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CRD/I (S 1 P r o p o s a l  t o  E s t a b l i s h  a Lunar  O u t p o s t  (C) 

C h i e f  o f  Ordnance  . . 'CRD 20 hlar 1959 

1. a) R e f e r e n c e  l e t t e r  t o  C h i e f  of Ordnance f rom Chie f  of R e s e a r c h  and 
Development ,  subject as above .  

2. (C) Subsequen t  t o  a p p r o v a l  by t h e  Ch ie f  of S t a f f  o f  r e f e r e n c e ,  r e p r e -  
s e n t a t i v e s  of t h e  Army B a l l i s t i c  Missiles Agency i n d i c a t e d  t h a t  s u p p l e m e n t a r y  
g u i d a n c e  would. b e  r e q u i r e d  c o n c e r n i n g  t h e  s c o p e  of t h e  p r e l i m i n a r y  i n v e s t i g a t i o n  
s p e c i f i e d  i n  t h e  r e f e r e n c e .  I n  p a r t i c u l a r  t h e s e  r e p r e s e n t a t i v e s  r e q u e s t e d  

. g u i d a n c e  c o n c e r n i n g  t h e  s o u r c e  of f u n d s  r e q u i r e d  t o  c o n d u c t  t h e  i n v e s t i g a t i o n .  

3. (S) I e n v i s i o n  e x p e d i t i o u s  development  of t h e  p r o p o s a l  t o  e s t a b l i s h  a 
l u n a r  o u t p o s t  t o  be  o f  c r i t i c a l  impor t ance  t o  t h e  U. S.  Army o f  t h e  f u t u r e ,  T h i s  
e v a l u a t i o n  i s  a p p a r e n t l y  s h a r e d  by t h e  Chief  o f  S t a f f  i n  view of h i s  e x p e d i t i o u s  
a p p r o v a l  and  e n t h u s i a s t i c  endorsement  of i n i t i a t i o n  o f  t h e  s t u d y ,  T h e r e f o r e ,  t h e  
d e t a i l  t o  b e  c o v e r e d  by t h c  i n v e s t i g a t i o n  and  t h e  Subsequent  p l a n  s h o u l d  be  as com- 
p l e t e  as i s  f e a s i b l e  i n  t h e  time l i m i t s  allowed and w i t h i n  t h e  f u n d s  c u r r e n t l y  
a v a i l a b l e  w i t h i n  t h e  o f f i c e  o f  t h e  Ch ie f  of Ordnance.  I n  t h i s  t i m e  o f  l i m i t e d  
b u d g e t ,  a d d i t i o n a l  monies  a re  u n a v a i l a b l e .  C u r r e n t  programs have  been  s c r u t i n i z e d  
r i g i d l y  and i d c n t i f i a b l e  "fat;" trimmed away. 
a t  t h i s  t i m e .  

Thus h i g h  s t u d y  c o s t s  a r e  p r o h i b i t i v e  

4 .  (C) I l e a v e  it t o  your  d i s c r e t i o n  t o  d e t e r m i n e  t h e  s o u r c e  a n d  t h e  aniount 
of money t o  b e  d e v o t e d  t o  t h i s  pu rpose .  
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Requ i remen t  € o r  a Lunar  O u t p o s t  

1. Genera l  

T h e r e  is a r e q u i r e m e n t  f o r  a manned m i l i t a r y  o u t p o s t  on t h e  
moon. The l u n a r  o u t p o s t  i s  r e q u i r e d  t o  d e v e l o p  and p r o t e c t  p o t e n t i a l  U n i t e d  
S t a t e s  i n t e r e s t s  on the moon; to d e v c l o p  t e c h n i q u e s  i n  moon-based s u r v c i l -  
l ance  of t h e  e a r t h  and s p a c e ,  i n  conmunica t ions  r e l a y ,  and i n  o p e r a t i o n s  
on t h e  s u r f a c e  o f  t h e  moon; t o  serve as a base €or e x p l o r a t i o n  of t h e  nioon, 
for f u r t h e r  e x p l o r a t i o n  i n t o  s p a c e  and f o r  m i l i t a r y  o p e r a t i o n s  o n  t h e  moon 
i f  r e q u i r e d ;  and t o  s u p p o r t  s c i e n t i f i c  i n v e s t i g a t i o n s  on t h e  moon. 

2. O p e r a t i o n a l  Concept .  

I n i t i a l l y  the o u t p o s t  vi11 be o f  s u f f i c i e n t  s i z e  and c o n t a i n  
s u f f i c i e n t  equipment  t o  p e r m i t  t h e  s u r v i v a l  and modera t e  c o n s t r u c t i v e  
a c t i v i t y  of a minimum number o€ p e r s o n n e l  ( a b o u t  1 0  - 20)  on a s u s t a i n e d  
b a s i s .  I t  must bc d e s i g n e d  for e x p a n s i o n  o f  f a c i l i t i e s ,  r e s u p p l y ,  and  rota- 
t i o n  of personnel  t o  i n s u r e  maximum e x t e n s i o n  of s u s t a i n e d  occupacy .  I t  
s h o u l d  be des igned  t o  be s e l f - s u f f i c i e n t  f o r  as l o n g  as p o s s i b l e  w i t h o u t  
o u t s i d e  s u p p o r t .  I n  the l o c a t i o n  and d e s i g n  of t h e  base, c o n s i d e r a t i o n  w i l l  
be g i v e n  t o  o p c r a t i o n  of 8 t r i a n g u l a t i o n  s t a t i o n  of 8 moon-to-ear th  b a s e  
line space s u r v e i l l a n c e  s y s t e m ,  f a c i l i t a t i n g  c o m n u n i c c t i o n s  w i t h  and 
o b s e r v a t i o n  of t h e  e a r t h ,  f a c i l i t a t i n g  t r a v e l  betwecn t h e  moon and thc 
earth ,  e x p l o r a t i o n  o f  t h e  moon and f u r t h e r  e x p l o r a t i o n s  of s p a c e ,  and t o  
the dcfcnsc  of t h e  b a s e  a g a i n s t  a t t a c k  i f  r e q u i r e d .  The  p r i m a r y  o b j e c -  
t i v e  i s  t o  e s t a b l i s h  the f i r s t  pcrmanent  nianned i n s t a l l a t i o n  on t h e  moon. 
I n c i d e n t e l  t o  t h i s  m i s s i o n  w i l l  be t h e  i n v e s t i g a t i o n  of the s c i e n t i f i c ,  
c o m n e r c i a l  , and m i l i t a r y  p o t e n t i a l  o f  t he  moon. 

3. Background of Rcquiremcnt .  

a. R e f e r e n c e s :  

(1) NSC p o l i c y  on o u t e r , s p a c e .  

(2)  OCB O p e r a t i o n s  P l a n  on O u t e r  Space.  

b. Reason f o r  Requirement .  

' (1) The n a t i o n a l  p o l i c y  on o u t e r  s p a c e  i n c l u d c s  t h e  o b j e c t i v e  
of development  and  e x p l o i t i n g  U S  outer spnce  c a p a b i l i t i e s  as necded t o  
a c h i e v e  s c i e n t i f i c ,  m i l J  t w y ,  a n d  p o t e n t i a l  p u r p o s e s .  The  OCB O p e r a t i o n s  
Plan t o  i m p l m e n t  t h i s  p o l i c y  e s t z b l i s h e s  a s p e c i f i c  progrpm t o  o b t a i n  
s c i e n t i f i c  d a t a  on space environment  o u t  t o  t h e  v i c i n i t y  of t h e  moon, 
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i n c l u d i n g  the moon's g r a v i t a t i o n a l  and m a g n e t i c  f i e l d s  and t o  e x p l o r e  the 
characteristics o f  t h e  moon's s u r f a c e .  T h e r e  8re n o  h i o m  t e c h n i c a l  b a r r i e r s  
t o  t h e  c s t z b l i s h m e n t  of i? manned i n s t a l l a t i o n  on t h e  moon. 

(2)  "lie e s t a b l i s h m e n t  of a manned b a s e  of o p e r a t i o n s  on t h e  
moon has t remendous m i l i t a r y  2nd s c i e n t i f i c  p o t e n t i a l .  Because i n v a l u a b l e  
s c i e n t i f i c ,  m i l i t a r y ,  and p o l i t i c a l  p r e s t i g e  ail1 come t o  t h e  n a t i o n  t h a t  
f i r s t  e s t a b l i s h e s  a l u n a r  b a s e ,  i t  i s  i m p e r a t i v e  t h a t  t h e  Un i t ed  S t a t e s  be 
f irst .  , .  

(3)  The f u l l  e x t e n t  o f  t h e  m i l i t a r y  p o t e n t i a l  c a n n o t  be 
p r e d i c t e d ,  b u t  i t  i s  p r o b a b l e  t h a t  o b s e r v a t i o n  of t h e  e a r t h  and s p a c e  v e h i c l e s  
from t h e  moon w i l l  p r o v e  t o  be h i g h l y  a d v a n t a g e o u s .  
e a r t h  b a s e  l i n e ,  s p a c e  s u r v e i l l a n c e  bg t r i a n g u l a t i o n  p ron i i sc s  g rea t  range 
and  a c c u r a c y .  l'he p r e s e n t l y  c o n t e m p l a t e d  c a r t h - b z s e d  t r a c l ; i n g  and c o n t r o l  
ne twork  w i l l  bc i nac l equa tc  € o r  t h e  deep s p a c e  o p e r a t i o n s  conterLiplated.  
M i l i t a r y  c o x m u n i c a t i o n s  n a y  be g r e a t l y  improved by t h e  use o€ a moon-based 
r e l a y  s t a t i o n .  The cmplogment of moon-based wcnpons s y s t e m s  z g a i n s t  e z r t h  o r  
s p a c e  t a r g e t s  may prove  t o  be f e a s i b l e  and d e s i r a b l e .  hloon-based m i l i t a r y  
power w i l l  b e  a s t r o n g  d e t e r r e n t  t o  var b e c a u s e  of t h e  e x t r e n e  d i f f i c u l t y ,  
f rom t h e  cncmy p o i n t  of v i ew,  of e l i n i r i z t i n y ;  o u r  a b i l i t y  t o  r e t a l i a t e .  Any 
m i l i t a r y  o p c r a t i o n s  011 t h e  moon v i i l l  bc d i f f i c u l t  t o  c o u n t e r  by the enemy 
because of t h c  d i f f i c u l t y  oi h i s  r e a c h i n g  t h e  riioon, i f  o u r  f o r c e s  are  a l -  
r e a d y  p r e s e n t  and have iilt'ans o € c o u n t e r i n g  a l a n d i n g  o r  of n e u t r a l i z i n g  m y  
h o s t i l e  f o r c e s  t ha t  h a s  l a n d e d .  The  s i t u a t i o n  i s  r e v e r s e d  i f  h o s t i l e  f o r c e s  
are p e r m i t t e d  t o  a r r i v e  f i r s t .  They can  m i l i t a r i l y  c o u n t e r  o u r  l a n d i n g s  and 
a t t e m p t  t o  deny us p o l i t i c a l l y  t h e  u s e  o f  t l ieir  p r o p e r t y .  

By u s i n g  a moon-to- 

(4 )  l'iic s c i c n t i f i c  P-dvantzgcs are e q u a l l y  d i f f i c u l t  t o  p r e -  
dict b u t  arc  h i g h l y  p r o m i s i n g .  S t u d y  of the  u n i v e r s e ,  o l  t h e  moon, and 
o f  t h e  s p a c e  env i ronmen t  w i l l  a l l  be a i d e d  by s c i e n t i f i c  e f f o r t  on t h e  moon. 
P e r h a p s  t h e  n o s t  p r o m i s i n g  s c i e n t i f i c  c d v a n t a g e  i s  the  u s e f u l n e s s  of a 
moon base f o r  f u r t h c r  e x p l o r a t i o n s  i n t o  space .  h 'a ter ia ls  on t h e  moon i t s e l f  
may prove t o  be v a l i i a b l e  arid cocunc rc i a l ly  c x p l o i  t a b l e .  

4.  O r g m i z a t i o n a l  Concept .  

The e s t a b l i s h n i e n t  of the o u t f o s t  s h o u l d  be a s p e c i a l  p r o j e c t  
h a v i n g  a u t h o r i t y  arid p r i o r i t y  s imi la r  t o  t h e  l h n h a t t a n  P r o j e c t  i n  World War 
11. Once e s t a b l i s h e d ,  t h e  l u n a r  b a s e  w i l l  be  o p e r a t e d  unde r  t h e  c o n t r o l  
of a u n ' i f i e d  space  cornniand. 
e n c o n p a s s i n g  t h e  ear th  and t h e  moon, w i l l  bc c o n s i d e r e d  a m i l i t a r y  t h e a t e r .  
The c o n t r o l  o f  211 U n i t e d  S t a t e s  m i l i t a r y  f o r c c s  by u ; ~ i f i e d  commands i s  a l -  
r ezdy  e s t c ? b l i s h e d  a n d  rnili t a r y  o p e r a t i o n s  i n  s p a c e  s h o u l d  be no  e x c e p t i o n ,  
A u n i f i e d  s p a c e  cormand would c o n t r o l  and u t i l i z e ,  b e s i d e s  t h e  l u n a r  b a s e ,  

S p a c e ,  o r  c e r t a i n l y  t h a t  p o r t i o n  of o u t e r  s p a c e  
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o p e r a t i o n a l  m i l i t a r y  s a t e l l i t e s  and space v e h i c l e s ,  s p a c e  s u r v e i l l a n c e  s y s t e m s ,  
and t h e  l o g i s t i c a l  s u p p o r t  t h e r e o f .  O t h e r  s p a c e  conmands n i g h t  b e  o r g a n i z e d  
as o u r  o p e r a t i o n s  e x t e n d e d  t o  t r a n s l u n a r  s p a c e .  

5 .  Degree o f  Urgency. 

To be  second  t o  t h e  S o v i e t  Union i n  e s t a b l i s h i n g  a n  o u t p o s t  on 
the  rnoon,would b e  d i s a s t r o u s  t o  o u r  n a t i o n ‘ s  p r e s t i g e  and  i n  t u r n  t o  our  demo- 
c r a t i c  p h i l o s o p h y .  A 1  though i t  i s .  c o n t r a r y  t o  U n i t e d  S t a t e s  p o l i c y  , t h e  
S o v i e t  Union i n  e s t a b l i s h i n g  t h e  f i r s t  pe rmanen t  b a s e ,  may claim t h e  010011 o r  
c r i t i ca l  2reas t h c r e o f  f o r  i t s  own. Then a s u b s e q u e n t  attempt t o  e s t a b l i s h  
an o u t p o s t  by t h e  U n i t c d  S t a t e s  m i g h t  be  c o n s i d e r e d  and  p r o p a g m d i z c d  ns a 
h o s t i l e  ac t .  The S o v i c  t Union i n  p ropaganda  b r o a d c a s t s  has  announced the 
5 0 t h  z n n i v e r s a r y  of the p r e s e n t  government (1967)  w i l l  be c e l e b r z t c d  by S o v i e t  
c i t i z e n s  on the moon. ?’he K n t i o n a l  Space  p o l i c y  i n t e l l i g c n c e  estimate i s  
t h a t  t h e  S o v i e t s  c o u l d  l a n d  o n  t h e  moon by 1 D G I .  

6. b!aintenance m d  SunDlv I m n l i c n t i o n s .  

