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U N I T E D  STATES 
A T O M I C  ENERGY C O M M I S S I O N  
Washington 25,  D .  C .  

SNAP F A C T  S H E E T  

\ i 

%*. SNAP (Systems for Nuclear Auxiliary Power) is the 
AEC's program for the development of compact, lightweight, 
reliable atomic electric devices for space, sea and land 
uses. 

The program includes the development of techniques, 
materials and equipment required to apply to and advance the 
technology of atomic auxiliary and propulsive electric power. 
Under this program, compact atomic-electric power packages 
(conversion of fission or radioactive-decay heat to elec- 
tricity) are being developed for use in satellites and space 
vehicles. 

The technologies and resources developed for space 
power units are a l so  being used in the development of atomic 
auxiliary power systems for military and civilian land and 
sea uses. 
systems are under development.* 

Both radioisotope-powered and reactor-powered 

Development of S N A P  Radioisotope Devices 

The S N A P  radioisotope program has  brought forth a 
whole new technology of the use of radioisotopes as unique 
sources of compact, long-lived power. The fuel form of the 
several possible fuel radioisotopes, the advanced energy' con- 
version techniques, the detailed study of generator designs 
and the radiological safety implications of the uses of these 
devices a l l  contribute to a significant new technology now 
available for application to space, as well as to land and 
sea uses. 

* It may be helpful to keep in mind that the S N A P  nambering 
system uses odd numbers f o r  devices employi*ng rad-ioisotopes 
( S N A P  1, etc.) and even numbers for devices employing 
reactors ( S N A P  2, etc.) 

(more ) 
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I n  March 1956, t h e  AEC i n i t i a t e d  a low l e v e l  e f f o r t  
with t h e  Nuclear Divis ion of t h e  Martin Company, Baltimore,  
f o r  t h e  development of a rad io iso tope- fue led  space power u n i t .  
Af t e r  a year  of s tudying t h e  s u i t a b i l i t y  and a v a i l a b i l i t y  of 
p a t e n t i a l  rad io iso tope  f u e l s  -- both waste f i s s i o n  products  
and, e s p e c i a l l y ,  i r r a d i a t e d  m a t e r i a l s  -- cerium-144 w a s  
s e l e c t e d  f o r  use i n  t h e  development program. Power p l an t  
design s p e c i f i c a t i o n s  of 500 w a t t s  e l e c t r i c a l  f o r  a 60-day 
mission l i f e  were e s t a b l i s h e d ,  and Thompson Products ,  

\ ’% Cleveland, w a s  chosen under subcontract  t o  t h e  Martin Company 
t t o  develop mercury turbogenerator  equipment. The program w a s  

designated S N A P - 1 ,  and d e l i v e r y  of  t h e  f i rs t  completed u n i t  
was scheduled f o r  September 1959. Subsequently t h i s  program 
w a s  d i scont inued .  

I n  a d d i t i o n  t o  t h e  SNAP-‘i e f f o r t ,  s eve ra l  subcon- 
t r a c t s  were l e t  under t h e  b a s i c  Martin Company con t r ac t  t o  
develop advanced the rmoe lec t r i c  and thermionic hea t - to-  
e l e c t r i c i t y  conversion devices  t h a t  could be used with radio-  
i so tope  hea t  sources .  This  program was designated SNAP-3. 

The S N A P - 3  program was quick .to , y i e l d  r e s u l t s  when 
t h e  Minnesota Mining and Manufacturing Company de l ivered  a 
complete the rmoe lec t r i c  genera tor  t o  t h e  Martin Company i n  
December 1958. 
nium 210 f u e l  capsules  t o  be furn ished  by A E C %  Mound 
Laboratory,  Miamisburg, Ohio. Polonium 210, an alpha-emit ter ,  
w a s  used because it w a s  s u i t a b l e  and r e a d i l y  a v a i l a b l e .  The 
Martin Company assembled and t e s t e d  t h e  complete gene ra to r ,  
and de l ive red  t h e  u n i t  t o  t h e  Atomic Energy Commission i n  
January 1959. This proof-of-pr inciple  demonstration device 
produced 2.5 watts with a h a l f  charge of polonium 210 f u e l .  
It was f i rs t  introduced t o  t h e  world by Pres ident  Eisenhower 
on January 16,  1959, as t h e  S N A P - 3  “atomic b a t t e r y . ”  

The genera tor  was designed t o  r ece ive  polo- 

Four prototype i s o t o p i c  u n i t s  fue led  with s t ront ium 
90, SNAP-’-/A, B ,  C and D ,  a r e  being developed f o r  t h e  Coast 
Guard and t h e  Navy f o r  use i n  coast  nav iga t iona l  a i d s  and 
automatic weather s t a t i o n s .  S N A P - 7 A  and S N A P - 7 C  a r e  5-wat t  
systems. The o t h e r s  a r e  30-watt systems. w 

buoy i n  Chesapeake Bay, Md. 
automatic weather s t a t i o n  i n  t h e  An ta rc t i c .  S N A P - 7 B  w i l l  be 

S N A P - 7 A  i s  powering an experimental+Coast-Guard 
S N A P - 7 C  i s  pow’e’lring a Navy 
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used by t h e  Coast Guard i n  a land-based naviga t ion  l i g h t ,  
and SNAP-7D w i l l  be used by t h e  Navy i n  an unmanned f l o a t i n g  
weather s t a t i o n .  

