8.09E-01 8.39E-01 8.293-01 8.19E-01 8.09E-01 8.39E-01 8.29E-01 8.19E-01 8 .09E-01 
PO2QO ?;SS 2.771-01 2.80E-01 2.83E-01 2.873-01 2 . l l E - 0 1  2.80E-01 2 .833-01  2.87E-01 2 .773-01  2.80E-01 2.833-01 2 .87E-01 
D l l 2 U l  I G 6 66P-01 6.6OP-01 6 .55E-01 6.49E-01 6.661-01 6.60E-01 6 .551-01  6.49E-01 6 .661-01  6.60E-01 6 . 5 5 3 - 0 1  6 . 4 9 E - 0 1  
~ -- 
PO241 ?iiS ; : 0 5 ,  00 3 ; , 3 ,  00 3.02, 0 0  3.00E 00 3.05E 0 0  3 .03E 0 0  3 .02E 0 0  3.00E 0 0  3 . 0 5 E  00 3.03E 00 3 .02E 00 3.00E 00 
PO242 l , G  9.20E-01 9.10E-01 8 .991-01  8.89E-01 9.2OE-01 9.10E-01 8 .99E-01 8.89E-01 9.20E-01 9.10E-01 8 .993-01  8 .89E-01 
PO292 FISS 1.93E-01 1.95E-01 1.98E-01 2.02E-01 1.93E-01 1.95E-01 1.98E-01 2.02E-01 1.93E-01 1.95E-01 1.98E-01 2 .02E-01 
A1241 1.93E 00 1.91E 00 1.90E 0 0  1.88E 00 1.93E 00 1.91E 00 1.90E 00 1 . 8 8 E  00 1.93E 00 1 .91E 00 1 . 9 0 E  0 0  1.88E 00 
A1241 NGEX 1.54E-01 1.56E-01 1.59E-01 1.62E-01 1 .54E-01 1.56E-01 1 .592-01  1.62E-01 1.54E-01 1.56E-01 1.59E-01 1 .62E-01 

aN,G = (n,gamma) t o  a ground state; NGEX = (n,gama) t o  an exclted state; F I S S  = (n,f ission).  

NiG 

Table C.6. Cross sections as a function of burnup for the radial  blanket of an M O Z T T T X  LMFBR 

Cross 
section 

Cross sections (barns) for fuel burnup [MUd(t)/g-atorn heavy metal present] o f :  

Nuclide typea 0-0 0 . 0 0 1  0 .002  0.003 0.503 0.006 0.010 0 . 0 1 6  0 .016  0 .025  0.036 0 . 0 5 0  
TE232 R , G  5.41E-01 5.363-01 5.32E-01 5 .281-01  5.01E-01 9.963-01 4.92E-01 4.883-01 4.71E-01 4 .671-01  U.64E-01 4 .60E-01 
TE232 FISS 1.571-03  1.723-03 1 .861-03  2.01E-03 2.13P-03 2.301-03 2 . 4 l E - 0 3  2.64E-03 2 .871-03  3 . 0 7 1 - 0 3  3.25E-03 3.YUE-03 

0 2 3 3  R , G  5.OSE-01 5.00E-01 4.952-01 4.90E-01 4.36E-01 4.32E-01 4.27E-01 4.23E-01 3.98E-01 3 .94E-01 3.90E-01 3 . 8 6 1 - 0 1  
0 2 3 3  ?ISS 4.49E 00 4.95E 00 4.42E 00 4.38E 00 3.98E 0 0  3.95E 00 3 .923  00 3.88E 00 3.70E 00 3.67E 00 3 .64E 03 3 . 6 2 1  00 
0234 W.G 1.511 00 1 . 4 9 1  00 1 . 4 l E  00 1 .45E 0 0  1.19E 0 0  1.17E 00 1.16E 0 0  1 . 1 4 1  00 1.03E 00 1.02E 00 1 .00E 00 9 .92E-01 
0234 FISS 9.84E-02 1.03E-01 1.07E-01 l - l l E - 0 1  1.17E-01 1.22E-01 1 .273-01  1.31E-01 1.40E-01 1.45E-01 1.50E-01 1 .55E-01 
0235 N , G  1.29E 00 1 . 2 8 1  00 1.26E 00 1.29E 00 1.08E 0 0  1.06E 00 1.05E 0 0  1.04E 0 0  9.62E-01 9 .501-01  9 .38E-01 9 . 2 l E - 0 1  
0 2 3 5  FISS 3.31E 00 3.28E 00 3.25E 00 3 .22E 00 2.90E 00 2 . 8 7 1  0 0  2.BYE 0 0  2.82E 0 0  2 . 6 7 1  00 2.64E 00 2.62E 00 2 . 6 0 8  00 
0238 Y , G  1.07E 00 1.05E 00 1.09E 0 0  1.02E 0 0  8.01E-01 7.88E-01 7 .75E-01 7.63E-01 6.74E-01 6 .62E-01 6 .523-01  6 .42E-01 
0238 FISS 7.17E-03 7.813-03 8.44E-03 9 - 0 9 1 - 0 3  9 .62E-03 1.04E-02 1 .111-02  1.19E-02 1 . 2 9 1 - 0 2  1 .38E-02 1 .461-02  1 . 5 9 3 - 0 2  