The niaintcnniice and s u p p l y  c f f o r t  t o  s u p p o r t  I l u n a r  base w i l l  
be h i g h  by p r e s e n t  s t a n d a r d s .  Con t inued  d e l i v c r y  o f  eyuipmcnt  and means of 
s u r v i v a l  w i l l  be r e q u i r e d  arid cnch d e l i v e r y  w i l l  be  c o s t l y .  Every c o n c c i v c b l e  
6 O l l l t i O l l  f o r  m i n i m i z i n g  t h e  l o g i s t i c  e f f o r t  n u s t  bc c x p l o r c d .  hlaxinum u s e  
of nny oxygen o r  power s o u r c e  on the n?oon t h r o u g h  r c g e n c r n t i v e  o r  o t h e r  t c c h -  
n i q u c s  must be e x p l o i t e d .  hk‘xns of r e t u r n i n g  s a f e l y  t o  enrth n u s t  b e  a v a i l -  
a b l e  t o  t h e  o c c u p a n t s  o f  t h e  o u t p o s t .  

7 .  T r a i n i n g  and P e r s o n n e l  I n D l i c a t i o n s .  

Tile nuirlber o f  p e r s o n n e l  on t h e  b a s e  i t s e l f  will be q u i t e  sma l l ,  
a t  l e a s t  i n i t i a l l y ,  b u t  tlic t o t 2 1  number of  p e r s o n n e l  s u p p o r t i n g  the c f f o r t  
may be q u i t e  l a rge .  U n t i l  f u r t h e r  s t u d y  i s  made a r e a l i s t i c  q u z i l i t a t i v e  
and q u a n t i t a t i v e  p c r s o n n e l  es t imate  c a n n o t  be  p r o v i d e d .  
m c n t s  of e a r t h  b x c d  s u p p o r t  p e r s o n n e l  would resemble t h o s e  of p c r s o n n e l  i n  
l o n g  r a n g e  b a l l i s t i c  m i s s i l e  u n i t s  and r a d a r  t r a c k i n g  s y s t e n s .  Fo r  t h e  re- 
l a t i v e l y  small  nunbz r  of p e r s o n n e l  a c t u a l l y  t r a n s p o r t e d  t o  t h e  moon b a s e ,  
t r a i n i n g  r e q u i r e m e n t s  y;ould b e  e x a c t i n g  i n  many f i e l d s .  

The t r a i n i n g  r e q u i r c -  

8 .  A d d i t i o n a l  I t ems  a n d  Requ i remen t s .  

A c o m p l e t e  f a m i l y  of  r e q u i r e m c r l t s  and s u p p o r t i n g  r e s e a r c h  and 
development  p r o j e c t s  w i l l  be n e c e s s a r y  t o  d e v e l o p  a l l  of t h e  s u p p o r t i n g  
equipment  t o  c s t ? . b l i s h  a l u n z r  base. 
v e h i c l e s ,  i n t c r m d i n t e  space s t a t i o n s ,  s p a c e  d \ i e l l i n E s ,  c l o t h i n g  2nd 

Very h i g h  t h r u s t  b o o s t e r s ,  spzce 
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s u r v i v a l  gear t o  b e  u s e d  on t h e  noon ,  means of t r a n s p o r t a t i o n  t o  t h e  moon, 
and e q u a t o r i a l  l a u n c h i n g  s i t e ,  t r a c k i n g  equ ipmen t  and nzny o t h e r  clevelop- 
ments w i l l  be n e c e s s a r y .  E v e n t u a l l y  c o n c e p t s  of n i i l i  t a r y  o p e r a t i o n s  o n  
o r  i n  t h e  v i c i n i t y  of t h e  moon w i l l  have t o  be d e v e l o p e d  ancl, f rom t h e s e ,  
s u p p o r t i n g  r e q u i r e n c n t s  f o r  s p e c i a l  weapons and equipi; lent w i l l  be deve loped .  
R e s e a r c h  i n  weapons e f f ec t s  , mapping, arid e x t r a c t i o n  of oxygen, water, and 
o ther  u s e f u l  materials from t h e  n a t u r a l  env i ronmen t  w i l l  be r e q u i r e d .  

9. A d d i t i o n a l  Comments. 
, .  

a. Two broad  p rob lem areas mus t  be c o r i s i d c r c d  i n  m e c t i n g  t h e  
r e q u i r e n e n t .  O n e  i s  t h e  d c s i ~ p ,  arid c o n s t r u c t i o n  of t h e  o u t p o s t .  The o t h e r  
is the t r a n s p o r t a t i o n  r e q u i r e d  t o  e s t a b l i s h  and s u p p o r t  t h e  o u t p o s t ,  

b. Tlie o u t p o s t  i t s e l f  c o u l d  have one of s e v e r a l  f o r m s  ox be a 
c o m b i n a t i o n  of them. IIoles o r  caves c o u l d  be coverccl and s c a l e d  v i i t l i  p r c s -  
s u r e  bags .  By t h i s  means t e m p e r a t u r e  e x t r e m e s  a re  n l l e v i a t c d  and v u l n c r -  
a b i l i t y  t o  m e t e o r i t e s  i s  lessened .  E l ; p ~ . i ~ ~ i v e  b a g s  o r  f o l d i n g  s c c t i o n s  
c o u l d  be s e t  on t h e  s u r f a c e .  The r o c k e t  t r a n s p o r t  v e h i c l e  i t s e l f  o r  u s e d  
f u e l  t a n k s  savcd €or the p u r p o s e  c o u l d  be used.  Tanks now plrtnxicd \*/ill 
be from 1GO" t o  256" i n  d i n r m t e r .  
a n d  s u s t a i n i n g  l i f e  arc  p o s s i b l e .  By u s i n g  s o l a r  o r  n u c l e a r  power oxygen 
a n d  w a t e r  may be e x t r a c t e d  f roni t h e  n a t u r a l  Crivirormcnt s h o u l d  be  a t t a i n a b l e .  

A number of s o l u t i o n s  t o  p r o v i d i n g  po::ler 

c .  The t r a n s p o r t  c o u l d  b e  accompl i shed  c i t h e r  by  d i r e c t  move- 
ment b y  n i u l t i s t a g e  r o c k e t  t o  t h e  moon, o r  by t h e  u s c  of i n t c r n l c d i n t c  o r b i t -  
i n g  s p a c c  s t a t i o n s .  The f i r s t  s o l u t i o n  i n p o s c s  enormous po::.er re j luircrncnts  
to  l i f t  a lozcl o€ any  s i [ ; n i € i c n n c e  b u t  s h o u l d  n o t  be overloo1:ed. .  The  s c -  
cond s o l u t i o n  h a s  p r o n j s c  of  e a r l y  s u c c c s s  bccausc: i t  c a n  be accomplis l ied 
w i t h  r o c k e t  e n g i n e s  now unde r  d e v e l o p x e n t .  Uy the u s c  of v e h i c l e s  w i t h  
1. 5 n i i l l i o n  pound t h r u s t  f i r s t  s t a g c  m d  h i g h  e n e r g y  u p p e r  s t a g e s  sigxii- 
f i c a n t  loads can be  p l a c e d  i n  o r b i t  and  assenbled f o r  f u r t h c r  t r a v e l  t o  
t h e  moon ancl r e t u r n .  F i f t e e n  sucli  v e h i c l e s  can p l a c e  enough equ ipmen t  i n  
o r b i t  t o  asscmblc  a v c h i c l e  approach in l :  500,000 pounds i n  ~vc ic ;h t .  A series 
o f  500,000 pound s p a c e  v e h i c l e s  is z d e q u n t c  t o  e s t ~ b l i ~ h  and support t h e  
o u t p o s t  . 

4 
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H EADQUART BR S 

DEPARTJJENT OF THE ARMY 
Office of t h e  Ch ie f  of Research and Development 

-Washington 25 ,  D. C. 

20 hlar 1959 

SUBJECT: P r o p o s a l  t o  E s t e b l i s h  a Lunar  O u t p o s t  (C) 

TO : ' Chie f  of Ordnance 
Department of  t h e  Army 
Washington 25 ,  D. C. 

1. The A r n y  i s  engaged i n  d e t e r m i n i n g  o b j e c t i v e s  and r e q u i r e m e n t s  
f o r  o u t e r  s p a c e  operations. The niost c h a l l e n g i n g  and perhaps t h e  most u r g e n t  
o b j e c t i v e  i s  t h a t  o f  e s t a b l i s h i n g  a manned l u n a r  o u t p o s t  on t h e  moon. 

2. T h i s  lunar  base i s  necded  t o  p r o t e c t  U n i t e d  S t a t e s  i n t e r e s t s  on 
t h e  moon, dcve l  op  t c c h n j  q u e s  i n  moon-based s u r v e i l l a n c e  of the c a r t h  and 
s p a c e ,  i n  coi,~riiuriicntions r e l z y ,  and i n  o p c r n t i o n s  011 t h e  sur face  of t h e  moon. 
When c s t a b l i s h c d ,  thc  l u n a r  s t a t i o n  would  be u t i l i z e d  as a basc f o r  e x p l o r a -  
t i o n  of t!ic moon, f o r  f u r t h e r  e x p l o r a t i o n s  i n t o  spi:cc, and f o r  m i l i t a r y  
o p e r a t i o n s  i f  required. The bcFse i s  a l so  ncedccl t o  support s c j l c n t i f i c  i n -  
v e s t i g a t i o n s  011 t h e  moon. I t  i s  co i i s jdc rcd  of t he  utr8:ost i r . iportance that 
the moon bc  f i r s t  occupied b y  t h e  U .  S. s o  thc?t the U .  S. can deny S o v i e t  
t e r r i t o r j  e l ,  c o r x i c r c i a l  , or  t cc l i r io log icn l  c l z i n s .  I f  a pzrr innent  basc  
can  be e s t a b l i s h e d  i i r s t  b y  t h e  U n i t e d  S ta tes  , thc  p r e s t i g e  and  p s y c h o l o ~ i c a l  
advnntngc t o  tile n a t i o n  u i l l  bc i r i v a l u n b l c .  

3. You n r e  t h c r e f o r e  r e q u c s t c d  a s  a mzt tc r  of u rgency  t o  make a 
preliroin?.ry j i ives t i  Z a t i  on to d e t e r m i n e  t h e  probable  neans and t e c h n i q u e s  of  
accomplishr icnt  and t o  d e v e l o p  a p l a n ,  i n c l u d ~ . ~ i g  e s t i r o n t e d  t i n c  s c h e d u l i n g  
and c o s t s ,  f o r  est; :blishii ig a l u n a r  br?.c,c by t h e  q u j c k c s t  n c m s  poss ib l r . .  
The i n v e s t i  g n t i o n  s h o u l d  i n c l u d e  n d c t e r n ~ i n a t i o n  of t h e  f e a s i b i l i t y  of  
l a n d i n g  a ~ a n t i c t l  v c h i c l e  by  lYGG and of e s t a b l i s l l ~ n g  a permrinent b a s e  as 
soon thcreafler E S  p o s s i b l e .  T h i s  prelinii i in ry  i n v e s t i g a t i o n  w i l l  be  the 
f i r s t  o f  a ser ies  of s t e p s  t o  e s t a b l i s h  a l u n a r  b a s e  progrnn a n d  w i l l  
be u s e d  by thc G?ncral  S t a f f  as back:round i n f o r n a t i o n  f o r  making a f i r m  
p r o p o s a l  t o  h i g h e r  a i i t h o r i  t y .  I f  a p p r o v e d ,  t h e  l u n a r  base program would 
bcconc a major p a r t  of t h e  Xat ional  Space- program. 

4 .  Your i n v e s t i g a t i o n  w i l l  be c l a s s i f i e d  SECilET and w i l l  be made 
knonn q n l y  t o  t h o s e  p e r s o n s  r e q u i r e d  t o  hRve knoKledgc of t h c  p r o j e c t .  

R e g r a d c 2-- -T2DAE233 l'L4_TJ_ -- 
(App r op I' i 2. t e C 1 a s i s i f c a t i on  ) 

13 alar 1962 
( D n  t e ) 

Regraded 

by o u t h o r i t y  o€ Form D.1 1575,  

Un c l  as s i  f i ed  

d t d  2 1  S e p t .  1961 
_-__L_ - 



No c o n t a c t s  w i t h  a g e n c i c s  o u t s i d e  t h e  A r m y  w i l l  be made u n t i l  a f t e r  t h e  r e s u l t s  
of t h e  p r e l i m i n a r y  i n v e s t i g a t i o n  h a v c  been p r e s c i i t e d  to the Departnicnt  of 
Defensc .  Tiie f i n d i n g s  of t h e  i n i t i a l  i n v e s t i g a t i o n  w i l l  be macle t h rough  niy 
o f f i c e  t o  t he  Ch ie f  o f  S t a f f .  No a d d i t i o n a l  d i s t r i b u t i o n  w i l l  be  made and  
no p u b l i c  releasc w i l l  be made c o n c e r n i n g  t h i s  p r o j e c t .  Because  of t h e  s e n s i -  
t i v e  a s p e c t s  o f  t h i s  p r o p o s a l  i t  i s  e s s e n t i a l  t h a t  t h i s  p r o j e c t  no t  be d i s -  
c l o s e d  prema t u r e l  y . 

5 .  Your p l a n  of accompl ishment  s h o u l d  i n c l u d e  f u l l  u t i l i z a t i o n  of t h e  
o t h e r  t c c h n i c a l  s c r v i c c s  and  conba t  8rms t o  the e x t e n t  f e a s i b l e  arid n e c e s s a r y .  
I n  the a c c o n p l j s h m c n t  o f  t h i s  i n v e s t i g a t i o n  t h e  Chief of E n g i n e e r s  w i l l  bc 
r e s p o n s i b l e  €or t h e  d e s i g n ,  c o n s t r u c t i o n ,  and  m a i n t e n a n c e  of t h e  base and 
t h e  C h i c €  Sign2.l O f f i c e r  vi11 be r e s p o n s i b l e  f o r  c o r m u n i c a t i o n s  and o the r  
s u p p o r t  f o r  which h e  i s  p e c u l j  a r l y  q u a l i f i e d .  S p c c i f i c  emphas i s  should bc g i v e n  
t o  t h e  Arniy-wide c a p z b i l i t y  t o  c o n t r i b u t e  t o  t h l s  p r o j e c t .  The r e s u l t s  of t h i s  
p r e l i m i i i n r y  i n v e s t i g e t i  on erc r c q u c s t e d  by 15 blay 1059.  

6. Reproduc t ion  of t h i s  l e t t e r  t o  thc e x t e n t  you  dccn e s s e n t i a l  i s  E L I -  

t h o r i z c d .  A l l  c o p i e s  w i l l  be rccorc!cd. 

1 I n c l  
Draft R c q u i r e l n e i i t  

ARTIIUK G. TRUDFAU 
L i e u t e n a n t  Gciicral , GS 
Ch i e f o f He s c a r ch and Dz vcl o pn cn t 
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(S) CHAPTER I: INTRODUCTION 

A. GENERAL '. 

HOFUZON i s  the project  whose objective is the establishment of a 
lunar  outpost by the United States. 
dated 20 March 1959, f r o m  the Chief of R&D, Department of the Army,  
to the Chief of Ordnance. 
study w a s  subsequently assigned to the Commanding General, Army  
Ordnance Missile Command. Elements of all Technical Services  of the 
A r m y  participated in the investigation. 
bility study which investigates the methods and means  of accomplishing.  
this objective and the purposes i t  wi l l  se rve .  It a lso considers  the sub- 
s tantial political, scientific and security implications which the prompt 
establishment of a lunar outpost w i l l  have for  the United States. 

