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ABSTRACT 

The TSF-SNAP r e a c t o r  i s  being used at ORNL as a r e a l i k t i c  
sou rce  for i n v e s t i g a t i o n s  of t h e  l ight-weight  s h i e l d s  r e q u i r e d  
f o r  space power systems. A s  p a r t  of t h i s  program, experimental  
and a n a l y t i c a l  de t e rmina t ions  have been made of t h e  energy and 
angu la r  d i s t r i b u t i o n  of neutrons l e a v i n g  an area roughly equa l  
t o  10% of t h e  r e a c t o r  lower s u r f a c e .  The agreement between exper- 
iment and Monte Carlo c a l c u l a t i o n s  w a s  found t o  be q u i t e  good when 
t h e  r e a c t o r  w a s  d e s c r i b e d  i n  s u f f i c i e n t  d e t a i l  i n  t h e  c a l c u l a t i o n s .  
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The TSF-SNAP r e a c t o r  i n s t a l l e d  a t  t h e  Tower S h i e l d i n g  F s c i l i t y  (TSF) 

a t  ORNL i s  t o  be used as u. r e a l i s t i c  source f o r  experimental  i n v e s t i g a t i o n s  

of t h e  Light-weight s h i e l d s  r e q u i r e d  f o r  space power systems. A s  one 

of t h e  i n i t i a l  s t e p s  i n  t h e  program us ing  t h i s  r e a c t o r ,  experimental  

fmd a n a l y t i c a l  de t e rmina t ions  have been made of t h e  neutron r a d i a t i o n  

l e a v i n g  t h e  lower s u r f a c e  of t h e  r e a c t o r .  These de t e rmina t ions  were 

made in some d e t a i l ,  o b t a i n i n g  t h e  energy and angular  d i s t r i b u t i o n  of 

neutrons l e a v i n g  an area roughly equa l  t o  10% of t h e  r e a c t o r  lower surface. 

The r e a c t o r l Y 2  i s  a modified SNAP-2 r e a c t o r  designed by Atomics 

I n t e r n a t i o n a l ,  I n c .  I t  i s  f u e l e d  w i t h  f u l l y  en r i ched  2 3 5 U  mixed wi th  

Z r H  moderator,  r e f l e c t e d  w i t h  Be, and cooled With N a K .  Thirty-seven* 

fuel-moderator e lements ,  each l - I /b - in .  - d i m .  by 12- l /h - in .  -.Long, w e  

densely packed i n  a hexagonal a r r a y  w i t h i n  a 9-in.-dian by 16-in.-long 

p r e s s u r e  v e s s e l .  The bery l l i um neutron r e f l e c t o r  surrounding t h e  co re  

v e s s e l  c o n t a i n s  t h e  f o u r  c o n t r o l  drurris . The r e l a t i v e  power d i s t r i b u t i o n  
3 

was determined by scanning i n d i v i d u a l  f u e l  zlements f o r  f i s s i o n  product 

g m a s ,  and t h e  absolute f i s s i o n  r a t e  w a s  determined f rom u r a n i w i - f o i l  

a c t  i v a t  i on. 

F igu re  1 shows t h e  r e a c t o r  i n  t h e  experimerital c o n f i g u r a t i o n ,  a long 

wi th  t h e  d e t e c t o r  c o l l i m a t o r ,  b u t  without  t he  c y l i n d r i c a l  s t a i n l e s s  

s t e e l  heat-and-weather s h i e l d  which normally surrounds the  sides and 

*The a c t u a l  f i na l  load ing  uses 36 SNAE”l’IIAI;I-’J elements and one s t a i n l e s s  
s t ee l  rod with a s m a l ’ l  q u a n t i t y  of boron ca rb ide  i n  t h e  c e n t e r  p o s i t i o n .  
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Fig .  1. TSF-SNAP Reactor  w i th  NE-213 Detec tor  Col l imator .  
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t o p  o f  the  r e a c t o r .  The r e a c t o r  w a s  suspended v e r t i c a l l y  from a boom 

s o  t h a t  it could be r o t a t e d  about i t s  own a x i s  and be lowered o r  raised 

through a d i s t a n c e  of 36 i n .  

The d e t e c t o r  c o l l i m a t o r  w a s  a lead-water s h i e l d  48 i n .  i n  diameter 

and 59 i n .  long con ta in ing  a 2- by 2-in.  NE-213 organic  s c i n t i l l a t o r .  

