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Below is  a b r i e f  summary and review of t h e  dosimetry f o r  2.5 MeV neut rons  

a t  t h e  F a s t  Neutron Medical Research F a c i l i t y  i n  Walla Walla, Washington. 

I n t r o d u c t i o n  1 

i. 
The Fas t  Neutron Medical Research F a c i l i t y ,  designed t o  s e l e c t i v e l y  

i r r a d i a t e  the  t e s t e s o f  v o l u n t e e r s ,  has been p rev ious ly  desc r ibed  The 

f a c i l i t y  c o n s i s t s  of a massive s h i e l d  of concrete  and water conta in ing  a neutron 

gene ra to r  capable of producing low dose rates of 2.5 MeV neutrons,  and much 

h ighe r  dose ra tesd 14 MeV neutrons.  

The f a c i l i t y  is  designed t o  i r r a d i a t e  t h e  testes of vo lun tee r  s u b j e c t s  

wh i l e  a f fo rd ing  p r o t e c t i o n  t o  o t h e r  areas of t h e  body. 

t h e  volume of i n t e r e s t  i t  is necessary  t o  use r2 a t t e n u a t i o n  and i r r a d i a t e  w i th  

t h e  neut ron  source as c l o s e  as f e a s i b l e  t o  the  volume of i n t e r e s t .  I n  o r d e r  t o  

produce uniform doses a t  c l o s e  d i s t a n c e s ,  i t  is  necessary  t o  i r r a d i a t e  w i th  one- 

h a l f  t h e  dose d e l i v e r e d  from t h e  f r o n t  and t h e  o t h e r  h a l f  from t h e  rear. 

shows a schematic r e p r e s e n t a t i o n  of t h e  f a c i l i t y  i n d i c a t i n g  t h e  major p i e c e s  of 

hardware. 

To s e l e c t i v e l y  i r r a d i a t e  

Figure 1 

The volume t o  be  i r r a d i a t e d  i s  conta ined  i n  a 5 by 7 by 10 cm p l a s t i c  cup 

f i l l e d  wi th  w a r m  w a t e r .  This is  done f o r  two reasons:  f i r s t ,  t h e  warmth w i l l  

cause descent  of t h e  t e s t e s ; : a n d  second, t h e  water w i l l  make t h e  system approxi- 

mate one t i s s u e  e q u i v a l e n t  mass, thus making t h e  dose d i s t r i b u t i o n  independent 

of v a r i a t i o n s  from s u b j e c t  t o  s u b j e c t .  Recently,  a c o n t r o l  c i r c u i t  w a s  constructed 

f o r  r e g u l a t i o n  of t h e  temperature i n  t h e  p l a s t i c  cup. It can r e g u l a t e  t h e  tempera- 

t u r e  w i t h i n  0.25OF of any predetermined temperature.  It  i s  necessary  t o  c o n t r o l  

t h e  temperature s i n c e  e l e v a t e d  temperatures may i n t r o d u c e  e r r o r s  by ex t raneous ly  

causing sperm suppression.  

To g i v e  a continuous monitor of t h e  dose d e l i v e r e d ,  a moderated BF3 tube i s  

l o c a t e d  a t  the  rear of t h e  s h i e l d  (See F igure  1). This  monitor is c a l i b r a t e d  

during dosimetry experiments,  b u t  cannot be  used as a primary s t anda rd  due t o  

v a r i a t i o n s  caused by p o s i t i o n  changes of t h e  s u b j e c t .  This  is  poin ted  ou t  i n  

t h e  n e x t  s ec t ion .  

s u l f u r  p e l l e t s  w i l l  be  used. 

