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The purpose  of t h e  ORNL-SNAP s h i e l d i n g  program i s  t h e  development of 

t h e  technology €or  t h e  n u c l e a r  d e s i g n  of r a d i a t i o n  s h i e l d s  f o r  r e a c t o r  

power supply  sys tems on s p a c e c r a f t .  The emphasis i n  t h e  program i s  on t h e  

development and v e r i f i c a t i o n  of computer programs f o r  t h e  d e s i g n  of  o p t i -  

mum s h i e l d s  and t o  p r e d i c t  throughout  t h e  s p a c e c r a f t  system t h e  a b s o l u t e  

s p e c t r a  of r a d i a t i o n  r e s u l t i n g  from r e a c t o r  o p e r a t i o n .  

F i g u r e  1 shows a schemat ic  diagram of the SNAP s h i e l d i n g  program. 

The t h r e e  major areas which are shown a r e  c r o s s - s e c t i o n  development,  t r a n s -  

p o r t  code development,  and i n t e g r a l  exper iments .  F i v e  y e a r s  ago t h e  c a l -  

c u l a t i o n  of d e e p - p e n e t r a t i o n  n e u t r o n  t r a n s p o r t  i n  l i t h i u m  hydr ide  i n  a 

one-dimensional geometry w a s  a c h a l l e n g i n g  problem. The c a p a b i l i t i e s  s i n c e  

t h a t  t i m e  have i n c r e a s e d  r a p i d l y .  

The s i g n i f i c a n t  s t e p s  i n  t h i s  development i n c l u d e  (1) t h e  a b i l i t y  t o  

c a l c u l a t e  n e u t r o n  and secondary gamma-ray t r a n s p o r t  i n  a coupled mode, ( 2 )  

t h e  development of the DOT1' d i s c r e t e  o r d i n a t e s  code f o r  deep-penet ra t ion  

two-dimensional t r a n s p o r t  c a l c u l a t i o n s ,  ( 3 )  t h e  development of a s h i e l d  

o p t i m i z a t i o n  program, ASQP, u t i l i  z i n g  one-dimensional t r a n s p o r t  c a l c u l a -  

t i o n s ,  and ( 4 )  t h e  development of t h e  niul t igroup Monte Carlo MORSE4 and 

the c o u p l i n g  of MORSE and two-dimensional DOT c a l c u l a t i o n s  f o r  t h e  a n a l y s i s  

of d i f f i c u l t  two- and three-d imens iona l  problems. 

The c u r r e n t  development work i n c l u d e s  MORSE-DOT c o u p l i n g  and t h e  o p t i -  

mum shaping  of s h i e l d s  which i s  a rudimentary form of mul t id imens iona l  

o p t i m i z a t i o n .  The v e r i f i c a t i o n  of t h e  s h i e l d  d e s i g n  and a n a l y s i s  methods 

i s  e f f e c t e d  through comparison w i t h  i n t e g r a l  exper iments .  Two t y p e s  of  

i n t e g r a l  exper iments  have been performed at t h e  ORNL Tower S h i e l d i n g  

F a c i l i t y .  I n  t h e  f i rs t  t y p e  of Experiment t h e  measurements a r e  oE a b s o l u t e  
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gamma-ray pulse-he ight  s p e c t r a  produced from t h i n  s l a b s  which are  exposed 

t o  a f i l t e r e d  n e u t r o n  beam. I n  comparison w i t h  t h i s  exper iment ,  t h e  cal-  

c u l a t i o n  of t r a n s p o r t  e f f e c t s  i s  minimized and t h e  emphasis is  p l a c e d  on 

t h e  c a l c u l a t i o n  of t h e  p r o d u c t i o n  of secondary gamma r a y s .  596  

