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Before leaving t l~e  p-meson f l u x  sf t ua t ion  discussed above, i t  may be 
o f  i n t e r e s t  t o  mention t h a t  ar, a d d i t i o n a l  4 1/2 feet  of 250 Ib/cu.ft. concrete 
reducetl the  reading o f  the t i ssue-equivalent  ion iza t ion  chamber only  from 6.6 
t o  4,6 mrad/hr, corresponding t o  an exponential  half th ickness  of 8.7 f e e t ,  
With d ras t i cnP ly  h c r e a s e d  beam i n t e n s i t i e s  promised f o r  the  f u t u r e ,  the aeute- 
ness of  the shie ld ing problems f o r  rf idiat ion o f  t h i s  nature is  c l e a r l y  ev iden t .  

A knwledge of t h e  depth-dasc pattern i n  the kannari body is necessary 
if dosc r a t e s  measured with an ion iza t ion  chamber a r e  t o  be i n t e r p r e t e d  properly 
i n  contmPl ing pepaca~mel exposures. Such measurements, made a t  the Oosmtron, 
indica ted  t h t  except i n  h igh  energy boa= areas there  m9 no s i g n i f i c a n t  build- 
up i n  t h e  body but  t h t  under s p e c i a l  circumstances such a Wild-up might occur. 
Nflturally we have been anxiotls, to  obtain  more d a t a  on th i s  problem a t  ba th  
machines, AS many of you know, such d a t a  must be obtained when inf requent  
opportunities f o r  experiments occur but some d a t a  has al ready been c o l l e c t e d  
a t  t h e  ACS. To begin w i t  h e  there was no measurable d i f fe rence  between entrance 
and e x i t  doses i n  t h e  p-meson f lux  area. This is to be expected Fn view o f  the 
extremely yenetrat ing suture of Phis  radiat ion.  A t  another l o c a t i o n  with 
r e l a t i v e l y  poor shielding there was a l s o  no appreciable build-up. In a pure 
beam of 3.8 GEV protons and 7.6 OBW n+ zacsorts there! was a 40% build-up a t  a 
depth of 6" i n  paraffin. I n  another  beam cons i s t ing  of  pions, protons and some 
high-energy alpha and t r i t o n  contaeoina t i s n ,  a 305% build-up a t  4" of  p a r a f f i n  
veas folPowed by a precipitous drop, presumably due t o  the stopping of  the heavy 
p a r t i c l e s .  Much more data  is needed, but some genera l  conclusions may perhaps 
be nadc 011 the  b a s i s  o f  bbese and s imi la r  experiments, In many areas where the  
r a d i a t i o n  c o n s i s t s  of a mixture of  high and tow energy components, t k r e  w i l l  
be no build-up with depth since the build-up due to  highenergy components w i l l  
be counterbalanced o r  over-ridden by the drop-off due t o  absorption of lower 
energy components. In f a c t ,  t he re  may be a s u b s t a n t i a l  net decrease a t  t h e  
depth  o f  the bloodforming organs i n  some cases. For some high-energy beam, 
build-up w i l l  be f ~ e g l i g i b l e  since the th ickness  of the body is -11 compared 
w i t h  the i n t e r a c t i o n  l eng th  o f  the  p a r t i c l e s .  For sore s i t u a t i o n s  on the  o t h e r  
hand t he re  w i l l  be a dose h i l d - u p  i n  the  body, htt our experience thus f a t  
i n d i c a t e s  that the exit dose is unl ike ly  t o  be nore t han  1.5 t o  2 t h e s  the 
entrance dosc. Portunately,  these l a t t e r  s i t u a t i o n s  are not those i n  which 
m s t  personnel exposure is l i k e l y  t o  occur. Perhaps we s b u l d  be t h a u k f d  t h a t ,  
as w i t h  t h e  NTA persome2 m n f t o t i n g  $yortsm, n a t u r a l  phenomena are  working with 
the  Health Physicist  t o  some ex ten t  and the depth  dose probleru, whi le  worthy of 
c a r e f u l  s tudy,  doesno t appear t o  be a s  se r ious  a s  we had feared. 

(ine of t h e  major hazards encountered z t  high-energy a c c e l e r a t o r s  is 
posed by beams brought out through the sh ie ld ing ,  e i t h e r  s c a t t e r e d  from a target 
o r  by e j e c t i o n  of  a por t ion  of  the  i n t e r n a l  beam. The s c a l e  o f  t h i s  problem may 
be appreciated by an ex t rapo la t ion  of data obtained on an e x t e r n a l  proton beam 
a t  thc Cosmotleon by J. ihndloser  i n  1956 using a saalll sa tu ra ted  i o n i z a t i o n  
chamber. Fur en ex#cmal bcw of 1011 profon6 pep pulsre tke dose rate a t  a ln 
diameter focus  w i l l  approximate 580 rad per pulse. Medical experience with 
X-rayss i n d i c a t e s  t h a t  the threshold  dose for pffsduction o f  c a t a r a c t s  is  a8 
f o l l o m :  

f o r  s i n g l e  cxposurc 200 r 
for exposures spread overt 3 weeks  t o  3 months 400 r 
f o r  exposures spread over m r e  than 3 riotiths 550 r 

2 )  "A C l i n i c a l  Study o f  ftadiation Catarac ts  and the Rela t ionship  t o  Jhse", 
G.R. Mersian and E.P. Focht, Am. J. Roentg., 77, 759, May 1957. 