0 The AEC i s  a l s o  developing a 5-watt ,  s t ron t ium 90- 
fue l ed  system, designated SNAP-7E t o  power an experimental  
nav iga t iona l  beacon f o r  t h e  Navy. 

t h i s  summer. 
SNAP-?B, D and E w i l l  be de l ive red  t o  t h e  u s e r s  

The AEC i s  developing SNAP-9A f o r  use i n  t h e  
Navy's o p e r a t i o n a l  prototype TRANSIT nav iga t iona l  s a t e l l i t e s .  
SNAP-9A i s  a plutonium 238-fueled the rmoe lec t r i c  genera tor  
with a design l i f e t i m e  of -5-10 ygars .  

two events  i n  1961. On June 29,  and again on November 1 5 ,  
five-pound, plutonium 238-fueled gene ra to r s ,  s i m i l a r  t o  
SNAP-3 type  gene ra to r s ,  .were success fu l ly  placed i n  o r b i t  as 
power sources  i n  t h e  TRANSIT-&A and 4 B  s a t e l l i t e s  respec- 
t i v e l y .  
nuc lear  energy i n  space.  

The development of t h i s  genera tor  w a s  enhanced by 

The two events  r ep resen t  the 'world 's  f i r s t  use of 

The AEC i s  developing SNAP-11 f o r  t h e  Nat ional  
Aeronautics and Space Adminis t ra t ion.  
intended f o r  use on P ro jec t  Surveyor,  N A S A ' s  unmanned s o f t  
l u n a r  exp lo ra t ion  program. 
curium 242, w i l l  weigh about 30 pounds and w i l l  provide a 
minimum of 18.6 w a t t s  of power cont inuously f o r  90-day l u n a r  
missions.  

The genera tor  i s  

SNAP-11 w i l l  be fue l ed  wi th  

SNAP-1% 

SNAP-13 i s  a low-powered cesium-vapor thermionic  
genera tor  being developed t o  demonstrate t h e  f e a s i b i l i t y  of 
us ing  a r ad io i so tope  hea t  source i n  such an energy conversion 
device.  
SURVEYOR power requirement and i s  expected.,ta' be Beveloped 
i n t o  an a l t e r n a t e  u n i t  f o r  SNAP-11. T e s t s  will be conducted 

The genera tor  will be designed i n  l i n e ' y i t h  t h e  
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on an e l e c t r i c a l l y  heated u n i t  i n  FY 1962. 
w i l l  be completed i n  FY 1963. 
u n i t  w i l l  extend through FY 1964. 

Development of SNAP Reactors 

on t h e  development of a space r e a c t o r  system f o r  t h e  A i r  

C a l i f o r n i a ,  was chosen i n  t h e  s p r i n g  of 1956 and w a s  desig-  
nated t h e  SNAP-2 program. 

The SNAP-2 program f o r  developing a t h r e e  e l e c t r i c a l  
k i lowa t t  u n i t  has  progressed t o  t h e  poin t  o f  t e s t i n g  a pro- 
t o t y p e  r e a c t o r  core a t  design power and temperature condi t ions  
i n  a s p e c i a l  t e s t  f a c i l i t y .  Mercury vapor turbogenera tor  con- 
ve r s ion  equipment i s  being developed by Thompson-Ramo- 
Woolridge, I n c , ,  Cleveland, under con t r ac t  t o  Atomics I n t e r -  
n a t i o n a l .  

A fue l ed  SNAP-13 
Work on an improved thermionic  

I n  t h e  f a l l  of 1955, t h e  AEC asked indus t ry  t o  b id  

, Force.  A concept by t h e  Atomics I n t e r n a t i o n a l ,  Canoga Park,  \ -  

t 

An a tomic -e l ec t r i c  power system t h a t  must s t a r t  up 
. au tomat i ca l ly  and opera te  unattended $or a long  per iod of 

