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ADDITIONAL RESULTS CONCERNING CROSS SECTION SENSITIVITY OF 
TRITIUM BREEDING I N  A FUSION REACTOR BLANKET: EFFECTS 

OF CROSS SECTIONS OF 'Li, 7 ~ i ,  AND 9 3 ~ b  

Melvin Tobias Don Ste iner  

Abstract  

Previous work concerning cross-sec t ion  s e n s i t i v i t y  of 
the  t r i t i u m  breeding ra . t io  showed the  e f f e c t s  of a l t e r i n g  a 
p a r t i a l  cross sec t ion  independently of o the r  p a r t i a l  c ross  
~ e c t i o n s ,  permi t t ing  the  tota.1 cross  sec t ion  t o  r i s e  o r  
fa.11. The r e s u l t s  reported here a r e  mostly f o r  v a r i a t i o n s  
ma.de while keeping the  tota.1 cross  sec t ion  constant .  The 
ca.ses considered were f o r  high and low values of the  cross  
sec t ions  f o r  " L i ( n , a ) t ,  7 ~ i ( n , n ' f l ) t ,  and f o r  9 3 ~ b ( n , 2 n )  with 
compensa.tory changes i n  o the r  cross  sec t ions .  The genera l  
conclusions of previous work have been borne out  both  qua.li- 
t a t i v e l y  and quant i ta . t ive ly  under the  p resen t  more r e a . l i s t i c  
ground r u l e s .  I n  a.ddition, r e s u l t s  a r e  repor ted  f o r  a. modi- 
f i e d  CTR benchmark which ha.s b lanket  ma.teria.1 i n  p lace  of t h e  
g raph i t e  reflec.t;or. This ca.se shows a drop of 0.13 i n  6 ~ i  
productions, a. r i s e  of 0.02 i n  7 ~ i  productions,  a.nd a.n increase  
of 0.15 i n  neutron 1ea.kage. 

INTRODUCTION 

The present  s tudy has been conducted by t h e  same methods a.nd on the  

same CTR conf igura t ion  a.s repor ted  i n  p r i o r  r epor t s  .' 9' The e a r l i e r  

work showed the  e f f e c t s  of cross sec t ion  changes made on an ind iv idua l  

b a s i s  with no compensa.ting cha.nges made i n  any o ther  cross  sec t ions .  

This approach i s  not  e n t i r e l y  r e a l i s t i c  i f  the  aim i s  t o  obta in  a.n 

eva.lua.tion of the  importance of experimental e r r o r s .  The to ta .1  cross 

sec t ion  of the  nuclides of i n t e r e s t  i s  known with grea. ter  c e r t a i n t y  than 

t h e  p a r t i a l  cross sec t ions ,  some of which are  obtained by d i f fe rence .  

For ins tance ,  the  ENDF/B-111~ d a t a  f o r  the  sca . t te r ing  cross  sec t ion  of 
6 Li between 0.7 and 2 MeV i s  based on the  d i f fe rence  between the  t o t a l  

a.nd none las t i c  cross  sec t ion ,  the  1a . t te r  being about 20% uncertain,  

while the  t o t a l ,  judging from the  gra.phs ~hown by Hibdon and M ~ o r i - n g , ~  



shows considerably l e s s  dispersion.  Similarly, Smith, Whalen, and 

~uen the r '  i n  t h e i r  s tudy of Nb show good t o  excel lent  agreement f o r  the 

t o t a l  cross sec t ion  with the  ENDFIB-111 f i l e s  but  much la rger  disagree- 

ments f o r  the (n,2n) and continuum i n e l a s t i c  cross sect ions .  It was 

considered worthwhile, therefore ,  t o  supplement the previous studies 

with s e n s i t i v i t y  calcula. t ions i n  which compensating changes a re  supposed. 

Neutronics calcula.tions have been made with t he  following changes i n  

cross  sect ions:  

a. The ' ~ i ( n , a ) t  cross section.  

Energy IrW2?V€d + Fract ional  Changes Cross 3ec tiwn 

(ev) i n  ' ~ i ( n , a ) t  
Changed t o  
Compensate 

- * 
Frac t iona l  changes i n  these ranges were made by 

l i nea r  interpola. t ion between the  values shown. 