The second type  o f  experiment  i s  more p r o t o t y p i c a l  i n  t h a t  a b s o l u t e  

n e u t r o n  and gamma-ray s p e c t r a  t r a n s m i t t e d  from s l a b  s h i e l d s  p l a c e d  a d j a -  

c e n t  t o  t h e  TSF-SNAP r e a c t o r  are compared. These comparisons test t h e  

t r a n s p o r t  c a l c u l a t i o n  o f  n e u t r o n s  and gamma r a y s ,  as w e l l  as t h e  product ion  

of secondary gamma r a y s .  I n  t h e  comparison w i t h  i n t e g r a l  exper iments ,  i t  

w a s  soon v e r i f i e d  t h a t  t h e  a v a i l a b l e  c r o s s - s e c t i o n  d a t a  f o r  product ion  of 

secondary gamma r a y s  w e r e  g r o s s l y  i n a d e q u a t e  f o r  most materials.  T h i s  

s i t u a t i o n  h a s  now been g r e a t l y  improved i n  t h a t  d a t a  f o r  product ion  of 

secondary gamma r a y s  from n e u t r o n  c a p t u r e  as a f u n c t i o n  of n e u t r o n  energy 

have been produced by u s e  of  n u c l e a r  model t h e o r y  

ments f o r  tungsten '  and uranium. '' C u r r e n t  work is  d i r e c t e d  toward t h e  

v e r i f i c a t i o n  and improvement of d a t a  f o r  secondary gamma-ray p r o d u c t i o n  

due t o  neut ron  i n e l a s t i c  s c a t t e r i n g .  

and by measure- 

As t h e  t e c h n i q u e s  developed i n  t h e  b a s i c  technology program have 

become e s t a b l i s h e d ,  t h e y  have been i n c o r p o r a t e d  i n  an  optimum-shield- 

d e s i g n  procedure  which i s  e x e r c i s e d  and demonstrated through d e t a i l e d  

s h i e l d  d e s i g n  s t u d i e s .  Several s t u d i e s  have been performed i n  which t h e  

r e a c t o r  t y p e  and power and t h e  r a d i a t i o n  d o s e  c o n s t r a i n t s  are s p e c i f i e d  

and an  opt imized s h i e l d  i s  designed." 

n i q u e s  f o r  s h i e l d  d e s i g n  are b e i n g  r a p i d l y  improved. 

Through t h e s e  e f f o r t s ,  t h e  tech-  

Also of i n t e r e s t  are parametric o p t i m i z a t i o n  s t u d i e s  i n  which t h e  

e f f e c t  of r e a c t o r  s i z e ,  t y p e  and power and t h e  r a d i a t i o n  d o s e  c o n s t r a i n t s  
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on t h e  optimum s h i e l d  c o n f i g u r a t i o n  and weight  have been s t u d i e d .  These 

s t u d i e s ,  o f  c o u r s e ,  i n c o r p o r a t e  c o n s i d e r a b l e  s i m p l i f i c a t i o n  o f  t h e  geometry 

as compared t o  t h e  more d e t a i l e d  d e s i g n  s t u d i e s  f o r  a s p e c i f i c  c o n f i g u r a t i o n .  

Other  papers  by t h e  OKNL, group a t  t h i s  meet ing w i l l  cover ,  i n  more 

1 2  d e t a i l ,  t h e  i n t e g r a l  experiments  f o r  secondary gamma-ray d a t a  t e s t i n g ,  

t h e  u s e  of coupled MORSE Monte C a r l o  and DOT c a l c u l a t i o n s  €or  three-dimen- 

s i o n a l  problems, ’’”‘ and t h e  d e s i g n  of opt imized shaped asymmetric !+TI 

s h i e l d s .  l5 I n  t h i s  paper ,  t h e  s t a t u s  of t h e  c a l c u l a t i o n a l  comparisons 

w i t h  t h e  TSF-SNAP i n t e g r a l  experiments  w i l l  be  summarized. 

The s o u r c e  f o r  t h e s e  experiments  i s  t h e  TSF-SNAP r e a c t o r  shown b e f o r e  

assembly i n  F i g .  2 .  The r e a c t o r  is  a modif ied SNM-2 which w a s  des igned  

and c o n s t r u c t e d  by Atom.i.cs I n t e r n a t i o n a l . .  The p r e s s u r e  v e s s e l  shown on 

t h e  l e f t  i s  9 i n .  i n  d i a m e t e r ,  16 i n .  l o n g ,  and c o n t a i n s  t h e  uranium- 

zirconium-hydride f u e l  i n  36 rods  w i t h  a c e n t r a l  s t a i n l e s s - s t e e l  rod con- 

t a i n i n g  a sma l .1  quant i . ty  of boron c a r b i d e .  The r e a c t o r  i s  r e f l e c t e d  