This study was directed by le t te r  

Responsibility f o r  the preparation of the 

This repor t  is a l imited feasi- 

B. JUSTIFICATION 

1. The Broad Requirement 

The US national policy on space  includes the objective of develop- 
ing and exploiting this Nation's space capability a s  necessary  to achieve 
national political, scientific,  and security objectives. The establish- 
ment  of a manned outpost in the lunar environment wil l  demonstrate  
United States leadership in space,  
fur ther  explorations and operations on the lunar sur face  a s  well a s  a 
supporting capability for  other US operations in space,  

It wil l  a lso provide a bas is  for  

2. Purpose of the Lunar Outpost 

The establishment of a manned US outpost on the moon wi l l :  

Demonstrate the United States scientific leadership in  outer 
space.  

Support scientific explorations and investigations. 

Extend and improve space reconnaissance and surveil lance 
capabilities and control of space.  

Extend and improve communications and serve as a communica- 
tions relay station. 



Provide  a basic  and  supporting r e s e a r c h  labora tory  for space 
r e s e a r c h  and  development activity. 

Develop a stable,  low-gravity outpost f o r  u s e  as a launch s i te  
for deep space exploration. 

P r o v i d r  an opportunity for scientific exploration and develop- 
m e n t  of a space mapping and survey system. 

Provide emergency staging a r e a s ,  rescue  capability or 
navigational a i d  for  other space activity'. 

3 .  A Realist ic Objective 

Advances in propulsion, electronics, space medicine and other 

I 7 y 7  astro.qautica1 sciences a r e  taking place a t  an explosive ra te .  
recently a s  (9, the first penetration of space w a s  accomplished by 
the US when a two-stage V - 2  rocket reached the then unbelievable 
alt i tude of 250 mi les .  In 1957, the Soviet Union placed the first man 
m a d e  satell i te in  orbi t .  Since early 1958, when the first US ear th  
satel l i te  was launched, both the US and USSR have launched additional 
satel l i tes ,  moon probes,  and successfully recovered  animals  sen t  into 
space in  miss i les .  
space  probes by the US and the USSR, with the US planning to place the 
first man into space with a REDSTONE miss i le ,  followed in  1961 with the 
first man in orbit .  
in  space before we do. 
bably w i l l  be  accomplished by 1964 by both the United States and the 
USSR. 
the f i r s t  U S  manned lunar landing could be accomplished by 1965. 
i t  appears  that the establishment of an outpost on the moon is a cap-  
abil i ty which can be accomplished. 

As 

In 1960, and thereafter,  there  will  be  other deep 

However, the Soviets could very well place a man 
In addition, instrumented lunar landings pro- 

As will be indicated in the technical discussions of this repor t ,  
Thus, 

4 .  Scientific Implications 

A wealth of .scientific data can be obtained from experiments  con- 
ducted a t  a lunar outpost, 
generate  many new and unique applications as man's  actual a r r i v a l  on 
the moon draws nearer  reality. The v e r y  absence of knowledge about . 

the moon and outer space is scientific juetificatione to attempt to breach 
this  void of human understanding, 

Without doubt, the scientific community w i l l  

2 



I t  is to b e  expected that civilian efforts to advance science. for 
the sake  of science will parallel  the mil i tary efforts,  
expected that the National Aeronautics and Space Administration wil l  
t r ea t  those subjects in greater  detail than is ei ther  possible o r  
desirable  in  this study, and that such action will further strengthen 
the requir  rment  for  ear l ies t  possible establishment of a n  extra- 
t e r r e s t r i a l  outpost. 

It is also 

5, Political Implications 

The  political implications of our fa i lure  to be first in space 
a r e  a ma t t e r  of public record.  
on United States scientific and political leadership.  To some extent 
we have recovered the loss .  However, once having been second best  
in the eyes of the world's  population, we a r e  not now in a position to 
afford being second on any other major  step in  space.  However, the 
political implications of being second in  space activities accomplished 
to date have not been nearly a s  ser ious a s  those which could resul t  from 
fai lure  to be  the first in establishing a manned lunar outpost. 

This failure has  reflected adversely 

The resu l t s  of failure to f i r s t  place man on an ex t ra - te r res t r ia l  
base  w i l l  r a i s e  grave political questions and a t  the same time lower US 
prest ige and influence. 
intention that some of i ts  citizens wi l l  celebrate  the 50th anniversary 
of the October Revolution (1967) on the moon. 
community agrees  that the Soviet Union may accomplish a manned lunar  
landing a t  any t ime af ter  1965. 
not difficult to visualize a l l  manner of political and legal implications 
which the Soviet Union might postulate as a resu l t  of such a successful 
accomplishment nor the mil i tary advantages i t  might achieve thereby. 

The Soviet Union has  announced openly i t s  

The U S  intelligence 

Judging f rom past  experiencel i t  i s  

. 

6 .  Security Implications 

The extent to which future  operations might be conducted in 
space,  to include the land mass  of the moon or perhaps other planets, 
i s  of such a magnitude a s  to a lmost  defy the imagination. 
Congressional and mili tary examination of the problem, i t  is generally 
agreed  that the interactions of space  and t e r r e s t r i a l  war a r e  so great  
as  to generate radigally new concepts. 

Ln both 

Admittedly, the security significance of the moon, per s e ,  in 
the context of offensive and defensive operations, i s  a matter  for con- 
jecture a t  this time. From the viewpoint of national security,  the 



pr imary  implications of the feasibility of establishing a lunar outpost 
is the impor tance  of being first. 
position to exerc ise  an option between peaceful and mi l i ta ry  applications 
unless  we a r e  f i r s t .  In short ,  the establishment of the initial lunar 
outpost is the first definitive s tep in  exercising our  options. 

Clearly the US would not be in a 

7. Summary  

Unquestionably, there  a r e  other applications of space  (i. e. 
r econnaisance, meteorology, communications) which will pe rmi t  an 
ea r l i e r  attainment of meaningful accomplishments and demonstrate  US 
i n t e re s t  in  space.  Individually, however, these accomplishments will 
not have the s a m e  political impact that a manned lunar outpost could 
have on the world. 
subject, world opinion may view the other applications similar to action 
on the high seas ,  but will view the establishment of a f i r s t  lunar  outpost 
a s  similar to proprietary rights derived f r o m  first occupancy. 
Congress  has noted, we a r e  caught i n  a stream in  which we have no 
choice but to  proceed. 
which we exe rc i se  our cur ren t  options, 
immediate  case .  
such as fur ther  interplanetary exploration. 

In the st i l l  vague body of fact and thought bn the 

As the 

O u r  success depends on the decisiveness with 

I t  is the basis for  other m o r e  fa r - reaching  actions, 
The lunar  outpost is the m o s t  

C. CONCLUSIONS 

Four  major  conclusions summarize the mor  e detailed deductions 
which may  be drawn f rom the entire report :  

1. Pol i t ical ,  scientific, and security considerations indicate that 
i t  is imperat ive for the United States to establish a lunar outpost a t  
the ear l ies t  practicable date. 

2. Pro jec t  HORIZON represents  the ear l ies t  feasible capability 
for the U. S. to establish a lunar outpost. By i t s  implementation, the 
United States can establish an operations lunar  outpost by l a t e  1966, with 
the init ial  manned landings to have taken place in the Spring of 1965. 

3 .  The importance of an early decision to proceed with the program, 
coupled with adequate funding, must  be  clear ly  understood. 
delay w i l l  have two inescapable resul ts :  

Inordinate 

a. The program's  ultimate accomplishment will be  delayed, 
thus forfeiting the change of defeating the USSR in a r a c e  which is  
a l ready openly recognized as such throughout the world. 
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b. Delayed initiation, followed la te r  by a c r a s h  program,  
which would likely be precipitated by evidence of substantial Soviet 
p rog res s  in  a lunar outpost program, will not only lose  the advantage 
.of t imel i r  .'ss, but a l so  will inevitably involve significantly higher costs  
and  lower reliability. 
r e q u i r e  very  substantial funding whether i t  is undertaken now o r  ten 
y e a r s  hence. 
future which will provide order  of magnitude type pr ice  reductions, 

The establishment of a U. S. lunar outpost will 

There  a r e  no developments projected for the predictablp 

4. The U. S.  Army possesses  the capability of making significant 
contributions in  all aspec ts  of such a program. 

D. ORGANIZATION AND CONTENT OF THE REPORT 

The Pro jec t  HORIZON repor t  has  been divided into two volumes 
which a r e  entitled a s  follows: 

Volume I 
Volume I1 - Technical Considerations and Plans 

- Summary and Supporting Considerations 

Volume I i s ,  a s  indicated, a document which gives a shor t  summary  
of the other volume, a discussion of non-technical considerations, and 
a r e sume  of the resources  and facil i t ies of the Army Technical 
Services  which can lend support to this program. 

Volume I1 is a technical investigation of the problem. It includes 
pract ical  prel iminary concepts for all  elements of the program and, in  
many cases ,  re la tes  actual hardware available f r o m  current  programs 
to the solution of specific problems. It includes a broad development 
approach and a funding breakout by fiscal  year .  
personnel and training requirements for a l l  segments of the operation 
together wi th  the policy of the US with respect  to space and the legal  
implication of a lunar outpost. This volume was prepared by a unique 
working group, comprized of a special segment of the Future  Pro jec ts  
Design Branch of the Army Ballistic Missile Agency (ABMA), which was 
augmented by highly qualified representatives of each of the seven 
Technical Services of the Army. 
selected for  the specific task and, during the course  of the study, be-  
came  resident members  of the aforementioned ABMA group, 
res ident  representatives of the Technical Services were supported by 
their  respective services  with a group of the highest caliber specialists 

A l s o  included a r e  

These representatives were  carefully 

The 
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who w e r e  made  available exclusively to support  the project.  Thus,  
i t  is believed that the depth of experience, knowledge, and judgement 
brought  to bear  on the problem by this group is commensura te  with 
the task of accomplishing the r epor t  objectives. 

Throughout the preparation of the ent i re  r epor t ,  and especially 
within this technical volume, the guiding philosophy has  been one of 
enlightened conserva t i sm of technical approach. Briefly s ta ted,  this 
philosophy dictates that one must  vigorously pursue r e s e a r c h  to 
"advance the state-of-the-art", but that paramount to  successful  major 
sys t ems  design is a conservative approach which requi res  that no i tem 
b e  m o r e  "advanced" than required to do the job. 
unsophisticated success  is of vastly grea te r  importance than a s e r i e s .  ' 
of advanced and  highly sophisticated fa i lures  that "almost  worked. ( 1  

Established engineering principles, used  in conjunction with the bes t  
available design parameters ,  have been applied throughout in  o rde r  to 
r emove  the elements of science fiction and unreal is t ic  planning. 

It recognizes that an 
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(S) CHAPTER 11: TECHNICAL CONSIDERATIONS AND PLANS 

A. OBJECTIVES AND SCOPE O F  THE STUDY 

This p: - t  of the study presents applicable technical information 
which substantiates the feasibility of the expedited establishment of a 
lunar outpost, and it re la tes  U. S. capabilities and developments to 
the accomplishment of the t a s k  
covering the design c r i t e r i a  and requirements for  all major  elements 
of the program including the lunar outpost, the earth-lunar t ranspor-  
tation system , the necessary  communications sys tems and the consid- 
e rab le  ear th  support  facilities and their  operation. 
assumptions concerning design parameters  for  this program are 
real is t ic  yet conservative. 
the scope and magnitude of other U. S.  programs which wi l l  support 
HORIZON are reasonable and in l ine with cu r ren t  and projected 
programs.  

It is comprehensive in i t s  scope, 

The technical 

Likewise, the assumptions which concern 

B. RESUME OF THE TECHNICAL PROGRAM 

The basic c a r r i e r  vehicles for  Project  HORIZON will be the 

The 
SATURN I and 11. 
a n  ARPA o r d e r ,  will be fully operational by October 1963. 
SATURN 11, which i s  an outgrowth of the SATURN I program, could ' 

be developed during the period 1962-1964. The SATURN I1 will utilize 
improved engines in the booster and oxygen/hydrogen engines in  all 
of i ts  upper stages. 

The SATURN I ,  currently being developed under 

By the end of 1964, a total  of 72  SATURN vehicles should have 
been launched in U. S. p rograms,  of which 40 a r e  expected to con- 
tr ibute to the accomplishment of HORIZON. Cargo delivery to the 
moon begins in  January 1965. The f i r s t  manned lsnding by two men 
will be made in April  1965. The buildup and construction phase will 
be continued without interruption until the outpost i s  ready for  bene- 
ficial  occupancy and is manned by a task fo rce  of 12 men in  November 
1966. 

This buildup program requires 61 SATURN I and 88 SATURN I1 
launchings through November 1966, the average launching rate  being 
5. 3 per  month. 
cargo will be t ransported to the moon, 

During this period some 490,000 pounds of useful 
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During the f i r s t  operational year  of the lunar outpost, December 
1966 through 1967, a total  of 64 launchings have been scheduled, 
These  will result in an additional 266,000 pounds of useful c a r g o  on 
the $noon. ' 

The total  dost of the eight and one-half year  p rogram presented  
in this  study is es t imated  to be six bill ion dollars.  
of approximately $700 mill ion per  year. 
app ra i sa l  and,  while prel iminary,  they r ep resen t  the b e s t  e s t ima tes  
of experienced,  non-commercial ,  agencies  of the government. Sub- 
stantial funding is undeniably required fo r  the establ ishment  of a 
U. S. lunar outpost; however, the implications of the fu ture  impor -  
tance of such  a n  operation should be compared to the fac t  that the 
average  annual funding required for  P ro jec t  HORIZON would be l e s s  
than two percent  of the cu r ren t  annual defense budget. 

This is a n  average 
These f igures  are a valid 

G. OUTPOST 

The lunar  outpost proposed for  P ro jec t  HORIZON is  a permanent  
facil i ty capable of supporting a complement of 12 men engaged in  a 
continuing operation. The design of the outpost installation h e r e i n  
is  based on real is t ic  requirements and capabili t ies,  and is not a n  
a t tempt  to pro jec t  s o  far into the future as to lose  reali ty.  
has  been  a functional and reliable approach upon which m e n  c a n  s take 
their  l ives  with confidence of survival. 

The resu l t  

1. Location 

The exact location of the outpost si te cannot be determined 
until an  exploratory probe and mapping program has been  completed. 
However,  for a number of technical reasons ,  such as t empera tu re  
and rocket  vehicle energy requirements ,  the area bounded by i- 20°. 
lat i tude/longitude of the optical center  of the moon seems  favorable.  
Within this a r e a ,  three particular s i tes  have been chosen which appear  
to mee t  the m o r e  detailed requirements of landing space,  sur face  
conditions,  communications,  and proximity to var ied lunar  " te r ra in .  '' 

A ra the r  extensive lunar  mapping program i s  a l ready  underway 
in o r d e r  to satisfy existing requirements  in Astro-Geodesy. 
a sca l e  of 1:5,000,000 and 1: 1,000,000 a r e  planned' for  completion 
by December 1960 and August 1962, respectively.  
mapping will then be undertaken f o r  s eve ra l  specific s i te  selections,  

Maps to 

L a r g e r  sca le  
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2.. Design Cr i t e r i a  

The design of the lunar outpost facilities will,  of course ,  be 
dominateh'by the influence of two factors  - the lunar environment and 
the space  transportation system capabilities. A few of the m o r e  pro- 
nounced pr ;mary  lunar environmental parameters  a r e  l i s ted  below: 

a. Essentially no atmosphere. 

b. Surface gravity approximately 1 / 6  ear th  gravity. 

c. Radius of approximately 1000 miles  is about 1 / 4  that of 
earth. ' (This resul ts  in  a significant shortening of the horizon as 
compared to  earth. ) 

d. Surface temperature  variations between a lunar  day and 
night of t 248' F to -202' F. 

e. Maximum subsurface temperature  a t  equator is -40°F. 
These and many other unfamiliar environmental conditions require  
that every  single item which i s  to be placed on the lunar  surface have 
a design which is compatible with these phenomena. However, a 
careful  determination has been made of man ' s  requirements to l ive 
in  this environment,  and i t  appears that there is  no a r e a  which cannot 
be adequately solved within the readily available state-of-the-art. 