The c o l l i m a t o r  w a s  mounted on a support  mechanism t h a t  p e r m i t t e d  t h e  

s h i e l d  t o  be r o t a t e d  i n  a v e r t i c a l  p l ane  about t h e  h o r i z o n t a l  axis of 

t h e  d e t e c t o r  and move i n  a l i n e  pas s ing  through and pe rpend icu la r  t o  

t h e  v e r t i c a l  axis of t h e  r e a c t o r .  The c o l l i m a t o r  i n  t h e  s h i e l d  w a s  

designed u s i n g  Monte Carlo c a l c u l a t i o n s  t o  l i m i t  t h e  background c o n t r i -  

b u t i o n  (from s c a t t e r e d  and t r a n s m i t t e d  neu t rons )  t o  less  than  5% of t h e  

foreground c o n t r i b u t i o n .  The opening of t h e  c o l l i m a t o r  w a s  square i n  

c r o s s  s e c t i o n  and of t he  shape and s i z e  shown i n  F ig .  2 .  (The NE-213 

d e t e c t o r  w a s  c y l i n d r i c a l  b u t  w a s  used wi th  t h e  beam i n c i d e n t  on i t s  

curved s u r f a c e ;  t h e r e f o r e ,  t h e  d e t e c t o r  e x h i b i t s  a square p r o f i l e . )  

4 

Neutron s p e c t r a  w e r e  ob ta ined  wi th  t h e  a x i s  of t h e  d e t e c t o r  c o l l i -  

mator making ang le s  of O o ,  1 8 O  1 2 ' ,  25' 5 0 ' ,  and 36' 52'  ( c o s i n e s  of 

1, .95, .9 ,  and .8) wi th  r e s p e c t  t o  t h e  v e r t i c a l  axis of t h e  r e a c t o r ,  

w i t h  t h e  axis of t h e  c o l l i m a t o r  l ook ing  a t  t h e  c e n t e r  of t h e  bottom of 

t h e  p r e s s u r e  v e s s e l .  The d e t e c t o r  c o l l i m a t o r  w a s  a l s o  moved h o r i z o n t a l l y  

so  t h a t  t h e  axis of t h e  c o l l i m a t o r  looked at p o i n t s  7 and 1 4  cm along 

the  r a d i u s  of t h e  r e a c t o r ,  and measurements were r epea ted  f o r  t h r e e  of 

t h e  above ang le s .  For a l l  t h e  measurements t h e  d e t e c t o r ,  l ook ing  along 

the  a x i s  of t h e  c o l l i m a t o r ,  w a s  56 i n .  from a h o r i z o n t a l  p l ane  pass ing  

through t h e  bottom of t h e  r e a c t o r  p r e s s u r e  v e s s e l .  
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ALL DIMENSIONS IN CENTIMETERS 

Fig. 2. Design of TSF-SNAP Core Mapping Collimator. 
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A previous r e p o r t 5  descri.bed t h e  b a s i c  c a l c u l a t i o n a l  techniques 

being used and some p re l imina ry  results which w e r e  ob ta ined  assuming 

t h a t  t h e  r e a c t o r  c o n t r o l  drums were f u l l y  i n s e r t e d ,  that ,  t h e  rue1  r eg ion  

of t h e  co re  w a s  homogenous, and t h a t  p e r f e c t  d e t e c t o r  c o l l i m a t i o n  w a s  

used. The d a t a  r e p o r t e d  he re  were ob ta ined  wi th  t h e  above assumptions 

rnodifi-ed and i nc lude  a b s o l u t e  comparisons wi th  experimental  d a t a .  

A t  t h e  t i m e  t h e s e  c a l c u l a t i o n s  were s t a r t e d ,  t h e  b e s t  a v a i l a b l e  

guess as t o  t'ne a c t u a l  f ina l .  r e a c t o r  conf igu ra t ion  was t h a t  t h e  c e n t r a l  

fuel element would be r ep laced  wi th  a s o l i d  B e  c y l i n d e r  and t h a t  t h i s  

conf igu ra t ion  would be c r i t i c a l  w i t h  two c o n t r o l  drums f i l l y  i n s e r t e d  

and two control. drums withdrawn 30°. Accordingly, t h e s e  assumptions 

were made f o r  t h e  c a l c u l a t i o n s .  The a x i a l  geometry of t h e  c a l c u l a t i o n a l  

model i s  shown f n  Fig.  3, and an x-y c ros s  s e c t i o n  i s  shown i n  F i g .  4. 

Also ,  c o l l i m a t o r  response f u n c t i o n s  which were ob ta ined  by independent 

c a l c u l a t i o n s  w e r e  i nc luded  i n  t h e s e  c a l c u l a t i o n s .  Details of t h e  above 

m o d i f i c a t i o n s ,  i nc lud ing  l i s t i n g s  of t h e  computer codes and i n p u t s ,  are 

given i n  a s e p a r a t e  r e p o r t .  I n  a d d i t i o n ,  it w a s  found t h a t  some d e t e c t o r s  

were being pe r tu rbed  by a v e s s e l  support  r i n g  which w a s  not  included 

o r i g i n a l l y .  

t h e  same material as t h e  r e a c t o r  v e s s e l .  