r a d i a l l y  by b e r y l l i u m  and h a s  f o u r  r e f l e c t o r  c o n t r o l  vanes .  The c o o l a n t  

i s  N a K  and t h e  h e a t  i s  removed by n a t u r a l  c i r c u l a t i o n  to a NaK-to-ai.r 

h e a t  exchanger above t h e  r e a c t o r .  I n  t h e  d r y  c r i t i c a l .  r u n s  d u r i n g  t h e  

s t a r t  o f  t h e  r e a c t o r ,  t h e  i n t e r n a l  power d i s t r i b u t i o n  w a s  measured by 

gamma-ray s c a n s  of  t h e  f u e l  e lements  by coppe r ,  uranium, and g o l d  f o i l  

a c t i v a t i o n  and by a c t i v a t i o n  of copper s t r i p s .  Comparisons of t h e  power 

d i s t r i b u t i o n  in t roduced  from t h e s e  measurements w i t h  0%-Monte C a r l o  

c a l c u l a t i o n s  and DOT d i s c r e t e  o r d i n a t e s  c a l c u l a t i o n s  show v e r y  good agree- 

ment f o r  t h e  r a d i a l  and a x i a l  power d i s t r i b u t i o n s .  1 6  

A f t e r  t h e  assembly of t h e  r e a c t o r  w a s  completed and i n  i t s  f ina l .  

o p e r a t i n g  s t a g e ,  t h e  f i r s t  measurements which w e r e  made were of  t h e  n e u t r o n  
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PHOTO 85764 

Fig. 2. The TSF-SNAP Reactor P r i o r  to Assembly. 



angu la r  c u r r e n t  l e a k i n g  from t h e  bottom of t h e  assembly. 

t h e  SNAP r e a c t o r  w i thou t  t h e  h e a t  s h i e l d  suspended from i ts  boom. The 

l a r g e  c o l l i m a t o r  t a n k  c o n t a i n s  a s p e c i a l  2-in. by 2-in. s q u a r e  c o l l i m a t o r  

which was des igned  t o  view o n l y  10% of t h e  area of t h e  c o r e .  By moving 

t h e  c o l l i m a t o r  a long  t h e  t r a c k  and v a r y i n g  t h e  a n g l e  p o s i t i o n ,  several 

measurements w e r e  made of t h e  angle-dependent  neu t ron  l eakage .  Data from 

t h i s  exper iment  showed t h a t  excep t  f o r  t h o s e  measurements where t h e  c o l l i -  

mator w a s  v e r t i c a l  and viewing t h e  o u t e r  e x t r e m i t y  of t h e  c o r e  and r e f l e c t o r ,  

t h e  s p e c t r a l  shape  and i n t e n s i t y  which w e r e  measured were v e r y  s imi la r  f o r  

each  run .  Comparisons of t h e  measured a b s o l u t e  s p e c t r a  w i t h  v e r y  d e t a i l e d  

05R c a l c u l a t i o n s  showed s u b s t a n t i a l l y  good agreement. 

F igu re  3 shows 

1 7  

F i g u r e  4 shows comparison of measurements and c a l c u l a t i o n s  f o r  l a t -  

e ra l  n e u t r o n  dose  traverses below t h e  SNAP r e a c t o r .  The measurements w e r e  

made w i t h  a s m a l l  Hornyak b u t t o n ,  and t h e  c a l c u l a t i o n s  w e r e  made w i t h  t h e  

two-dimensional DOT code f o r  t h e  r e a c t o r  coupled ,  i n  one case w i t h  t h e  

SPACETRAN r a y - t r a c i n g  code t o  o b t a i n  t h e  dose  a t  t h e  s p e c i f i e d  p o i n t s ,  

and i n  t h e  o t h e r  case t h e  coup l ing  a t  a p l a n e  j u s t  below t h e  r e a c t o r  w a s  

made t o  t h e  MORSE Monte C a r l o  code which then  de termined  t h e  dose  a t  t h e  

s p e c i f i e d  p o i n t s .  The agreement between t h e  c a l c u l a t i o n s  and exper iment  

is s u r p r i s i n g l y  good. I n  t h e  DOT-SPACETRAN c o u p l i n g ,  however, some r a y  

e f f e c t s  can b e  observed  f o r  l a r g e  r a d i i  on t h e  p l a n e  c l o s e  t o  t h e  bot tom 

of t h e  r e a c t o r .  

