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RADIATION PROTECTION ISSUES AND TECHNIQUES IN 
SUPPORT OF LUNAR BASE OPERATIONS by D r .  Joseph A .  Angelo, J r .  
( E G & G ,  I n c . ,  1 0 0  E y s t e r  B lvd . ,  Rockledge  FL 32955) ,  D r .  
R i c h a r d  G .  Madonna (Grumman C o r p o r a t e  R e s e a r c h  C e n t e r ,  
Bethpage, NY 1 1 7 1 4 ) ,  and M r .  Wil l iam Quam (EG&G Santa  Barbara 
Opera t ions  Group, Gole ta  CA 93117) 

Long-term e x p o s u r e  t o  i o n i z i n g  r a d i a t i o n s ,  even  a t  
presumably "low l e v e l s " ,  could have harmful  e f f e c t s  on human 
b e i n g s  and s e n s i t i v e  e l e c t r o n i c  e q u i p m e n t .  The n a t u r a l  
r a d i a t i o n  e n v i r o n m e n t  on t h e  l u n a r  s u r f a c e  ( c o n s i s t i n g  of 
g a l a c t i c  c o s m i c  r a y s  [GCRs] and s o l a r  e n e r g e t i c  p a r t i c l e  
[SEP] e v e n t s )  a s  w e l l  a s  manmade r a d i a t i o n  environments from 
n u c l e a r  power s u p p l i e s  ( a c t i v e  and  s p e n t )  and p a r t i c l e  
a c c e l e r a t o r  f a c i l i t i e s  could s e v e r e l y  l i m i t  t h e  d u r a t i o n s  and 
t y p e s  of manned l u n a r  b a s e  o p e r a t i o n s  now c u r r e n t l y  b e i n g  
proposed. Such n a t u r a l  and a r t i f i c i a l  r a d i a t i o n  environments 
might a l s o  l i m i t  t h e  o p e r a t i o n  o r  f u n c t i o n a l  c a p a b i l i t i e s  of 
smar t  second and t h i r d  g e n e r a t i o n  l u n a r  robo t s .  For extended 
l u n a r  base o p e r a t i o n s ,  r e a l - t i m e  r a d i a t i o n  dos imet ry  w i l l  be 
r e q u i r e d  f o r  h a b i t a t s ,  work p l a c e s ,  i n d i v i d u a l  space workers 
and e v e n  r a d i a t i o n  s e n s i t i v e  r o b o t  s y s t e m s  and s c i e n t i f i c  
ins t ruments .  

T h i s  p a p e r  d i s c u s s e s  t h e  s t e p s  t h a t  have now begun t o  
t a c k l e  t h e  p rob lem of  a c c u r a t e  and r e l i a b l e  r e a l - t i m e  
r a d i a t i o n  d o s i m e t r y  f o r  a  v a r i e t y  of l u n a r  b a s e  o p e r a t i o n s .  
Na tu ra l  r a d i a t i o n  hazards  on t h e  l u n a r  s u r f a c e  involve  s o l a r  
e n e r g e t i c  p a r t i c l e  e v e n t s  and g a l a c t i c  cosmic r a y s  w i t h  t h e i r  
r e l a t i v i s t i c  an n e a r - r e l a t i v i s t i c  a tomic  n u c l e i  ranging i n  
e n e r g y  f rom 1 0 8 t o  l o 2 '  eV. The manmade r a d i a t i o n  s o u r c e s  
t h a t  c o u l d  b e  a s s o c i a t e d  w i t h  a n  e v o l v i n g  l u n a r  
b a s e / s e t t l e m e n t  complex m i g h t  i n c l u d e  o p e r a t i n g  and s p e n t  
s p a c e  n u c l e a r  r e a c t o r s  ( e . g .  m o d i f i e d  SP-100 c l a s s  s p a c e  
r e a c t o r s ) ,  h i g h  e n e r g y  p a r t i c l e  a c c e l e r a t o r s ,  and ( t o  a  
l e s s e r  r a d i a t i o n  e n v i r o n m e n t  c o n s e q u e n c e )  r a d i o i s o t o p e  
t h e r m o e l e c t r i c  g e n e r a t o r s  ( R T G s )  t h a t  a r e  f u e l e d  by t h e  
r a d i o i o s o t o p e ,  plutonium-238. 

I n  a  r e c e n t  i n n o v a t i v e  s p a c e  r a d i a t i o n  d o s i m e t r y  
program, i n s t r u m e n t a t i o n  t h a t  was n o t  i n i t i a l l y  designed f o r  
i n - c a b i n  u s e  on t h e  U .  S. Space  S h u t t l e ,  was m o d i f i e d  and 
q u a l i f i e d  f o r  m a n - r a t e d  s p a c e  f l i g h t  and t h e n  s u c c e s s f u l l y  
flown on a  number of miss ions ,  i n c l u d i n g  STS-6, 8 ,  11, 41-C, 
41-D, 4 1 - G  and 51-A. The p e r f o r m a n c e  of t h e s e  p a t h f i n d e r  
i n s t r u m e n t s  i s  desc r ibed .  These d i s c u s s i o n s  a r e  complemented 
by a  d e s c r i p t i o n  o f  a d v a n c e d  v e r s i o n s  o f  s u c h  a c t i v e  
d o s i m e t r y  i n s t r u m e n t s  which  a r e  s u i t a b l e  f o r  f u t u r e  Space  
S h u t t l e  and Space  S t a t i o n  a p p l i c a t i o n s .  A c t i v e  r a d i a t i o n  
dos imete r s  t h a t  have been o p e r a t i o n a l l y  demonstrated on t h e  
Space S t a t i o n  would t h e n  form t h e  c o r e  r a d i a t i o n  p r o t e c t i o n  
i n s t r u m e n t s  f o r  l u n a r  base  o p e r a t i o n s .  S p e c i a l  emphasis i s  
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also given to the need for expanded work in proton and HZE 
radiology studies, complementary ground-based instrument 
calibration programs and on-orbit demonstrations. 
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