(The pal;.l;ern of cross sect ion cha.nges i s  t h a t  suggested i n  the  EM)F/B 

documenta.tion as  wel l  a.s by personal  discussion with R. J. La.Ba.uve . ) 
b .  The 7 ~ i ( n , n ' a ) t  cross  sect ion was cha.ne;erl. by f20$. The ocat tcr ing 

cross sec t ion  was -changed t o  compensate, 1ea.ving the t o t a l  cross sect ion 

unchanged. 

c .  The niobium (n,2n) cross sect ion was changed by 525%. The i n -  

elastic-to-continuum cross sect ion was cha.nged t o  compen.sn.t,e, 1ea.vir-g 

t h e  t o t a l  cross sec t ion  unchanged. 

d .  A .  r:'combination" s e t  of cases was run i n  which changes a, b, and 

c were made together so  a s  t o  produce "maximum" and "minimum" tritium 

breeding r a t e s .  



e . The importance of the  g raph i t e  moderator was examined by replac ing 

it with breeder b lanket  m a t e r i a l  i n  the  ca lcu la t ion .  ~ b t h  sta.nda.rd cross  
6 sec t ions  and the  Li pa. t terns of a .  above were used. 

DISCUSSION OF CALCULATIONS 

1. Effec t  of Varying the  'L i (n ,a ) t  Cross Section 

Table 1 shows an almost symmetrical change i n  the  TBR (~ritium - 
Breeding ~ a t i o )  produced by the  high and low p a t t e r n .  As might be - - 
expected, the  e f f e c t  on T7 ( 7 ~ i ( n , n ' a ) t  productions i s  q u i t e  small,  

r i s i n g  s l i g h t l y  with the  low pa. t tern and f a l l i n g  with the  high 6 ~ i  cross 

sec t ions .  The f r a c t i o n a l  change i n  the  t o t a l  i s  about 0.3%~ r e f l e c t i n g  

the  f a c t  tha, t  t he re  i s  a high degree of compensa.tion r e s u l t i n g  from 

slowing down. Tha.t i s ,  neutrons which a r e  not  absorbed a t  high energies 

i n  l i th ium a r e  absorbed a t  lower energies and conversely, a s  seen i n ,  

Ta.ble 2. A s imi la r  po in t  i s  made by Table 3 where the  ou te r  regions 8** 
a.nd 10 a .c tua .11~ ha.ve higher (lower) t o t a l  values of T$ with lower (h igher)  

cross sec t ions .  P a r t  of those neutrons which escaped capture a t  higher 

energies  i n  the  inner  regions ha.ve been slowed down and ca.ptured i n  the  

outer  regions.  This process i s  a s s i s t e d  by the  g raph i t e  of region 9, a 

~ u b ~ j e c t  which w i l l  be f u r t h e r  discussed below. 

While not s t r i c t l y  compa.rable, t h e  e f f e c t s  produced by the  cross  

sec t ion  changes here a r e  s i m i l a r  t o  those obtained e a r l i e r 2  where t h i s  

c ross  s,ection i s  a l t e r e d  independently of o ther  cross  sec t ions .  

Ef fec t  of Va.rying the  7 ~ i ( n , n ' a ) t  Cross Section 

T7 i s ,  i n  t h i s  configurat ion,  ha l f  a s  l a rge  a source of tritium as  

T6. Unlike the  'Li (n ,a) t  r eac t ion ,  neutrons a r e  not  consumed i n  t h i s  

r eac t ion  bu t  a r e  ava i l ab le  f o r  f u r t h e r  r eac t ions ,  t o  some ex ten t  with . 

7 ~ i ,  and cer ta . in ly  with 6 ~ i .  I n  the  100-,group s t r u c t u r e  employed i n  t h i s  

work, a.11 of t h i s  r eac t ion  occurs i n  groups 1-17 ( 2 . 7 2 5 3  M ~ V )  while about 

1 $ of the  " ~ i  reac t ton  occurs i n  t h i s  range (see  Table 4). The ' ~ i ( n , n ' a ) t  

-x 
Correspondingly, 'Li ( n , a ) t  t r i t i u m  productions a r e  labeled  TG . 