4 

6 

T h i s  r i n g  was added,7 mocked up as shown i n  F i g .  5 ,  u s i n g  

Ten d i f f e r e n t  d e t e c t o r  conf igu ra t ions  were s e l e c t e d  t o  provide 

t h e  b a s i c  d a t a  f o r  comparisons of experiment and c a l c u l a t i o n .  These 

p o s i t i o n s  are desc r ibed  i n  Table I and shown i n  Fi.g. 6. 

The x, y ,  and z coord ina te s  g ive  t h e  s p a t i a l  locat i -on ( i n  em.) of  

t h e  d e t e c t o r  w i th  r e s p e c t  t o  a coord ina te  system wi th  o r i g i n  on t h e  

c e n t e r l i n e  of t h e  lower r e a c t o r  f a c e .  The u ,  v ,  and w coord ina te s  g ive  
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Fig.  3 .  Axial  Geometry of TSF-SNAP Model. 
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F i g .  5 .  Albedo Regions Used t o  Mock U p  Reactor Vessel Support Ring. 



TABLE I. COLLIMATED DETECTOR POSITIONS AND DIRECTIONS 

Detect o r  
No. X Y z U v W 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0 

0 

0 

44.402 

61.983 

7.0 

14.0 

85.32 

68.983 

92.32 

75.983 

99.32 

142.2 

135.09 

12'7.98 

142.2 

142.2 

113. r16 

127.98 

113.76 

127.98 

113.76 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-. 31225 
-. 43588 
0 

0 

-.6 

-. 43589 
-.6 

-. 43589 
-.6 

-1.0 

-0.95 

-0.9 

-1.0 

-1.0 

-0.8 

-0.9 

-0.8 

-0.9 

-0.8 
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Fig. 6. Detector Positions - TSF-SNAP Experiments. 
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t h e  x, y, md z d i r e c t i o n  c o s i n e s ,  r e s p e c t i v e l y ,  o f  t h e  d i r e c t i o n  the  

c o l l i m a t o r  w a s  p o i n t i n g .  

The Monte Carlo e s t i m a t i o n  w a s  a c t u a l l y  done by f o r c i n g  t h e  

neu t ron ' s  las t  f l i g h t  t o  pass  through a v i r t u a l  p o i n t  on t h e  co1l.F- 

mator c e n t e r l i n e  51 .1  ern. c l o s e r  t o  t h e  r e a c t o r .  The s o l i d  angle  

c a l c u l a t i o n  used t h e  d i s t a n c e  t o  t h e  d e t e c t o r  given i n  t h e  t a b l e  and 

t h e  r e l a t i v e  response of  t h e  c o l l i m a t o r  w a s  given as a f u n c t i o n  of 

t h e  angle  between t h e  neutron f l i g h t  a n d  t h e  co l l ima to r  a L s .  

F igu res  7 through 16 show neutron energy s p e c t r a  at d e t e c t o r  

p o s i t i o n s  1 through 10, r e s p e c t i v e l y ,  as measured experimental ly  and 

as c a l c u l a t e d .  The c a l c u l a t i o n s  f o r  d e t e c t o r s  8,  9 ,  and LO included 

t h e  support  r i n g  as shown i n  F ig ,  5 ;  a1.l o t h e r  c a l c u l a t i o n s  were dnne 

without  t h i s  r i n g .  A s  can be seen,  t h e  a b s o l u t e  agreement i s  q u i t e  

good, t h e  t o t a l  areas under t h e  r a l c u l a t e d  and experimental  s p e c t r a  

d i f f e r i n g  by l e s s  than 10% f o r  a l l  t e n  cases .  
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Fig, 7. SNAP Core Leakage Spec.trum: D e t e c t o r  No. 1. 

Center Core: Cos U = 1. 
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Fig. 8 .  SNAP Core Leakage Spectrum: Detector  No. 2 .  

C e n t e r  Cnre: Cos U = .95.  
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Fig. 9.  SNAP Core Leakagz Spectrum: Detec tor  No. 3 .  

Center Core: Cos U = . go .  



Fi.g. 10. SNAP Core Leakage Spectrum: Detector  No, b .  

Mid-Core: Cos U = 1.. 
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F i g .  1.1. SNAP Core Leakage Spectrum: Detec tor  No. 5. 

Edge Core: Cos U = 1. 



Center Core: Cos u = .8. 
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Mid-Corc: Cos U = .9. 
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Fig .  14. SNAP Core Leakage Spectrum: Detector  No. 8 .  

Mi.d-Core: Cos IJ  = .8. 
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Fig. 1 5 .  SNAP Core Leakage Spectrum: Detector  No. 9 .  

Edge Core: Cos U = .9. 
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Fig .  16. SNAP Core Leakage Spectrum: Detector No. 10. 

Edge Core: Cos u = .8. 
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