A d d i t i o n a l  neu t ron  and gamma-ray s p e c t r a l  measurements f o r  t h e  b a r e  

r e a c t o r  are i n c l u d e d  i n  t h e  s l a b  s h i e l d  t r a n s m i s s i o n  series. The n e u t r o n  

and gamma-ray s l a b  t r a n s m i s s i o n  measurements have been performed w i t h  

l a r g e  s l a b  s h i e l d s  suppor t ed  such t h a t  they  are l o c a t e d  d i r e c t l y  under  
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Fig. 3. TSF-SNAP Reactor with NE-213 Detector Collimator Used for 

Measurement of the Angle-Dependent Neutron Leakage, 



10 

ORNL-DWG 70-366 
40-43 I I I I I I 

P r o f i l e s  Below the SNAP Reac tor .  

I V  

0 i o  20 30 40 
RADIUS (in.) 

50 60 

F i g .  4 .  Comparison o f  C a l c u l a t e d  and Measured R a d i a l  Neutron Dose 



11 

t h e  SNAP r e a c t o r .  Measurements have been made w i t h  t h e  NE-213 f a s t - n e u t r o n  

s c i n t i l l a t o r  and t h e  sodium-iodide gamma-ray d e t e c t o r .  

F i g u r e  5 shows a l i s t  of t h e  experiments  f o r  which c a l c u l a t i o n s  have 

been performed. There are many o t h e r  e x p e r i m e n t a l  r u n s  which have been 

made b u t  n o t  y e t  c a l c u l a t e d .  From Fig.  5 you can see t h a t  neut ron  measure- 

ments and c a l c u l a t i o n s  have been performed fo r  t h e  b a r e  r e a c t o r ,  and 

l i t h i u m - h y d r i d e ,  d e p l e t e d  uranium, l e a d ,  t u n g s t e n  powder, heavimet a l l o y ,  

and l a m i n a t e d  l i t h i u m - h y d r i d e  lead-uranium s l a b s .  More d i f f i c u l t  gamma- 

r a y  measurements and c a l c u l a t i o n s  have been performed f o r  the b a r e  r e a c t o r ,  

and l e a d ,  d e p l e t e d  uranium, heavimet a l l o y ,  t u n g s t e n  powder, and laminated 

l i t h i u m - h y d r i d e  and uranium s l a b s .  

F i g u r e  6 shows a scale drawing of t h e  geometr ic  c o n f i g u r a t i o n  f o r  t h e  

f a s t - n e u t r o n  s p e c t r a l  mc:asurements. The NE-213 d e t e c t o r  i s  l o c a t e d  deep i n  

a room benea th  t h e  c o n c r e t e  pad. The area of t h e  s l a b  which i t  v i e w s  -is 

d e f i n e d  by t h e  i n n e r  w a l l  of t h e  water tank .  I n  t h e  c a l c u l a t i o n s ,  t h e  

leakage  a n g u l a r  f l u x  from a DOT c a l c u l a t i o n  of t h e  r e a c t o r  i s  used  a s  a 

boundary s o u r c e  f o r  t h e  c a l c u l a t i o n  of the s l a b  s h i e l d .  The leakage angu- 

l a r  f l u x  from t h e  bottom of t h e  s l a b  s h i e l d  i s  t h e n  i n t e g r a t e d  w i t h  SPAGETRAN 

code t o  o b t a i n  t h e  a b s o l u t e  n e u t r o n  f l u x  a t  t h e  NE-213 d e t e c t o r .  I n  t h e  

exper iment ,  the pulse-hei  g h t  d i s t r i b u t i o n  from t h e  NE-213 i s  unfo lded  w i  t h  

t h e  FERDoR code and compared w i t h  t h e  c a l c u l a t i o n  a t  t h e  d e t e c t o r  p o i n t .  

The comparisons are always on an  a b s o l u t e  b a s i s  w i t h  t h e  r e a c t o r  power 

monitored by f o i l s  d u r i n g  each run .  

