
S C-RR -70-769 
DECEMBER 1970 

A PRELIMINARY ANALYS I S  OF THE 
RADIATION BURDEN OF A TYPICAL 
MARS LANDER M I S S I O N  

PLANETARY OUARANTINE 

l ' Z l - l 5 R 0 $  

V I R G I L  L. DUGAN 
PLANETARY QUARANTINE 
SYSTEMS STUDIES D I V I S I O N  1741 

SANDIA LABORATORIES H 
OPERATED FOR THE U. 5 .  ATOMIC ENERGY COMMISSION BY SANDlA CORPORATION ALBUQUERQUE. NEW MEXICO, LIVERMORE, CALIFORNIA I 

https://ntrs.nasa.gov/search.jsp?R=19710006423 2020-03-11T23:55:12+00:00Zbrought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/85236041?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Issued by Sandia Corporation, 
a prime contractor to the 

United States Atomic Energy Commission 

- L E G A L  N O T I C E  
Thia report was prepared a s  an account of Government sponsored work  

Nelther the United States, nor the Commission. nor any person acting on behalf 
of the Commlssion: 

A. Makes any warranty o r  representatton. expressed o r  implled, with re-  
spect to  the accuracy, completeness, o r  Uefulness  of the information contained 
In this report, o r  that the use of any information. apparatus. method. o r  process  
disclosed in this report may not infringe privately owned rights; o r  

B. Assumes any iiabllitles with respect to the use of, o r  for damages r e -  
sulting from the use of any Information. apparatus. method. o r  process diaclosed 
in this report. 

As used in the above. "person acting on behalf of the Commission* includes 
any employee o r  contractor of the Commission, o r  employee of such contractor. 
to the extent that such employee o r  contractor of the Commlssion, o r  employee of 
such contractor prepares. disseminates, o r  provides access to, any information 
pursuant to his employment o r  contract with the Comm~ssion. o r  h ~ s  employment 
with such contractor. 



A PRELIMINARY ANALYSIS OF THE 
RADIATION BURDEN OF A TYPICAL 

MARS LANDER MISSION 

V i r g i l  L. Dugan 
P lane ta ry  Quaran t ine  

Sys terns Stud ies D i v i s i o n  1741 
Sandi a  Labora to r ies  

A1 buquerque, New Mexico 

December 1970 

ABSTRACT 

This  paper prov ides an ana l ys i s  o f  t h e  t o t a l  r a d i a t i o n  which a  t y p i c a l  
Mars l ande r  would exper ience. The dose from each source o f  r a d i a t i o n  
i s  c a l c u l a t e d  f o r  spacecra f t  s h i e l d i n g  o f  1  and 10 gm/cm2, assuming a  
one yea r  f l i g h t  t ime  and a  s i x  month ope ra t i ona l  pe r i od  on t h e  p l a n e t ' s  
su r face .  These doses a re  upper bound c a l c u l a t i o n s  f o r  each case con- 
s idered ,  and t h e  t o t a l s  a re  upper bounds which may be used t o  e s t a b l i s h  
r a t i o n a l e  concerning t h e  use o f  gamma r a d i a t i o n  f o r  spacecra f t  s t e r -  
i l i z a t i o n  purposes. 
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A PRELIMINARY ANALYSES OF THE 
R A D I A T I O N  BURDEN OF A TYPICAL 

MARS LANDER MISSION 

I. SUMMARY 

Upper bounds on the radiation burden of a typical Mars lander 

mission" sses i t ive  components are determined in this  paper for  a one- 

year travel time and a six-month operational period on the planet 's  

surface. The total  radiation burden for  this  period i s  the sum of the 

components due to  trapped particulate radiation in the ear th 's  geomagnetic 

f i e l d ,  solar  f l a re s ,  galactic radiation, and radiation from the on-board 

radioisotope themoel ee t r i c  generators ( RTG I s ) .  During years of maximum 

solar  ac t iv i ty  the total  burden for the ent i re  eighteen-month period wi 11 

be approximately 6389 rads or less  for  a shieldinq density of 1 .n gm/cm 2 

and will be approximately 3510 rads or less for a shieldinq density of 
2 10.0 grn/em . These two extremes of shieldinq should bracket the actual 

shielding s f  any sensit ive component. During years of mi nimim solar  

act ivi ty  these doses are reduced to  approximately 3934 rads and 3315 

2 rads for shielding of l .r) and 1Q.O  gm/cm respectively. The contribution 

from the RTG's will provide approximately 325n rads of these total  doses 

and will therefore be one of the major contributors. The radiation Prom 

t h e  WTG also provides t h e  only appreciable amount of gamma radiation. 