For a primary s t anda rd ,  t i s s u e  equ iva len t  i o n  chambers o r  
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Dosimetry 

A l l  of t h e  dosimetry i s  based on t i s sue -equ iva len t  dosimetry methods 

a l though a c t i v a t i o n  methods have been and w i l l  b e  used occas iona l ly .  

of t h e  measurements are made w i t h  s m a l l  pulse-read t i s sue-equiva len t  i o n  

 chamber^'^). 
a l a r g e  flow chamber of t i s sue-equiva len t  p l a s t i c .  This  is  done a t  t h e  f a c i l i t y  

t o  a s s u r e  c a l i b r a t i o n  f o r  t h e  proper  neut ron  spectrum. 

spectrum p resen t  f o r  b i o l o g i c a l  purposes,  w e  use a spherical-tissue-equivalent- 

propor t iona l  counter  a f t e r  t h e  method of H. H. Ross i  . 
Monitor R e l i a b i l i t y  

Most 

These i o n  chambers are a i r  f i l l e d ,  b u t  are c a l i b r a t e d  a g a i n s t  

To i n v e s t i g a t e  t h e  

( 4 )  

The f i r s t  experiments  were done t o  i n v e s t i g a t e  t h e  e f f e c t  on t h e  monitor 

of t h e  p o s i t i o n  of t h e  man and t h e  bed on which he  l i es .  Both t h e  bed and a 

space r  b lock  are pos i t i oned  by s l i d e  b o l t s  and an indexing rod t o  w i t h i n  1/16 

of an inch  and cannot move. 

r e s p e c t  t o  t h e  bed t o  an  accuracy of 1/16 inch .  

is t h e  p o s i t i o n  of t h e  man's t runk  which h e  i s  f r e e  t o  move. 

The volume of  i n t e r e s t  can b e  pos i t i oned  wi th  

The only  uncont ro l led  v a r i a b l e  

For t h e  purposes of dosimetry,  an Alderson Research Remab phantom f i l l e d  

The phhntom is  wi th  a t i s sue -equ iva len t  s o l u t i o n  of water and suga r  is  used. 

a r t i c u l a t e d  and con ta ins  a s k e l e t o n  and dosimeter  t ubes  s o  t h a t  dosimeters  can 

be p laced  a t  va r ious  p o i n t s  of i n t e r e s t .  

When t h e  f a c i l i t y  is set up t o  i r r a d i a t e  t h e  f r o n t  of t h e  testes (See F igure  

l), t h e  t runk  of t h e  s u b j e c t  is ,  e f f e c t i v e l y ,  between t h e  t a r g e t  and t h e  monitor.  

I n  t h i s  p o s i t i o n ,  moving t h e  phantom's t o r s o  l e f t  o r  r i g h t  caused a maximum 

decrease  of 8% i n  t h e  dose d e l i v e r e d  t o  t h e  volume of  i n t e r e s t  pe r  u n i t  monitor  

count compared t o  t h e  normal p o s i t i o n .  Removing t h e  r i g h t  ann caused a decrease 

i n  t h e  dose of 3% p e r  u n i t  monitor  count. Keeping t h e  p o s i t i o n  of t h e  volume of 

i n t e r e s t  f i xed  wi th  r e s p e c t  t o  t h e  source  of neut rons ,  i t  w a s  found moving t h e  

bed and phantom 2-314 i nches  toward t h e  gene ra to r  caused an  11% i n c r e a s e  i n  t h e  

dose p e r  u n i t  monitor count.  The p o s i t i o n  of t h e  space r  l o c a t e d  behind t h e  bed 

had no e f f e c t  on t h e  dose p e r  u n i t  monitor  count. 

