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THERMAL NEUTRON RADIOGRAPHY 

WITH THE PLUTONIUM RECYCLE CRIT ICAL  F A C I L I T Y  

J.  L .  Cason ,  K. S .  M a i w a l d  a n d  E .  P. L i p p i n c o t t  

ABSTRACT 

The f e a s i b i l i t y  o f  u s i n g  t h e  PRCF (Plutonium Recycle 

C r i t i c a l  F a c i l i t y )  f o r  thermal  neu t ron  rad iography  has  been 

demonst ra ted .  R e s u l t s  i n c l u d e  f l u x  measurements and neu t ron  

r ad iog raphs  w i t h  bo th  d i r e c t  and i n d i r e c t  t e chn iques .  The 

PRCF was modif ied  on a  temporary b a s i s  t o  p rov ide  an i n t e r n a l  

and e x t e r n a l  beam o f  n e u t r o n s .  Experiments were performed 

under bo th  c o n d i t i o n s  which proved t h e  f e a s i b i l i t y  of  producing 

h igh  q u a l i t y  neu t ron  r ad iog raphs  of  v a r i o u s  samples and t e s t  

p i e c e s .  Recommendations and conc lu s ions  r ega rd ing  p o s s i b l e  

approaches f o r  permanent m o d i f i c a t i o n  of  PRCF a r e  p r e s e n t e d .  
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THERMAL NEUTRON R A D I O G R A P H Y  

WITH THE PLUTONIUM RECYCLE CRITICAL FACIL ITY  

J .  L .  Cason,  K .  S .  M a i w a l d  a n d  E .  P .  L i p p i n c o t t  

SUMMARY 

The PRCF (Plu tonium Recycle  C r i t i c a l  F a c i l i t y )  h a s  been  

e v a l u a t e d  a s  a  f a c i l i t y  f o r  pe r fo rming  t h e r m a l  n e u t r o n  r a d i o -  

graphy.  The f l u x  measurements and r a d i o g r a p h i c  r e s u l t s  i n d i -  

c a t e  t h a t  i t  i s  w e l l  s u i t e d  f o r  pe r fo rming  h i g h  q u a l i t y  n e u t r o n  

rad iography .  

The s t u d y  i n c l u d e d  a n  e v a l u a t i o n  of  e x t e r n a l  and i n t e r n a l  

n e u t r o n  beam c a p a b i l i t i e s .  Requirements  i n c l u d e d  o b t a i n i n g  a  

r e a s o n a b l e  the rmal  f l u x  ( > l o 4  nv) a t  t h e  o b j e c t  p o s i t i o n  w i t h  

t h e  d e g r e e  o f  c o l l i m a t i o n  needed f o r  n e u t r o n  r a d i o g r a p h y .  

These two b a s i c  f a c t o r s  i n s u r e  t h e  p r o d u c t i o n  of  h i g h  r e s o l u -  

t i o n  n e u t r o n  r a d i o g r a p h s  i n  a  r e a s o n a b l e  p e r i o d  o f  t ime .  

The permanent m o d i f i c a t i o n  o f  such  a  f a c i l i t y  would a i d  

i n  s u p p o r t i n g  n o n d e s t r u c t i v e  t e s t i n g  (NDT)  e f f o r t  f o r  t h e  AEC 

a t  t h e  Hanford Complex. Some a r e a s  o f  s u p p o r t  would i n c l u d e  

q u a l i t y  a s s u r a n c e  through n e u t r o n  r a d i o g r a p h y  of p r e -  and p o s t -  

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

a s s e m b l i e s .  

As a  n o n d e s t r u c t i v e  t e s t i n g  method, n e u t r o n  r a d i o g r a p h y  

w i l l  s e r v e  a s  a  complementary t e s t  t o  X and gamma r a d i o g r a p h y .  

I n  o t h e r  a r e a s  ( e . g . ,  i r r a d i a t e d  o b j e c t s )  n e u t r o n  r a d i o g r a p h y  

w i l l  be  t h e  on ly  a c c e p t a b l e  method f o r  r a d i o g r a p h i c  examina t ion .  



D I S C U S S I O N  

N E U T R O N  R A D I O G R A P H Y  

Neutron rad iography  l i k e  X o r  gamma rad iography  p rov ide s  

i n t e r n a l  i n t e r r o g a t i o n  of an o b j e c t  w i t h  p e n e t r a t i n g  r a d i a t i o n .  

