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To give'ca rough p i c t u r e  of t h e  r e a c t o r  under c n s i a e r a t i o n  6ome, 
approximate c h a r a c t e r i s t i o s  are l i s t e d  b e l o d l  t 

. P I 

Fuel '  Element: Ten 1.8% enriched uranium, aluminum c l a d  p l a t e e  
t o  an element - held  ,In 'place by aluminum side 
p l a t e s  - each element contained $4 a stainlesrs 
s t e e l  box roughly 5V'x -5'' x 6 , .  

cen te r s  f o d n g  a r i g h t  c i r c u l a r  cy l fnder  

4" of Terphenyl on s i d e e  and bottom - 25'' of 
Terphenyl on top - 8" o f  iron @round. the s i d e s a  . 

. 

.. ,/ 
Core i ~ .69,elementa (6 of which are bont ro l )  on 6" , 

. about 60" ecrom and 6' t a l l ;  

Reflector-Shield: 
. -  

. Power8 ' 45,000 kw thermal - 11,400 kw electrical .  
2 Flux: average thermal f l u x  about 1015 neutPons/co! -8ec. 

Noplenclat ure : 

E enrichment., N25/ !VZ5 + ?128 

S square s i d e  of f u e l  element container  

t 

T moderator temperature,, O F  

[ I  
th ickness  of f u e l  element container ' - cn 

r a t i o  of volume of f u e l . t o  volume of moderatorc 

The ca l cu la t ions  were- based on a three-region, s i x  inch  quar re, u&t 
'virJm 

t 

ce l l  (Figure 1) cons i s t ing  'of: . .  

1. f u e l  element, region 0 I 

2. f u e l  element container ,  region c n .  

3. surrounding moderator, region 1 . <  

Basic parameters 
t he  OMR c e l l  code {$Tit! ehe IBM-704. These f @ s u l t s  were ulsed t o  

' c a l c u l a t e  (3 ) the  cons tan ts  neces y f o r  a three-group, three-region 
solutdon from t h e  Wanda I1 code f$f, Constants f o r  Terphenyl and fast 
and epithemnal t r anspor t  and s c a t t e r i n g  c r o s s  s e c t i o n s  were gathered 
from reference6 ( 5 )  and ( 6 ) .  
were done t o  slide rule aCtbracyI 

B ', @, etc . )  of this c e l l  werg ca lcu la t ed  u d n g  ~ 

' 

Calcula t ions  not  run on the.IBM-704 
I 

For t h r e e  d i f f e r e n t  f u e l  element s i z e s  kef kras obtained a6 a func t ion  
1 .  

'of enrichment, temperature,  and f u e l  t o  mo Q e r a t o r  volume ratla. Fa r .  
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each s i z e  (53-1 3.73, 4.5, 5.5") k 
and ?OO°F with V /Vm r a t i o s  of O.ff33, 0.215, 0.307;'0.417, 0,545 at  

de termined-for  E = 1.5, 1,6, 1.7, 1.8, and 1.9% f o r  each value of 
V,/V,. For t hese  run6 t h e  s t a i n l e s s  s t e e l  f u e l  element conta iner  thick-  
ness wafi 40 mils. 

An a a d i t i o n a l  s tudy of t h e  effect  0.f f u e l  element ,container  th ickness  
and material w a s  made f o r  t he  4.5" element; Using s ta inlesr ; '  steel 
th icknesses  of approximately 20, .40, and 80 ails (corresponding t o  
s t e e l  volume f r a c t i o n s  of 1, 2, and 4% r e spec t ive ly )  k 
f o r  each va lue  of Vf/Vm at:. a constant  tdmperature of 8dt;OF. With. 
Vf/V, cons tan t  a t  .307 t h e  range of temperatures was covered f o r  tho, 
same s t e e l  thickne6ses.  T h i s  procedure wa6 repeated for an."duminum . 
conta iner  200 mile thick.  For a l l  of these  runs t h e  enricbqent  W 8 6  
constant  at  1.8%. 

The following except ions a r e  t o  be noted throu 

was determined f o r  T = 3 

a constant  e n r i c  Rm ent  of 1.8%. With T constant  a t  600°F, k,ff w a s  . 

was determined 

. . 

. 

out the sur$eyr 
d 

1. The small size of t h e  3.75Q f u e l  element would n o t ' a l l b s  V 
values  of -.417 and .345. 

A n  e r r o r  made'early in the  survey caurred the 500° r e s u l t s  t o  
appear unreasonable. 
e s t ab l i shed  without these  poin ts ,  they were not re-run and are 
excluded from t h e  result is .  