T h i s  gamma dose i s  approximazely 1930 rads, 

I f  the system" s e n s i t i v e  canlponetrts are selected to a9"tehstand a 

t o t a l  dose of several hundred  thousand rads i n  a themoradi a t i o n  

environment, the  doses contributed by natural sources and by the RTG's 



iire esser-itla"iy 1ns7 y n l i  iccisrrt, I h e r e f o r e ,  use o f  qamriirg r - a d f a t i o n  i n  

a  t h e m l o r a d i a t i o n  s t e r i l  i z a t i o n  procedure for  a t yp ica l  Yars l a n d e r  

should  n o t  be excluded on t h e  b a s i s  o f  an  excessive r a d i a t i o n  burden 

due t o  n a t u r a l  sources. 

In a d d i t i o n ,  i f  -in f u t u r e  years components and  systems a re  q u a l i f i e d  

f o r  use on grand t o u r  miss ions  o f  the  o u t e r  p lanets ,  f o r  which case t h e  

t o t a l  natural burden  would be very h i g h ,  t h e s e  same systems could  a l s o  

be used on s h o r t e r  m i s s i o n s  w i t h  low n a t u r a l  burdens and could eas i9  y 

aeconimodate "chewnoradiation s t e r i  1 j z a t i o n ,  





ii 
3 r d  f 3aiid Table 7 prnvic-le the assumed d a t a  w h ~ c h  may h e  used To c a i  - 

cul a t e  a: minirnum value fo r  the shieldinq parameter of t h e  t y p i c a l  lander,  

This rn-r"n- imum shielding i s  provided by the b i a s h i ~ l d  cap p l u s  the  base 

cover; a l s o  included i n  t h e  minimu11 shieldinq 9"s the equipmerrt com- 

par tmen t  paneling a long the  t a p  surface s f  the Sander while i t  i s  i n  

route.  Simple calculat ions show a  shielding d e n s i t y  of 7.11 qm/in2 for 
3 

the  bioshield c a p ,  1 . I 3  ym/inL f o r  the base c a p ,  and 6 . 7  qm/in7 fo r  the 

compartment cover, T h i s  gives a t o t a l  shielding capakil i t y  equivalent 

t o  approximately 1 .453  gm/cm2 A1 . (See Appendix). I f  other features 

which provide sk ie ld i  ng a r e  considered (such as fuel t a n k s ,  parachutes 

plus container,  RTG1s Sand ing  rockets ,  e t c . ) ,  then t h i s  value could 

reach i n  gm/cm2 f o r  t h e  ef fec t ive  shielding of the l a n d e r ' s  sens i t ive  
7 

components. In  t h i s  analysr 's  t h e ?  f e a s - i b ! ~  extremes o f  1 gm/cm' and 
1 

4 C 1  gm/"cmL are  used t o  provfde t h e  e s t f m a t e s  of lowest and highest 

radiat ion dose r a t e s  over a one-year travel  time and a six-month period 

on the M a r t i a n  surface ,  







TABLE I 

Assumed Spacecraf t  Weights and M a t e r i a l s  

B i o s h i e l d  Cap: P l a s t i c ,  I n n @  

B i o s h i e l d  Base: P l a s t i c ,  1nr)P 

Aeros he1 1 : A1 umi num , 13nb 

Ab la to r  , 458 

Base Cover: F iberg lass ,  5 W  

Parachute t Truss : A1 uminum, $50 

Dacron, 8nfl 

I n s u l a t i o n :  F i be rg lass ,  1 5 f  

Top: Aluminum, 6O# 

Bottom: A1 umi num, 6fle 
Eaui ~ m e n t  
~ o m ~ a r t m e n t  Leg Area t Legs: A1 uminum, 4n# each 