The image of  t h e  a t t e n u a t e d  r a d i a t i o n  i s  recorded  and p rov ide s  

t h e  needed i n fo rma t ion  f o r  o b j e c t  e v a l u a t i o n .  Image c h a r a c t e r -  

i s t i c s  depend upon c o l l i m a t i o n  of i n c i d e n t  n e u t r o n s ,  energy 

s t a t e  and d i s t r i b u t i o n  of  n e u t r o n s ,  r a d i a t i o n  a t t e n u a t i o n  i n  

t h e  o b j e c t  and t h e  imaging method. When comparing neu t ron  t o  

X o r  gamma r ad iog raphy ,  emphasis i s  p l aced  on t h e  d i f f e r e n c e  i n  

t h e  n a t u r e  of  r a d i a t i o n  a t t e n u a t i o n .  This  b a s i c  d i f f e r e n c e  

makes neu t ron  rad iography  a  unique and u s e f u l  t e chn ique .  The 

r e l a t i v e  d i f f e r e n c e s  f o r  r a d i a t i o n  a t t e n u a t i o n  c o e f f i c i e n t s ,  

mass a b s o r p t i o n  and neu t ron  a b s o r p t i o n  s c a t t e r i n g  f o r  X-ray and 

the rmal  neu t rons  a r e  g iven  i n  F igu re  1. The h igh  s c a t t e r  o f  

neu t rons  by l i g h t  e lements  seems t o  be p a r t i c u l a r l y  advantageous 

a s  i s  t h e  a b i l i t y  t o  d i s c r i m i n a t e  between m a t e r i a l s  which have 

s i m i l a r  X-ray a b s o r p t i o n  c o e f f i c i e n t s .  I t  shou ld  b e  no t ed  t h a t  

t h e  random d i s t r i b u t i o n  o f  n e u t r o n  a b s o r p t i o n  f o r  t h e  e lements  

i s  found p r i m a r i l y  f o r  thermal  n e u t r o n s .  The c r o s s - s e c t i o n a l  

d i f f e r e n c e s  f o r  f a s t  neu t rons  t end  t o  d imin i sh ,  making t h e  u se  

of h i g h  energy neu t rons  l e s s  d e s i r a b l e  f o r  g e n e r a l  r a d i o g r a p h i c  

purposes .  Genera l  examples of neu t ron  r a d i o g r a p h i c  u s e s  a r e  

g iven  i n  Tab le  1. 

I M A G I N G  N E U T R O N S  

The t e chn iques  employed t o  image neu t rons  a r e  b a s i c a l l y  

d i f f e r e n t  from t h o s e  used t o  image X o r  gamma r a y s .  X-rays can 

be  imaged d i r e c t l y  w i t h  a  p i e c e  of  f i l m .  A t  p r e s e n t  t h e r e  i s  

no "f i lm" t h a t  images neu t rons  d i r e c t l y ;  hence ,  neu t rons  must 

be conver ted  t o  a  t ype  of r a d i a t i o n  t h a t  i s  e a s i l y  imaged. To 

c o n v e r t  an a t t e n u a t e d  neu t ron  beam t o  a  type  of r a d i a t i o n  t h a t  

i s  d e t e c t a b l e  on f i l m ,  a  c o n v e r t e r  m a t e r i a l  must be used .  A 
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FIGURE 1. Comparison of Thermal Neutrons and X-Rays 
Absorpt ion f o r  Various Elements 

few of t h e s e  m a t e r i a l s  a r e  l i s t e d  i n  Table 2 and emit e i t h e r  

prompt o r  delayed r a d i a t i o n .  The use  of prompt and delayed 

e m i t t e r  m a t e r i a l s  r e s u l t s  i n  d i r e c t  and i n d i r e c t  ( t r a n s f e r )  

neu t ron  r ad iog raph ic  t echniques ,  r e s p e c t i v e l y .  These two 

ca se s  a r e  i l l u s t r a t e d  i n  Figure  2 .  Both techniques  were 

u t i l i z e d  i n  t h e  e v a l u a t i o n  of t h e  PRCF. 