3C Y 
See Fig. 1 f o r  i d e n t i f i c a t i o n  of regions. 



Distances 
in cm 0 150 

" 2 3 4 5 1 Zone Number 
Region 1 " 2 3 4 ' 5 6 ' 7 ' 8  9 ' 1 0  
Nunber 

D ' E ' D  A Material . * B C D ' C  -r . 
Number of . 

3 - 5  - 3  Intervals 1 - 1 
Per Zone .. 
Thickness : 150 
(cm) 

0.5 ' *  3 0.5 . . 
Comment: The intervals, in each zone are c f  equal step length. Therc are €2 intervals a l l  together. 

i .  1. Configura.t ion d,f tne  bla.nket ml3del used i n  t h i s  st.ildy. 



Table 1. Effects of var ia t ions  i n  the  
" ~ i ( n , a ) t  cross sect ions  

Rea.ct ion* Low Reference High 
Pat tern  case* Pa.ttern 

T6 * 0.9638 
T7 0.5174 
T 

t . 
1.4812 

Fra.ctiona.1 cha.nge i n  T -0.0034 
Total  (n,2n) 0.2396 
Niobium abso,rptions 0.2046 
Tota.1 paras i . t ic  absorptions** 0.2308 
Neutron . leakage 0.0444 
Graphite e la .s t ic  sca t te r ing  18.0501 

X 
Ba.sis: one fusion.  neutron. 

*1n a l l  t ab les  "reference case" r e f e r s  t o  the  benchmark 
ca.lcula.tion of Ref. 2 with standard cross sect ions .  

t ~ e l a . t i v e  t o  the value f o r  the reference case. 
**-> 

lncludes niobium absorptions. . . 

Table 2. Effects of varia.tions i n  the  ' ~ i (n , cx ) t  cross 
sections:  t r i t i um breeding r a t i o s  i n  

' L i  by energy range 

Low Pa.ttern 
Reference 

Case 
High Pa.ttern 

Energy Range 
( M ~ V  ) Fractional* Fractional* 

T6 Change i n  T6 T6 Change i n  
T6 T6 

o.oog5 -0.0952 0.0103 0.0116 +o .lo19 15 - 2 
2 - 0.01 . 0.5406 -0.0238 0 -3538 0.5666 +o. 0231 

Below 0.01 0.4138 +0.0222 0 .4048 0.3961 4 .0215  
Tota.1 T6 0.9638 -u.ooj4 0. gGgl 0.9745 10.0054,  

- * 
Rela.tive t o  the va.lue f o r  the reference ca.se. 



Table 3. Ef fec t s  of var ia t ions  i n  the  ' ~ i ( n , a ) t  cross sect ions:  
tritium-breeding r a t i o s  by region 

Low Pa t t e rn  Reference Case High Pat tern  
Region 

4 TT Tb T7 T6 ly7 

Table 4. Energy d i s t r i bu t i on  of ~i (n,nr a) t react ion 
(T,) f o r  the  benchmark with standaxd cross secti.nns 

Group 
Group 

Upper Energy 
( M ~ v )  

Fraction of 
T7 



cross  sec t ion  varia. t ion r e s u l t s  a r e  shown i n  Tables 5 and 6. As with 

the  6 ~ i  changes, t h e  cha.nges i n  breeding r a t e  a re  f a i r l y  symmetric. 

Raising t h e  cross  sec t ion  produced an increase  of 4.3% i n  T, while 

lowering it reduced it b y 4 . s .  Although the  t o t a l  c ross  sec t ions  a re  

t h e  same, t h e  change i n  T7 i s  l e s s  than propor t ional  t o  t h e  cross  sec t ion  

change. The (n,2n) rea.ction r a t e  increases  (decreases)  somewhat a s  the  

7 L i  cross sec t ion  decreases ( inc reases ) .  The same i s  t r u e  f o r  the  

niobium a.bsorptions, pa . ras i t i c  absorptions,  leakage, and g raph i te  

e l a s t i c  sca . t te r ing,  The most important r e s u l t ,  however, i s  t h a t  the  

breeding ra.te i s  not iceably  more s e n s i t i v e  ' t o  t h i s  cross sec t ion  change 

than t o  t h e  'L i  cha.nges. Table 6 shows t h a t  t h e  s e n s i t i v i t y  decreases 

percentagewise with d is tance  from the  center .  It i s  i n t e r e s t i n g  .to note 

t h a t  t h e  Tg value increases  (decreases ) w i t h  increased (decreased) 7 ~ i  

cross sec t ion  i n  the  inner regions,  the  t rend reversing by region 7.. 
This phenomenon i s  due t o  a l t e r a t i o n  i n  slowing down with changes i n  the  