PO239 E , G  1.58E 00 1 . 5 6 t  00 1.54E 00 1 - 5 1 E  00 1.23E 0 0  1.21E 00 1.19E 0 0  1.17E 00 1 .05E 00 1.03E 00 1.02E 00 1 .00E 0 0  
PO239 FISS 2.77E 00 2.75E 00 2.72E 00 2.70E 00 2 .391  0 0  2.37E 0 0  2.36E 00 2.34E 00 2.21E 00 2.20E 0 0  2.19E 00 2.17E 00 
P0240 N , G  1.85E 00 1 . 8 2 1  W 1.79E 00 1 .76E 00 1 .34E 00 1.32E 00 1.3OE 0 0  1.27E 00 1.11E 00 1 . 0 9 1  00 1.07E 00 1 .05E 00 
PO240 PIS5 1.79E-01 1 - 8 3 3 - 0 1  1.87E-01 1.91E-01 1 .911-01  1.95E-01 2.00E-01 2.04E-01 2.103-01 2.15E-01 2.2OE-01 2 . 2 5 3 - 0 1  
PO241 Y,G 1.09E 00 1.08E 00 1.06E 00 1.05E 00 9.13E-01 9.01E-01 8.90E-01 8.79E-01 8.14B-01 8.03E-01 1.94E-01 7 .841-01  
PO291 FISS ‘I.4OE 00 4.353 00 4 .31E  00 Q.27E 0 0  3.80E 0 0  3 . 7 6 1  00 3.73E 00 3.69E 0 0  3 . 4 8 E  00 3.45E 00 3 .42E 0 0  3 .39E 00 
PO242 N , G  1.79E 00 1.77E 00 1.74E 0 0  1.71E 00 1.41E 00 1.38E 0 0  1.36E 0 0  1 .34E 0 0  1.20E 00 1.18E 00 1 . 1 6 E  00 1.14E 00 
P02ll2 FISS 9.2UE-02 9.62E-02 1.00E-01 1.04E-01 1.09E-01 1.13E-01 1.18E-01 1 .221-01  1 . 3 0 1 - 0 1  1 .34E-01 1.39E-01 1 .43E-01 
b1291 1(,G 3.13E 00 3.09E 00 3.05E 00 3.01E 00 2.62E 0 0  2 . 5 9 1  00 2.56E 00 2.52E 0 0  2.341 00 2.31E 00 2 .28E 0 0  2.26E 00 
A1241 N G E X  1.59E-02 7 .893-02  8.19E-02 8.50E-02 8 .57E-02 8.93E-02 9 .282-02  9.63E-02 1 .01E-01 1.05E-01 1.09E-01 1 .13E-01 

Cross 
secti  n 

Cross sections (barns) for fuel burnup [MWd(t)/g-atom heavy metal present] o f :  

N u c l i d e t y P e a O . O S O  0 . 0 7 4  0 . 1 0 3  0 .138  0.138 0.197 0 . 2 6 5  0.345 0.345 0 .474  0 .622  0 .790  
TH232 11.G 4.43E-01 4 - 3 9 1 - 0 1  4.36E-01 4-33E-01 4.10B-01 4.08E-01 4.05E-01 9.03E-01 3.71E-01 3.70E-01 3.69E-01 3.68E-01 
TH232 PIS5 3.86E-03 4.073-03 4 - 2 6 8 - 0 3  4.45E-03 5.28E-03 .5.48E-03 5.65E-03 5.82E-03 1 .52E-03 7 .661-03  7 . 7 5 1 - 0 3  1 . 8 5 E - 0 3  

