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Introduction 

The prompt radiation environment outside the primary and secondary 

The energy distribution and the relative numbers of each vary 
AGS beams consists mainly of neutrons, muons, and electromagnetic com- 
ponents. 
as a function of the beam intensity, energy, optics, angular position 
from the source, and shield density thickness. 

Health Physics measurements performed throughout the experimental 
halls use certain simplifying assumptions to make conservative first 
approximations to the exposure conditions. 
the techniques used result in an overestimate of the dose to personnel. 
This paper will review how raw data are collected and what steps are 
taken to ensure that Health Physics data are conservative. 

In the majority of cases, 

Instrumentation and Data Collection 

During periods of extracted beam, two health physics instruments 
are used to measure pulsed (neutron) radiation fields. Fixed area 
monitoring is done with Fermilab Chipmunks and general hand held sur- 
veys are accomplished with the HPI-1010. Both instruments measure 
absorbed dose. The unit of absorbed dose is rads, where 1 rad = 100 
ergs/g. To account- for the difference in biological response between 
radiation species, the rad dose must be adjusted by the Quality Factor 
(Q) to convert the measurement into rem, the unit of dose equivalent, 
where: 

H (rem) = rad x Q. 



Even though the  above r e l a t i o n  l o o k s  s imple,  i n  p r a c t i c e  i t  i s  
non- t r iv i a l  t o  eva lua te  p r e c i s e l y  when ins tan taneous  readout is  re- 
qui red  f o r  rou t ine  r a d i a t i o n  p ro tec t ion .  Therefore ,  t h e  method i s  
s impl i f i ed  and designed t o  err conservat ively.  

A s  mentioned above, t hese  devices  respond i n  rad and it fo l lows  
t h a t  it is  not  poss ib l e  t o  r e a d i l y  sepa ra t e  t h e  rads from neutrons and 
t h e  rads  from t h e  gamma-muon response.  Therein l ies t h e  problem. I n  
add i t ion ,  t he  Qual i ty  Fac tor  f o r  neutrons i s  energy dependent and 
varies between 2 and 10. Fo r tuna te ly ,  we know from neutron spec t ros-  
copy done a t  t he  Cosmotron, AGS, CERN-PS, and o the r  f a c i l i t i e s ,  t h a t  
t h e  Qual i ty  Fac to r ,  on average a t  a high energy a c c e l e r a t o r  i s  about 5. 
So t h e  rads measured by t h e  chambers are assumed t o  be from only neu- 
t r o n s  and are then mul t ip l i ed  by 5. The t y p i c a l  r a d i a t i o n  f i e l d s  
around t h e  AGS are about 50-50 neutron and gamma-muon. Muons d e l i v e r  
dose b i o l o g i c a l l y  t h e  same as gamma o r  be t a  p a r t i c l e s  and have a Q of 1 
s i n c e  they a l s o  are minimum ioniz ing .  Therefore ,  t h a t  po r t ion  of the  
dose equiva len t  i s  overest imated a f a c t o r  of 5. I n  cases where t h e  
neutron Qual i ty  Factor  i s  g r e a t e r  than  5, t h e  i n e v i t a b l e  gamma-muon 
component w i l l  compensate f o r  t he  measurement e r r o r .  Typica l ly ,  t h e  
overes t imate  w i l l  be i n  t h e  range of 50 - 100%. 

Another f a c t o r  t h a t  causes d i f f e rences  between t h e  a c t i v e  i n s t r u -  
ments and badge r e s u l t s  i s  the  f a c t  t h a t  t he  Chipmunks are o f t e n  lo- 
ca ted  a t  t h e  "worst case" po in t  of h ighes t  exposure and t h e  occupants 
of a given a rea  usua l ly  incu r  lower average dose rates than seen by the  
Chipmunk. 

Conclusions 

So when your f i l m  badge comes back low or  minimal, o r  your l o c a l  
Chipmunk seems high,  t h e r e  r e a l l y  i s  not a wide v a r i a t i o n .  The d i f -  
f e r ence  r e s i d e s  mainly i n  t h e  f a c t  t h a t  t he  badge dose i s  r e a l i s t i c  and 
Heal th  Physics survey d a t a  are comfortably pess imis t ic .  O f  course,  t h e  
survey da ta  could be cor rec ted  on a d a i l y  b a s i s ,  but f o r  p roduc t iv i ty  
reasons , we only convert  it when d e t a i l e d  i n t e r p r e t a t i o n  i s  requi red  
f o r  planning purposes. 