These numbers should be roughly appl icable  t o  minimum ioniz ing pa t t f  c l e s  such 
as highenergy protonc~. The r a t e  of incidence is q u i t e  l o w  a t  the exposure levePs 
c i t e d  bt~ t  olie must recognize the  p o s s i b i l i t y  o f  a c a t a r a c t  developing f o r  any 
acute exposure over 100 pad. Thus a  s i n g l e  pulse can e a s i l y  cause a cataract 
under t h e  c i r cms ta r l ces  described above. 

I t  i s  i n t e r e s t i n g  t o  c o ~ p u t e  t h e  dose r a t e  u s i w  1.8 MEV per gai/c& as 
the r a t e  o f  energy loss f o r  minimum ioniz ing p a r t i c l e s .  For the  Ca6@ discussed 
above rve h v e  

protons per sq. cm. per  pulse = 1.0 x 101= = 1-97 x 1 0 ~ 0  
3.14 x 0.52 x 2,543 

1 
dose r a t e  (1.97 x 101°)(1.8)(1.6 x 10")(-) 100 569 rad  per pulse 

The c lose  agreement is c e r t a i n l y  f o r t u i t o u s  b u t  tends t o  s t rengthen one's conf i -  
dence i n  the measurement. 

For operation of t h e  ACS a t  I@' protons per pulse, a c t i v a t i o n  of the  
machine i tself and of the  i n t e r i o r  of the tunnel ,  while considerable immediately 
a f t e r  Shutd0~3,  islet high enough t o  cause s e r i o u s  opera t ing  d i f f i c u l t i e s ,  
Typical dose-rates a t  the su r face  o f  t he  vacuum chamber and a t  mxe o t h r  
l o c a t i o n s  a r e  i n  the range of  SO t o  500 mrad/hr. Targets  are a  d i f f e r e n t  s t o r y ,  
however. The degree o f  a c t i v a t i o n  depends strongly on the target m t e r i a l .  One 
recent  example was a 1" x 1/2" x 1A6" uranium target i r r a d i a t e d  f o r  10 minutes 
a t  101' protons per pulse. The surface  dose ra te  was est imated,  on the basis of 
survey meter readings,  t o  be o f  t h e  order  of 1W0 rad per hour s h o r t l y  a f t e r  
shutdo:m. Most of the  exposure is  due to beta rad ia t ion  but  the beta-gamma r a t i o  
v a r i e s  widely (from 5 t o  100 fa rnost cases )  depending on the nature  md geometry 
o f  t h e  t a rge t .  

The a c t i v i t y  of AGS t a r g e t s  is tremendousPy h i g h r  than t h a t  o f  
co?u?otron t a r g e t s  for t he  same values of  protons per pabe. Not only  is more 
eriGrgg ava i l&blc  per pulrpe bu% the strong £ocuaing t l t 5 1 i ~ ~ c l  k ~ n p s  the beam 
i n t a c t  f o r  a l a rge  ntmber of t r a v e r s a l s  of the t z rge t .  A t  the h i g b r  beam 
i n t e n s i t i e s  expected awn,  we a r e  going to have t o  handle t a r g e t s  with su r face  
dose r a t e s  a t  shutdown o f  10 rad/aec o r  more, an opera t ion  t h a t  w i l l  r equ i re  
ca re fu l ly  planned techrlique aud elose h e a l t h  physieo ous?vefllsnce. 

I n  conclusiotn, I should l i k e  to express  ray f ee l ing  t h a t  there  are 
many challenging dosimetry problems f o r  the JJeaPth P l ~ y s i s d s f  a t  the b i l l i o n  
v o l t  machines, T k  peesun situation discussed above is onct example. Presum- 
ably,  i n  assoc ia t ion  with  the primary =son flux, these is a s p e c t ~ u m  of 
e l e c t r o n s  resulting from muon decay, extending t o  very h igh  energy, a brems- 
s t rahlung spectrum due t o  the  e l e c t r o n s  and possibly some photoneutrons. 
Threshold d e t e c t o r s  can be o f  assistance i n  studying such nixed radiations but 
must be used wisely a6 there w i l l  usually be more than oiie reaerdon y i e l d h g  
a chosen product,  when a va r i e t y  o f  high energy p a r t i c l e s  are  involved, 
Cert~inly one of the most urgent  needs is a p r a c t i c a l  method for determing the 
LET spectra f o r  a v a r i e t y  o f  exposure s i t u a t i o n s ,  

As Health Phys ic i s t s ,  we play a dual  xole. Hitst and b o ~ e n o s t ,  we 
hakc conserva9ive an8 snfe evnlus t ions  of haaarcfs on tk h a s i s  of i m o a p l e t e  
knowfedge s o  t h a t  s c i e n t i f i c  work may proceed a s  expedi t ious ly  a s  possible.  In 
add i t ion ,  we attempt to  extend and r e f i n e  our dosimetry t o  the  point  where, on 
the basis o f  f u l f e p  kno\vPedge, r e s t r i c t i o n e  may be relaxed and the product ivf ty  
of  machines and experimenters may be correspondingly increased. 
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