0 2 3 3  W.G 3.673-01 3.638-01 3.60E-01 3 - 5 6 E - 0 1  3 .35E-01 3 .323-01  3 - 2 9 3 - 0 1  3 .271-01  2.98E-01 2 .961-01  2 .953-01  2.94E-01 
0 2 3 3  PISS 3 . 4 7 1  00 3 .451  00 3.43E 00 3 . 4 0 3  00 3.25E 0 0  3 .238  00 3 . 2 1 1  00 3.20E 00 3.00E 00 2.99E 00 2.98E 00 2 .973  00 
0234 N,G 9.19E-01 9.07E-01 8.96E-01 R.85E-01 8 - l l E - 0 1  8.02E-01 7 .95E-01 1.81E-01 6 .96E-01 6.91E-01 6 .883-01  6 . 8 4 1 - 0 1  
0234 PISS 1.69E-01 1.74E-01 1.79E-01 1 .841-01  2 - 0 8 1 - 0 1  2.12E-01 2 .16E-01 2.20E-01 2 .621-01  2.65E-01 2 .6 lE-01  2 .691-01  
0235 N , G  8.69E-01 8 .581-01  8 .491-01  8 - 4 0 E - 0 1  7.75E-01 7.67E-01 1.6OE-01 7.531-01 6 .69E-01 6 .651-01  6.62E-01 6.59E-01 
0 2 3 5  PISS 2.49E 00 2.47E 00 2.45’2 00 2 . 4 3 8  00 2.31E 00 2.29E 00 2 . 2 8 3  00 2.27E 0 0  2.11E 00 2.10E 00 2 . 0 9 1  00 2.09E 00 
0238 N,G 5.871-01 5.78E-01 5.10E-01 5 .523-01  5.08E-01 5.02E-01 4.96E-01 4.90E-01 4.26E-01 4 .221-01  4.20E-01 4 . 1 l E - 0 1  
0 2 3 8  FISS 1.73E-02 1 - 8 2 1 - 0 2  1.91E-02 1 .99E-02 2 - 3 6 E - 0 2  2.45E-02 2.52E-02 2.60E-02 3.35E-02 3.40E-02 3.45E-02 3 . 4 9 8 - 0 2  

P(1239 N,G 9.18Z-01 9.03E-01 8.qOE-01 8 - 7 7 1 - 0 1  7.89E-01 7.783-01 7 .691-01  7 .598-01  6.50E-01 6.44E-01 6.40E-01 6 .35E-01 
PO239 PISS 2.10E 00 2.09E 00 2.08E 0 0  2 - 0 7 ?  00 2-OOE 00 1.99E 00 1.9aE 00 1.98E 00 1 . 9 0 8  00 1.90E 00 1.90E 00 1.89E 0 0  
PO240 l , G  9.50E-01 9.343-01 9.19E-01 9.05E-01 8 .111-01  7.99E-01 7.89E-01 7.79E-51 6 . 6 7 1 - 0 1  6.62E-01 6.513-01 6 .52E-01 
P02UO PISS 2.37E-01 2 - 4 2 3 - 0 1  2 .4 lE-01  2.51E-01 2.14E-01 2 - 7 9 8 - 0 1  2 .82E-01 2.86E-01 3.28E-01 3.31E-01 3.333-01 3 .36E-01 
PO241 W,G 7.34E-01 7 - 2 4 1 - 0 1  1 .16E-01 7.08E-01 6 .52E-01 6.45E-01 6 .391-01  6.33E-01 5 .601-01  5 .571-01  5.54E-01 5 .51E-01 
PO241 FISS 3.24E 00 3.21E 00 3.19E 00 3 - 1 6 E  00 3.00E 00 2.92E 00 2 .96E 00 2.95E 0 0  2 .74E 0 0  2 .733  00 2 . 7 2 8  00 2.12E 00 
PO242 l,G 1.05E 00 1.03E 00 1.01E 00 9.99E-01 8.93E-01 8.81E-01 8.70E-01 8.59E-01 7.26E-01 7.20E-01 7.15E-01 1 .10E-01 
PO242 PISS 1.56E-01 1.61E-01 1.65E-01 1 .69E-01 1.91E-01 1.95E-01 1 .99E-01 2.03E-01 2.43E-01 2 .451-01  2.47E-01 2 .49E-01 
111241 R , G  2.12E 00 2.098 00 2.07E 00 2 .05E 0 0  1.89E 00 1.87E 00 1.86E 00 1.84E 00 1.6UE 00 1.63E 00 1.62E 0 0  1 . 6 1 E  0 0  
A1241 N G E X  1.22E-01 1-26E-01 1.3DE-01 1 .34E-01 1.52E-01 1.56E-01 1.59E-01 1.62E-01 1 .97E-01 2.00E-01 2.01E-01 2.03E-01 

‘N.G = (n,gamma) to  a ground state; NGEX = (n.gammd) to an excited state; FISS = (n,f ission).  
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