3. Outpost Facil i t ies and Their Installation 

The f i r s t  two men will a r r i v e  on the lunar surface in April 
They will be guided to an  a r e a  in which the cargo  buildup for 1965. 

future construction has a l ready begun. 
have an immediate return-to-earth capability; however, i t  i s  intended 
that they remain in the a r e a  until a f t e r  the a r r iva l  of the advance 
par ty  of the construction crew. 
the cabin of their  lunar vehicle which w i l l  be provided with necessary  
l ife essent ia ls  and power supplies. 
be augmented by support f rom cargo previously and subsequently 
delivered to the s i te  by other vehicles. 

Their landing vehicle will 

During their s t a y ,  they will live in 

For  a n  extended stay, these will 

The miasion of the original two men will be pr imari ly  one of 
verification of previous unmanned environmental investigations and 
confirmation of the s i te  selection and cargo delivery, 
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Figure  I- 1 shows t h e  HORIZON outpost a6 it would appear  i n  
la te  1965, a f te r  about six months of construction effort. 
building block for  the outpost will be cylindrical meta l  tanks ten feet  
in  d iameter  and 20 feet  in  length. 
in Fig. 1-2. ) The buried cylindrical tanks at  the lef t -center  of Fig. 
1-1 constitute the living quar te rs  of the initial construction c rew of 
nine men who wil l  a r r i v e  in July 1965. (Details in  Fig. 1-3. ) During 
the construction period, this force wil l  be  gradually augmented until 
a final complement of 12 men  i s  reached. The construction camp 
is a minimum facil i ty and will be made operational within 15 days 
a f te r  the beginning of active work a t  the outpost site. Two nuclear 
r eac to r s  a r e  located in holes as  shown in the left portion of Fig. 1-1. 
These provide power for  the operation of the prel iminary qua r t e r s  
and fo r  the equipment used in  the construction of the permanent  facility. 
The ma in  quar te rs  and supporting facilities a r e  shown being assembled 
in the open excavation to the right-center of the figure. 
will a l so  ultimately be covered with lunar material. 
and propellant containers have been assembled and a r e  being used for 
s torage  of bulk supplies , weapons, and l i fe  essentials such as insulated 
oxygenlnitrogen tanks. 
is a construction vehicle fo r  lifting, digging,scraping, etc. , the other 
is a t ransport  vehicle for m o r e  extended distance t r ips  needed fo r  
hauling, reconnaissance,  rescue ,  and the like. In the left background, 
a lunar Landing vehicle i s  settling on the surface. 
bolic antenna has been erected near the main quar te rs  to provide 
communications with earth. 

The basic  

(Details of typical tanks are shown 

-These cylinders 
Empty cargo  

Two typical surface vehicles a r e  shown: one 

A lightweight para-  

The basic completed outpost i s  shown in Fig. 1-4. Significant 
additions beyond the i tems i l lustrated in Fig, 1-1 a r e  two additional 
nuclear power supplies,  cold storage facility, and the conversion of 
the original construction camp  quarters  to a bio-science and physical- 
science laboratory. 

A number of fac to ls  influenced the decision to locate the main 
s t ruc tures  beneath the surface. 
a tu re  available (approximately -400F), protection f rom meteoroids  , 
secur i ty ,  good insulating properties of the lunar mater ia l  , and radia-  
tion protection. 
double-walled " thermos bottle type" vacuum tank with a special  insu- 
lating mater ia l  in the space between the walls. 
maintained simply by venting the tank to the lunar void. ) Despite the 
ambient  subsurface temperature  of -40°F, the heat losses  f rom these 
special  tanks will be remarkably low. 

Among these were the uniform temper-  

Each of the quarters and cylinders will be a special 

(Vacuum is easily 

Investigations show that the 

10 



Fig. 1-1. HORIZON Outpost in Late 1965 



Fig. 1-2. Cross Section of Typical Outpost Compartments 

AIR LOCK 8 LIVING QUARTERS 

G R A M I C  S U L E  IN F L E T  

3-6 

SECTION A.A SECTION B 4  

Fig. 1-3. Overall  View of Initial Construction Camp 
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Fig. 1-4. Layout of Basic 12-Man Outpost 

incidental heat  given off by an  adequate internal lighting system will 
nominally supply essentially all  of the heat required to maintain com- 
for table  l lrooml' temperature  in  the outpost quarters.  

A suitable a tmosphere will be provided within the quarters .  
The basic  gas supply will stem from special insulated tanks containing 
liquid oxygen or  nitrogen. 
fo r  init ial  pressurizat ion and replacement of leakage losses ;  whereas ,  
the oxygen i s ,  of course ,  continuously used to supply bodily needs. 
However,  the weights and volumes of both gases are  quite reasonable 
and presents  no unusual problem of supply. 
t u r e  will be controlled initially by a solid chemical absorbent and 
dehumidifier. Such a scheme requires  considerable amounts of mat-  
erial; therefore ,  a carbon dioxide freeze-out system will be installed 
la te r .  

The nitrogen supply needs only to provide 

Carbon dioxide and mois-  

4. Personnel  Equipment 

F o r  sustained operation on the lunar surface a body confor- 
mation suit having a substantial outer metal  surface is considered a 
necessi ty  f o r  several  reasons: (1)  uncertainty that fabr ics  and elasto- 
m e r s  can sustain sufficient p re s su re  differential without unacceptable 
leakage; (2 )  meteoroid protection; ( 3 )  provides a highly reflective surface; 
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(4) durability against abrasive lunar surface;  (5) cleansing and 
terilization. 

io r  such a suit. 
dexterity a r e  severe  problems in  suit  design, the ea r th  weight of 
the suit can be allowed to be relatively substantial. 
if a man ..nd his lunar suit  weigh 300 pounds on  ear th ,  they will 
only weigh 50 pounds on the moon. 

Figure 1-5 shows a cutaway and "buttoned up" concept 
It should be borne in mind that while movement and 

For example, 

A comprehensive program will be undertaken to provide spe- 
cial hand tools,  load-handling gear ,  and dining equipment to  meet  
the unusual requirements. Initially, all food will be pre-cooked; how- 
eve r ,  as water supplies increase with the  introduction of a reclaiming 
sys tem,  dehydrated and fresh-frozen foods will be used. 
tention will be given to hydroponic culture of salads and the develop- 
ment  of other closed-cycle food product sys terns. 

Ea r ly  at- 

5. Environmental Research 

In o rde r  to corroborate essential  environmental data,  a s e r i e s  
There  are  ear ly  data require- of unmanned experiments a r e  planned. 

ments  in ,'the a r e a s  of radiation, meteoroid impacts ,  t empera tures ,  
magnetic field,  surface conditions, ionization, radio propagation and 
biological effects. 

D. SPACE TRANSPORTATION SYSTEM 

1. Flight Mechanics 

In choosing appropriate t ra jector ies  to use  in this program, 
one must  strike a balance between the low-energy paths and the high 
energy curves.  The low energy t ra jector ies  give the highest payload 
ckpability, but a r e  sensitive to small  variations in the injection con- 
ditions and can also lead to unacceptably long t ransi t  t imes,  
higher energy t ra jector ies  a r e  fas te r  and a r e  not a s  sensitive to 
deviations in the injection conditions, but they resul t  in payload 
penalties and higher terminal velocities which in tu rn  require  greater  
braking energy at the termination of the t r ip .  
appears  to be a t ra jectory which will yield a t rans i t  t ime from ear th  
to  moon of approximately 50 to 60 hours. 

The 

A good compromise 

Several  different t ra jectory echemes will be  used in Project  
HORIZON. They include t ra jector ies  for transit :  (1 )  d i rect  f rom 
the ear th  to the moon, (2) from ear th  to a 96-minute (307 nautica1,mile 
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altitude) orbit  of the ear th ,  ( 3 )  f r o m  this 96-minute earth orbi t  to the 
moon, and (4) direct f rom the moon to earth. In addition, there  are 
special  considerations for  the terminal  phase of each type trajectory.  

Figure 1-6 i l lust ra tes  the two basic  schemes  of transporting 
man and cargo from ear th  to the moon. 

The f i r s t  scheme (I above) i s  the direct  approach, that is, a 
vehicle would depart the ear th ' s  surface and proceed directly t o  the 
lunar  surface using a retro-rocket  o r  landing stage for  the final landing 
maneuver.  Since the moon has  no appreciable a tmosphere,  a rocket 
type propulsion system will  be required for the landing. The second 
scheme ( 2  and 3 above) shown is that for proceeding first into an ear th  
orbit  and l a t e r  departing the orbit  for the flight to the lunar  surface,  
again using a landing stage. In either scheme, the flight time f r o m  
the ea r th  or  earth orbit to the moon will be the same.  

The direct scheme, which i s  the most straightforward, has two 
advantages: 
surface to  the lunar surface since an orbital stopover is not required. 

f i r s t ,  it  offers the shortest  flight t ime f rom the ear th ' s  

In the orbital scheme, much l a rge r  payloads can be transported 
into orbi t ,  assuming the vehicle s ize  to be constant, and by accumulat- 
ing payloads in orbit ,  it  i s  possible to t ransport  a payload to the moon 
on the order  of ten t imes  (and m o r e  if desired)  the capability of a 
single vehicle flying directly to the moon. 

To illustrate this point, i t  has been assumed in the study that 

Figure 1-7 depicts the vehicular requirements for  
the. f i r s t  men arriving on the moon wi l l  be provided with an immediate 
r e tu rn  capability. 
the two schemes.  

The direct  approach would require a six stage vehicle with a l if t-  
off thrust  of 12 million pounds, as  compared to a two-million-pound 
thrus t  vehicle for thc orbital  schemes. 
payload of two-million-pound thrust  vehicle into orbit ,  and with additional 
vehicles a s  shown, performing a fuel t ransfer  and checkout operation, 
the same mission, that of transporting two men to  the moon and 
returning them to earth,  could be accomplished. 

By placing the upper stage and 

It should be pointed out, however, that i f  the United States is 
to have a manned lunar outpost by 1966,  and at  the same time provide 
the f i r s t  men arriving on the moon with the desired return capability, 
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the orbi ta l  approach is mandatory, since a 12-million pound thrus t  
vehicle will not be available to  meet the required schedule. 

For  the r e t u r n  to ear th ,  f rom either the ear th  orbit o r  the lunar 
surface, aerodvnamic braking will be used ,  since it allows significant 
overal l  payload inc reases  when compared to rocket braking, 
aerodynamic braking body used for this study is  similar in shape to a 
JUPITER missile nose cone modified by the addition of movable d rag  
vanes at the base  of the cone. 
shape was considered for u se  f rom the lunar  sur face  to  ea r th  as was 
for  u s e  f r o m  the 96-minute orbit to the ea r th ' s  surface.  
that ,  within acceptable l imi t s  of entry angle, the vehicle can make  a 
successful descent  which is well within the physical to le rances  imposed 
by man's  presence,and which can be guided with acceptable accuracy  
for  final recovery.  
recovery of two pr imates  aboard a nose cone fur ther  substantiates the 
validity of th i s  approach to ear th  re turn  braking. 
f i red  to IRBM range  and, due t o  the steep r e -en t ry  angle, the 
decelerat ive fo rces  associated with this operation were  many t imes  
g rea t e r  than expected for project HORIZON t ra jec tor ies .  

The 

Though the s ize  v a r i e s ,  the same basic  

Studies show 

The recent  successful flight and subsequent 

This  tes t  vehicle was 

2. Orbital C a r r i e r  and Space Vehicles 

Only two bas i c  c a r r i e r  vehicles a r e  required to c a r r y  out P r o -  
jec t  HORIZON - SATURN I and a further development, SATURN 11. 

The SATURN I vehicle, shown in Figs.  1-8 and 1-9 consis ts  of 
a clustered booster  with a lift-off thrust  of 1,  504, 000 pounds, a twin 
engine second s tage of about 360 ,000  pounds of th rus t ,  and a lox/  
hydrogen (OZ/H2) third stage of 3 0 , 0 0 0  pounds of thrust .  The init ial  p e r -  
formance of th i s  vehicle wi l l  enable i t  to  place 30,  000 pounds of net 
payload in a 96-minute orbit  and 7 ,  500 pounds of net payload to ea r th  
escape velocity. 
engines which a r e  a greatly simplified version of the engine us ed in 
JUPITER, THOR, and ATLAS. The second stage is  a modified vers ion 
of the TITAN booster .  
vehicle current ly  under development by P r a t t  & Whitney and Convair. 

. 

It will be powered by eight North American H-1 

The third stage is  a modified CENTAUR 

The SATURN II vehicle (Figs .  1-10 and 1-11) is  based on a 
modified SATURN I booster. 
original vers ion  will  be replaced by H-2  engines which will up- ra te  the 
total  thrust  by 1/3 to a sea  level value of 2 , 0 0 0 ,  000 pounds. The sec-  
ond stage will incorporate two 500,000-pound th rus t  H z / O z  engines, a 

The North American H- 1 engines of the 
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Fig. 1-8. SATURN I 
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Fig. 1-10. SATURN LI 
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Fig. 1-9. SATURN 1, Stages 1 through 3 
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Fig. 1-11. SATURN II, Stages 1 through 4 
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Fig. I- 12. Equatorial  Ear th  Orbit 



t h i r d  s tage  will uti l ize two 100,000-pound t h r u s t  Hz/Oz engines ,  a 
four th  s t age  will u s e  one such engine, 
duca te  a SATURN I1 payload capabili ty of 7 0 , 0 0 0  pounds into a 96- 
minute orb i t  using t h r e e  s tages  and 26 ,750  pounds to  e a r t h  e scape  
veloci ty  using four s tages .  
p rovide  * ' > e  nation a new-optimum vehicle for the  uti l ization of the  
SATURN booster .  
a veh ic l e ' i s  an expansion of c u r r e n t  high-energy 0 /H 
g r a m s  to  include development of 100 K and 500 K engines.  

P r e s e n t  feasibi l i ty  s tud ies  in- 

The  development of such a vehicle will 

The p r i m e  requi rement  fo r  t he  development of such 
engine pro- 2 2  

As mentioned e a r l i e r ,  6 , 0 0 0  pounds of useful  cargo  can be 
soft-landed on the moon with the  d i r ec t  method. A s  presented  h e r e i n ,  
only c a r g o  will be t ranspor ted  in th i s  manner ,  although t h e r e  is a 
d iscuss ion  of how personnel  could a l so  be t r anspor t ed  to and from the 
moon utilizing the d i r ec t  method. The second f o r m  of conveyance 
r e q u i r e s  two s teps .  Initially the required payloads,  which will consis t  
of one main  lunar  rocket  vehicle and seve ra l  additional propellant 
tankers, will be placed in a 96-minute orb i t  of the ear th .  At this time, 
the  propel lants  in orbi t  will be t r a n s f e r r e d  to  the ma in  lunar  rocke t  
vehicle .  