2. 
Since t h e  t r end  of t h e  da t a  was su f f i c i en t '  

-RESULTS . 
The r e s u l t s  are presented i n  a18erd.e6 of graphs showing 
func t ion  of t h e  var ious  parameters (Appendix I). 
of t h e  graphs appears on page 8 

f a6 a f L 

A p i c t o r  a& bummary 
' The r e s u l t s  are tabula ted  on page 25. 

For t h e  most p a r t  i n c r e a s i n g  temperature produced a nega 
r e a c t i v i t y .  
nehat ive e f f e c t s  occurred. 
between f u e l  elements which caused a g r e a t e r  f l u x  p a t e n g .  Thus when 

decreased propor t iona l ly ,  t he re  was a g r e a t e r  - i nc remen ta l  decrease In 
t h e  f l u x  peaking than when t h e  peaking vas not as large t o  begin with', 
T h i s  increased  t h e  p o s i t i v e  e f f e a t  of t he  thermal u t i l i z a t i o n .  The- 

I i nc rease  was-enough i n  Borne casjes t o  overr ide o the r  negat ive cf$ects, 
. t hus  producing inc reas ing  r e a c t i v i t y ,  'As the. temperature was f u r t h e r  

effect on 
For t h e  3.75" f u e l  element, however, bo th  positive-and . 

T h i s  wa6 due t o  the l a r g e r  organic  gap 

, t h e  temperature w a s  i a t i a l l g  increas'ed and all l / V  ~ ros8 -8ec t ion8  
I 

ancreased, however, t h e  incremental  decrease I n  peaking becai~ie.~smaller 
due t o  previous f l a t t e n i n g ,  and the-negbt ive  e f f o a t s  began t o  
the  pos i t ive .  

I4 t h e  temperature effects  f o r  t h e  ' t h ree  f u e l  element sizes i r e  'obberued . . 
toge ther ,  the e f f e c t  of t h e  organic  gap is f u r t h e r  i l l u h t r a t e d .  -Thus, 
with  t h e  3.75 inch element s i z e  ( l a r g e s t  .gap) , t h e  *gQfiitive cffece due., 

. .  
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t o  t he  g r e a t e r  f l u x  peaking (as discussed above) is shown. 
4.5 i nch  s i z e  (medium gap) the  smal le r  p o s i t i v e  e f f e c t  was.overriddeo 
by the negat ive e f f e c t .  
the predominant negative e f f e c t  ,had become approximately l i n e a r ,  

I n  every case t h e  e f f e c t  'of i nc reas ing  enrichment was an inc reas ing  . 
k,ff. 

With inc reas ing  Vf/V,, -kgf increased i n i t i a l ly ,  then ,recached _a peds 
and s t a r t e d  downward. 
decreasing. 
than p decreased; a6 more f u e l  replaced moderator, however, 'p decreased 
more than  f - i n c r e a s e d  causing t h e  curve t o  drop. 

Increas ing  t h e  s t e e l  f u e l  element conta iner  th ickness  caused an e e o c t e d  
1066 of r e a c t i v i t y .  
produced about - the  same e f f e c t  as 20-40 m i l  s t e e l .  - 

l i i h  the 
' 

F i n a l l y  with the 5.5 inch  size (smallest gap) 
* 

' 

The t r e n d  w a s  c lose  t o  .being l i n e a r .  

T 8 is t he  usua l  case of f inc reas ing  a n d p  
I n i t i a l l y  the  add i t ion  of f u e l  caused f t o  inc rease  more 

Using 200 mil aluminum i n  place of t h e  steel. 

. .  
RECOMMEIQIIATIOMS 

Fuel  element size should be a t  l e a s t  4.5 1nc.hes due ' t o  likeu);. 
of' p o s i t i v e  temperature c o e f f i c i e n t  below t h i s  size.  
size also gives maximum r e a c t i v i t y .  

Fuel  t o  moderator volume r a t i o  should be kept  i n  t h e  neighborhood 

Under t h e  above condi t ions and assuming aboirt 896 e x c e s i  k for . 
poisoning, burnup, and cont ro l ,  the  enrichment requi red  would be 

1. 
The 4.5 

2. 
of 0.30. 

34 . 

I 

about 1.7916, e. 
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