18 

F i g u r e  7 shows a comparison of experiment  w i t h  DOT-SPACETRAN c a l c u l a -  

t i o n  and Monte C a r l o  05R c a l c u l a t i o n  f o r  t h e  f a s t - n e u t r o n  s p e c t r a  f o r  t h e  

b a r e  c o r e .  The agreement is v e r y  good except  t h a t  t h e  c a l c u l a t i o n s  a r e  
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Have Been Calcu1.a t ed  . 
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Fig, 6. Experimental Configuration for Fast-Neutron Measurements. 
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somewhat h igh  

F igu re  8 

below 1-1/2 MeV. 

shows a comparison of DOT c a l c u l a t i o n  w i t h  a r e c e n t  measure- 

ment of t h e  n e u t r o n  l eakage  from t h e  b a r e  c o r e  u s i n g  t h e  Benjamin s p e c t r o -  

meter which u s e s  s p h e r i c a l  hydrogen- f i l l ed  d e t e c t o r s .  The measurements 

w e r e  made a t  approximate ly  36 i n .  below t h e  r e a c t o r  c o r e .  The c a l c u l a t i o n  

u s e s  DOT coupled w i t h  SPACETRAN i n  t h e  u s u a l  manner and t h e  agreement i n  

i n t e n s i t y  is q u i t e  good excep t  t h a t  t h e  c a l c u l a t i o n  i s  somewhat h igh  

between 600 keV and 1-1/2 MeV. 

NE-213 measurements t o  t h e  hydrogen coun te r  l o c a t i o n .  T h e  agreement between 

t h e  NE-213 spec t romete r  and t h e  Benjamin spec t romete r  i n  t h e  ove r l ap  energy  

range  is  e x c e l l e n t .  

Also shown i s  t h e  r e s u l t  of s c a l i n g  t h e  

F igu re  9 shows a comparison of measurement w i t h  DOT and 05R c a l c u l a -  

t i o n s  f o r  a lZ - in . - th i ck  s l a b  of l i t h i u m  hydr ide .  The o v e r a l l  agreement 

is v e r y  good; however, t h e  c a l c u l a t i o n s  a r e  somewhat h igh  below 2 MeV and 

somewhat low a t  t h e  h ighe r  e n e r g i e s .  The mul t igroup l i t h i u m  c r o s s  set-tions 

used i n  t h e  DOT c a l c u l a t i o n  w e r e  p rocessed  p r i o r  t o  t h e  a v a i l a b i l i t y  of 

l i t h i u m  i n  t h e  ENDF/B l i b r a r y  b u t  used t h e  same d a t a  as used  f o r  t h e  ENDF 

e v a l u a t i o n .  It is impor t an t  t h a t  a l l  of t h e  neutron-producing r e a c t i o n s  

i n  l i t h i u m  be t r e a t e d  i n  o r d e r  t o  o b t a i n  r easonab ly  good agreement .  

t h i s  mul t igroup set ,  t he  secondary neu t ron  d i s t r i b u t i o n s  from t h e  n o n e l a s t i c  

r e a c t i o n s  a r e  assumed t o  be i s o t r o p i c  i n  t h e  l a b o r a t o r y  system. However, 

i n  t h e  Monte Car lo  c a l c u l a t i o n  t h e  angu la r  d i s t r i b u t i o n s  of t h e  secondary 

neu t rons  a r e  t r e a t e d  e x p l i c i t l y .  P rev ious  comparisons i n  one-dimensional 

sphe re  geometry between 0 5 R  and mul t igroup A N I S N  c a l c u l a t i o n s  have shawn 

e x c e l l e n t  agreement i n  l i t h i u m  hydr ide  t o  a dep th  of 90 e m .  

I n  
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F i g u r e  10 shows comparison of experiment  and DOT c a l c u l a t i o n  f o r  t h e  

f a s t - n e u t r o n  s p e c t r a  t r a n s m i t t e d  through a 2- in .  s l a b  of heavimet a l l o y .  