F igu re  1-12 i s  a conceptual view of the operat ions in the  equa-  
to r i a l  ea r th  orbit .  
lant  t r a n s f e r  and i s  not a s  assembly  job. 
the th i rd  s t a g e  of a SATURN I1 with a l u n a r  landing and r e tu rn  vehicle  
attached. 
combination into orb i t  and has  thus expended i t s  propel lants .  
s tage  i s  fueled i n  orbi t  by a c r e w  of approximately ten men  a f t e r  which 
the vehicle then proceeds on the moon. 
personnel  and approximately 1/3 of the cargo to the moon by the orb i ta l  
method. 

The operation in orbi t  is principally one of propel-  
The  vehicle being fueled i s  

The  third stage of the  SATURN I1 was  used  in bringing the 
This  

It i s  planned to send a l l  

U s i n g  this  orbi ta l  s y s t e m ,  individual payloads of 48 ,000  pounds . 
m a y  be soft-landed on the moon. This  value i s  especially significant,  
s ince  it r e p r e s e n t s  the approximate minimum weight requi red  for  a 
complete  ea r th  r e tu rn  vehicle,  which i s  a l ready a s sembled  and loaded 
with propel lants  and is  capable of returning seve ra l  men.  Thus ,  in 
o r d e r  to  provide a preassembled  re turn  vehicle on the lunar  su r face  
during the time f r a m e  under considerat ion,  i t  i s  mandatory to go 
through a n  initial ea r th  orbi t .  
individual payload capabili ty,  the orbi ta l  t ranspor ta t ion  sys t e m  o f fe r s  
o ther  important  advantages.  
f i r ings  to  deliver the same amount of payload to the moon i s  l ess  and 

In addition to  providing a l a rge  

Among these a r e  that the total number  of 
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Fig. I- 13. Lunar Landing Vehicle F i g  

T 

. I- 14. Orbital Return Vehic l e  



payloads may be f i red for orbital  rendezvous a t  any given pass  eve ry  day 
of the month. 
which a r e  associated with the res t r ic ted  f i r ing t i m e s  of d i rec t  flights. 

This  alleviates the launch s i te  scheduling problems 

There  a r e  two vers ions of the lunar  landing vehicle.  
type will be used for d i rec t  t r i p s  f r o m  ear th  to the lunar  sur face .  
vehicle h a s  a g r o s s  weight of 26 ,750  pounds and will soft land some 
6 , 0 0 0  pounds of payload. The second vehicle wi l l  be  used  for fl ights 
via orbit .  It will have a g r o s s  weight of 140, 000 pounds which gives  
i t  a capability of soft landing approximately 48 ,000  pounds of payload 
on the moon. 
ments  to  accomplish different miss ion  requi rements .  The  lunar  landing 
vehicle shown in Fig. 1-13 has  an ear th  r e t u r n  vehicle as a payload. 
F o r  such r e t u r n  vehicle payloads, the s t ruc tu re  of the expended braking 
stage wi l l  s e r v e  as a launching platform when it is time to begin the 
r e tu rn  journey to ear th ,  

The  first 
This  

Each  type of vehicle will  have suitable payload compar t -  

To sustain the orbi ta l  station c rew and to  provide for t he i r  safe 

This  vehicle may  be  used in conjunction with another  
r e tu rn  to  ea r th ,  a n  orbital  re turn  vehicle such as shown in Fig. 1-14 
will be provided. 
established United States  orbi ta l  station, o r  it m a y  be used  as a b a s i s  
for a minimum orbital  station needed to  support  P r o j e c t  HORIZON. 
is capable of car ry ing  f r o m  10 to 16 men.  
by a SATURN I during the f i r s t  par t  of the p r o g r a m  and replaced by a 
SATURN I1 in 1967. 

It 
It will be  c a r r i e d  into o rb i t  

3 .  Guidance and Control 

An investigation of the guidance problems concerned w i t h  Pro- 
jec t  HORIZON indicates that  the necessa ry  accu rac i e s  and re l iabi l i t iee  
can be m e t  by adaptations,  combination and slight extensions of known 
and available guidance hardware  and techniques,  
velocity, which m a r k s  the beginning of the coas t  phase of the t r a j e c t o r y  
to  the moon, will  b e  controlled by conventional means.  Mid-course 
guidance will a s s u r e  that t he  lunar  landing vehicle would come within 
approximately 20 k m  (1 1 nautical mi les )  of the selected point. The 
t e rmina l  guidance sys tem,  which would be t a rge t  or iented,  would re- 
duce the t h r e e  s tandard deviation e r r o r  at landing t o  approximately 
1 .5  km. 

Fina l  injection 



E. TRANSPORTATION SYSTEM INTEGRATION 

The development and integration of the space  c a r r i e r s  t o  support 
HORIZON have been carefully outlined and var ious  considerat ions as to 
compatibility, s ize ,  development schedule, and overa l l  miss ion  have 
been incAuded and discussed in detail in Volume 11. 

Personnel  space transportation requi rements  t o  support  HORIZON 
a r e  shown on Fig.  I- 15. 
have been t ransported into an ea r th  orbi t ,  42 will have continued to the 
moon, and 26 wi l l  have returned f rom the moon. 
st rength i s  approximately ten; however, the c rew will  be rotated every 
seve ra l  months. 
756,000 pounds of useful cargo to the lunar  sur face  by the end of 1967. 
In o r d e r  to accomplish this ,  229 SATURN vehicle f i r ings  will be 
required.  
vehicle is shown in Fig. 1-16. 
incur red  by the booster recovery system which wi l l  be used,  the total  
number of SATURN boosters  required to support  the p r o g r a m  is not 
229 but only 73. 

By the end of 1967 some 252 pe r sons  w i l l  

The orb i ta l  station 

The space transportation sys t em will del iver  some 

A schedule of launching and the broad  miesion assigned each 
I t  should be  noted that ,  due to  the savings 

F. COMMUNICATIONS ELECTRONICS 

The communications required for P ro jec t  HORIZON a r e  logically 
divided into an earth-based and lunar-based complex. 
complexes may be considered a s  having two functions - communications 
and surveil lance.  
i s  the 24-hour communications satell i te sys t em present ly  under develop- 
ment. A s  i l lustrated in Fig.  1-17 such a sys tem will provide the 
capability of constant communications with both space vehicles in t rans i t  
and the  lunar  outpost. 

Each  of these  

Of particular significance for  the ear th-based  complex 

In addition to the 24-hour communications satel l i te  sys t em,  the 
cur ren t '  development program of a world- wide surveil lance net will 
provide space surveil lance for the United States  during the  1960 e r a .  
The bas ic  hardware and techniques used in this  net a re  d i rec t ly  
applicable to HORIZON. 
such a world net station could be expanded to support HORIZON by the 
addition of two additional 85-foot antennas and other equipment, 

Figure I- 18 i l lus t ra tes  schematically how 

Communications on the lunar surface ~111 pose special  problems 
due in a l a rge  par t  to the lack  of a tmosphere and the relatively high 
curvature  of the surface.  However, careful investigation revea ls  no 
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P R O J E C T  HORIZON VEHICLE REQUIREMENTS AND LAUNCHING SCHEDULE 
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problems which cannot be solved by an  appropriate  r e s e a r c h  program.  
h a number of a r e a s ,  cur ren t  developments appea r  a lmost  direct ly  
applicable; for  example, the small helmet-mounted radio cur ren t ly  in 
production and troop use.  A microminiatur ized vers ion  of this, pre- 
sently i. advanced development, will provide a b a s i s  for personal  
communication between individuals clad in lunar  su i t s ,  As the lunar  
outpost expands, radio re lay  stations will extend the radio horizon a8 

conceived in Figure 1-19, 

uII.- 

I 
6 '-i 

A survey was made to  determine the adequacy of the Atlantic 
Missi le  Range and Pacif ic  Missi le  Range for the  accomplishment of 
P ro jec t  HORIZON. The resu l t s  of this  survey indicated that,  all things 

The equatorial  location of the new launch s i te  would provide ve ry  
r e a l  advantages in t e r m s  of payload capability, guidance simplicity, 
and operational launching schedules in t e r m s  of increased  latitude of 
appropriate  firing t imes .  
Braz i l  and Christnias Island. 
however, m o r e  detailed cr i ter ia1 will have to be established to  make 
the best  choice. 
governing factors .  It is emphasized that si te acquisition and initiation 
of launch s i te  construction is one of the most  c r i t i ca l  i t ems  in the pro- 
g r a m  with respect  to leadtime. 
been assumed that the Brazi l  si te would be used,  

Two s i tes  stand out when compared to o thers  - 
Both of these locations appear  feasible;  

Cost and ea r ly  availability may  ultimately be the 

For  the purposes  of this  study i t  has  

7 
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H. PROGRAM LOGISTICS 

The logistic support for  P ro jec t  HORIZON has  been studied in 
overa l l  scope as  well as detailed investigations of specific a r e a s  such 
as manufacturing considerations,  t ransportat ion conside rat ions, 
personnel ,  and personnel  training. 

The resu l t s  of the studies show ve ry  c lear ly  that mi l i ta ry  
participation in the logis t ic  portion fo r  P ro jec t  HORIZON is not only 
des i r ab le ,  but mandatory. 
l eve l  of mi l i ta ry  participation since such i t ems  as the world-wide 
political situation will play an important pa r t  in the ult imate decision, 

No at tempt  has been made  to  de te rmine  the  

I. RESEARCH AND DEVELOPMENT 

Pro jec t  HORIZON has been divided into s ix  phases  which include 
The  R&D a s  well as the operational aspec ts  of the  overall  p rogram.  

schedule for each phase is i l lustrated on Fig.  1-21 and d iscussed  
below: 

P h a s e  I - The initial feasibility study was completed on 9 June 
1959 and i s  contained in th i s  two volume repor t .  

Phase  I1 - The detailed development and funding plan wi l l  
r equ i r e  a mor e detailed study with l imited experimentation. 
phase will requi re  approximately eight months to complete and will 
cost  $5.4 million. 

This  

P h a s e  111 - The ha rdware  development and sys t em integration 
phase constitutes the majori ty  of the development effort. 
all: 

In P h a s e  III 

Systems (space  t ransportat ion,  comqunicat ion outpost, e tc)  

Sub- sys tems (space  vehicles ,  communicatione, ground and 
re lay  stations,  etc. ) 

Components ( rocket  engines,  communication t r a n s m i t t e r s  & 
r ece ive r s ,  etc. ) 

Schemes and procedures  (orbital  rendezvous,  orbi ta l  fuel 
t r ans fe r ,  etc. ) 

requi red  to accomplish the project objectives will be developed. 
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Phase  IV - The construction of the lunar outpost involves the 

The completion of 
utilization of the sys tems and procedures developed in Phase I1 and is 
in actuali ty an operational phase of the program. 
this  phase will accomplish the initial objective of the p rogram - 
"establish a manned lunar outpost. 

' 

Phase  V - The initial period of outpost operation will  begin in 
December 196" and will constitute the first completely operational 
phase of the program. 

Phase  VI - The expansion of initial outpost operational 
capabilities could begin at  any time after December 1966. For  the 
purpose of this study it has  been assumed to  begin in January 1968. 

1. Basic  and Supporting Research 

The importance of a strong basic and supporting r e s e a r c h  
effort in  support of a project of this nature cannot be over stated. 
Typical a r e a s  requiring attention a r e  food and oxygen, clothing, 
chemical ,  biological, radiological, bio-medical, vacuum conditions, 
weightlessness,  meteoroids,  lunar-based sys tems,  moon mapping, 
explosives in  lunar environment, power generation, ma te r i a l  and 
lubridants , liquid hydrogen production and handling, and lunar  "soilI1 
mechanic s , 

2. Pro iec t  HORIZON Develoument P rogram 

As mentioned above, a strong basic  and supporting r e sea rch  
program will be required to  accomplish the HORIZON development 
program,  and ultimately the project objectives. The development 
program for this project is bas ica l ly  covered by the first t h ree  phases 
of the project outlined above, the f i r s t  of which has been completed. 
Phase 11, the next step in the development program, must be accomplished 
in the time scale  indicated in  F i g .  1-21 if the United States is to  succeed 
in  establishing the fir st lunar outpost. The development plan, generated 
in Phase  I1 will spell out in considerable detail the developments r e -  
quired in Phase 111, a s  well as  requirements f o r  l a te r  phases. 

Basically, Phase 111 will  be the development portion of the 
project.  During this  phase, all  development required to accomplish 
the project objectives will be satisfied. 
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3. Research and Development Facilities 

Several unique facilities will be required to support HOFUZON. 
Figure 1-22 is  a view of a large lunar environmental simulator which 
w i l l  provide a capability for research]  development, testing and 
training for HORIZON a s  well a s  other projects in the national space 
program. Figure 1-23 illustrates a space flight simulator which w i l l  
provide for research and training of effects associated'with boost 
acceleration] coasting, weight~essnessl  and braking deceleration. In 
addition] medical research facility i s  located in conjunction with this 
site. 

PROJECT HORIZON 

RESEARCH AND DEVEWPMEtiT PROGRAM 

PHASE ACTIVITY 

I Initial Feasibtllty 
Study 

11 Detailed Ocvelopment 
& F,unding Plan 

XIX Hardware Development 
& System lntegration 

IV Construction of Lunar 
Base 

V Initial Operational 
Period 

VI Expansion of Inltial 
CapabiUtles 

1967 1968 

H 

Hardware and Systems being developed for other programs that will have direct appllcatlon in 
Project HORIZON. 

** Developmenl requlred for cxpanslon of capability. 

F i g .  1-21, Organization for Research and Development 
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Fig. 1-22. Cross Section Through Main Facility LERUT 



Fig. 1-23. View of Flight Simulator 
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(S) CHAPTER ID: MANAGEMENT AND PLANNING CONSIDERATIONS 

A. SCOPE O F  OPERATIONS 

1. Genera l  

having developed a requirement for  the establishment of a 
manned lunar  outpost, we may discuss  the operational concepts and 
faci l i t ies  necessa ry  t o  fulfill that requirement .  F r o m  these, an 
organizational s t ruc ture  can be evolved. 
concepts and faci l i t ies  in this  chapter wil l  be l imited to that  detail  
absolutely necessa ry  to  establishment of an organizational/operational 
s t ruc ture .  

The treatment of the technical 

2, T e r r e s t r i a l  Launch Site 

In o rde r  to  accomplish any space mission,  a terrestrial launch 
s i te  will be required. 
the United States  has  several  disadvantages. 
that  all of these bases  a r e  geographically located as  t o  l imi t  f i r ing t i m e s  
to  but a few days each month and to require  wasteful expenditure of 
available energy to achieve success .  
that  none of the existing launch s i tes  a r e  located close to  the equator.  
Fu r the rmore ,  once human beings a r e  e i ther  placed in orb i t  o r  dispatched 
on planetary miss ions ,  there  can be no interfering problems regarding 
scheduling of f i r ings,  either regular o r  emergency; physical space I 

difficult ies result ing f r o m  supply build-up or other logis t ic  considera-  
t ions,  etc.  The t e r r e s t r i a l  launch s i te  is expected to evolve into an 
operational complex supporting both continued R&D and firing by 
operational uni ts  with orbital or other space missions.  Existing 
United States  launching complexes a r e  devoted p r imar i ly  to  R&D f i r ings  
of weapons sys t ems .  Most such complexes a r e  rapidly becoming 
saturated with such f i r ings in the confines of their  p resent  a r e a s .  
rapidly becomes evident that a separate  s i te  will be requi red  in o r d e r  t o  
support this  nation's space efforts in a most economical manner.  

