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THERMAL NEUTRON FLUEMCE MEASUREMENTS I N  T I E  
DOSAR F.4Cl LITY THERMAL P I L E  

~ 

J .  W. Poston, K .  W .  Crase,  and E .  M .  Robinson 

ABSTRACT 

A series of thermal neutron f luence  mea~ureinents were made 
i n  the DOSAR F a c i l i t y  thermal p i l e ,  inc luding  t h e  measurement 
of t h e  f luence  d i s t r i b u t i o n  i n  t h e  p i l e ,  e f f e c t s  of  f o i l  spacing 
upon the  f luence  measurement, and t h e  determinat ion of  t h e  cadmium 
r a t i o  (bare  gold f o i l  activity/cadmium-covered f o i l  a c t i v i t y )  a t  
s p e c i f i c  a reas  wi th in  the  p i l e .  

INTRODUCTION 

The we l l - ca l ib ra t ed  neutron f a c i l i t y  a t  t h e  Oak Ridge Graphite 

Reactor was formerly t h e  primary source of thermal neutrons a t  OKNI,, 

but  the  r e a c t o r  was shut  down i n  November 1963. Therefore ,  a thermal 

neutron f a c i l i t y  i n  t h e  form of  a g raph i t e  p i l e  was cons t ruc ted  a t  t h e  

DOSAR F a c i l i t y .  Enough reac tor -grade  g raph i t e  was a v a i l a b l e  t o  cons t ruc t  

a thermal p i l e  with a cadmium r a t i o  of approximately 200. 

The primary ob jec t ive  of  t h e s e  experiments was t o  c a l i b r a t e  t h e  

thermal neutron f a c i l i t y  so  t h a t  i n  t h e  f u t u r e ,  samples could be i r r a d i a t e d  

i n  a known t h e r m 1  neutron f luence .  In  add i t ion ,  t h e  e f f e c t s  on t h e  

f luence  o f  f o i l  spacing,  f o i l  t h i ckness  and cadmium covers were s tud ied .  

DESCRIPTION OF FACILITY 

The g raph i t e  therriial p i l e  used i n  t h i s  experiment was loca ted  i n  the  

Health Physics Research Reactor (HPRR) bu i ld ing  a t  t h e  DOSAR F a c i l i t y  

(Fig.  1 ) .  The pi l e ,  composed of var ious  lengths  o f  AGIIT reac tor -grade  

g r a p h i t e ,  i s  e s s e n t i a l l y  a 1.5-m g r a p h i t e  cube. 'The a c t u a l  dimensions 

a r e  1.52 m high,  1 .57  m wide, and 1.65 m long. There a r e  two openings 

on t h e  west face of  t he  p i l e  i n  which g raph i t e  " s t r inge r s "  o r  o the r  

sample targets  may be placed ( F i g .  2 ) .  A l a r g e  opening ( 2 0  x 10 x 185 crn) 

i s  loca ted  a t  t h e  cen te r  of t h e  p i l e  with a sma l l e r  opening (10 x 10  185 

cm) loca ted  toward t h e  rear o f  t h e  f a c i l i t y .  Leakage neutrons from t h e  

HPRR a c t  as t h e  neutron source i n  t h i s  f a c i l i t y .  The r e a c t o r  i s  remotely 

pos i t i oned  a t  a d i s t a n c e  of  3 111 from t h e  f r o n t  face  of t h e  thermal p i l e .  
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Fig. 1. Photograph o f  HPRR Showing t h e  Front  Face 
o f  the Thermal P i l e  in t h e  Background. 
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The reac tor ’  was designed f o r  h e a l t h  physics  and biomedical research  

and i s  capable of  a wide range o f  dose rates without changes i n  spectrum 

o r  geometry. I t  i s  a ba re ,  metal ,  unmoderated assembly which conta ins  

approximately 100 kg of enr iched  uranium (93.14%) a l loyed  wi th  10% by 

weight of  molybdenum. The core i s  c y l i n d r i c a l ,  20 cm i n  diameter and 2 3  

cm high.  

l e v e l s  of  10 kw o r  i n  b u r s t  mode with pu l ses  up t o  1017 f i s s i o n s  pe r  pu lse .  

A support ing framework a t t a c h e s  t h e  r e a c t o r  t o  a pos i t i on ing  device which 

allows t h e  e n t i r e  assembly t o  be  moved along t h e  c e n t e r l i n e  of  t h e  bu i ld ing  

o r  e l eva ted  t o  approximately 10 m i n  he ight  above t h e  r e a c t o r  room f l o o r .  