The agreement f o r  t h i s  case i s  t h e  b e s t  f o r  any of t h e  metal. s l a b s  which 

have heen c a l c u l a t e d .  For l e a d ,  t h e  c a l c u l a t e d  s p e c t r a  are c o n s i s t e n t l y  

15% low, and for uranium a t  l a r g e  s l a b  t h i c k n e s s e s  t h e  c a l - c u l a t i o n s  are a 

f a c t o r  of 2 t o  2-112 low. T h i s  r e s u l t  f o r  uranium is  anomolous s i n c e  

comparisons of DOT c a l c u l a t i o n s  w i t h  experiment  u s i n g  t h e  same slabs i n  a 

beam s o u r c e  geometry have p r e v i o u s l y  shown good agreement: when t h e  f i s s i o n  

m u l t i p l i c a t i o n  i n  t h e  s l a b  is  t r e a t e d .  '(pa 144)  Experiments are c u r r e n t l y  

i n  p r o g r e s s  t o  a t rempt  t o  de te rmine  t h e  r e a s o n  f o r  t h i s  disagreement  i.n 

t h i s  case. 

F i g u r e  11 shows a s c a l e  drawing of  t h e  geometry f o r  t h e  gamma-ray 

measurements and c a l c u l a t i o n s .  T h e  5- in .  sodium i o d i d e  d e t e c t o r  i s  a l s o  

l o c a t e d  deep i n  t h e  room benea th  t h e  c o n c r e t e  pad. I n  t h e  gamma-ray 

measurements a 10-in.  t h i c k n e s s  of b o r a t e d  p o l y e t h y l e n e  i s  i n  t h e  beam a t  

a l l  t i m e s  t o  reduce  t h e  n e u t r o n  background i n  t h e  d e t e c t o r .  

C a l c u l a t i o n s  have been performed w i t h  QO'r u s i n g  a 27-neutron group, 

60-gamma-ray group coupled l i b r a r y .  Some of t h e  c a l c u l a t i o n s  use t h e  

a n g u l a r  f l u x  d i s t r i b u t - L o n  benea th  t h e  r e a c t o r  as a f i x e d  boundary s o u r c e  

f o r  t h e  s l a b  s h i e l d  c a l c u l a t i . o n s .  Tn o t h e r  c a s e s ,  i t  h a s  been n e c e s s a r y  

t o  c a l c u l a t e  t h e  r e a c t o r  and s h i e l d  as a s i n g l e  u n i t  and i n c l u d e  t h e  e f f e c t  

of  t h e  s h i e l d  on t h e  power d i s t r i b u t i o n  i n  t h e  r e a c t o r .  The a n g u l a r  f l u x  

froin t h e  lower s u r f a c e  of t h e  s h i e l d  is i n t e g r a t e d  w i t h  t h e  SPACETUN code 

t o  de te rmine  t h e  f l u x  a t  t h e  d e t e c t o r  i n c o r p o r a t i n g  t h e  u n c o l l i d e d  f l u x  

a t t e n u a t i o n  of t h e  b o r a t e d  polyethyl-ene.  The gamma-ray f l u x  inc ident :  on 

t h e  d e t e c t o r  i s  f o l d e d  w i t h  t h e  d e t e c t o r  r e s p o n s e  funct i .on s o  t h a t  t h e  
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c a l c u l a t e d  pulse-he ight  d i s t r i b u t i o n  i s  compared d i r e c t l y  w i t h  the 

measur emen t . 
Figure  1 2  shows t h e  comparison of c a l c u l a t e d  and measured a b s o l u t e  

p u l s e - h e i g h t  d i s t r i b u t i o n  f o r  t h e  b a r e  c o r e .  The agreement below 4 - 1 / 2  

MeV i s  e x c e l l e n t .  

f a c t o r  of 2 .  This  disagreement  i s  a t  p r e s e n t  b e l i e v e d  t o  be  due t o  e p i -  

thermal  c a p t u r e  i n  s t r u c t u r a l  materials i n  t h e  r e a c t o r  which a r e  n o t  

a d e q u a t e l y  d e s c r i b e d .  A comparison of d o s e  o r  t o t a l  energy  f l u x  would 

a g r e e  v e r y  w e l l  s i n c e  t h e  i n t e n s i t y  is much g r e a t e r  a t  t h e  lower e n e r g i e s .  