Use of any of the existing s i t e s  controlled by 
Among these  is the fact 

This la t te r  r e su l t s  f r o m  the fact  

It 

The re  a r e  a great  many factors  involved in this  requirement.  
They a r e  discussed a t  length in Chapter V.  
influencing requirements  are:  

Three  major  fac tors  

. .  

a. Operational need f o r  having an orbi ta l  station in an equa- 
to r ia l  orbi t  to simplify the rendezvous problem. 
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b. 
blem involved in "dog-legging" into equatorial orbit  from a non- 
equatorial launch site,  

High payload penalty and complexity of t ra jectory pro- 

c. Magnitude of effort requred to implement the objectives 
of this operation. 

In addition, of course, there a r e  other factors influencing the : 
attainment of such a site. For example: 

. .  

a. Diplomatic and political implications involved at some 
suitable si tes.  

b. Military vulnerability and security requirements a t  all 
suitable sites. 
with the best diplomatic o r  political choice. ) 

(These a r e  relative choices not necessarily consistent 

c. Cost: It may be reasonably assumed here ,  based on the 
above mentioned factors and detailed technical considerations in 
Volume I1 that an equatorial launch site will be selected. 
t e r r e s t r i a l  site .from which this nation dispatches i ts  f i rs t  man destined 
to set  foot on the lunar surface. 
conduct additional space. missions in fulfillment of other requirements. 

It will be the 

This site will provide a capability to 

For this site to be operational in sufficient t ime,  action 
i s  demanded immediately in negotiations required for acquisition. 
Build-up of facilities must begin at  an early date in order  to meet the 
desired operational readiness date. 

A t e r res t r ia l  launch site, which supports the lunar out- 
post project during the early technical effort, should also support it 
during the operational phase. There w i l l  be practical requirements , 

f o r  the utilization of the launch site for other projects possibly involving 
mili tary R&D, military operations, and the National Aeronautics and 
Space Administration. Practical  problems thus raised a r e  subsequently 
treated under organizational considerations. 

3.  Orbital Station 

In 'order to successfully accomplish lunar soft landings in the 
time frame under consideration, firings may be undertaken either 
directly f rom the ear th 's  surface to the destination or by means of an 
intermediate station in orbit about the earth, The former approach 
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r equ i r e s  the expenditure of tremendous amounts of energy for re la t ively 
small payloads. 
capability in the proposed time f r ame ,  using the boos te r s  then available. 
Under those conditions, the orbital  station, providing larger payloads 
and immediate ,  emergency, re turn  capability f r o m  the moon is  the most  
des i rab lc  choice for  t ranspor t  of personnel,  

Therefore ,  it cannot provide a n  immediate  re turn 

During ea r ly  t rans i t  operations through the orbi ta l  station, 
faci l i t ies  in orbi t  w i l l  be on a minimum essent ia l ,  aus t e re  bas i s ,  
will have rendezvous,  refueling and launch capabili t ies but not a 
vehicle a s sembly  capability. During th i s  period, it will be little m o r e  
than an  in t e r im  assembly  of fuel tanks and other  hardware  in orbit .  
Personnel  involved in its operation will uti l ize the i r  ear th- to-orbi t - to-  
earth vehicle as  living qua r t e r s  for the duration of their  s tay  i n  orb i t ,  
Until an orbi ta l  station is  developed to  a higher o r d e r  of operational 
autonomy in support  of this and perhaps o ther  operations,  it will be 
under  the immediate  operational control of the t e r r e s t r i a l  launch site. 

It 

Throughout the operation, assembly of equipment in orbi t  mus t  
be d i rec ted  toward the eventual establishment of m o r e  sophisticated 
orbi ta l  stations.  As indicated previously, an  ear ly  improved station 
m a y  be  constructed f r o m  22 vehicle shells.  
lunar  outpost operations,  sufficient tankage will have been placed in 
orbi t  to permi t  construction of two o r  t h ree  such stations.  
than one station in orbit  enhances future operational capability and 
flexibility by increasing number of possible fir ing t imes  p e r  month. 

P r i o r  to  any expansion of 

Having m o r e  

Although it i s  considered premature  in  this  pre l iminary  feasi-  
bility study to es tabl ish an exact schedule f o r  assembly  of m o r e  sophis- 
t icated orbi ta l  stations,  the operational, requirement  must  be  recognized 
now. Some considerations which affect implementation of this  requi re -  
ment a r e  that: 

a. N o  other program i s  likely to make available a s imi la r  
amount of ma te r i a l ,  in orb i t ,  without a previously established purpose,  

b. The demands of this  program wi l l  u s e  a considerable f r a c -  
tion of foreseeable  o r  predictable la rge  booster  r e sources ,  

c. The economy of using otherwise wasted r e sources  to a 
cone t ruct ive end, 
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Ear ly  attainment of mor e advanced operational capability in the 
orbital station will contribute to other space activities as well as to 
this specific operation. 

a. 

Examples of such contributions 'are: 

Space laboratory, acclimatization, and training capability 
for personnel. 

b. Space laboratory for  equipment. 

c. Materiel storage space. 

d. Low-altitude communication relay. 

e. 
this specific operation). 

, 

Earth surveillance (perhaps a security consideration in  

f. Space surveillance. 

g. Meteorological surveillance. 
$ 

h. Survey/geodesy data collection. 

i. Instrumentation fo r  test of earth-to- space weapon effects. 

As the scope of operations at the orbital station increases ,  so 
will the interactions with other national space activities increase. there- 
fore ,  it can be expected to evolve into an independent agency supporting 
this t e r r e s t r i a l  launch site, and possibly others. 

4. Lunar Outpost 

This goal of the project is  envisioned a s  falling into several  
basic a r e a s  as follows: 

a. Life Support and Preliminary Exploration. 

In the first  outpost phase, lasting from 30 to 90 days, 
concern of those lan'ded revolves primarily about life support and the 
human verification of many details of information previously generated 
by unmanned satellites or probes. 
depend upon such verification. 

Permanent site selection will also 
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b. Construction 

During the second outpost phase,  we find personnel  and 
ca rgo  located in  the vicinity of the permanent  s i te  capable of contruct- 
ing habitable s t ruc tu res ,  T h e r e  will b e  a rotat ion of personnel  during , 

t h i s  phase which will l a s t  approximately 18 months.  
will not oe m o r e  than one yea r .  
per iod wi l l  be  one whose p r i m a r y  speciality is construction. 

Maximum tour  
Titular head of the outpost during thie  

c. Benefical Occupancy and Initial Operational Capability 

This i s  the goal for  Pro jec t  HORIZON as se t  for th  in 
The outpost at th i s  point can comfortably support  12 men, this study. 

six of whom will spend a l a rge  par t  of their  t ime  in  genera l  maintenance 
and life support. 

These volumes have focused on the goal of establishing a lunar  
outpost capable of supporting 12 people. 
capital  expenditure. Once established, the cost  is shown decreasing 
as a resul t  of eliminating the  capital expenditure and continuing only 
the life support resupply. In o r d e r  to r ea l i ze  a full r e tu rn  on the 
investment involved, i t  will obviously be des i r ed  to es tabl ish additional 
equipment at the outpost in quantity. F o r  example,  the u s e  of the moon 
a s  a launching site for manned o r  unmanned planetary expeditions will 
b e  highly desirable .  As such requirements  multiply it is obvious that 
construction, equipment, and personnel requirements  will also multiply. 

This  r e p r e s e n t s  a l a r g e  

The re  exis ts  an immediate requirement ,  therefore ,  to  init iate 
an  ear ly  industrialized expansion of the outpost giving it a capability of 
self-regenerat ion,  to the g rea t e s t  extent possible,  f r o m  mate r i a l s  a t  
hand. Each returning vehicle will bring physical and biological 
ma te r i a l s  and samples  back for analysis.  
analyzed to determine i t s  utility. 
equipment t ransported to  the lunar  outpost which will contribute to  a 
self  - regenerative capability. During this  secondary /expans ion / con- 
struction period, the operational outpost w i l l  acqui re  an industr ia l  
self-  regenerative capability and capabilities will evolve which 
manifestly justify the en t i re  effort. In addition, this  nation will b e  in 
the  position of having contributed in an ear ly  and t imely manner  t o  the 
extension of m a n ' s  horizon, 

Each sample  must  be cr i t ical ly  
Methods mus t  then be determined and 
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B. ORGANIZATIONAL AND OPERATIONAL CONCEPTS 

1. General 

As indicated ea r l i e r ,  it i s  expected that the t e r r e s t r i a l  launch 
s i te  and the orbital  station will have applications in both R&D and 
operational activit ies of 0th er projects. 
applications of the lunar outpost cover a broad spec t rum of activities. 

The potential scient i f ic  

The scope of activit ies which must  occur at the locations of the 
essent ia l  elements of this specific operation call  for a full range of 
support including mili tary,  technical R&D; civilian (NASA) scientific 
r e sea rch ;  operational logistics;  operational space activity. 
involves ful l  Mili tary Air Transport  Service and Mili tary Sea Trans-  
portation Service type support plus possibly civil air lift and merchant  
marine.  One o r  m o r e  of these requirements will over lap  assigned 
missions of major  existing unified commands extending over broad 
geographic a1 area s. 

This 

There  will be requirements for support f r o m  and t o  other  
e lements  of government. Such requirements will  affect both technical 
and operational elements of any organization set  up for  the  accomplish- 
ment  of this specific mission. One case,  in point, is  support of NASA 
scientific programs.  Examples of other support or guidance require- 
ments  f r o m  o r  to governmental departments other than Defense a r e  as 
follows: 

. 

a. Operations Coordinating Board,  National Securi ty  
Council; overal l  inter -departmental coordination. 

b. Central  Intelligence Agency, National Securi ty  Council; 
National Intelligence. 

c. Department of State; relations with other interested 
nations. 

d. Federa l  Bureau of Investigation, Department of Justice; 
securi ty  mat te rs .  

e. U. S. Coast a d  Geodetic Survey, Department of 
Commerce;  survey and geodesy. 

f .  U.  S.  Geological Survey. Department of the Inter ior ;  
selenology . 
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g. Atomic Energy Commission; power plants. 

Even though some of the complex inter-relat ionships  with 
other organizations may be handled as routine tr,ansactions through 
channels,  many of them will requi re  a standing working relationship 
by the most  d i rec t  channels. 

Pol i t ical  and diplomatic considerat ions evolving f r o m  site 
requi rements  could easi ly  lead to  a situation demanaing a combined 
operation involving one o r  m o r e  countries.  This would, of course ,  
involve both the  State Department and the Congress  where t r ea ty  
requirements  a r o s e ,  
perpetuity of some land rights,  
of this  type approach. Thias approach does  not necessar i ly  solve out- 
lying special  instrumentation land requirements .  Anothe r al ternat ive 
is outright purchase of land rights.  
approaches which finally evolves will have a n  effect on organizational 
s t ruc ture .  Negotiations and decisions’ involving severa l  departments  
of government a r e  prerequis i tes  t o  determination of a final answer.  
This  subject m e r i t s  fur ther  se r ious  study. 

Alternative plans might include the lease  in 
The Panama Canal Zone is  an example 

Any combination of these different 

Obviously, di scussions on organizational and operational con- 
cepts  a r e  somewhat tentative until some of the points discussed above 
a r e  resolved. 
tenative- though they may be. 

W e  will proceed to further discussions on those subjects ,  

I 

2. Over-al l  Management Structure  

S o m e  of the  operational requirements  which a r e  indicative of 
over -a l l  management requiremente a r e :  

a. Over-al l  authority and capability to d i rec t  the major  . 

operations of this  specific project f r o m  cer ta in  s ta te-  side (United 
States)  support through launch s i te ,  orbital  station, and lunar outpost. 

b. Sufficient depth and breadth in organization to a s sume  
responsibli ty for all operational planning and implementation actions 
in relation to  other  space activit ies.  - 

c. Sufficient stature to  handle the day-to-day working 
relationships with mil i tary and civil departments  of government both 
in obtaining the i r  support and in supporting their  space activit ies,  
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d. Sufficient representation to and from military and civil 

(Army and Navy representation at the Atlantic 
departments of government to provide suitable mutual working relation- 
ships with them. 
Missile Range and Army and Air  Force representation a t  the Pacific 
Missile Range might well be studied in this connection. ) 

Consideration of the above factors in the environment of the 
general situation leads to the conclusion that a project management 
agency is  required. 
ment convenience in handling over-all coordination and control of all 
project activities, joint coordination and inter-departmental coordina- 
tion, a United States location is  probably preferable. 

For  purposes of proximity to the seat of govern- 

Directly subordinate to the project management agency would be 
several  co-equal activities ( S e e  Fig. 1-24. ) Those would include: 

a. 

b. 

C. 

d. 

e. 

f .  

Ter res t r ia l  launch site. 

Orbital station (fully operational). 

Lunar outpost. 

Training agencies where environmental requirements 
dictate location. 

Specialized technical support activities, for  which 
geographical location and/or distribution is dictated by 
technical considerations, for example, communications 
and tracking nets. 

Possibly, to include specialized field offices a t  locations 
such as:  

(1)  Military air  transport service terminals. 

(2)  Transportation terminal commands. 

(3)  Major depots or research and development 
activities, 

Each subordinate agency would have specific mission responsi- 
bilities to  project management, Each would 
to the other commands just a s  i s  the case in 
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Some wouAd have special  responsibilities and delegated authori t ies  
pecul iar  to the i r  par t icular  operational situation. 
launch s i te  may have major responsibilities in inter-departmental  
operations approaching that of one of the  existing National Missi le  
Ranges; t he  orbital  station may have a major communicatione 
responsibility to the ent i re  project, etc. 

Fo r  example, the 

Both the project management and terrestrial launch site will 
r equ i r e  a full range of conventional and space-peculiar operational 
technical support. 
capability of c r o s s  se rv ice  support to mil i tary and civil departments  
of government. Technical channels of communication should prevai l  
on technical ma t t e r s  without abrogating o r  diluting responsibility. 

Technical ‘support at the  launch s i te  m u s t  have the 

- 
3. Staff Organization 

As previously noted, a full range of technical staffing and 
support  is required. However, special space-peculiar operational 
requi rements  exist and must be clear ly  identified and treated in  future 
planning documents. 
for  a n  operation of th i s  magnitude and significance a r e  not firm 
part icular ly  during the ear ly  stages of feasibility demonstration and for  
the operational as opposed t o  the purely technical. 

It must be recognized that all planning factors  

At leas t  in the ear ly  stages of operation of the orbi ta l  station 
Indi- 

While this 
and the lunar outpost, a different staffing pattern will prevail. 
viduals must  have a wide range of carefully selected skills. 
poses  no insurmountable problems, it does require ve ry  careful  coordina- 
t ion in  all phases  of operation f rom first concept approval until 
expansion of operation8 to a considerable degree a t  s o m e  yet undetermined 
date. 

The preceding discussions suggest that ear ly  activation, staffing 
and training of the various agencies is mandatory. 
most-economical operations will result  f rom a carefully planned 
activation program. 
would, in any given instance,  delay o r  hazard some facet of .operations. 

F u l l  optimum, 

Waiting until the f u l l  requirement is imminent 
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(S) CHAPTER IV: NON- TECHNICAL SUPPORTING 
CONSIDERATIONS 

A. GENERAL 

Fro-:] the viewpoint of national security, the pr imary implication 
of the feasibility of establishment of a lunar outpost is the importance 
of being first. 
and military applications unless we a r e  first. 

Clearly, we cannot exercise an option between peaceful - 

- For political and psychological reasons,  anything short of being 
f i r s t  on the lunar surface would be catastrophic. Being first will have 
so  much political significance that no one can say at this time what the 
absolute effects wi l l  be. 
accomplishments that being second again cannot be tolerated: 

However, it is apparent f rom past space 

B. POLICY 

Any new venture of the magnitude of this study creates an immed- 
iate requirement for  both general and specific policy guidance. 
i s  a product of times and circumstances. 
matters i s  short, and the circumstances of his space activities a r e  
extensions of all the complex relations which preceded them. 
ingly, we have not evolved a comprehensive body of even controversial, 
much less agreed, policy. 