7 ~ i  i n e l a s t i c  cross,  sec t ion.  Lowering the  7 ~ i  cross sec t ion  causes a.n 

iricrea.se i n  e l a s t i c  sca. t ter ing which i s  l e s s  e f f e c t i v e  than i n e l a s t i c  i n  

reducing neutron energy, bu t  a.t the  same time the  (n,2n) rea.ction i n  Nb 

increa.ses. The interp1a.y of these e f f e c t s  produces t h e  r e s u l t s  shown. 

The e f f e c t s  produced by the  uncompensa.ted changes i n  the  7 ~ i ( n , n f a ) t  c ross  

sec t ion  reported i n  Ref. 2 a r e  s0mewha.t l e s s  a.s f a r  a.s T6 a.nd T7 a re  con- 

cerned, and s0mewha.t grea.ter w i t h  respect  t o  (n,2n),  pa.ra.si t ic  absorptions,  

leakage, and e l a s t i c  sca. t ter ing.  The reg iona l  d i s t r i b u t i o n s  of T6 and T7 

a.re a.lmost t h e  same. 

3. Effect  of Varying the  Niobium (n,2n) Cross Section 

The r e s u l t s  of +25$ changes i n  the  (n,2n) cross sec t ion  of 93Nb are  

shown i n  Tables 7 and 8. To keep t h e  t o t a l  cross sec t ion  constant ,  the  

inelastic-to-continuum cross sec t ion  was changed by a compensating 

amount. Overe.11, t h e  f ra .c t ional  change i n  T i s  +2.4%. The e f f e c t  on 

T7 i s  minor, i n  con t ras t  t o  t h e  r e s u l t s  of' Hef. 2 .  There, the  LF 



Table 5 .  Effects of var ia t ions  i n  the 
~ i ( n , n ' a ) t  cross sect ions  

Cross Section Cross Section 
Reaction* Reduced Reference 

Increased 
(40U/o) Case 

P - ..  - - 

(+20& ) 
. - 

Ts u .g" 
T7 0.4414 
T 1.4132 
Fractiona.1 change i n  T~ -0.0492 
Tota l  (n,2n) 0.2478 
Niobium ab6,orptions 0.2001 
Tota l  p a r a s i t i c  absorptions** 0.2283 
Neutron lea.kage 0.0472 
Graphite e l a s t i c  s ca t t e r i ng  18.0787 

* 
Bas i s  : one fus ion neutron. 

t ~ e l a t i v e  t o  the  value f o r  the reference case. 
U u 

Includes niobium absorptions. 



Table 6. Effects of variations i n  the 7 ~ i ( n , n ' a ) t  cross s e c t i ~ n s :  
t r i t i u m  breeding ra t ios  by region 

Cross Section Reduced Cross Section Increased 
(qclb ) F r a c t i o n ~ l  Reference Case (+ 20%) Fractional Region Change i n  Change i n  

T6 T7 T7 * T6 T7 T6 T7 T7 + 

4 -0.0494 0.0653 (-0.19) 0.0497 0.0805 0.0500 0 0953 (0..18) 
6 0.2998 0.2356 (-0.16) 0.3011 0.2807 0.3023 0.3217 (0.15) 
7 0.2473 o.cg.72 (4.11)  0.2469 0.1095 0.2465 0.1189 (0.09) 
8 0.3107 . 0.0425 ( 4 . 0 7 )  0.3079 0.0457 9. 3052 0.0474 (0.04) 
10 0.0643 O . O O , ~  o 0.0635 . 0.0008 0.0625 o.ooog o 

Totals o .9718 0.4414 14 .15)  0.9691 0.3172 0.9665 0.5842 (0.13) 

* 
Fractional change i n  T7 = [T7 {~e r tu rbed)  - T7 (reference)]/~7 (reference) by region. 