The r e a c t o r  may be opera ted  i n  t h e  s t e a d y - s t a t e  mode up t o  power 

COUNTING SYSTEM AND MATERIALS 

A t y p i c a l  s c i n t i l l a t i o n  counting system2 was used f o r  measuring t h e  

induced a c t i v i t y  i n  t h e  f o i l s .  

i od ide  c r y s t a l  and s u i t a b l e  e l e c t r o n i c s .  The system had been c a l i b r a t e d  

f o r  use i n  counting t h e  s tandard  0.127-mm-thick gold f o i l s  used i n  t h e  

Hurst  Threshold Detector  System. 

f o r  l i n e a r i t y ,  ga in  and response t o  a s tandard  source.  

The system used a 2 . 5 4 -  by 3.81-cm sodium 

Before use t h e  e n t i r e  system was checked 

Three g raph i t e  s t r i n g e r s  (10 x 10 x 46 cm) were f a b r i c a t e d  f o r  use i n  

t h e  experiment. 

each of  t hese  s t r i n g e r s  (Fig.  3 ) .  These holes  were 1 . 4  cm i n  diameter and 

approximately 0.318 cm deep. 

each s t r i n g e r  except one, which had holes  only on one f ace .  On each 

exposure t h e  s t r i n g e r s  were p laced  i n  t h e  openings of t h e  p i l e  with t h e  

faces  conta in ing  t h e  holes  p a r a l l e l  t o  t h e  f r o n t  f ace  of  t h e  p i l e .  Thus, 

from f r o n t  t o  back, t h e r e  were f i v e  faces  of g raph i t e  conta in ing  exposure 

holes .  

Recessed holes  were mi l l ed  on t h e  two oppos i te  faces  of  

Seventeen holes  were mi l l ed  on t h e  f aces  of  

Gold f o i l s  were t h e  only d e t e c t o r s  used and were used i n  th icknesses  

from 0.0025 t o  0.508 mm. A l l  f o i l s  were 1 cm i n  diameter and, except f o r  

t h e  0.127-mm f o i l s ,  were punched from a common punch. 

weighed on a p rec i s ion  ba lance ,  and t h e  average th i ckness  was ca l cu la t ed .  

Cadmium covers ,  0.508 mm t h i c k ,  were used t o  encase t h e  f o i l s  during t h e  

thermal f luence  determinat ions.  

These f o i l s  were 
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F i g .  3. Ske tch  of a Typical Graphite S t r i n g e r  Used 
in this Experiment. 



EXPERIMENTAL PROCEDURE 

The HPRR provides  a supply of fas t  neutrons;  an average o f  about 1 . 3  

neutrons escapes t h e  core  f o r  each f i s s i o n .  

t h e  neutrons3 i s  approximately 1 MeV, a thermal iz ing  medium must be i n t r o -  

duced t o  slow t h e  neutrons t o  thermal energy. 

medium due t o  i t s  moderating a b i l i t y ,  a v a i l a b i l i t y ,  and ease of  f a b r i c a t i o n .  

Since t h e  average energy of 

Graphi te  was chosen as t h e  

Gold f o i l s  were exposed i n  t h e  thermal p i l e  by a t t ach ing  them t o  

g r a p h i t e  s t r i n g e r s  which were i n s e r t e d  i n  t h e  p i l e .  

covered f o i l s  were used ( i n  sepa ra t e  exposures) i n  determining t h e  thermal 

neutron f luence .  A h igh - l eve l ,  s t e a d y - s t a t e  opera t ion  ( ~ 2 5  kw-min, t y p i -  

c a l l y  5 kw f o r  5 min) of  t h e  r e a c t o r  was used f o r  a l l  exposures i n  t h i s  

s e r i e s .  

Both ba re  and cadmium- 

Af ter  exposure, t h e  f o i l s  were removed from t h e  s t r i n g e r s  and t h e  

induced a c t i v i t i e s  measured with a s c i n t i l l a t i o n  counter .  Three l-min 

counts were taken on each ba re  f o i l  ( < l %  s tandard  devia t ion)  while t h e  

cadmiwn-covered f o i l s  were counted for one 10-min i n t e r v a l  ( 2  t o  6% 

s tandard  dev ia t ion ) .  Fo i l  a c t i v i t i e s  were co r rec t ed  f o r  decay, which 

i s  t h e  t ime e lapsed  s i n c e  r e a c t o r  shutdown t o  beginning o f  t h e  counting 

per iod .  