Policy 
Man's experience in space 

Accord- 

Both the Executive and the Legislative branches of the United States 
Government have devoted considerable attention to the subject for 
approximately one and one-half years. 
from Legislative o r  Executive action is  still  quite general. 
policy directed at  the subject of this study was found. 

The policy which has evolved 
No specific 

An effort has been made to analyze existing general policy and to , 

summarize it in a form s\litable as background for- this study. 
summary is  in Appendix A. 
abstraction of points of policy pertinent only to this subject. 
the effort was to summarize the general policy. 
require an  early and continuing effort aimed at  development, corre-  
lation, and codification of policy. 

That 

Rather, 
There has been no conscious effort at  

This subject will 

For the present, then, the policy, as  the requirements, must be : 
judged against the background of contemporary international political 
and military situations. The general policy, however, i s  sufficiently 
clear in stating the urgency of the situation. 
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The intelligence est imates  which support statements of national 
policy c red i t  the Soviet Unipn with a capability of accomplishing the 
objectives of this study any t ime after 1965. 
a requirement  f rom national policy. 

Therefore ,  we may infer 

C. POLITICA '_, PSYCHOLOGICAL AND SECURITY IMPLICATIONS 

1. Polit ical  and Psychological 

The political and psychological implications of our fa i lure  to 
be f i r s t  in space a r e  a matter  of public record. 
reflected adverse ly  on United States mil i tary,  scientific,  and political 
leadership. To some extent we have recovered the loss. However, 
once having been second bes t  in the eyes of the world's population, 
we a r e  not now in a position to afford being second on any other  ma jo r  
s t ep  in  space. 
the space probe and sun satellite. .However , the political implications 
of the space activit ies accomplished to  date have not been near ly  as 
ser ious  a s  those which will result  from failure to be f i r s t  in  this 
ope ration. 

This fa i lure  has  

W e  have already stretched our luck in being second with 

The resul ts  of failure to f i r s t  place man on ex t r a - t e r r e s t r i a l ,  
naturally-occurring, r ea l  estate will ra i se  grave political questions 
and a t  the same  t ime lower United States prestige and influence in  
dealing with this and related problems. 
openly its intention that some of its citizens wi l l  celebrate the 50th 
anniversary  of the present government (1967) on the lunar surface. 
The United States intelligence community ag rees  that the Soviet Union 
may  accomplish a manned lunar landing a t  any t ime af ter  1965. 
Judging f rom past experience, it  i s  easy to visualize all manner of 
political and legal implications which the Soviet Union might postulate 
as a resu l t  of such a successful accomplishment. 
ca se  in points of law, the effect is the derivative of the precedent. 

The Soviet Union has  announced 

As i s  so  often the 

There  are possibly other applications of space which will permit  
ea r l i e r  derivation of meaningful mili tary capabilities than will a success  
ful lunar outpost provided the e applications a r e  pursued vigorously. 
Individually, however, they wi J 1 not have the same political impact, 
In the s t i l l  vague body of fact and thought on the subject, world opinion 
may be expected to view the other applications s imilar  to actions on 
the high sea8 and a l so  to view the establishment of a f i r s t  lunar outpost 
s imi la r  to proprietary rights derived from first occupancy, As the 
Congress has  noted, we a r e  caught in a s t ream in,which we have no 



choice but to proceed. 
ness  with which we exe rc i se  our cu r ren t  options. 
is the most  immediate  such case. 
reaching such a s  fur ther  inter-planetary exploration. 

Our success  depends strongly on the decisive- 

I t  is  the bas i s  f o r  o thers  m o r e  far- 
The lunar outpost 

More detailed coverage of legal  and polit ical  implications may  
be found in Appendix B. 
i n  Appendix A, 

They a r e  direct ly  re la ted  to  policy discussions 

2. National Security 

V h u m e  11 of this study indicates that i t  has  the objective of 
t reat ing the subject up to  and including the establishment and mainte- 
nance of a twelve-man outpost of which approximately fifty percent 
( s ix  men)  would have the continued functions of life support operations. 
This would include operation and maintenance of equipment with per -  
haps  minor technical improvements in the outpost. 
granted that this achievement will have been a major  national accom- 
plishment f rom the political and diplomatic viewpoint and will provide 
the know-how fo r  expansion, i t  will not sat isfy all of the foreseeable  
national securi ty  requirements.  It i s ,  therefore ,  mere ly  a point of 
depar ture  for  securi ty  considerations. 

While i t  may  be 

The total extent of the mil i tary applications,  which may evolve 
a f te r  the establishment of the initial outpost, i s  a function of var iables  
which requi re  operational and/or  technical evaluation beyond the scope 
of this study. 
Examples  a r e :  

Some entail National Security Council type evaluation. 

( 1 )  Evaluation of the actual o r  potential th rez t  to the continued 
operation of the outpost and policy on countering the threat. 
include a study of interactions with other space activit ies,  

This mus t  

( 2 )  Evaluation of the significance of lunar operations within 
the broader  f ramework of the total  national defense. 

( 3 )  Military evaluation of the operational and technical requi re -  
ments  to implement any National Security Council policies which a r e  
spec if ied. 

( 4 )  Cost of implementing mil i tary operational and technical 
r e quir ement s. 
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- (5)  Utilization of knowledge gained during first phases of out- 
post operation. 

(6 )  Extent to which national policy requires attainment of 
specific military or scientific capabilities. 

( 7 )  State-of-the-art improvement in rocket booster engines, 
particularly in specific impulse, thrust, and weight. 



APPENDIX A: POLICY OF THE UNITED STATES 
WITH RESPECT TO ACTIVITIES IN SPACE 

The following policy statements have recently been made by t h e  
Executive and Legislative Branches of the Government. 

. 
1, Statements by the President  of the United States: 

a. In the State of the Union Meesage of 9 January 1959, 
the President  said: 

"To achieve . . . peace we seek to prevent war 
at any place and in  any dimension. Lf, despite our 
bes t  efforts, a local dispute should f l a r e  into a rmed  
hostilities, the next problem would be to keep the 
conflict f rom spreading, and s o  compromising 
freedom. In support of these objectives w e  main- 
tain forces  of grea t  power and flexibility. 

" W e  have successfully placed five satell i tes 
in orbit ,  which have gathered information of 
scientific importance never befor e available. 
l a tes t  satell i te i l lustrates  our steady advance in 
rocketry and for e-shadows new developments in 
worldwide communications. I' 

Our 

b. In his Budget Message of 19 January 1959 dealing with 
F i s c a l  Year 1960, the President  said: 

"For the f iscal  year 1960, r e sea rch  and develop- 
ment expenditures w i l l  be increased still fur ther ,  
with emphasis on space exploration, peaceful uses  
of atomic energy, and basic science. Extensive 
space exploration investigations a r e  being initiated, 
utilizing satell i tes and probes. 
i13 going forward on high-energy fuel  rockets,  a 
million-pound thrust  engine, and a nuclear rocket 
engine. 

Development work 



"Space flight. - The National Aeronaut ics  and  
Space Administration, organized in 1958, is initiating 
extensive scientific investigations with sa te l l i t es  
and space  probes to i n c r e a s e  our understanding of 
the earth's gravitational, magnetic, and e lec t r ic  
f ie lds;  radiation f r o m  space ;  and other phenomena. 
P r o g r a m s  in the field of meteorology will look 
toward the ul t imate  establishment of a worldwide 
s y s t e m  of sa te l l i t e  weather observation, and in  the 
f ie ld  of communications w i l l  continue to  experiment  
with the u s e  of satel l i tes  to se rve  a s  r e l ays  fo r  the 
intercontinental  t ransmiss ion  of messages  , voice, 
and television. 
t o  p lace  heavy objects in space  include development 
of high energy fuel rockets ,  a million-pound thrus t  
engine, and a nuclear rocket-engine. 

P ro jec t s  to  inc rease  our abil i ty 

c .  In a m e s s a g e  to the Congress  dated 2 Apr i l  1958 entitled 
National Aeronaut ics  Space Agency, the Pres ident  said: 

"Recent developments i n  long-range rocke ts  
fo r  mi l i ta ry  purposes have for  the f i rs t  t ime  
provided man with new machinery s o  powerful 
that i t  can  put satel l i tes  into orbit, and eventually 
provide the means for  space  exploration.. . . 

"In a s ta tement  which I re leased  on March  
26, 1958, the Science Advisory Committee has  
listed four f ac to r s  which i n  its judgment give 
urgency  and inevitability to advancement i n  
space  technology. These factors  a r e :  ( I )  the 
compelling u rge  of man to explore the unknown; 
( 2 )  the  need to a s s u r e  that f u l l  advantage i s  taken 
of the mi l i ta ry  potential of space; ( 3 )  the effect 
on national pres t ige  of accomplishment in space 
sc ience  and exploration; and (4) the opportunities 
for  scientific observation and experimentation 
which will add to our knowledge of the ear th ,  the 
s'olar eystem, and the universe.  

"These f ac to r s  have such a d i rec t  bearing on 
the fu ture  p rogres s  a s  well a s  on the securi ty  of 
our Nation that an imaginative and well-conceived 
space  p rogram m u s t  be given high pr ior i ty  and a 
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sound organization provided to  c a r r y  i t  out, 
ii program and the orgiu>lnation which I recommend 
should contributc to (1) the expansion of human 
knowledge of outer space  and  the u s e  of space 
technology for  scientific inquiry,  . . . ( 3 )  the devel- 
opment of vehicles capable of car ry ing  instruments, 
equipment, and l iving organisms into space,  (4) the 
preservat ion of the r o l e  of the United States  as a 
leader in aeronaut ical  and  space  science and tech- 
nology, (5) the making available of discoveries  of 
mil i ta ry  value to agencies direct ly  concerned with 
national securi ty ,  . . . . 

Such 

"1 recommend that aeronaut ical  and space 
science activit ies sponsored by the United States 
b e  conducted under the direction of a civilian 
agency, except for  those projects  pr imar i ly  
assoc ia ted  with mi l i ta ry  requirements .  . . . 

"It is contemplated that the Department of Defense 
will continue to  be  responsible  fo r  space activit ies 
peculiar to or  pr imar i ly  associated with mil i tary 
weapons sys tems o r  mi l i ta ry  operations. Responsi-  
bility for  other programs is  to be  assumed by the new 
Agency. In this connection, I commend to the atten- 
tion of the Congress  the comments  of m y  Science 
Advisory Committee, in  its s ta tement  of March  26, 
1958, on the mi l i ta ry  applications of space technology.I1 

2. Policy Declarations by the Congress:  

a.  Senate Report  Number 1701, dated ll June 1958, and 
House Report  Number 1770, dated 24 May 1958, and Conference 
Report  Number 2164, dated 15 July 1958, dealing with the National 
Aeronaut ics  and Space Act of 1958 (HR 12575), stated in pertinent 
part: 

"Aeronautics is  making what is called a 
'quantum jump', and i s  going through a mutation 
into the new science of as t ronaut ics ,  a science 
concerned with manned t rave l  or controlled 
instrumented fl ight beyond the effective a tmosphere  
into the reaches  of outer space. 
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"The Soviet sputniks have been a visible symbol, 
warning that the United States may not be leading in 
the vital field of space research  and in the development 
of astronautics. 
these Soviet achievements mean in te rms  of mili tary 
defense, of international prestige, and of general 
scientific ,dvance. At the same time, a properly 
developed United States program to explore the poten- 
tial uses  of space must  and can stand on i ts  own rights. 
The program must b e  soundly conceived and soundly 
administered. It must  not falter,  then rush ahead only 
when prodded by some spectacular Soviet success, 
but rather mus t  advance as a broad-based, sustained, 
long-range effort to use the properties of space, and 
to explore space either by proxy through instruments, 
or  by sending man himself. 

This country is not unmindful of what 

* * *  
"The United States must have a strong capability 

in the use  of outer space, both a s  a.deterrent to mili- 
tary u s e  of space vehicles against this country and a s  
an aid in  developing anti-missile techniques. 
reconnaissance and communications wi l l  have impor- 
tant implications for guarding the peace. On the one 
hand they a r e  adjuncts to weapons systems related 
to  the deterrent  power, and on the other they repre- 
sent  important techniques for inspection and policing, 
in accordance with any disarmament scheme which 
may be negotiated in the years  to come. 

Satellite 

"It would be unfortunate, to say the least, for  
the United States to renounce an opportunity for 
sharing in astronautics discoveries which a re  bound 
to be made. Yet this unfortunate resul t  could follow 
f r o m  cur ren t  failure to organize a sound program to 
exploit easily proven techniques which can ca r ry  men 
and instruments into outer space. 

"The Soviet lead in astronautics has  made clear 
that 'business a s  usual'  is not going to close the gap 
between United States and Soviet capabilities. Nor  can 
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even a n  intensive p rogram of 'me too' do m o r e  than 
keep this count ty  following behind the Soviet Union. 
This is par t icular ly  t rue  when one cons iders  the long 
l ead  t imes  requi red  for many astronaut ics  p rograms ,  
and the s e r i e s  of su rp r i se s  the Soviets have a l ready  
accomplished in the scientific a r ea .  
m u s t  leapfrog these  Soviet accomplishments.  This  
will take some y e a r s ,  and wil l  r equ i r e  a genuine 
mobilization, on a national scale ,  of the vast  scienfific 
and technical capabili t ies of this country. It would 
b e  most serious, and self-defeating in reeul ts ,  to 
choose some  few isolated projects  with the hope of 
influencing world opinion a s  to  the superior i ty  of our 
technology. Although the Soviet demonstrations in 
one sense  could b e  viewed as t r i cks  designed to sway 
world opinion, such an a s s e s s m e n t  tragically under - 
est imates  the Soviet approach to as t ronaut ics .  The 
Soviet advance presupposes a broad scientific effort  
of many y e a r s '  standing. It is based on a long-range 
plan of scientific education and research .  
bined, s ince World War 11, the military development 
of rockets  and miss i les  with the  scientific r e s o u r c e s  
of the country. In 1955, th ree  yea r s  ahead of the United 
States , the Soviet Union se t  up a strong civilian a s t ro -  
nautics agency, able to command all the r e sources  of 
the nation. 
which s i t s  a t  the same  level a s  the Pres id ium of the 
Supreme Soviet, announced detailed plans for  i ts  satel-  
l i tes  of varying weights, and also announced i ts  plans 
for moon exploration and instrumented probes of M a r s  
and Venus. These announcements were  made two or 
three years  ago. We have s imi l a r  plans , st i l l  under 
discussion o r  only this year  being specifically author- 
ized for the years  ahead. 

The United States  

Ithas com-  

That agency i s  the Academy of Sciences,  

IIWhatever the United States  may think of other 
aspects  of the Soviet political system, there  i s  l i t t le  
doubt that a single coordinated agency offers tremendous 
advantages over the fragmented, uncoordinated effort 
which the United States  has made to date. 
effort involves the dangers of duplication and incom- 
pleteness,  together with competition for funds and 
headlines, to the detr iment  of rapid attainment of 
national goals. 

A haphazard 

This i s  not to s a y  that there  is not r o o m  
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for alternative approaches, and for  the development 
of different teams and facilities, but all these should 
be pointed toward the fulfillment of a well-rounded, 
comprehensive national plan. 