Table 7. Effects  of va r ia t ions  i n  the  
9 3 ~ b  (n,2n) cross sect ion 

Reaction* 
Cross Section Reference Cross Section 

Reduced 
SP 

Increased 
( +3% ) (+25%) 

T6 
T7 
T 
P'ractiona.1 change i n  T? 
'Tnt,a. I in 2n) 
Niobium absorptiono 
To t a l  pa.ra.sitic absorptions** 
Neutron leakage 
Graphite e l a s t i c  s ca t t e r i ng  

--- - * 
Basis : one fus ion neutron. 

' ~ e l a . t i v e  t o  the  value f o r  the  reference case. 
xx 

Includes niobium absorptions.  

Table 8. Effects  of va r ia t ions  i n  the 9 3 ~ b ( n , 2 n )  cross sections:  
,tri.l;f ura breeding r a t i o s  by region 

I .- . - ..--- 
Crooo &et isn  Reduced Cross Section Increased 

( 4 5 % )  Reference Case (+25%) 
Region 

TS T7 T6 T7 T6 T7 



rea.ct ion was i n  d i r e c t  competition with the  (n,2n) rea.ct ion;  here the  

7 L i  rea.ction ra.te i s  a.ffected by the  change i n  slowing down p a t t e r n  

produced by a. r i s e  ( f a l l )  i n  t h e  93Nb i n e l a s t i c  s c a t t e r i n g  cross  sec t ion  

a.s the  (n,2n) cross sec t ion  f a l l s  ( r i s e s ) .  The e f f e c t  on Ts i s  s l i g h t l y  

1a.rger than before,  a.s a r e  a l l  o ther  r eac t ions  bes ide  T7 i n  .Table 7. 

Table 8 i s  qu i t e  s imi la r  both qua l i t a . t ive ly  and q u a n t i t a t i v e l y  t o  the  

corresponding Table 14 i n  Ref. 2, except f o r  the  i n s e n s i t i v i t j r  of the  
7 L i  r eac t ion  t o  t h i s  change. I n  every region,  the  Ts values increase  

" (decrea.se) d t h  increase  (decrea.se) i n  the  93Nb(n,2n) r eac t ion ,  while 

the  T7 values behave conversely. 

4 .  The "~ombina.tion" Ca.ses - The Ef fec t  of Simultaneous Changes , . 

The r e s u l t s  of: making a l l  t he  above mentioned  change,^ i n  ' ~ i ( n , a ) t ,  

L i ( n , n t a ) t  and 93Nb (n,2n) r eac t ions  i s  displayed i n  Tables 9 a.nd 10. The 

f r a c t i o n a l  change computed i s  a.lmost the  r e s u l t  of combining the  th ree  

e f f e c t s  independently.' That i s ,  from the  preirious r e s u l t s ,  one might e s t i -  

ma.te the  r e s u l t  of making the  th ree  p o s i t i v e  changes simultaneously a.s 

a.nd of the  three  negative cha.nges a.s 

These a r e  t o  be compared with the  ca.lculated r e s u l t  of +0.0703 and 

-0.0776 respec t ive ly .  

Table 10 shows tha.t t h e  e f f e c t s  of t h e  cross-sec t ion  cha.nges weakeii 

w i t h  increas ing ra.dius. It i s  i n t e r e s t i n g  t o  note tha.t  t he re  i s  a. s l i g h t  

decl ine  i n  T6; f o r  region 10 f o r  t h e  op t imis t i c  ( i  . e . ,  high) cross -sec t ion  

s e t .  

5. Re~lacement of G r a ~ h i t e  with Breeder Blanket Ma.teria.1 

Figure 1 shows the  bla.nket model of the  CTR benchrna.rk conf igura t ion .  