Sides: Th inner  than t o p  and bottom 

Magnesi urn 
Boxes I ns i de :  3 fV t  T o t a l  t 

E l  e c t r o n i  cs 

Fuel Tanks : T i  t a n i  urn 

Hydrazi  ne 

(Move boxes ou t s i de  s u r v i v a b l e  eq, box . )  



111. RADIATION TRAPPED I N  THE GEOMAGNETIC FIELD 

The p a r t i c u l a t e  r a d i a t i o n  trapped i n  the  geomagnetic f i e l d  of the 

ea r th  (Van A1 1 en r a d i a t i o n )  cons is ts  p r i m a r i l y  o f  r e l a t i v e l y  low energy 

e lec t rons  and o f  protons. An i n d i c a t i o n  o f  the  c o n t r i b u t i o n  of t h i s  

type of r a d i a t i o n  t o  the  dose received by the  Mars lander may be obtained 

from the  in fo rmat ion  gathered on previous space f l i g h t s ,  espec ia l l y  

manned f l i g h t s .  The h ighes t  t o t a l  dose' r a t e  recorded on Gemini I V  r l ]  

was 125 mradlhr.  i n s i d e  the  capsule. The peak dose ra tes  which were 

recorded by Apol l o  6 i n s i d e  the  command module [2] were 7.6 and 3.6 

rads lh r .  f o r  sh ie lded and unshielded detectors,  respec t i ve l y .  A t  t he  

very l o c a l i z e d  po in t s  of maximum charge concentrat ion the  dose r a t e  f o r  

2 minimum sh ie ld ing  o f  l ess  than 0.4 gmlcm [3] may approach values as h igh  

as 10fl r ads lh r .  These regions normal ly  occur where the  magnetic f i e l d  

dens i t y  B i s  approximately 0.10 Gauss. However, even though the  e lec t ron  

f l u x  dens i ty  i s  very high, t h e  e lec t ron  energies are  very low, and f o r  

2 
s h i e l d i n g  greater  than 0.4 gmlcm [4] t he  e lec t ron  dose r a t e  i s  less 

than n.1 r a d l h r .  For sh ie ld ing  greater  than o r  equal t o  5 gm/cm2 r 5 ]  the 

pr imary e lec t ron  dose i s  completely n e g l i g i b l e .  This  i s  t r u e  s ince a  

2 minimum sh ie ld ing  o f  0.62 gmlcm of  aluminum combined w i t h  0.6 gm/cm 2 

of p l a s t i c  w i l l  e l im ina te  e lec t rons  w i t h  energies l ess  than 2.96  mev r F 1 ,  

and the bu lk  o f  t he  e l e c t r o n  energy spectra i s  below t h i s  l e v e l .  

2 2 Ad n-62 gm/cm a1 uminum p lus  fl,6 gm/cm p l  a s t i e  the minimum pene- 

t r a t i n g  energy for protons i s  33.d mev r63 s For shielding sf 1 gm/cm 4 

t he  maximum proton dose r a t e  [4] w i t h i n  the  geomagnetic f i e l d  f s 



approximately 60 rads/hr. For this  same shielding condition, the 

secondary brernsstrahlung also contributes a peak value of approximately 

2 I . 5  radsfhr. A t  I n  qm/cm. the peak p r o t o n  dose rate  i s  approximately 

13.0 rads/hr. and d e  bremss"cah1ung dose rate i s  approximately n.36 

rad/kr. [ A ] .  

The maximum average dose rate  from the Van Allen radiation in an 
9 earth orbi t  mode occurs a t  3 0 f l  k m ,  For 1 . 0  gm/cm and an equatorial 

9 orbi t  the dose ra te  i s  1 kiloradlday, and for In .0  gm/cm the dose ra te  

i s  300 radslday [4 ] .  This dose ra te  decreases very rapidly for orbits 

of b o t h  lesser and greater a l t i tudes.  A t  31,000 krn the rates are 3 

rads/day and 0 .5  radlday, and a t  600 km the rates are 5 radslday, a n d  

2 2 rads/day for shielding of 1 .0  gm/cm and 1n.n gm/cm2, respectively. 