TABLE 1. General Examples of Neutron Radiography Uses 

Ob j ect Requirement 

General 

Radioactive Heat Sources Weld Evaluation 
Element Continuity 
Proper Material Constituents 

Biological Studies Tumor Location 
Thin Tissue Studies 

Plastic Materials Flaws 
Density Evaluation 

Physics and Chemistry Inter-Metallic Diffusion 
Basics Processes 

Gaseous - Metal Diffusion 
Characteristics 

Reactor Technoloev 

Control Rods 

Fuel Elements 

Shielding Materials 

Homogeneity 
Continuity 
Poison Levels 
Inclusions and Voids 

Homogeneity and Enrichment 
Continuity 
Poison Levels 
Inclus ions and Voids 

~ o m o ~ e n e i t ~  
Continuity 
Inclusions and Voids 

Rocket and Missile Technology 

Rocket Fuel Crack or Fissures 

Rubber Tubing Continuity 

Organic Gaskets Voids 

Explosive Devices Inclusions 

Electronic Components Material Definition 



TABLE 2. Characteristics of Several Neutron Converter Materials 

Material 

Lithium 

Boron 

Rhodium 

Silver 

Cadmium 

Indium 

Samarium 

Gadolinium 

Dysprosium 

Gold 

Isotope 
Involved 

in Reaction 

Lithium- 6 

Boron-10 

Rhodium-103 

Relative 
Natural 

Abundance, 

Cross-Section 
for Reaction 
(thermal neu- 
trons, velocity 
= 2,200 m/sec) , 

barns Reaction 

3 6~i(n,a) H 
1°~(n,a) 7 ~ i  

l o 3 ~ h  (n) 104m~h 
103 ~h (n) l o 4 ~ h  

lo 7 ~ g  (n) O 8 ~ g  
109 Ag (n) llornAg 

109 ~g (n) "OA~ 

113~d(n,y)114~d 
115 In (n) 116m~n 

'151n(n)'161n 

149~m(n,y)150~m 

152~m(n) 1 5 3 ~ m  

1 5 5 ~ d  (n,~)'~~Gd 

157~d(n,y)158~d 
164 Dy (n) 5 m ~ y  

164~y (n)165~y 

197~~(n)198~u 

D I R E C T  E X P O S U R E  M E T H O D  

OBJECT'  \ 
I M A G E  S C R E E N  

a 

T R A N S F E R  E X P O S U R E  M E T H O D  

N E U T R O N  C A M E R A  / 
O B J E C T  

b .  

C O N V E R T E R  I M A G E  S C R E E N  
1 

Half -Life 
s = sec 
m = min 
h = hours 
d = days 

FIGURE 2. Direct and Transfer Exposure Methods 
for Neutron Radiography 
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F E A S I B I L I T Y  E X P E R I M E N T S  P R C F  

A P P A R A T U S  

The PRCF i s  an e x p e r i m e n t a l  r e a c t o r  des igned  t o  o p e r a t e  

a t  maximum power l e v e l s  of 10  kW w i t h  p lu ton ium o r  uranium 

f u e l s  and e i t h e r  heavy o r  l i g h t  w a t e r  modera to r s .  The r e a c t o r  

i s  a l s o  d e s i g n e d  s o  t h a t  a  f u e l  e lement  which h a s  been  i r r a d i -  

a t e d  i n  a  power r e a c t o r  can  be t r a n s f e r r e d  t o  t h e  PRCF f o r  

r e a c t o r  n e u t r o n i c  measurements .  

A l i g h t - w a t e r  moderated r e a c t o r  c o r e  made up of  U02-Pu02 

f u e l  r o d s  was used  f o r  t h e  r a d i o g r a p h y  s t u d i e s .  A cutaway view 

of  t h e  r e a c t o r  and t h e  c e l l  i n  which i t  i s  l o c a t e d  i s  shown i n  

F i g u r e  3 .  

The PRCF was modi f i ed  on a  temporary  b a s i s  t o  p r o v i d e  an 

i n t e r n a l  beam ( F i g u r e s  4-6)  f o r  i n d i r e c t  r a d i o g r a p h y  and two 

e x t e r n a l  beams ( F i g u r e s  7-11) f o r  d i r e c t  r a d i o g r a p h y .  

The c o l l i m a t o r s  used  were 4 - i n .  d i a m e t e r  aluminum t u b e s  

(0.050 i n .  t h i c k )  wrapped w i t h  0.040 i n .  of s h e e t  cadmium. 

The e x t e r n a l  beam t u b e  was evacua ted  t o  r educe  n e u t r o n  s c a t t e r  

and p r o v i d e  b e t t e r  image r e s o l u t i o n .  The l e n g t h  of  t h e  i n t e r -  

n a l  beam t u b e  was 60 i n .  g i v i n g  a  R/d of 1 5 : l .  The e x t e r n a l  

beam (Case 1 )  was approx imate ly  210 i n .  long  g i v i n g  a  R/d of  

a p p r o x i m a t e l y  53: 1. 

