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The experiments which were performed were (1) dry subcritical 
assembly, (2) sabcritical multiplication measurements to determine 
the worth of various types of elements, ( 3 )  flux mapping of the 
subcritical reactor, and (4) wet critical assembly, 

The experimental work was performed by the following members of 
the Experimental Neutron Physics Group, 

R, Wo Campbell 
C, Guderjahn 
J, Johnson 
Ro Laubenstein 
He Royden 
Go Zwetzig 

In addition, members of the Sodium Graphite Reactors Group assisted 
in the work, Work was done under Project 4125, 

. 



I CRITICAL ASSEMBLY 

A t o t a l  of 21 f u e l  elements were loaded i n  the  d ry  room tempera ture  
SRE i n  o r d e r  t o  determine t h e  c r i t i c a l  m a s s o  The c o n f i g u r a t i o n  
of t h e  co re  at t h i s  t ime is shown by Fig,  lo During t h e  loading ,  
t h e  count ing  r a t e  of 5 f i s s i o n  coun te r s  p laced  i n  channels  2, 4, 
65, 71, and 80 w a s  observedo 
count r a t e  vs  number of f u e l  e lements  loaded  was made d u d n g  t h e  
assembly i n  o r d e r  t o  p r e d i c t  c r i t i c a l i t y o  The average  of  t h e  d a t a  
from t h e  3 symmetr ica l ly  p l aced  coun te r s  (4,  65, 71) i s  given  i n  
Table 1, The d a t a a r e p l o t t e d  i n  F igo  3* The d ry  c r i t a c a l  mass 
as determined from t h i s  p l o t  i s  22,2 f u e l  e lementso The c r i t i c a l  
mass as p r e d i c t e d  by each counter  is l i s t e d  i n  Table  11, 

The r e a c t o r  w a s  hea t ed  t o  40Ooc w i t h  19 f u e l  e lements  i n  t h e  core  
and f i l l e d  w i t h  sodium, Fuel  l o a d i n g  w a s  cont inued u n t i l  c r i t i c a l i t y  
w a s  reachedo The c o n f i g u r a t i o n  of t h e  core  at c r i t i c a l i t y  i s  shown 
i n  F igo  11, During t h e  loading ,  t h e  count ing  r a t e  of f i s s i o n  
coun te r s  p l aced  i n  channels  2, 4, 650 and 7 1  w a s  observedo The 
average of t h e  normalized i n v e r s e  count ing  r a t e  of t h e  3 s y m e t r i c a l l y  
p l aced  coun te r s  i s  given i n  Table I and p l o t t e d  i n  F igo  3o The 
norma l i za t ion  f a c t o r  i s  t h e  same as f o r  t h e  dry s u b c r i t i c a l  
experiment,  The c r i t i c a l  m a s s  as determined by a c o n t r o l  rod  
c a l i b r a t i o n  i s  3Z064 - + .lo f u e l  e lements  a t  40O0FO 

A p$ot of normalized* i n v e r s e  

* The i n v e r s e  count ing  r a t e  w a s  normalized by m u l t i p l y i n g  i t  by 
t h e  count ing  r a t e  at t h e  beginning of t h e  experiment w i th  no 
f u e l  p r e s e n t o  
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TABLE I 

Average of  t h e  normalized i n v e r s e  count ing  r a t e s  of  f i s s i o n  coun te r s  
p l aced  i n  channels  4, 65 and 710 The d a t a  a r e s o  normalized t h a t  t h e  
i n v e r s e  count ing  r a t e  w i th  no f u e l  p re sen t  i s  oneo 

Noo of Fuel  Last Normalized 
Elements in Channel Inve r se  

Core Loaded Counting Rate  
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
3-3 
a4 
15 
3-6 
17 

19 
20 
2% 

18 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

44 
33 
43 
55 
56 
34 
45 
59 
54 
22 
35 
32 
21 
23 
42 
67 
46 
68 
69 
33- 
36 

Reactor  hea ted  & sodium added 

53 
66 
58 
70 
10 
11 
20 
24 
74 
75 
41 
47 Reactor  C r i t i c a l  
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TABLE I1 

Extrapolated Critical Mass of Dry SRE as Given by Each Counter 

Counter in Channel Extrapolated Critical Mass 

2 22,40 
4 22 D 20 
65 22 o 35 

22 0 00 71 
80 22010 

Average of all counters . 2202 

(49 659 71) 2202 
Average of symmetrically placed counters 

I1 SUBCRITICAL MULTIPLICATION MEASUREMENTS 

The reactivity of the subcritical SRE was estimated from subcritical 
multiplication measurements in the following mannero The multi- 
plication, M, was taken as: 