Therefore, the total  Van A7 'len dose i s  heavily dependent upon the type of 

trajectory used for the mission and the length of time that the launch 

system i s  in a parking orb i t .  For typical high thrust t ra jec tor ies ,  

t h i s  total  time in the high radiation zone would he less than one hour, 

Therefore, the total  dose received from the trapped radiation could not 

2 exceed b t , 5  rads for the 9.n gm/cm shielding or 1 2 - 5  rads for the l n , q  

2 gm/m s h f e l d i n g  based on the nraximum orbital  dose rates a t  30nn k m ,  

This dose could conceivably be s l i g h t l y  greater  i f  significant amounts 

sf time were spent a t  the p a i n t  s f  t he  maximum p r o t o n  dose r a t e ,  b u t  

most. probably t h e  dose would be i ? ' j 4 ~ ~  t h a n  d l  , 5  or 1 2 - 5  rads and w o u l d  be 



IV. SOLAR RADIAT ION 

So la r  r a d i a t i o n  i s  p resen t  i n  t h e  form o f  low energy photons 

( i , e . ,  i n f r a r e d ,  u.v., and v i s i b l e  l i g h t ) ,  low energy protons and 

e lec t rons  which comprise t he  so -ca l l ed  " s o l a r  wind" and h i g h  energy 

protons and a lpha p a r t i c l e s  produced by s o l a r  storms o r  s o l a r  f l a r e s .  

The photon r a d i a t i o n  and t h e  p a r t i c u l a t e  r a d i a t i o n  o f  t h e  s o l a r  wind 

have an energy spec t ra  so low t h a t  t h e  very  s l i g h t e s t  amount o f  

s h i e l d i n g  e l i m i n a t e s  them from being considered r d ] .  However, t h e  

s o l  a r  f l a r e s  do p rov ide  p a r t i  c u l  a t e  r a d i a t i o n  which must be considered. 

O f  t h e  p a r t i c u l a t e  r a d i a t i o n  present  du r i ng  t h e  f l a r e s ,  t h e  protons 

a re  by f a r  t h e  most impor tan t  s i nce  t h e  a lpha p a r t i c l e s  p resen t  have a 

minimal p e n e t r a t i n g  a b i l i t y .  The p ro tan  dose pe r  s o l a r  f l a r e  i s  a random 

v a r i a b l e ,  b u t  t h e  number of f l a r e s  which w i l l  occur du r i ng  any de f i ned  

pe r i od  and t h e i r  average i n t e n s i t y  i s  a r a t h e r  d e t e r m i n i s t i c  s i t u a t i o n  

w i t h  a  c y c l i c a l  behavior .  The p ro jec ted  years f o r  t h e  f i r s t  Ma r t i an  

lander  miss ions (197a-1975) a r e  years o f  r e l a t i v e  s o l a r  minimum, years 

i n  which t he  s o l a r  a c t i v i t y  i s  a t  i t s  lowest  p o i n t  [ A ] .  There i s  

approx imate ly  a  f a c t o r  o f  t en  v a r i a t i o n  between t h e  measured a c t i v i t y  

of a  s o l a r  maximum and a s o l a r  minimum, and t he re  i s  an eleven-year p e r i o d  

between maximums and minimums. For 0.5 qm/cm2 s h i e l d i n g  t h e  h i ghes t  

recorded dose f o r  a  s o l a r  f l a r e  i s  13fln rads r7 ] .  From t h e  data pre-  

sented 4 n  [ 7 ]  there i s  a 0.Ql p r o b a b i l i t y  o f  a one-year m i s s i o n  en- 

counter ing a dose greater than  l .f7 ki lorad  fo r  l .n gm/cm2 s h i e l d i n g  or 
2 a dose g r e a t e r  than  I n n  pads f o r  5 gm/cm s h i e l d i n g .  From data presented 



i n  r47  there i s  a q . n l  probability o f  a 9 ?-month mission encountering a 

dose greater than 3.0 kiloradz for 1 .n gm/cmP shielding or a  dose greater 

t h a n  150 rads for  ln gm/cm2 shielding. For the s ix  months on the Martian 

surface the f l a re  contribution i s  expected t o  be approximately one-half  

2 t h a t  s f  the free space value using 10 gm/cm shielding or 75 rads.  