When t h e  a c t i v i t y  of  a ba re  f o i l  and cadmium-covered f o i l  (both 

i r r a d i a t e d  a t  t h e  same p o s i t i o n  and a t  t h e  same power l e v e l )  had been 

measured, it was poss ib l e  t o  determine t h e  thermal neutron f luence  a t  t h e  

time o f  r e a c t o r  shutdown by use of t h e  formula: 

Acd 
- A t ,  

= 2.56 x 105 
'the m a  1 

where 

A =  b 
- 

%a - 
A =  

tb - 

tcd - 

and where 

- 
- 

measured a c t i v i t y  o f  t h e  bare  f o i l ,  

measured a c t i v i t y  o f  t h e  cadmium-covered f o i l ,  

decay cons tan t  f o r  gold-198, 

e lapsed t ime f o r  t h e  bare  f o i l ,  

e lapsed  time f o r  cadmium-covered f o i l ,  

t h e  value 2 ,56  x l o 5  (counter  cons tan t  f o r  gold) takes i n t o  
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account t he  e f f i c i e n c y  of  t h e  counter  f o r  t h e  a c t i v i t y  of t h e  0.127-mm gold 

f o i l s ,  t h e  absorp t ion  c ros s  s e c t i o n ,  and o t h e r  p r o p e r t i e s  which were 

prev ious ly  determined. 

Since t h e  ba re  and cadmium-covered f o i l s  were exposed during sepa ra t e  

r e a c t o r  ope ra t ions ,  some means o f  normalizing t h e  d a t a  was necessary.  This 

was accomplished by a t t ach ing  a l a rge ,  22-g s u l f u r  p e l l e t  i n  a reproducible  

p o s i t i o n  on t h e  r e a c t o r  s u p e r s t r u c t u r e .  The 32P  a c t i v i t y  induced i n  t h e  

p e l l e t  was assayed and co r rec t ed  f o r  decay. This cor rec ted  count r a t e  

( c a l l e d  ICRD)  i s  p ropor t iona l  t o  t h e  t o t a l  number of f i s s i o n s  t ak ing  p l ace  

i n  t h e  core  during t h e  r e a c t o r  opera t ion .  

equat ion ( l ) ,  i . e . ,  \ and Acd, i s  a c t u a l l y  activity/ICRD, 

Therefore ,  t h e  a c t i v i t y  i n  

Di f f e ren t  f o i l  spacings were used t o  determine t h e  e f f e c t  o f  one f o i l  

on t h e  neighborjng f o i l s  and t h e  f luence  d i s t r i b u t i o n  across  each s t r i n g e r  

face .  Exposures were made using f o i l s  spaced a t  5 cm and 7,s c m  on c e n t e r s .  

RESUJ,TS AND CONCLUSIONS 

Several  i n t e r p r e t a t i o n s  are poss ib l e  f o r  "thermal" neutrons * LI 

o r  l e s s  a r b i t r a r y  energy (usua l ly  0 . 1 7  ev o r  h igher )  i s  sometimes chosen 

and t h e  f luence  below t h a t  va lue  i s  c a l l e d  "thermal." Sometimes t h e  l i m i t  

t o  thermal energ ies  i s  considered t o  be t h a t  energy a t  which t h e  Maxwell- 

Boltzman p a r t  o f  t h e  neutron energy spectrum i s  about equal  t o  t h e  l / E  

p a r t  of  t h e  spectrum. 

cadmium d i f f e r e n c e  f o i  1 measurements s o  t h e  "thermal" neutrons repor ted  are 

r e a l l y  'tsub-cadmium neutrons 

r e q u i r e  some knowledge o f  t h e  spectrum of t h e  neutrons which cannot be 

obta ined  by a simple experiment;  t h e r e f o r e ,  i n  t h i s  r e p o r t  t h e  thermal 

f luence r epor t ed  s h a l l  a c t u a l  l y  be def ined  as sub- cadmium f luence . Also 

o f  importance i n  a measurement of  thermal f luence  i s  t h e  temperature of  

t h e  moderating medium. The temperature  of  t h e  medium was e s s e n t i a l l y  

room tcmperature  (\22OC), and no attempt was made t o  c o r r e c t  t h e  d a t a  t o  

20°C. 