C 
A H z z -  

where I%= counting rate with all rods out and no fuel presentb 

C = counting rate at condition for which multiplication 
is desired, 

The reactivity, 0 , was then calculated with the use of the following 
relation 

It must be emphasized that the multiplication and thus the reactivity 
may be in considerable error by a constant percentage, However, no 
better values could be obtained without going critical. and making 
period measurementsb 
the comparison of the worth of fuel elements and poison elements. 
Table I11 gives the results of the multiplication measurements as 
calculated from the data of the three symmetricallap placed counters, 
(channels 4, 65$ 711, 

The results are useful since it makes possible 
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TABLE I11 

WORTH OF VARIOUS ELEMENTS IN SRE 

AS CALCULATED FROM MULTIPLICATION MEASUREMENTS 

20th f u e l  element (channel  31) 
21s t  f u e l  element (channel  36) 

Fuel  element i n  channel 35 (20 f u e l  elements i n  p l ace )  

Dummy element #5O (19 f u e l  elements i n  p l ace )  

Cont ro l  rod #l (19 f u e l  elements i n  p l ace )  

S a f e t y  rod  thimble without rod 

Th-576 U235 f u e l  element in p lace  of a uranium element 

Th-5% lJ235 f u e l  element i n  p l a c e  of a uranium element 

i n  channel  44 

in channel 35 

+ 102% 

4- 102% 

+ 107% 
+ 004% 
- koa% 
- 0,696 

- Oe24% 

Th-576 U235 f u e l  element i n  p l ace  of a uranium element. 
i n  channel 36 - 0020% 

From t h e  measurements of t h e  worth of t h e  Th-U 235 element,  i t  is  
p o s s i b l e  t o  e s t ima te  t h e  amount of enrichment needed t o  make a Th-U 
element equal  i n  value t o  a uranium element, 

We may ob ta in  t h e  t o t a l  r e a c t i v i t y  change due t o  r ep lac ing  each 
uranium element wi th  a Th-5% U element by summing up the  change due 
t o  each replacement,  

* ahange i n  r e a c t i v i t y  caused by t h e  i n s e r t i o n  of t h e  elemento 
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Decrease i n  R e a c t i v i t y  T o t a l  Decrease 
# of Elements Due t o  Replacing Each Due t o  Repfacing 

i n  Ring Element i n  Dry SRE Each Element in 
Ring 

1 
6 

1 2  

3 

003 003 
0,2'7 ( i n t e r p o l a t e d )  lo62 
0024 2,88 

002 006 
Totab Chaage 5 04% 

Average change/element O o 25% 

I n c r e a s i n g  t h e  U-233 content  in each element w i l l  cause t h e  fo l lowing  
r e a c t i v i t y  change, - g"r 

&Yf - 7 2  
e A% 

It is  assumed t h a t  E pf  e does no t  change much i f  t h e  
I + L a g r  

enrichment is inc reased ,  should  be 5,4% t o  make t h e  
Th-U elements  equa l  i n  va lue  t o  t h e  uranium elements,  The fo l lowing  
formula g i v e s  fl 

The change 4 e  

f o r  93% enr iched  uranium i n  thorium, 

f (0.93 O I f  +0.53% t . 0 7 " )  - P ( / - A ) q h  
A 2 = 0 . 9 3 y r  

where 3 = no, of n e u t r o n s / f i s s i o n  = 2,5 
ff = thermal  f i s s i o n  c r o s s  s e c t i o n  of u-235, 
cc = r a d i a t i v e  cap tu re  c r o s s  s e c t i o n  o f  U-235 f o r  thermal  neu t ronso  

cu = c a p t u r e  c r o s ~  s e c t i o n  of u-238 f o r  thermal  neu t ronse  

dTh= c a p t u r e  c r o s s  s e c t i o n  of t ho r ium f o r  thermal  neu t ronso  

A n Atomic pe rcen t  of  uranium 

2 is p l o t t e d  as a f u n c t i o n  of  A i n  Figo 4, 

The Th-U f u e l  element t e s t e d  i n  t h e  r e a c t o r  conta ined  5*4% uraniumo 
T h i s  cor responds  t o  an of  1076, The r e q u i r e d  +a3 is  then  

Th i s  corresponds t o  a f u e l  concen t r a t ion  of 706$ uranium OF 'loa% U-2g50 
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The r e s u l t s  of t h e  foregoing  c a l c u l a t i o n  must be used w i t h  c a u t i o n  sfnee 
a s m a l l  e r r o r  i n  t h e  measured r e a c t i v i t y  change would l e a d  t o  a l a r g e  
e r r o r  i n  r e q u i r e d  f u e l  concen t r a t iono  This  experi,ment w i l l  be r epea ted  
with t h e  r e a c t o r  w e t  c r i t i c a l  and much more r e l i a b l e  numbers w i l l  be 
ob ta ined  a t  t h a t  t i m e ,  