The i n t e r n a l  beam ar rangement  i l l u s t r a t e d  i n  F i g u r e  4 i s  

shown i n  pho tographs  i n  F i g u r e s  5  and 6 .  I n  F i g u r e  5 t h e  

c o l l i m a t o r  i s  shown a t  t h e  n e u t r o n  i n p u t  (a )  d i r e c t l y  above 

t h e  g r i d  p l a t e  on t o p  of t h e  f u e l .  I n  F i g u r e  6 t h e  e x i t  end 

(b)  o f  t h e  c o l l i m a t o r  i s  p i c t u r e d  above t h e  s u p p o r t  p l a t e  f o r  

t h e  c o n t r o l  r o d s .  

The e x t e r n a l  beam a r rangement ,  F i g u r e  7 ,  i s  shown i n  

pho tographs  i n  F i g u r e s  8 ,  9 and 1 0 .  The beam e x t r a c t i o n  from 

t h e  t o p  p l a t e  which s u p p o r t s  t h e  c o n t r o l  rods  i s  shown a s  ( a )  



FIGURE 3 .  PRCF C e l l  
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F I G U R E  4. I n t e r n a l  Beam Collimator 
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F I G U R E  5. P R C F  I n t e r n a l  B e a m  - V i e w  A 
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FIGURE 9. PRCF External Beam - View B 
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FIGURE 11. PRCF External Beam - Divergent 



i n  F i g u r e  8 .  The beam e x t r a c t i o n  t u b e  i s  shown i n  F i g u r e  9 a s  

it p a s s e s  th rough  t h e  t o p  o f  t h e  PRCF c e l l  (b)  t o  t h e  f l o o r  

above ,  p i c t u r e d  i n  F i g u r e  1 0 .  The e x i t  end of  t h e  beam ( c ) ,  

t h e  b i o l o g i c a l  s h i e l d i n g  ( d ) ,  t h e  vacuum hookup f o r  t h e  

c o l l i m a t o r  ( e ) ,  and a  n e u t r o n  d e t e c t i n g  i n s t r u m e n t  ( f )  a r e  

shown i n  F i g u r e  1 0 .  

Case 2 was f o r  an  a i r  gap between t h e  i n t e r n a l  beam e x i t  

t o  t h e  f l o o r  p l u g  ( a  d i s t a n c e  of  144 i n . ) .  I n  t h i s  c a s e  no 

t u b e  was used  and an e v a l u a t i o n  o f  t h e  c u t t i n g  o f  a n o t h e r  f l o o r  

p l u g  f o r  an  a d d i t i o n a l  beam was de te rmined  f e a s i b l e .  A r e l a -  

t i v e  v a l u e  f o r  t h e  c o l l i m a t i o n  can  b e  de te rmined  by assuming 

( i n  F i g u r e  11 )  t h a t  t h e  lower s i d e  o f  t h e  f l o o r  s h i e l d  p l u g  ( a )  

was t h e  s o u r c e ;  t h u s ,  i n  e f f e c t ,  p r o d u c i n g  a  d i v e r g e n t  beam 

w i t h  a  7 : l  R/d. However, t h e  g e o m e t r i c a l  r e s o l u t i o n  c a p a b i l i t i e s  

of  t h e  beam i n d i c a t e  t h a t  t h e  c o l l i m a t o r  i s  much b e t t e r  t h a n  

would be  e x p e c t e d  w i t h  a  R/d o f  7 : l .  

E X P E R I M E N T A L  T E C H N I Q U E S  

The a b i l i t y  t o  r a d i o g r a p h i c a l l y  image o b j e c t s  i n  t h e  

p r e s e n c e  of h i g h  gamma i s  one  o f  t h e  b a s i c  r e q u i r e m e n t s  f o r  

r a d i o g r a p h y  o f  i r r a d i a t e d  o b j e c t s .  Both d i r e c t  and i n d i r e c t  

r a d i o g r a p h y  were per formed u s i n g  t h e  e x t e r n a l  beam. Because 

of  h i g h  gamma background i n  t h e  c e l l  ( > 2 0  R/hr)  d i r e c t  r a d i o g -  

raphy w i t h  t h e  i n t e r n a l  beam c o n f i g u r a t i o n  was n o t  p o s s i b l e .  

Neut ron  r a d i o g r a p h y  w i t h i n  t h e  PRCF c e l l  w i t h  t h e  t r a n s f e r  

t e c h n i q u e  demons t ra t ed  t h e  a b i l i t y  of  t h e  c o l l i m a t i o n  and image 

t e c h n i q u e  f o r  p r o d u c i n g  n e u t r o n  r a d i o g r a p h s  i n  t h e  p r e s e n c e  of 

h i g h  gamma r a d i a t i o n .  