t ime i n  space must have a comple*tely automatic con t ro l  system. 
I n s u r i n g  t h e  h igh  q u a l i t y  of  performance requi red  w i l l  be 
p o s s i b l e  only  through t h e  conduct of ground t e s t s .  
tests f o r  SNAP-2 a r e  t o  be conducted i n  an e s p e c i a l l y  con- 
s t r u c t e d  $3 m i l l i o n  f a c i l i t y  c a l l e d  t h e  SNAP Environmental 
Test  F a c i l i t y  (SETF) a t  Santa  Susana, C a l i f o r n i a ,  completed 
i n  1960. Design of t h i s  f a c i l i t y  permits  f l e x i b i l i t y  i n  
t e s t i n g  f u l l y  automatic SNAP-2 systems. Provis ion  i s  made 
f o r  remote manipulations and f o r  removal of a l l  r a d i o a c t i v e  
components, i nc lud ing  t h e  r e a c t o r  f u e l  elements.  F l i g h t  
t e s t s  a r e  planned f o r  1965. 

The 

U n t i l  January 1959, t h e  t h r e e  e l e c t r i c a l  k i lowat t  
SNAP-2 u n i t  w a s  t h e  only space atomic r e a c t o r  a u x i l i a r y  power 
system under development by t h e  Atomic Energy Commission. 
Since t h a t  t ime,  two a d d i t i o n a l  space power u n i t  development 
programs have been s tar ted based on t h e  metal  hydride r eac to r  
. technology developed under SNAP-2 -- SNAP-8 t o  develop.>a 30 
e l e c t r i c a l  k i lowa t t  p ropuls ive  power u n i t  and .SNAP-l,QA - t o  
develop a 500 e l e c t r i c a l  w a t t  atomic a u x i l i a r y  r’.. ‘pg%er u n i t .  

(more) 
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The SNAP-4 p ro jec t  began i n  1959 a s  a f e a s i b i l i t y  
s tudy  on t h e  development of a very compact r eac to r -  
t u r b o e l e c t r i c  system with t h e  c a p a b i l i t y  of long unattended 
l i f e  i n  an underwater o r  remote land l o c a t i o n .  Design s tudy 
and component development began i n  1960 for t h i s  experimental  
r e a c t o r .  The r e a c t o r  i s  t o  use SNAP-2 hydride f u e l  technology 
and b o i l i n g  water as a coolant i n  a s ingle- loop system. The 
p r o j e c t  would r e q u i r e  t h e  development o f  compact t u r b o e l e c t r i c  
gene ra to r s  capable of genera t ing  l,OOO-4,000 e l e c t r i c a l  k i l o -  
watts.  

SNAP-8 i s  being developed i n  conjunction with t h e  
Nat ional  Aeronautics and Space Adminis t ra t ion.  NASA i s  
developing t h e  power conversion equipment and will accomplish 
t h e  ove r -a l l  system i n t e g r a t i o n .  .The NASA con t rac to r  f o r  
t h i s  program i s  Aero jet-General CGrporation, Azusa, Ca l i fo rn ia .  

The SNAP-8 program schedule inc ludes  t h e  demon- 
s t r a t i o n  of a 90-day system l i f e  i n  1964, and a demonstration 
of t h e  opera t ion  f o r  10,000 hours o f  a complete system i n  
1965. 

?- 

Conceptual design of a conduction-cooled 330-pound, 
300 e l e c t r i c a l  w a t t  r e a c t o r  system us ing  thermoelec t r ic  con- 
ve r s ion  w a s  completed i n  1959 under a program designated 
SNAP-10. I n  1960 t h e  program w a s  r e d i r e c t e d  t o  develop a 
more powerful convection-cooled system using , the SNAP-2 
r e a c t o r .  This  u n i t ,  designated SNAP-lOA, will be capable of 
producing 500 w a t t s  a t  a system weight of about 750 pounds. 
SNAP-1OA w i l l  be t e s t e d  i n  t h e  A i r  Force SNAPSHOT program. 
This  program i s  po in t ing  towards f l i g h t  demonstration i n  
1963 

Safe ty  Considerat ions 

Plutonium 238 w a s  s e l e c t e d  a s  t h e  f u e l  f o r  t h e  f irst  
SNAP space missions f o r  two bas i c  reasons :  (1) it i s  p r i -  
mar i ly  an "alpha" e m i t t e r  ( t h e  l e a s t  pene t r a t ing  of t h e  , three 
types  of  r a d i a t i o n )  s o  t h a t  t h e  genera tor  r e q u i r e s  n,o sh ie ld-  
i n g  a t  a l l  (most of t h e  energy of t h e  a1 ha p a r t i c l e s ' f s  used 
t o  produce hea t  w i th in  t h e  d e v i c e ) ;  and P 2f i f i s  r h t i v e l y  
long  h a l f - l i f e  o f f e r s  maximum advantage ovei-' o the r  t ypes  of 

. 
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power supp l i e s  ( t h e  polonium 210 used i n  t h e  SNAP-3 h a s  a 
h a l f - l i f e  of l e s s  t h a n  f i v e  months, s o  t h a t  i t s  power output 
dropped o f f  r a p i d l y ) .  