When t h e  f a c i l i t y  i s  set  up t o  i r r a d i a t e  t h e  testes from t h e  rear, i t  w a s  

found t h e  p o s i t i o n  of t h e  phantom's t runk  had no e f f e c t  on t h e  dose t o  t h e  volume 

of i n t e r e s t  f o r  a u n i t  monitor  count. In t h i s  p o s i t i o n  t h e  space r  i s  between 

t h e  neut ron  source  and monitor  and t h e  neut ron  source  i s  behind t h e  s u b j e c t .  
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Removing t h e  lower l e g  of  t h e  phantom, which rests i n  a notch  i n  t h e  space r ,  

caused a decrease  of 12% i n  t h e  dose p e r  u n i t  moni tor  count.  

he ld  t h e  p o s i t i o n  of  t h e  volume of i n t e r e s t  cons t an t ,  b u t  moved the space r  

toward t h e  gene ra to r  one inch ,  t h i s  caused an i n c r e a s e  o f  5% i n  t h e  dose p e r  

u n i t  monitor  count.  

I f  we  aga in  

These experiments i n d i c a t e d  t h a t  t h e  monitor  can n o t  b e  used as a primary 

c a l i b r a t i o n .  I n  t h e  case of 2.5 MeV neu t rons ,  i t  w a s  decided t o  use  t i s s u e -  

equ iva len t  i o n  chambers as a primary s tandard .  

Dose D i s t r i b u t i o n  

F igure  2 shows t h e  dose d i s t r i b u t i o n  f o r  a t y p i c a l  i r r a d i a t i o n  on t h e  

f a c i l i t y  w i th  one-half the dose de l ive red  from t h e  f r o n t  and one-half from t h e  

rear. 

This  d i s t r i b u t i o n  r e p r e s e n t s  an average dose of 0.98 r a d s  t o  t h e  volume of 

i n t e r e s t .  

and range from 0.60 r ads  t o  1.45 rads.  This  r e p r e s e n t s  an  exposure t i m e  of 

about 50 minutes.  

These p o i n t s  w e r e  measured w i t h  i o n  chambers as mentioned previous ly .  

The p o i n t s  show a s t anda rd  d e v i a t i o n  from t h e  average of  0.22 r ads  

The c a l i b r a t i o n  f o r  t h e  monitor  i s  about 106,000 counts  pe r  r a d  when t h e  

testes are i r r a d i a t e d  from t h e  f r o n t  and 100,000 counts  when t h e  testes are 

i r r a d i a t e d  from t h e  rear. 

Doses t o  o t h e r  p o r t i o n s  of t h e  body were a l s o  i n v e s t i g a t e d .  The doses  

are shown i n  Table I. 

TABLE I 

Doses t o  t h e  Body f o r  a One Rad Dose t o  t h e  Volume of  I n t e r e s t  

Area of Body Dose (mrad) 

Eye 
Base of Sternum 

P r o s t a t i c  Ure thra  

Trigone Area of Bladder  

Anus 

Rectum 

64  

118 

87 

84 

40 

59 

0 0 6 3 4 8 0 2  



W. E. Wilson - 4 -  A p r i l  11, 1956 

I n  most cases the doses  are less than  one-tenth t h e  dose t o  t h e  volume of 

i n t e r e s t .  

eye and t h e  base of  t h e  sternum t h e  doses  are much h i g h e r  t han  expected from 

c a l c u l a t i o n s .  The reason  f o r  t h e  high readings  is  n o t  known. 

Most of t h e  doses  are approximately as expected.  I n  t h e  case of t h e  

S h i e l d i n g  

For g e n e r a l l y  occupied areas around t h e  f a c i l i t y  measured dose rates w e r e  

less than  0.5 mrem/hr f o r  2.5 M e V  neutrons.  

dose rates of 2 m r e m / h r  w e r e  obtained.  

Moving up mext t o  t h e  en t r ance ,  
I 

Work has  begun on s imilar  measurements w i th  14  M e V  neut rons .  Pre l iminary  

measurements o u t s i d e  t h e  c o n t r o l l e d  area i n d i c a t e  dose rates w i l l  be  w i t h i n  

e s t a b l i s h e d  l i m i t s .  
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FIGURE 2 

Dose d i s t r i b u t i o n  on t h r e e  p lanes  extending through the volume of i n t e r e s t  as 
marked 011 t h e  f i g u r e .  
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