E X P E R I M E N T A L  R E S U L T S  

The r e s u l t s  of  v a r i o u s  r a d i o g r a p h i c  t e c h n i q u e s  t h a t  were 

employed i n  t h e  e v a l u a t i o n  o f  t h e  PRCF a r e  o u t l i n e d  i n  T a b l e  3 .  

, L i s t e d  a r e :  t h e  t e c h n i q u e s ,  t h e  c o l l i m a t o r  t y p e ,  image 

c o n d i t i o n s ,  o b j e c t s  r a d i o g r a p h e d  and r a d i o g r a p h i c  r e s u l t s ,  



TABLE 3. PRCF Neutron Radiographic Techniques 

Technique 

External Collimator- 
Dysprosium indirect 

External Collimator-Dy. 
indirect 

External Collimator Gd 
direct 1 1/4 in. Pb 
filter 

External Collimator-Gd 
direct 1 1/4 in. Pb 
filter 

External Collimator-Dy 
indirect 

External Collimator In 
indirect 

External Collimator Gd 
direct 1 1/4 in. Pb filter 

External Collimator-Dy 
indirect 

External Collimator In 
indirect 

Internal Collimator Dy 
indirect 

Internal Collimator In 
indirect 

External Beam - No colli- 
mator Gd direct 
2 1/2 in. Pb filter 

External Beam - No colli- 
mator Bd direct 
1 1/4 in. Pb filter 

Internal Collimator-Dy 
indirect 

Internal Collimator-Dy 
indirect 

Object Radiographed 

T-1 Pu fuel pin 6 Cd 
shim 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

Lighter - Match book 

Lighter - Match book 

M-16 Ammunition N.R.l 
Penetrameter 

M-16 Ammunition N.R.l 
Penetrameter 

Results 

Good resolution and 
definition 

Fair definition, good 
resolution 

Processing error 

Good definition and 
resolution 

Poor definition, fair 
resolution 

Obj ects moved 

Underexposed - good 
definition 

Good definition and 
resolution 

Underexposed 

Overexposed 

Overexposed 

Fair definition and 
resolution - high gamma 

Good definition and 
resolution 

Overexposed, fair 
definition 
High scatter 

Overexposed, fair 
definition 
High scatter 



Some of t h e  t y p i c a l  r ad iographs  ob t a ined  a r e  p r e s e n t e d  i n  

F igu re s  1 2  through 15. A b r i e f  d e s c r i p t i o n  of  t h e  o b j e c t s  i s  

g iven  w i t h  each f i g u r e .  Reproduct ion of  t h e  r ad iog raphs  has  

r e s u l t e d  i n  some l o s s  i n  q u a l i t y .  Ana lys i s  u s i n g  dens i t ome te r s  

a l low more q u a n t i t a t i v e  i n t e r p r e t a t i o n s  t han  cou ld  be o b t a i n e d  

from t h e  r e p r o d u c t i o n s .  The examples a r e  moderate q u a l i t y  

neu t ron  r a d i o g r a p h s ,  a s  would be  expected  t o  r e s u l t  from f e a s i -  

b i l i t y  s t u d i e s  u s i n g  temporary exper imenta l  a r rangements .  Modi- 

f i c a t i o n s  of  a  permanent n a t u r e  would be expected  t o  produce 

r ad iog raphs  of  a  h i g h e r  degree  o f  r e s o l u t i o n .  The r e s u l t s  

demonst ra te  t h e  f e a s i b i l i t y  of u s i n g  t h e  PRCF f o r  the rmal  neu- 

t r o n  rad iography  f o r  bo th  u n i r r a d i a t e d  and i r r a d i a t e d  samples .  

Absolute  f l u x  measurements were made u s i n g  go ld  f o i l s  a t  

t h e  o b j e c t  p o s i t i o n  f o r  t h e  e x t e r n a l  beam c o n f i g u r a t i o n  

(F igure  1 0 ) .  Bare and cadmium covered f o i l s  were i r r a d i a t e d  t o  

g i v e  t h e  the rmal  and ep i t he rma l  f l u x .  Bare f o i l s  were p l aced  

a t  v a r i o u s  d i s t a n c e s  from t h e  c e n t e r  of t h e  beam t o  e s t i m a t e  

t h e  un i fo rmi ty  of  t h e  beam over  t h e  4  i n .  d iamete r .  The r e s u l t s  

i n d i c a t e  t h a t  t h e  beam i s  uni form t o  w i t h i n  l e s s  t h a n  5 % ;  v a l u e s  

of t h e  a b s o l u t e  f l u x  a r e  g iven  i n  Table  4 .  