Since the solar  f lare  radiations are  high enerqy particulate 

radiations,  there i s  the question of the added sec0ndar.y r a d i a t i o n  due 

to  the interaction o f  the primary radiation with the shie9ding. How- 

ever, i f  the shielding i s  less  than 30 qm/cmP, then this  secondary 

radiation i s  negligible r f i ]  

For the total  f la re  dose consideration in t h i s  report ,  the e s t i m a t e s  

3 of 3.n75 kilorads for  a  19-month mlssion w i t h  1 qm/cm shieldSng and  

225 rads f a r  a  IR-month mission with a lfl gm/cm2 w i l l  be used for the 

upper bounds on the dose due t o  s o l a r  f lares  P h i s  i s  definitely an 

upper bound since these estimates are based upon the probability o f  

f l a re  occurrence during years of solar maximum whereas the f i r s t  Plars 

missions wi 11 occur during a re1 a t i v e  solar minimum, 



V.  GALACTIC R A D I A T I O N  

G a l a c t i c  o r  cosmic r a d i a t i o n  i s  a  low f l u x  ( A  par t i c les /cm2-sec . )  
8 

of  ve ry  ene rge t i c  ( 1  - 10'' ,y) bare  n u c l e i  [4].  The i n t e n s i t y  o f  

t he  f l u x  i s  almost e x a c t l y  o u t  of phase w i t h  t h e  i n t e n s i t y  o f  s o l a r  

phenomena; t h e r e f o r e ,  t h e  f i r s t  Vars miss ions w i l l  occur  d u r i n g  a 

p e r i o d  of h i g h  g a l a c t i c  r a d i a t i o n .  The dose r a t e  f o r  t h i s  t ype  of 

r a d i a t i o n  v a r i e s  between a  minimum o f  17 mrad/day '51 and a maximum of 

50 mradlday [ A ]  f o r  s h i e l d i n g  between 1  .fl and 1n.n gm/cm2. For a  twe lve-  

month t r a n s i e n t  t ime t he  rece i ved  dose would be 18.25 rads us ing  t h e  

l a r g e r  dose r a t e .  The dose r a t e  f o r  g a l a c t i c  r a d i a t i o n  on t h e  Mar t i an  

su r f ace  i s  approx imate ly  one-ha1 f t h e  f r e e  space va lue  r4 )  ; the re fo re ,  

t h e  rece ived  dose over  a  hypothesized six-month ope ra t i ona l  pe r i od  on 

t he  su r f ace  would be 4.56 rads.  The t o t a l  dose o f  g a l a c t i c  r a d i a t i o n  

over t he  18-month p e r i o d  would then be 72.81 rads.  

Al though t h i s  t o t a l  dose i s  smal l  r e l a t i v e  t o  t h a t  prov ided by 

s o l a r  f l a r e s ,  i t may be of  more importance s i  nce t h e  h i gh  7 cosmic 

rays may i n d i v i d u a l l y  p rov ide  s i g n i f i c a n t  damage t o  ins t ruments and 

de tec to r s .  



V I  . RADIOISOTOPE THERMOELECTRIC GENERATOR 

The e l e c t r i c a l  power on a  t y p i c a l  Ma r t i an  l ande r  w i l l  p robab ly  be 

supp l i ed  by two 680-thermal w a t t  SNAP-1 9 r ad io i so tope  t he rmoe lec t r i c  

generators  (RTG's) which w i l l  p robably  be pos i t i oned  approx imate ly  one 

meter  a p a r t  on t he  t o p  sur face  o f  the  l ande r  r8] .  The RTG's a r e  unique 

i n  t h a t  they  p rov ide  t h e  o n l y  apprec iab le  source o f  gamma r a d i a t i o n  

which a  spacecra f t  w i l l  see un less a d d i t i o n a l  gamma r a d i a t i o n  i s  used 

f o r  s t e r i l i z a t i o n  purposes, 

Al though r a d i a t i o n  measurements w i l l  have t o  be made a f t e r  t h e  

f u e l  has been manufactured f o r  t he  RTG's used, a  good i n d i c a t i o n  o f  

t h e  amount o f  r a d i a t i o n  which w i l l  be prov ided  by t he  RTG's can be ob ta ined  

f rom data on p rev ious  systems o f  t h i s  type.  The r a d i a t i o n  measurements 

f o r  a  2 3 R ~ ~ 0 2  fue led ,  629-thermal w a t t  SNAP-IOR power source rq ]  are 

shown i n  Table I 1  below: 

TABLE II 

RADIATION MEASUREMENTS FOR A SNAP-198 629-WATT POWER SOURCE 

Dis tance From End Neutron Rad ia t ion  Gamma Rad ia t i on  
( i n *  (mrm/h r .  ) (myem/ h r  . ) 



A rem is  defined b y  the re la t ionship  

RAB = WEM/R,D,E. 

where the R.B.E. or r e l a t i ve  biological effectiveness i s  equal t o  I .n 

f o r  gamma radia t ion and i s  between 5 and 90.5 for the enerqy spectrum 

o f  neutrons being considered ya]. 