A more 

More o f t c n ,  no  co r rec t ions  a r e  appl ied  t o  t h e  usual  

The f i r s t  two i n t e r p r e t a t i o n s  mentioned 

Gold f o i l s  (0 .127 mm t h i c k ) ,  bare  and cadmium covered, were used t o  

measure t h e  thermal f luence  and cadmium r a t i o  as a func t ion  of  p o s i t i o n  

i n  t h e  p i l e .  

t o  c o r r e c t  f o r  t h e  f luence pe r tu rba t ion  caused by t h e  f o i l s .  No cor rec t ion  

These d a t a  a r e  shown i n  Fig.  4 .  The d a t a  of  Sola5 were used 
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was made f o r  gamma-ray s e l f  absorp t ion  i n  t h e  f o i l  during counting s i n c e  

t h e  d e t e c t o r  was c a l i b r a t e d  f o r  use with 0,127-mm f o i l s .  

A second measurement of  t h e  thermal f luence  was made using 0,025-mm 

f o i l s .  These d a t a  a r e  compared wi th  t h e  0.127-mm d a t a  i n  Table 1. The 

d a t a  taken wi th  t h e  t h i n n e r  f o i l s  were co r rec t ed  f o r  f luence  pe r tu rba t ion ,  

and a c o r r e c t i o n  was made t o  account f o r  t h e  d i f f e r e n c e  i n  gamma-ray self  

absorp t ion  between t h e  0.025-mm and 0.127-m samples. This co r rec t ion  was 

experimental ly  determined f o r  t h e  counter  geometry used i n  t h i s  experiment. 

The co r rec t ion  curve i s  shown i n  F ig .  5 as well as the  d a t a  o f  Sola  and 

Crane and Doerner, The f i g u r e  shows t h e  gamma-ray t ransmiss ion  f a c t o r  

r a t h e r  than t h e  gamma-ray se l f - abso rp t ion  f a c t o r .  

cause a s l i g h t  overes t imate  of  t h e  thermal f luence ,  

Use o f  t h e s e  d a t a  should 

Data p l o t t e d  as a func t ion  o f  f o i l  spacing ind ica t ed  l i t t l e  i n t e r a c t i o n  

between f o i l s  spaced as c l o s e  as 5 cm, For example, the thennal  f luence 

measured a t  t h e  5-cm spacing gave an averagc value ac ra s s  t h e  f ace  of  t h e  

f i r s t  s t r i n g e r  of  7 , 0 2  x l o 5  neutrons/cm2/1CRD, 

7.5-cm spacing was 6.98 x l o 5  neutrons/cm7/ICRD 

s h o w 4  l i t t l e  e f f e c t  on t h e  o v e r a l l  measurements so  long as a l l  f o i l s  i n  

t h e  s t r i n g e r  were cadmium covered. 

The average value a t  a 

Cadmium covers a l s o  

Before f u r t h e r  a n a l y s i s  can be made o f  t h e  d a t a  from f o i l s  of  var ious  

th i cknesses ,  two refinements of technique should be achieved, Very t h i n  

f o i l  should be obta ined  i n  o rde r  t o  permit a de te rmina t ion  of t h e  a c t i v i t y /  

mg f o r  near  zero th i ckness .  Secondly, an improved experiment t o  determine 

t h e  gamma-ray s e l f  absorp t ion  wi th in  t h e  f o i l s  should be c a r r i e d  ou t .  Most 

au thors  simply r e l y  on t h e  t ransmiss ion  method. 

a r e  r epor t ed  with no information as t o  t h e  exac t  experimental  arrangement. 

The methods gene ra l ly  used are very s e n s i t i v e  t o  t h e  counter  geometry, and 

thus  t h e  r e s u l t s  vary widely ( a s  can be  seen i n  Fig.  5 ) .  

Usually only t h e  r e s u l t s  
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Table 1, Comparison o f  Thermal Fluence Measured 
with One- and Five-Mil Gold F o i l s  

Pos i t i on  5 - M i  1 1 - M i  1 

1 7.00 f 0.17" 6.99 

2 5 .60  f 0.14 5.51 

3 4 - 2 1  0 .11  4 . 2 2  

4 2.25 0.13 2 . 4 4  

5 1.71 0.05 1.83 

~ I_ 

*One s tandard  dev ia t ion  c a l c u l a t e d  from t h e  number o f  observa t ions .  
Since s tandard  dev ia t ion  f o r  each ana lys i s  o f  a ba re  f o i l  was <l%, 
these  were ignored i n  t h e  c a l c u l a t i o n .  
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