TABLE 4. Absolute Flux Measurements at External Object Position* 

Thermal Flux 7.5 x l o 4  n / c m 2 - s e c / k ~  

Epi the rmal  Flux 1 . 2 5  x l o 4  n / cm2- sec / l e t ha rgy  unit/kW 

* A s  measured b y  go ld  f o i l .  The a c t i v a t i o n  o f  0 . 0 0 5  i n .  t h i c k  
go ld  f o i l  i s  6 0 %  b y  t hermal  n e u t r o n s  and 4 0 %  b y  e p i t h e r m a l  
n e u t r o n s .  



T-1 Pu02 Fuel Pin 

a. Natural U02 Pellet 

b. Swollen Pu02 Pellet 

c. Cadmium Test Piece 

FIGURE 1 2 .  Neutron Radiograph of T-1  Pu02 Fuel  P in  Per  
Technique A,  Table 3 



M-16 A m m u n i t i o n  

a. B o o b y - t r a p p e d  Round 
b. T r a c e r  Round 
c.  S t a n d a r d  L o a d  
d. S p e c i a l  N e u t r o n  R a d i o g r a p h i c  

Image  Qua1 i t y  I n d i c a t o r  
e. T e f l o n  

FIGURE 13. Neutron Radiograph of M- 1 6  ~mrnuni t ion Pe r  
Technique 7 ,  Table 3 



a. D e t o n a t o r  
b .  P l a s t i c  E x p l o s i v e  
c.  Cadmium T e s t  P i e c e  

FIGURE 1 4 .  Neutron Radiograph of Match Book Booby-trapped 
Per Technique 11, Table 3 

FIGURE 15. Neutron Radiograph of a Lighter  Per Technique 1 2 ,  
Table 3 
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C O N C L U S I O N S  AND R E C O M M E N D A T I O N S  

This  work shows t h a t  neu t ron  rad iography  u s i n g  t h e  PRCF 

i s  p r a c t i c a l .  The exper imenta l  arrangement was s u f f i c i e n t  f o r  

t h e  f e a s i b i l i t y  s t udy  and p rov ide s  t h e  b a s i c  i n fo rma t ion  needed 

f o r  t h e  d e s i g n  m o d i f i c a t i o n  of  t h e  PRCF a s  a  neu t ron  r a d i o -  

g r a p h i c  f a c i l i t y .  

A d e s c r i p t i o n  of a  de s ign  m o d i f i c a t i o n  of t h e  PRCF f o r  

the rmal  neu t ron  rad iography  i s  d i v i d e d  i n t o  t h r e e  b a s i c  head ings .  

The f i r s t  heading i n c l u d e s  t hose  i tems nece s sa ry  f o r  mod i f i c a -  

t i o n  of  t h e  b a s i c  components of  t h e  r e a c t o r .  These i t ems  a r e  

nece s sa ry  whether  o r  n o t  t h e  o b j e c t  t o  be rad iographed  i s  r a d i o -  

a c t i v e .  The second heading i n c l u d e s  requ i rements  f o r  p rov id ing  

rad iography  of  n o n i r r a d i a t e d  samples.  The t h i r d  heading 

i n c l u d e s  requ i rements  f o r  hand l ing  i r r a d i a t e d  samples f o r  r a d i o -  

graphy.  A l t e r n a t e  s o l u t i o n s  f o r  hand l ing  and r ad iog raph ing  

i r r a d i a t e d  samples a r e  o f f e r e d .  P r i o r  t o  making any permanent 

m o d i f i c a t i o n s ,  a  des ign  and s a f e t y  e v a l u a t i o n  would be  made. 

R E Q U I R E M E N T S  FOR M O D I F I C A T I O N  O F  B A S I C  R E A C T O R  COMPONENTS FOR 

N E U T R O N  R A D I O G R A P H Y  

A s t u d y  performed t o  de te rmine  t h e  type  of f u e l  and l oad -  

i ng  t o  maximize t h e  beam f l u x .  

a Reactor  c o r e  be a r ranged  s o  a s  t o  p rov ide  a  c e n t r a l  f l u x  

t r a p ,  the reby  i n c r e a s i n g  t h e  thermal  neu t ron  f l u x  a v a i l a b l e  

f o r  c o l l i m a t i o n  i n p u t  a t  a  g iven  power l e v e l .  

a Con t ro l  mechanisms r e l o c a t e d  o r  modif ied  t o  s i m p l i f y  a cce s s  

t o  r e a c t o r  f u e l .  