Since the RTG's will  typical ly  be separated by more than three f e e t ,  

a coarse estimate f o r  an upper dsse bound may be obtained by using the  

dsse r a t e  a t  a small distance Prom one of the sources* Assuming tha t  

each RTG w i  11 produce approximately 69n thevvnal w a t t s ,  the  measurement 

7 .9  inches from the end of the  source would he app~oxirnale1.y 81Q 

mrem/hr. of neutron radiat ion and RF,a mrem/hr, of qamma radiat ion 

i n  l i n e  with a l i nea r  extrapolat ion.  T h i s  would he approximately n , I W  

radslhr .  f o r  neutrons w i t h  an W.R,E, o f  5,n and * f l% f i  rads /hr ,  f o r  qamma 

photons with an R,B,E, o f  9 .O. These values can be used as average dose 

ra tes  fo r  est imating upper bounds, 

Again assuming a t r i p  t i m e  of 1 2  months a n d  an operational period 

of  6 months on the Martian surface,  the dose c o n t r i b u t e d  by t h e  RTG's 

w i  9 1 be 2 .12  k i  lorads of neutron r a d i a t i o n  and 1 . 1 7  k i  larads o f  samma 

radiat ion fo r  a t o t a l  o f  3 , 2 5  k i  l o r a d s ,  



V I I .  SUMMARY OF UPPER BOUND ESTIMATES 

Th is  s e c t i o n  presents  a  summary o f  t h e  upper bound est imates o f  t h e  

r a d i a t i o n  which a  t y p i c a l  Mars l ande r  cou ld  rece i ve  from bo th  space 

r a d i a t i o n  and RTG r a d i a t i o n .  Table I 1 1  presents  t h e  r e s u l t s  f o r  t h e  

2 
lower  extreme o f  space s h i e l d i n g  o f  1  gm/cm and Table I V  presents  t h e  

2 r e s u l t s  f o r  10 gm/cm . 

TABLE I 1 1  

AN ESTIVATE OF THE UPPER BOUND ON A  MARS LANDER MISSION? 
RADIATION BURDEN ASSUMING A SPACE SHIELDING OF i .n G M / C ~ ~  

Amount 
Source o f  Rad ia t ion  (Rads) 

Geomagnetic F i e l d  (Van A1 1  en) 41.5 
Sol a r  F l a res  3075.f) 
G a l a c t i c  Rad ia t ion  32.8 
RTG Rad ia t i on  

To ta l  

TABLE I V  

AN ESTIMATE OF THE UPPER BOUND ON A MARS LANDER V I S S I O Y  
RADIATION BURDEN ASSUMING A  SPACE SHIELDING OF 1fl G M / C M ~  

Amount 
Source o f  Rad ia t ion  

Geomaqneti c F i e l d  19,5 
Sola r  Flares 2 2 5 ,  fl 
Gal acdi  c Radi a t i  on 29.9 
RIG R a d i a t i o n  3750.61 -- 

T o t  a l 35"r 3 



As has been s t a t e d ,  t h e  t o t a l  r a d i a t i o n  doses descr ibed  i n  Tables 

I I I  and I V  a r e  p robab ly  ve ry  l i b e r a l  upper bounds s i n c e  t he  es t ima te  

o f  t h e  s o l a r  f l a r e  c o n t r i b u t i o n  i s  based upon r a t e s  d u r i n q  years  o f  

s o l a r  maximum, whereas t h e  years  o f  t h e  m idd le  7 n ' s  a r e  years  o f  s o l a r  

minimum. Dur inq t h e  years  o f  s o l a r  minimum, t h e  f l a r e  c o n t r i b u t i o n  

2 f o r  a  12-month t r i p  w i t h  1.0 qm/cm s h i e l d i n g  i s  approx imate ly  4'70 

2 rads, and t h e  c o n t r i b u t i o n  w i t h  10 qrn/cm s h i e l d i n g  i s  o n l y  ?Q rads [ A ) .  