The gra.phite zone l i e s  between r a d i i  of 264 and 294 centime,Lers. As ha.s 

been pointed out. e ~ . r l . i e r , ~  t h e  g raph i t e  b lanket  e f f e c t i v e l y  moderates 

f a . s t  neutrons ena'oling them t o  be ca.ptured by 'Li a.t lower energies .  The 



Table 9. Effects  of var ia t ions  i n  a l l  cross sectinns 

Reaction* 

- - - - - - - - 

Cross Section Reference Cross Section 
Reduced Case Increased 

T6 0. 287 
T7 0. -1.1623 7 
T 1.3710 
Fra.ctiona.1 change i n  T~ -0.0776 
Tota.1 (n,2n) 0.2008 
Niobium absorptions 0.1965 
Tota l  p a r a s i t i c  absorptions** 0.2247 
Neutron leakage 0.0470 , 

Graphite e l a s t i c  s ca t t e r i ng  17.8365 
* 
Basis: one fus ion neutron. 

t 
Relative t o  the  value f o r  the  reference case. 

** 
Includes niobium absorptions. 



Table 10. Effects  of va.riations i n  a l l ' c r o s s  sections:  
tritium-breeding ra.tios by region 

Cross Section Reduced Cross Section 1ncrea.sed 

Re.sion Reference Case 
T6 - T~ O n T7 - T7 O 

Ts ' -7 T6 T7 
Ts - T6 O T7 - T? O 

~6 O ~7 O ~6 O Ti9 O ~6 O T7 



breeder  b lanke t  ma.teria.1, a. mixture of l i th ium and niobium s t r u c t u r e ,  

i s  no t  a.s good a. modera.tor as g raph i t e  because of i t s  lower s c a t t e r i n g  

c ross  sec t ion .  A t  1 MeV, f o r  instance,  qs f o r  l i th ium i s  about 0.02 

while tha , t  f o r  g r a p h i t e  i s  about 0.03. 

Tables 11 through 13 indica.te the  impdrtance of the  .. graph i t e .  . I n  

Table 11 it i s  seen tha . t  t h e  e l a s t i c  s c a t t e r i n g s  i n  zone 7 ha.ve been . 

reduced about sevenfold.  There i s  a. r i s e  of about 0.02 i n  the  7 ~ i  

t r i t i u m  production ra. te ,  b u t  the  6 ~ i  production of tritium has dropped 

by 4.19, due prima.r i ly t o  a. neutron 1ea.kage increa.se. Table 12 shows 

an increa.se of 0.07. i n  "1A. absorptions from 15 t o  0 .01  MeV b u t  below 

tha. t  energy, the  ra.te ha.s been cu t  i n  two f o r  a. n e t  l o s s  of 0.13. Table 

13 shows t h e  e f f e c t  by  regions ;  regions 8 and 10 which were nea.rest t h e  

g r a p h i t e  ha.ve su f fe red  a. sharp drop i n  T6 n o t  made up by the  presence of 

breeder  region 9. The 7 ~ i  production iq regions 8 a.nd 10 i s  only s l i g h t l y  

a .ffected s ince  t h e  ( n , n 1 a ) t  rea.ction i s  a.t high energies.  The 7 ~ i  added 

by region 9 serves  t o  increa.se the  production b u t  not  enough t o  overcome 

the  drop i n  Tg . 
As f o r  the  change i n  'Li ( n , a ) t  c ross  sec t ions ,  the  ca.lculated r e s u l t s  

show a.n a.lmost symmetrica.1 v a r i a t i o n  (Table 11) between 1.37 a.nd 1,38+. 

The ' ~ i  production i s  only s l i g h t l y  a .ffected.  

The. g raph i t e  xnne c l e a r l y  improves t h e  blanlcet neutl-on euurlu~ny. 

'I'tie l l t h i u m  blanket  i s  no t  qu i t e  a.s good a moderator a.s the  g raph i t e ,  

b u t  s t i l l  very e f f e c t i v e  a.t damping the  e f f e c t s  of the  cross sec t ion  

changes, much as  t h e  gra.phite does. 

CONCZJ-rT,ING REMARKS 

Table 14 g ives  a. s m a . r y  of a l l  t h e  r e s u l t s  f o r  tritium prod.~iclt,i nn 

i n  t h e  p resen t  s tudy.  The genera l  conclusions of Ref. 2 ha.ve been borne 

ou t  bo th  qua.l , i ta.tively and qua.ntita.tivc l y  with the  more r e a l i s  t i c  ground 

r u l e s  used. The "Li  da.ta s t i l l  a.ppea.rs adequa.te and the  motivat ion f o r  

improving t h e  " / L i  a.nd " ~ b ( n , 2 n )  data. s t i l l  e x i s t .  