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

f u e l  e lements .  

a A remote manipu la to r  provided f o r  t r a n s f e r r i n g  f u e l  between 

s h i e l d e d  s t o r a g e  and r e a c t o r .  

A s h i e l d e d  e n c l o s u r e  be  c o n s t r u c t e d  o u t s i d e  t h e  c e l l  a t  

f l o o r  l e v e l  t h a t  would complete ly  s h i e l d  t h e  beam o u t p u t  

r e g i o n  ( i . e . ,  beam c a t c h e r ) .  Top view shown i n  F igu re  16.  
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FIGURE 16. PRCF E x t e r n a l  C e l l  M o d i f i c a t i o n s  for Radiography 
o f  U n i r r a d i a t e d  Objects 

Experiments  b e  conducted t o  d e t e r m i n e  optimum p l a c i n g  o f  

s h u t t e r  mechanism f o r  e x t e r n a l  beam c o n t r o l .  

D ive rgen t  c o l l i m a t o r s  b e  c o n s t r u c t e d  and i n s t a l l e d  i n  

p l a c e  o f  t u b e  t y p e  c o l l i m a t o r s .  T h i s  would i n c r e a s e  a r e a  

a v a i l a b l e  f o r  r a d i o g r a p h i c  i n s p e c t i o n  and would improve 

r e s o l u t i o n .  These c o l l i m a t o r s  shou ld  be  l i n e d  w i t h  a  

b o r o n- c a r b i d e  epoxy compound t o  r educe  n e u t r o n  s c a t t e r  

and gamma emiss ion  o f  c o l l i m a t o r  w a l l s ,  t h u s  improving 

t h e  t e s t  sys tem r e s o l u t i o n .  

Bismuth f i l t e r  be used  f o r  e x t e r n a l  n e u t r o n  beam f o r  

r e d u c t i o n  of  s o u r c e  gammas when u s i n g  t h e  d i r e c t  t e c h n i q u e .  

Complete f l u x  measurements be made f o r  v a r i o u s  c o l l i m a t o r  

sys tems proposed.  

Neutron r a d i o g r a p h i c  t e c h n i q u e s  and exposure  t a b l e s  be  

e s t a b l i s h e d  f o r  v a r i o u s  m a t e r i a l s  c o l l i m a t o r  and r e a c t o r  

c o n d i t i o n s  and f o r  imaging t e c h n i q u e s  a s  a  f u n c t i o n  of  

t h e  f l u x  l e v e l .  



R E Q U I R E M E N T S  FOR P R O V I D I N G  N E U T R O N  R A D I O G R A P H Y  O F  U N I R R A D I A T E D  

S A M P L E S  

The b a s i c  requ i rements  f o r  p rov id ing  an e x t e r n a l  beam of  

neu t rons  would a t  t h e  same t ime p rov ide  a  f a c i l i t y  f o r  r a d i o -  

graphy of  u n i r r a d i a t e d  samples.  

a A s h i e l d e d  e n c l o s u r e  be c o n s t r u c t e d  o u t s i d e  t h e  c e l l  a t  

f l o o r  l e v e l  t h a t  would complete ly  s h i e l d  t h e  beam e x i t  

r e g i o n  ( i . e . ,  beam c a t c h e r ) .  Top view i s  shown i n  

F igu re  16.  

Inc luded  i n  t h e  beam c a t c h e r  would be :  

a .  A s h u t t e r  dev i ce  f o r  t h e  beam 

b. A s l i d e  t r a y  o r  o t h e r  t r a n s p o r t  mechanism f o r  

manually p o s i t i o n i n g  t h e  o b j e c t  and image c a s s e t t e  

i n  t h e  beam when t h e  s h u t t e r  i s  c losed  

c .  Rad i a t i on  warning l i g h t  f o r  i n d i c a t i o n  of t h e  

s h u t t e r  p o s i t i o n  and t h e  r a d i a t i o n  c o n d i t i o n s  

w i t h i n  t h e  o b j e c t  beam a r e a .  

R E Q U I R E M E N T S  FOR H A N D L I N G  I R R A D I A T E D  M A T E R I A L S  FOR N E U T R O N  

R A D I O G R A P H Y  

One a l t e r n a t i v e  would be  t o  u s e  t h e  e x i s t i n g  c e l l  which 

houses  t h e  PRCF a s  t h e  e n c l o s u r e  f o r  hand l ing  i r r a d i a t e d  

samples ( s e e  F igu re  1 7 ) .  