Also, f o r  t h e  s i x  months on t h e  Ma r t i an  su r f ace  t h e  f l a r e  c o n t r i b u t i o n  

i s  expected t o  be one-ha l f  t h a t  of t he  f r e e  space va lue  us i ng  lfl gm/cm2 

s h i e l d i n g .  Th is  va lue  i s  I n  rads.  Using t h e  expected f l a r e  doses 

d u r i n g  a s o l a r  minimum, t h e  t o t a l  dose would be approx imate ly  3724 

2 rads f o r  1  .('I gm/cm s h i e l d i n g .  Hence, a  conc lus i on  which may be drawn 

i s  t h a t  t h e  RTG w i l  7 p r ov i de  the l a r g e s t  share o f  t h e  t o t a l  r a d i a t i o n  

dose o f  any 18-month m i ss i on  d u r i n g  t h e  m idd le  l Q 7 9 ' s .  

Another p o i n t  which should  be s t ressed  i s  t h a t  t h e  ana lys is  

presented here  i s  based upon t h e  s e n s i t i v e  m a t e r i a l s  o f  the  Sander 

hav ing a  minimum s h i e l d i n g  o f  1 gm/cm2. The exposed sur faces o f  a  

b i o s h i e l d  w i l l  r e ce i ve  a  much g r e a t e r  dose. For  example, Ha f fner  [4] 

es t imates t h a t  a  Mar t i an  m i ss i on  w i t h  a f l i g h t  t i m e  o f  22f l  days w i l l  

r e c e i v e  approx imate ly  20Q(?-0 pads o f  Van Allen r a d i a t i o n ,  11,25 rads  

n 
a$ g a l a c t i c  r a d i a t i o n ,  and as much as 4 x 10 rads o f  solar r a d i a t i o n  

on the exposed outer  surfaces. T h u s ,  the  outer surface s f  t h e  b i o -  

s~IIQ'ECI ccald:d receive il d r s e  ~ i r s a t ~ r  t h a ~  A %  ks"lorta& tin a ewelie-month 

voyage time, 



O f  importance concerning t h e  poss ib l e  s t e r i l  i z a t i o n  o f  spacec ra f t  

us ing  gamma r a d i a t i o n  combined w i t h  heat  i s  t he  f a c t  t h a t  t h e  o n l y  gamma 

c o n t r i b u t i o n  t o  t h e  l ande r  r a d i a t i o n  burden i s  supp l ied  by t h e  RTG's. 

Th is  dose o f  gamma r a d i a t i o n  i s  a t  t h e  most 1.13 k i l o r a d s  f o r  a  l o c a l i z e d  

area near t h e  RTG w i t h  no s h i e l d i n g .  Sh ie l d i na  p o s s i b i l i t i e s  f o r  t he  

RTG gamma ou tpu t  are e n t i r e l y  f e a s i b l e  s i nce  t h e  gamma r a d i a t i o n  energy 

spec t ra  i s  dominant a t  r e l a t i v e l y  low energies o f  43.5, 99.4, and 15?.71 

keV r ln] .  For  comparison, t h e  energy o f  ""c gamma r a d i a t i o n  i s  1.1 

t o  1.3 MeV. Therefore,  t h e  t o t a l  gamma burden could be made as smal l  as 

des i red .  

The f o l l o w i n g  Appendix which was prepared by L t .  K e i t h  C. Hopkins 

o f  t h e  Biomedical  Group (SAH) a t  t h e  A i r  Force Weapons Laboratory ,  

K i  rt 1 and A i r  Force Base, A1 buquerque, New Mexico, prov ides an independent 

ana l ys i s  o f  t h i s  same problem. Th is  s tudy was done assuming a space 

s h i e l d i n g  o f  approx imate ly  1.5 gm/cm2. The i n f o r m a t i o n  i s  broken down 

i n t o  t h e  t h ree  ca tegor ies  of n a t u r a l l y  occu r r i ng  space r a d i a t i o n s ,  and 

da ta  i s  s p e c i f i c a l l y  p rov ided  f o r  per iods  o f  s o l a r  maximum and s o l a r  

minimum. A lso  i nc l uded  i s  some da ta  on very  h i gh  energy cosmic r a d i a t i o n s  

i n  t h e  form o f  heavy n u c l e i  . 