Table 11. Benchmark without g raph i t e  - e f f e c t s  of 
v.a.ria.tions i n  the  L i  (n ,a)  t cross  sec t ions  

Reference Case 
Low High 

Pa t t e rn  Without With Pa t t e rn  
Gra.phite Gra.phite 

TF, 
T7 
T 
Fra.ctiona.1 change i n  T* . 

Tota.1 (n,2n) 
Niobium absorptions 
Tota l  pa ra . s i t i c  absorptions** 
Neutron 1ea.kage 
Ela.st ic  s c a t t e r i n g  i n  zone 7 

* 
Ba.s i s  : one f us ion  neutron . 

t 
Rela.tive t o  t h e  value f o r  the  reference case without graphi te .  

** 
Includes niobium absorptions.  

Ta:ble 12. Benchma.rk without graphi te  - e f f e c t s  of 
va.ria.tions i n  the  ' L i  ( n , a ) t  cross sec t ions :  

t r i t im breeding ra . t ios  i n  ' L i  
by energy range 

Low Pa.ttern Reference Case . High Pa t t e rn  
-.-.--, .. - - 

Energy' l?ra.ctionsl* T6 Fka.c tiona.l* . 

Ra.ng e T6 Change i n  T6 Chaage i n  
T6 Without With T6 

Graphite Graphite 

l j  - 2 0.0100 4 . 0 9 9 1  0.0111 0.0105 0.0122 +0.0991 
2 - 0.01 0.6054 -0.0221 0.6191 0.5538 0.6323 +0.0213 

Below 0.01 0.2120 +0.0266 0.2065 0.4048 0.2011 -0.0262 
Tota,l TG 0.8274 4.0110,  u.8 566 0.4691 0.0437 ~ 0 . 0 1 0 9  

- .- - * 
Rela.tive t o  the  value f o r  the  reference case without g raph i t e .  



Table 13. Benchmark without gra.phite - effec'tc of 
va .~ ia . t ions  i n  the  " ~ i ( n , o ) t  c ross  sec t ions :  

t r i t ium-breeding r a t i o s  by region 

Reference Case 

Lcw Pa.ttern T7 High Ps. t tern 
Region 

T6 T7 Without With Wich T6 T7 Without 
Gra.phite 'Gra.phite Graphite Gra.?hi~e 

4 0.04'72 0. @OC, 0.0485 CI. 0497 0.0805 o . & o ~  0.0498 0.0805 P 

6 o .281-4 c) .28o7 0.2902 c. 3011 0.2806 0.2607 0.2958 0.2806 
m 

7 0.21&4 CP -1094 0.2206 c.. 2469 0.1094 o.log3 0.2227 0.1093 
8 0.1563 Cl.OL51 0.1512 Ch. 3079 0.0450 0.0b57 0.1515 0.0450 
9 0.1176 ;1.022El 0.1172 - - 0.0228 . - - 0.1168 0.0228 

10 0.0093 I:#. 0017 0.0089 c. 0635 0.0017 0. OCI&I 0.0089 0.0017 
Totals  3.8274 12.5L32 0.8366 C. 9691 0.5401 0.3172 0.8456 0.5399 



Table 14. Summary of a l l  . t r i t i u m  breeding s e n s i t i v i t y  
r e su l t s  i n  the present  study 

. . 

Reaction T6 
Fractional* 
Change i n  T 

Reference 
Cross sect ion reduced 
Cross section increased 
Cross sect ion reduced 
Cross sec t ion  increa.sed 
Cross sect ion reduced 
Cross sect ion increased 
A l l  a.bove cross 

sect ions  reduced 
A l l  above cross 

sect ions  increased 
Cross sec t ion  reduced 

(without gra.phite) 
Cross sect ion increased 

(without g raph i te )  
Reference (without 
@%phite)  . 

- - 
h 

Relative t o  the  value f o r  the reference case. 
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