s u f f i c i e n t  concent ra t ion  of a lpha-emit t ing r a d i o a c t i v i t y  t o  
make them p r a c t i c a l  f o r  l igh tweight  i s o t o p i c  power sources .  

i s o t o p e s  of plutonium but  i t s  nuc lear  c h a r a c t e r i s t i c s  are 

a chain r e a c t i o n .  Even i n  l a r g e  masses it p resen t s  no danger 
of atomic explosion.  However, all forms of plutonium are  
poisonous i f  inha led  o r  inges ted  by l i v i n g  organisms. 

b I so topes  with very long  h a l f - l i v e s  do not have a 

Plutonium 238 i s  i d e n t i c a l  chemically t o  o t h e r  
, ,  ,- 

x q u i t e  d i f f e r e n t .  Fo r  example, plutonium 238 cannot support  

Descr ip t ion  of SNAP Sa fe ty  Tests,?. 

The plutonium 238 f u e l  capsule  f o r  t h e  SNAP device 
i s  designed t o  surv ive  s a f e l y  launch pad acc iden t s ,  inc luding  
f i r e  and explosion;  t o  withstand impact;  and t o  burn up i n  
t h e  atmosphere when it u l t i m a t e l y  r e -en te r s  from o r b i t .  
Various r e a l i s t i c  t e s t s  have been run t o  prove out  t h e  ade- 
quacy of t h e  design f e a t u r e s .  

S tud ie s  of launch pad a b o r t s  show t h a t  i f  a f i r e  
r e s u l t s ,  t h e  o x i d i z e r  from t h e  boos te r  w i l l  vaporize quick ly ,  
but  a genera tor  l o c a t e d  i n  t h e  wreckage could be subjec ted  
t o  t h e  f i r e  f o r  about 15 minutes.  A simulated miss i le  f i r e  
t e s t  h a s  been conducted i n  connection with t h e  SNAP genera tor  
program a t  Aberdeen Proving Ground, Maryland. 
8,500 pounds of kerosene and 6,000 pounds of a n i l i n e  and 
n i t r i c  a c i d  were i g n i t e d  over a simulated m i s s i l e  s t r u c t u r e  
which he ld  5 genera tor  assemblies .  I n i t i a l  f l a s h  tempera- 
t u r e  reached 5,100" F.  Temperatures varying from 1,200" F .  
t o  2,600" F. were recorded over a 15-minute per iod .  
f u e l  capsules  were r e t a i n e d  i n  t h e  gene ra to r s  and no d e t r i -  
mental  e f f e c t s  on t h e  f u e l  capsule  were noted. 

j e c t e d  SNAP gene ra to r s  and i so tope  con ta ine r s  t o  a shock 
p res su re  of 1,000 pounds per  square inch .  The core ma te r i a l  
was Haynes-25 a l l o y  but  s imilar  cores  were also constructed 
from graded aluminum f o r  use i n  t h i s  t e s t .  Even t h e  lowest 
grade aluminum core maintained i t s  mechanical. i n t e g r c t y .  4- 

* 

I n  t h i s  t e s t ,  

A l l  

An explosion t e s t  us ing  1,650 pounds of TNT sub- 

/ '  - ./ 
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To t e s t  t h e  a b i l i t y  of t h e  plutonium 238-fueled 
SNAP genera tor  t o  conta in  i t s  r ad io i so tope  f u e l  i f  it should 
f a l l  back t o  e a r t h  a t  maximum v e l o c i t y  a f t e r  a launching 
f a i l u r e ,  two complete gene ra to r s  and one bare  f u e l  capsule 
were impacted a t  maximum v e l o c i t y  aga ins t  a g r a n i t e  t a r g e t .  
The s i n g l e  bare  capsule  w a s  preheated i n  a furnace before  
impact.  
t e s t  but d i d  not  f racture:  A capsule  from one of t h e  gen- 
e r a t o r s  was p res su re - t e s t ed  t o  10,000 pounds per  square inch 

The capsules  su f fe red  some deformation i n  t h i s  

.. a f t e r  impact t o  f u r t h e r  t e s t  i t s  i n t e g r i t y .  
*- 

Scale  models of t h e  complete generator  and t h e  
f u e l  core were t e s t e d  i n  plasma-arc tunne l s  a t  t h e  General 
E l e c t r i c  Aeroscience Laboratory,  Ph i l ade lph ia ,  t o  substan- 
t i a t e  t ha t  on r e -en t ry  from space t h e  genera tor  and f u e l  
core w i l l  burn up t o  very f i n e  p a r t i c l e s  which w i l l  be d i s -  
persed harmlessly i n  t h e  stratosph?ere.  
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