Assumed S h i e l d i n g  

2 2 3.11 grn/in.' p l a s t i c  = .327 gm/cm p l a s t i c  2 ,255 gm/cm A1. 

1.13 gm/in.2 f i b e r g l a s s  = . I 75  gm/cmZ f i b e r g l a s s  - . I59  cy/cm2 ~1  . 
2 5 3 

6.7 gm/in.2 A l .  = 1.039 grnlcm, A l .  = l . n39  gm/cm A l .  

Doses 

The f o l l o w i n g  number: a re  f rom - Radia t i on  and Sh ie l d i ng  i n  Space by 

Ha f fner .  

BELT DATA 

6 Rads 

GALACTIC COSMIC RAYS 

Assuming 1  yea r  i n  f r e e  space - 
So la r  Max - 11 Rads 

So la r  Min - 18 Rads 

Assuming 6 months on su r f ace  o f  Mars 

So la r  Max - 3  Rads 

So la r  Min - 4 1 /2  Rads 

For  12  months i n  Free Space 

Solar  Max - 2500 Rads 

So7 ar N9"n - 300 Rads 

* 
Based on 1956-61 d a t a  which i s  considered t o  he a more ene rge t i c  cycle  
t h a n  normal. 



For F months on Mars S u r f a c e  

S o l a r  Plax - 65 Rads 

S o l a r  Mi n - 8 Rads 

The t o t a l  dose  f o r  a  t y p i c a l  miss ion  i s  a s  f o l l o w s :  

S o l a r  Max: Be1 t - 6 Rads 

Free Space 

G a l a c t i c  Cosmic Rays - 11 Rads 

S o l a r  F l a r e  - 250n Rads 

Mars S u r f a c e  

G a l a c t i c  Cosmic Rays - 3 Rads 

S o l a r  F l a r e  - 65 Rads 

TOTAL : 2585 Rads 

S o l a r  Min: Be1 t - 6 Rads 

G a l a c t i c  Cosmic Rays - l a  Rads 

S o l a r  F l a r e  - 3qQ Rads 

Mars S u r f a c ~  

G a l a c t i c  Cosmic Pays - 4 4 / 2  Rads 

S o l a r  F l a r e  - R Wads 

TOTAL : 336-5  Rads 

CV more i m n o r t a ~ c e  t o  n s t r ~ ~ m e n t s  and d o t ~ r * n r ~  f I own 50 Yare; may be 
Hfrjh 7 Casms'c Ray tracks and s t a r s ,  The falbowinq I nPomat ion  -is biased 



on a NASA J o i n t  Report by Shaefer and S u l l  i v a n  pub l i shed  i n  June 9090 
on "The d p ~ l ? o  X I  Miss ion t o  t h e  Meon," Th is  da ta  does not  i n c l u d e  the 
s i x  months on Mar 's  su r face .  

* 
Heavy Nuc le i  P red ic ted  Exposure i n  Free Space 

71 Class 

6-9 

10-1 2 

13-21 

22-30 

I n t e g r a t e d  

F l  ux-Nucl e i  /cm 2  Absorbed Dose (Mi 11 i r a d )  

208nn 36.3 

23n0 q8.e 

37 50 34.1 

3 4 M  69.9 

Miss ion  dose 238.9 m i l l i r a d s  

The f o l l o w i n g  i n f o r m a t i o n  i s  a l s o  based on t h e  Shaefer and S u l l i v a n  

Report. Mars Surface da ta  i s  n o t  inc luded .  

Prong spectrum o f  d i s i n t e g r a t i o n  S ta rs  i n  I l f o r d  k.2 Emulsions 

Number o f  prongs 

2 

3  

4 

16-24 * 
Does n o t  i n c l u d e  d a t a  on Mars, 

Number o f  s t a r s  recorded 

1  7500 

I 38nn 

87 50 

6600 

238n 

IQ30 

9 525  

961n 

3'1 5n 

1120 
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