The o t h e r  a l t e r n a t i v e  would be  t h e  c o n s t r u c t i o n  of a  h o t  

c e l l  f a c i l i t y  above t h e  r e a c t o r  c e l l  roof  ( c o n t r o l  room 

f l o o r )  f o r  t h e  hand l ing  of  r a d i o a c t i v e  samples ( s e e  

F igu re  1 8 ) .  

Another p o s s i b i l i t y  f o r  hand l ing  i r r a d i a t e d  f u e l s  f o r  

r ad iography  would be t h e  m o d i f i c a t i o n  of t h e  PRTR s t o r a g e  

and wa t e r  t r a n s f e r  b a s i n  t o  i n c l u d e  an underwater  beam from 

t h e  PRCF. Neutron rad iography  would then  be performed 

underwater  and a d d i t i o n a l  s h i e l d i n g  would n o t  be n e c e s s a r y .  

a The f i r s t  a l t e r n a t i v e  has  t h e  fo l l owing  advantages  and 

d i s advan t ages  : 
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F I G U R E  17. Externa l  C e l l  Mocif icat iqns f o r  Radiography 
of I r r a d i a t e d  Objects 

Advantages 

Construction of additional shielding would not be 

necessary. 

a Higher flux would be available, thus foil activation 

times for the transfer image technique would be short. 

The feasibility of this technique was not determined under 

this program; however, the merits of such a system make it 

worthy of consideration. The handling of irradiated samples 

could be accomplished using existing PRCF and PRTR basin 

equipment. 

Disadvantages 

High background of scattered neutrons within the 

cell results in neutron radiographic image degrada- 

tion. 

a Reduced source-to-object distance limits to some 

extent maximum permissible resolution. 



FIGURE 18.  I n t e r n a l  Cell Modifications f o r  Radiography 
of I r r a d i a t e d  Objects 
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Handling of i r r a d i a t e d  sample remotely w i t h i n  c e l l  

would r e q u i r e  an extremely complex manipula t ion 

system. 

I n  t h e  event  of i r r a d i a t e d  sample capsu le  f a i l u r e  

( i . e . ,  Pu f u e l )  t h e  c e l l  would become contaminated 

and i n h i b i t  any maintenance on t h e  PRCF p r i o r  t o  

c lean-up .  

e Remote viewing of sample f o r  p roper  alignment and 

p o s i t i o n  would have t o  be a  t e l e v i s i o n  monitor o r  

s i m i l a r  system. Maintenance on such a  system would 

be d i f f i c u l t  u n t i l  t h e  r e a c t o r  core  was removed 

because of t h e  h igh  background i n  t h e  c e l l  when t h e  

r e a c t o r  i s  s h u t  down. 

The second a l t e r n a t i v e  has t h e  fol lowing advantages and 

d i sadvantages  : 

Advantages 

Low background of s c a t t e r e d  neutrons  would r e s u l t  

i n  b e t t e r  r ad iog raph ic  r e s o l u t i o n .  

Handling of samples w i t h i n  e x t e r n a l  ho t  c e l l  would 

be easy because of v i s u a l  c o n t a c t  through a  ho t  c e l l  

window and l e s s  complex sample t r a n s p o r t  system. 

I n  t h e  even t  of i r r a d i a t e d  capsu l e  f a i l u r e ,  contami- 

n a t i o n  would no t  spread  t o  t h e  r e a c t o r  c e l l  and c l e a n  

up of a  smal l  h o t  c e l l  would be r e l a t i v e l y  easy.  

Increased  d i s t a n c e s  from neu t ron  source  would prov ide  

a  system wi th  i n h e r e n t l y  b e t t e r  geomet r ica l  r e s o l u t i o n .  

Disadvantages 

S u b s t a n t i a l  s h i e l d i n g  ( ~ 4  f t  t h i c k )  above t h e  PRCF 

c e l l  would have t o  be i n s t a l l e d  adding inc rea sed  f l o o r  

load .  

A cask handl ing p la t fo rm would have t o  be added t o  

manipula te  t h e  cask t o  t h e  h o t  c e l l  w a l l  f o r  t r a n s p o r t  

of t h e  r a d i o a c t i v e  o b j e c t .  
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a P o s s i b l e  r e l o c a t i o n  o f  t h e  PRCF c o n t r o l  room would b e  

n e c e s s a r y  because  of t h e  r e d u c t i o n  of a v a i l a b l e  s p a c e  

f o r  h o t  c e l l  i n s t a l l a t i o n .  
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