The tempera ture  c o e f f i c i e n t  of r e a c t i v i t y  of t h e  d ry  s u b c r i t i c a l  SRE 
w a s  a l s o  es t ima ted  from s u b c r i t i c a l  m u l t i p l i c a t i o n  measurementso Gold 
f o i l s  were p l aced  in channels  2, 4, 65 and 71 be fo re  and a f t e r  h e a t i n g  
t h e  r e a c t o r  e l e c t r i c a l l y  p repa ra to ry  t o  t h e  i n t r o d u c t i o n  o f  sodiumo 
The f o i l s  were exposed f o r  about l hour w i t h  a l l  c o n t r o l  and s a f e t y  
rods  withdrawn and 21 f u e l  e lements  i n  p l a c e O  The f o i l s  were counted 
on a 2 p i  p r o p o r t i o n a l  flow counter ,  Cor rec t ion  w a s  made f o r  source  
decayo 
over  t h e  tempera ture  range 70°F - 305°F0 The tempera ture  c o e f f i c i e n t  w a s  p o s i t i v e  and e q u a l  t o  Qo8Q25%/Fo 

111 FLUX MAPPING OF T€E DRY SUBCRITICAL REACTOR 

Cadmium covered and ba re  go ld  f o i l s  were exposed in v a r i o u s  channels  En 
t h e  c o r e  and r e f l e c t o r  o f  t h e  dry  s u b c r i t i c a l  SRE, The r e a c t o r  w a s  
loaded  wi th  21  f u e l  elements and had a nega t ive  r e a c t i v i t y  o f  about 
le3% as es t ima ted  from s u b c r i t i c a l  m u l t i p l i c a t i o n  measurementso The 
f o i l s  were p l aced  in g r a p h i t e  f o i l  ho lders  which were in t u r n  p l aced  
i n  s t a i n l e s s  s t e e l  th imbles  which extended i n t o  t h e  co reo  The th imbles  
were movable and could be p l aced  i n  e i t h e r  f u e l  channels  o r  co rne r  
channelso  Some f o i l s  were a t t a c h e d  wi th  adhes ive  t a p e  t o  t h e  s u r f a c e  
of  f u e l  e lements  a l s o o  The r e s u l t s  of t h e  f l u x  measurements a r e  g iven  
i n  t h e  fo l lowing  graphso 

Figo .5  - A x i d  thermal  f l u x  in channels  2, 6 ,  4, 61, 12, 50 and OB t h e  
f u e l  element i n  channel  44, 
50 and 44 by t h e  sou rce  which i s  i n  channel 39 at t h e  midplaneo 

The f l u x  i s  peaked up i n  channels  

F igo  6 - A x i a l  epf thermal  f l u x  i n  channels  2, 6, 4, 61, 12,  50 and om 
t h e  f u e l  element i n  channel 44, 

Figo 7 - R a d i a l  thermal  f lux  2 fee t  from r e a c t o r  c e n t e r  p l aneo  T h i s  plot: 
is  t h e  average of  measurements made 2 fee t  above and below t h e  
midplane, Th i s  p o s i t i o n  w a s  s e l e c t e d  i n  o rde r  to minimize t h e  
e f f e c t  of f l u x  peaking n e a r  t h e  source  i n  channels  50 and 44, 
The d a t a  a r e i n s u f f i c i e n t  to make a good buckl ing  measuremento 

Figo 8 Average axial thermal  f lux i n  channels 61, 12, and 4, compared 
w i t h  t h e o r e t i c a l  p r e d i s t i o n ,  The average w a s  made by normal- 
i z i n g  t h e  f l u x  t o  1 at t h e  midplane and then  averaging,  The 
f lux i n  channel  50 w a s  not  i nc luded  i n  t h i s  average s i n c e  t h e  
f lux  i n  t h e  channel  w a s  peaked up by t h e  sou rceo  The t h e o r e t i c a l  
f l u x  w a s  c a l c u l a t e d  from two group theo ry  by Fo Lo Fi l lmore,* 

* Persona l  communication 



It is seen  t h a t  t h e  experimental  d a t a  agrees  f a " r l y  e l l  wi th  t h e  
f l u x  c a l c u l a t e d  frola a buckl ing of 180~01 X bo-' emEh* 

The axial buckl ing  f o r  t he  dry SBE as p red fc t ed  by F, Le Fil lmore is 
l64,76 microbucks.* The f l u x  as c a l c u l a t e d  from t h i s  buckl ing is  
a l s o  p l o t t e d  i n  Figo 8, The d i f f e r e n c e  (15 d e r o b a c k s )  between 
measurement and theory  corresponds t o  about -008% r e a c t i v i t y o  
is  q u i t e  good agreement s i n c e  a t  the  time o f  measurement, t h e  r e a c t o r  
w a s  about 1,3% s u b c r i t i c a l .  

This 

* Personal  c ommmi c a t  ion. 
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