Above 4-1/2 M e V ,  t h e  experiment  i s  h igh  by a lmost  a 

F i g u r e  13 shows a comparison f o r  experiment  and c a l c u l a t i o n  of t h e  

a b s o l u t e  pulse-he ight  s p e c t r a  f o r  a 2-in.  s l a b  of heavimet  p l a c e d  d i r e c t l y  

under t h e  SNAP r e a c t o r .  Over most of t h e  energy  range t h e  c a l c u l a t i o n  i s  

20-25% low. A t  t h e  h i g h e r  e n e r g i e s  above 7 MeV,  t h e  c a l c u l a t i o n  is  a 

f a c t o r  of 2 low. However, the i n t e g r a l  energy  f l u x  of t h e  c a l c u l a t i o n  

and experiment  a g r e e s  t o  w i t h i n  15% due t o  t h e  f a c t  t h a t  t h e  c a l c u l a t i o n  

a g r e e s  b e s t  w i t h  t h e  experiment  below 2 MeV where t h e  i n t e n s i t y  i s  t h e  

h i g h e s t .  T h i s  i s  t h e  b e s t  comparison f o r  any of t h e  m e t a l  s l a b s .  

The secondary gamma-ray p r o d u c t i o n  matrix used i n  t h i s  c a l c u l a t i o n ,  

which i n c l u d e d  energy-dependent y i e l d s  o r  e p i t h e r m a l  c a p t u r e ,  h a s  been 

checked w i t h  t h e  TSR-2 secondary gamma-ray experiment  and shown t o  g i v e  

s u b s t a n t i a l l y  good r e s u l t s .  20 

For  t h e  o t h e r  gamma-ray s h i e l d s  t h e  s i t u a t i o n  i s  n o t  n e a r l y  s o  good. 

For l e a d ,  t h e  TSR-2 gamma-ray exper iments  have shown t h a t  the secondary 

gamma-ray p r o d u c t i o n  d a t a  f o r  n e u t r o n  i n e l a s t i c  s c a t t e r i n g  i s  e n t i r e l y  

inadequate .  For uranium, t h e  comparisons of  c a l c u l a t i o n  and measurements 

f o r  t h e  SNAP r e a c t o r  exper iments  show t h a t  t h e  c a l c u l a t i o n s  are l o w  by 
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about  a f a c t o r  of 2 .  This  disagreement  may b e  re la ted t o  the anomaly i n  

t h e  n e u t r o n  s p e c t r a l  comparisons s i n c e  t h e  TSR-2 gamma-ray experiment  

shows good agreement f o r  238U f o i l s .  

I n  c o n c l u s i o n ,  t h e  comparisons and c a l c u l a t i o n s  w i t h  t h e  TSF-SNAP 

experiments  have shown t h a t  t h e  t r a n s p o r t  codes can a c c u r a t e l y  p r e d i c t  t h e  

n e u t r o n  and gamma-ray r a d i a t i o n  from t h e  b a r e  r e a c t o r .  Also ,  t h e  p r e d i c -  

t i o n  of n e u t r o n  t r a n s m i s s i o n  through s h i e l d  s l a b s  of l i t h i u m  h y d r i d e  , l e a d  , 

and t u n g s t e n  are a d e q u a t e l y  c a l c u l a t e d .  For secondary gamma-ray compari- 

s o n s ,  t h e  p r e s e n t  s t a t u s  i s  n o t  s a t i s f a c t o r y  i n  t h a t  r e l a t i v e l y  good agree-  

ment i s  o n l y  o b t a i n e d  f o r  t h e  heavimet a l l o y  and t u n g s t e n  powder a s s e m b l i e s .  

The work p r e s e n t l y  i n  p r o g r e s s  may soon r e s o l v e  t h e  d i f f i c u l t i e s  

exper ienced  i n  n e u t r o n  and gamma-ray compari.sons fa r  d e p l e t e d  uranium s l a b s ,  

and t h e  disagreement  f o r  l e a d  c o n s t i t u t e s  a low p r i o r i t y  problem i n  t l i a t  

l e a d  has  been r u l e d  a u t  as a l i k e l y  c a n d i d a t e  m a t e r i a l  i n  a n  a c t u a l  SNAP 

s h i e l d  * 

F u t u r e  experiments  u s i n g  t h e  ‘CSF-SNM reactar w i l l  b e  f o r  t h e  v e r i f i -  

c a t i o n  of s h i e l d  o p t i m i z a t i o n  by comparing measured and c a l c u l a t e d  d o s e  

d e r i v a t i v e s  and f o r  v e r i f i c a t i o n  of sh ie ld-shaping  procedures ,  
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