"The establishment of a national space program 
is a matter  of the highest urgency both for reasons 
of imrnediate national defense and to insure that in 
the long run outer space is  effectively utilized for 
peaceful purposes . .. the decision to enter into the 
space age is not one the United States can ignore or 
defer.  Our national survival requires it." 

b, HR No. 1758, 85th Congress, Second Session, dated 
21 May 1958, stated in relevant part:  

"The establishment of a national space program 
is a matter  of the highest urgency bpth for reasons 
of immediate national defense and to insure that in 
the long run outer space is  effectively utilized for  
peaceful purposes. The United States i s  behind the 
Soviet Union today in its ability to use outer space,  
and only much hard work and intelligent planning and 
organization wi l l  overcome this lag in  the years  ahead. 

* * *  
"The control of our national astronautics program 

must be in civilian hands, and oriented toward the 
broadest  interests  of the Nation. The head of the 
national space agency (under the President)  must  be 
the supreme arbi ter  of astronautics policy, except 
as he shares  in the deliberations of the National 
Security Council, where space i s  but one aspect  of 
national policy. Such responsibility centered in  the 
national astronautics agency car r ies  with it the obli- 
gation for continuous liaison with the Department of 
Defense because of the v i ta l  in terest  of the Nation in  
insuring f u l l  exploitation of the military potentials of 
space so long as r i v a l  states are striving to develop 
such mili tary uses.  No easy separation of military 
and civilian uses  of astronautics i s  possible a t  t h i s  s tage  
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This makes  it doublyurgent that coordination and 
cooperation between the Department of Defense and 
the new national agency be  thoroughgoing and specifi- 
cally provided fo r  by law, not l e f t  to the, chance good 
intentions of par t i c d a r  admini s tr a tor  s-. 

"The Department of Defense has its Advance 
Resea rch  Pro jec ts  Agency to coordinate  but not to 
central ize  detailed operation of the many astronautics 
programs of the individual se rv ices .  
tinue to c a r r y  p r imary  responsibil i ty for those  projects  
which a r e  principally mi l i ta ry  in  character. Because 
the bulk of our national r e sources  in as t ronaut ics  a r e  
found either in the mil i tary se rv ices  or in their con- 
t r ac to r s ,  every precaution must  be  taken to  in su re  
that scientific and technical contributions extending 
beyond easi ly  identifiable mi l i ta ry  requi rements  con- 
tinue to be  made and to b e  fully available to the national 
as t ronaut ics  organization. 
thing as surrendering control of space  exploration to  
the Department of Defense, The Advanced Resea rch  
Pro jec ts  Agency has pr imar i ly  a mi l i ta ry  mission to 
per form;  in  this it should not b e  restricted. But the 
Department of Defense cannot be the sole  a rb i t e r  of 

'what is mi l i ta ry  and what i s  civilian when par t icular  
activit ies a r e  in dispute. Such disputes must b e  r e -  
conciled at l ea s t  on the level of the National Securi ty  
Council, with an  equal chance to be  h e a r d  by both the 
mil i ta ry  agency and the national civilian agency. The 
national astronautics agency must  be  m o r e  than just  a 
repos i tory  f o r  projects the Advanced Research  Pro jec ts  
Agency is not interested in. 

It should con- 

But this is  not the s a m e  

* * *  
"The studies of the committee made c l ea r  

that exploration of space is no longer hypothetical 
and remote.  
ion by t h e  Soviet Union, and is being undertaken in a 
wide range of projects in this country. 
of high th rus t  w i l l  enable the placing of l a r g e  ins t ru-  
mented satel l i tes  around the ear th  for  mi l i ta ry  recon-  
naissance,  weather prediction, navigation, and 
communications. 

It i s  underway in a comprehensive fash-  

Coming rockets  

Both the United States  and Soviet 
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Union will  probably have the capability of making 
lunar probes and probes to Mars and Venus in  the 
immediate and foreseeable future. 

ItMan wi l l  move into space both for military 
reasons and for scientific exploration. Advances 
in instrumentation, however successful, a r e  
unlikely to take the place of voyages by man himself 
to other parts of the solar system. 

* * *  
“Although space development will  be expensive,, 

particularly as the hardware phases a r e  reached, 
it wi l l  pay tremendous dividends. The experience 
of the past demonstrates that a succession of dis -  
coveries and inventions have always had economic 
advantages far greater than the dreams of their 
developers.. . . 

“In conclusion, it i s  clear that the decision to 
enter into the space age i s  not one the United States 
can ignore or defer. Our national survival requires 
it. If w e  meet the challenge, we will only then have 
the option of directing the use of outer space toward 
peaceful purposes for the benefit of all mankind.” 

C. The National Aeronautics and Space Act of 1958, Public 
Law 85-568, declared the policy and purposes of Congress in the 
following message: 

“Sec. 102. (a) The Congress hereby declares 
that it is the policy of the United States that activities 
in space should be devoted to peacefd purposes for 
the benefit of all mankind. 

ll(b) The Congress declares that the general 
welfare and security of the United States require that 
adequate provision be made for aeronautical and 
space activities, The Congress further declares that 
such activities shall be the responsibility of, and 
shall be directed by, a civilian agency exercising 
control over aeronautical and space activities spon- 
sored by the United States, except that activities 
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peculiar to o r  p r imar i ly  assoc ia ted  with the develop- 
ment  necessa ry  to  make weapons sys t ems ,  military 
operations, or the defense of the United States (inclu- 
ding the r e s e a r c h  and development n e c e s s a r y  to  make  
effective provision fo r  the defense of the United States) 
shall  b e  the responsibil i ty of, and shall be  d i rec ted  
by, the Department of Defense; and that determinat ion 
as to which such agency has  responsibil i ty fo r  and  
direction of any such activity shall b e  made  by the 
Pres ident  in conformity with section 201(e)." 

d. The r e p o r t  of the Select Commit tee  of the House of 
Representat ives  on Astronautical  and Space Exploration (HR 2710, 
85th Congress ,  Second Session, dated 3 January  1959) included 
the  following: 

"It cannot b e  overemphasized that the survival 

Outer space is fast becoming the 
of the f r e e  world - indeed, a l l  the world - is caught 
up in  the stakes.  
hea r t  and soul of advanced mi l i ta ry  science. It 
constitutes at once the threa t  and the defense of 
man's existence on ear th ,  Only a bold and dynamic 
program employing the total talents and the g rea t e s t  
s t rength of the United States and its fr iends is com-  
petent to meet  a challenge s o  overwhelming. 

* + *  
"It would be highly impract ical  not to face the 

reali ty that space technology, l ike nuclear energy, 
can be used for w a r  a s  well a s  for peace. 
United States i s  dedicated to insuring that outer 
space be devoted to peaceful purposes  for the 
serv ice  of a l l  mankind. 
such a resolution, and this has  been the stand of  
our delegates before the United Nations, 
knowledge i tself  i s  neutral ;  the men who u s e  i t  
determine i t s  r e su l t s  fo r  good or evil. 
would u s e  i t  fo r  evil, they cannot be countered by a 
bet ter  -intentioned country which lacks  such knowledge 
and power itself. 

The 

The 85th Congress  voted 

Scientific 

If o thers  

"The United States  must  continue to s t r ive  for  
conditions which will make i t  possible for all space  
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research  to benefit mankind. But this effort is  mean- 
ingless unless such striving i s  accompanied by an  
American and free-world effort to develop space 
devices of the highest order of versatility. 
to do so would deny the f r ee  world not only the peace- 
f u l  benefits of space, but also the capability to detect 
hostile moves against these nations (including the 
violations of agreements) and the further ability to 
counter such threats.  

Failure 

"The military potentialities of space technology, 
which the United States would prefer to see channeled 
to peaceful purposes, a r e  greater than general public 
discussion to  date suggests. Mil i tary space capabili- 
ties a r e  technically inseparable f rom peaceful capabil- 
i t ies which a r e  well worth pursuing in their own right. 
Reconnaissance for merchant-ship land patrol and for 
peaceful mapping of resources can also be used to 
locate military targets. Communications to improve 
global relations can also be used to control military 
forces.  
can a lso  c a r r y  kermonuclear weapons, 
designed to return men from an orbit to a preselected 
point can also deliver bombs. 

Rockets for cargo and passenger delivery 
Satellites 

"The decision to undertake a space program 
cannot be made in the context of domestic conditions 
alone. Whether the United States undertakes such 
a program or not, the Soviet Union has already 
launched a massive program with considerable 
momentum. 
study and popular and governmental interest behind it. 
The Soviet program has been vigorously pursued since 
the t ime of World War 11, and has been assigned a 
high priority of scientific manpower, material, and 
coordinated organization. Soviet leaders implicitly 
believe that they will  be the f i r s t  to explore and to use 
outer space. 
position to follow." 

The Soviet effort has a long record of 

They doubt that others w i l l  be in a 
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APPENDIX B: LEGAL AND POLITICAL IMPLICATIONS 

1. GENERAL 

T h e r e  a r e  no principles or lega l  ru les  which can be sa id  to  
recogruze or c rea t e  any r ights  in o r  duties on the part of states operat-  
ing beyond the a tmosphere  in  outer space  o r  on the  lunar surface.  
Rules of international law, as we know them, deal with the re la t ions  
of nations on earth. Fur ther ,  such ru l e s  of international conduct as 
may be sa id  now to exist, were not devised or  s ta ted with a view to 
their applicability to w h a t  was, up until only half a decade ago, an 
almost undreamed of a r e a  of application, outer space. Moreover, t h e  
plethora of writing on the subject and the var ie ty  of opinions expressed  
r evea l  that, a s  of this present,  what is regarded  as international law,  
and  its presuppositions and prerequis i tes  i n  the f ie ld  of outer space  
activity,  are  nothing m o r e  than the wishes or pious thoughts or 
aspi ra t ions  or f e a r s  of the wr i te rs .  They cannot bind, control or even 
limit s t a t e s  and nations in the n e w  dimension. 

Even on earth,  where it is m o r e  or  l e s s  accepted that international 
law does exist ,  such law must be sought as a pract ical  mat te r  in  
t rea t ies  such as  the United Nations Char t e r  o r  the Protocol of the 
Po t sdam Conference. Even when m o r e  o r  l e s s  c l ea r  s ta tements  of 
r ights  o r  duties, or privileges and immunities of the contracting 
nations can  b e  r ead  in such t rea t ies ,  there  is  not only disagreement  
as to the meaning of the words thereof ,  but a l so  difficulty in enforcing, 
a s  a ma t t e r  of law, the r ights  o r  duties defined therein.  

Law i s  a response to the necess i t ies  of t ime,  place and peoples,  
and we should not be hasty in seeking to find or  r ead  law where none 
capable of being denominated law exis ts .  
tendency on the pa r t  of the United States in  particular to do just  this  
and  with something l e s s  than happy resu l t s .  We must  recognize and 
r e s i s t ,  par t icular ly  in connection with activit ies in space,  "the pronounced 
Amer ican  tendency to transplant legal  concepts f r o m  the domestic to 
the international field: to believe that international society could and 
should opera te  on the bas i s  of general  contractual obligation, and hence 
lay  s t r e s s  on verbal undertaking ra ther  than on the concrete  manifesta-  
tions of political interest .  111 . 

T h e r e  has  been a marked  

We a r e  bound to note the a r e a s  in  which what can be  defined ae l a w  

1 .  Kennen, American Diplomacy, 1900-1950 (1951) 46, 95. 



is avai lable  and  c l e a r l y  applicable, But, equally, fo r  the p re sen t ,  we 
m u s t  recognize  that there  is no definable body of space law. 
p r e m i s e s ,  r e s o r t  to uncertain ru les  is  not compelled. 

In the 

2. POSSIBLE PRECEDENTS 

Preceden t s  -or operations in space  or on the lunar  s u r f a c e  have  
been sought b y  students and scholars  in  the experience of hat ions in 
acquir ing t i t le  to otherwise unclaimed land by operation of the law of 
d iscovery  and occupation without conclusive r e su l t  o r  a c l e a r  de t e rmina -  
tion of a r e q u i r e m e n t  that what has  here tofore  been found to  be appl icable  
to ear th  is necessa r i ly  appropriate  to the problems i n  space.  T h e r e  
has ,  however ,  been recognition of the f a c t  that  fo rce  o r  w a r  may b e  the 
ultimate de terminant  of the i s s u e  of control of space and surfaces i n  
space.  

It h a s  a l so  been recognized that to a very l a rge  extent the settle- 
m e n t  of disputes  a s  to land t i t les between nations is a function of the 
executive o r  political departments of government r a the r  than the 
judiciary.  In general ,  it  can be said that, where a c a s e  or a dispute  
involves the dignity and r igh ts  of sovereign s ta tes ,  i t  is fo r  se t t lement  
-in the c o u r s e  of the conduct of foreign a f f a i r s  by the political arm of the 
government  based  upon pract ical  considerations r a the r  than law. 
Chief Jus t ice  Stone stated in the c a s e  of Ex P a r t e  P e r u ,  318 U.S .  578, 
"Our national i n t e re s t  wi l l  b e  better se rved  in such cases  i f  the wronge 
to su i to r s ,  involving our  relations with a friendly foreign power,  a r e  
righted through diplomatic negotiations r a the r  than b y  the compulsions 
of judicial proceedings.  I t  

As 

I t  h a s  a l s o  been suggested that precedents  f o r  dealing with p rob lems  
of occupation of and t i t le to lunar sur faces  may  be found in Amer ican  
experience and policy with respec t  to c la ims  in theAntarct ic .  

The bas i c  policy of the United States with respec t  to the making of 
c l a i m s  in  Antarctica i s  a t  a l l  t imes to r e s e r v e  to herself  whatever 
r igh ts  she m a y  have under recognized principles and rules of inter- 
national law,  in view of the activit ies and actions of i ts  c i t izens,  but 
to r e fuse  formal ly  to lay  any claims to the a r e a  on the bas i s  of such 
act ivi t ies  and,  fur ther ,  to r e fuse  to recognize the c la ims  of o ther  
nations.  

This  policy is t raceable  to the action of Secre ta ry  of State Char lee  
Evans Hughes who, in 1924, insisted that actual sett lement w a s  r equ i r ed  
f o r  a valid claim,to sovereignty o v e r  newly discovered t e r r i t o r y ,  In 



this connection, Secre ta ry  Hughes, a Jus t ice  of the Supreme Court  
of the United States f r o m  1910 to 1916 and Chief Jus t i ce  of the United 
States  f r o m  1930 to 1941 and a f o r m e r  Governor  of New York, who 
m i s s e d  the highest office in the land only by the s l ende res t  margin ,  
wrote  to the Norwegian Minister re la t ive to the effects of act ivi t ies  
by Amunds en in Polar  regions: 

"In . . . your l e t te r  you s ta te  that, in  o r d e r  to avoid 
any misunderstanding, you would add that possess ion  of all 
land which Mr. Amundsen may discover  will, of course ,  ,be 
taken in  the name of His Majesty, the King of Norway. In 
m y  opinion r ights  s imilar  to those which i n  ea r l i e r  centur ies  
were  based upon the ac t s  of a d iscoverer ,  followed by occupa- 
tion o r  set t lement  consummated a t  long and  uncertain per iods 
thereaf ter ,  a r e  not capable of being acquired at the present  
t ime. Today, i f  an  explorer i s  ab le  to a s c e r t a i n  the existerne 
of lands,  s t i l l  unknown to civilization, his  a c t  of so-called 
discovery,  coupled with a f o r m a l  taking of possess ion ,  
would have no significance, save a s  he  might he ra ld  the 
advent of the se t t l e r ;  and where for  climatic o r  other reasons  
actual sett lement would be impossible,  as in the c a s e  of the 
Polar  regions,  such conduct on his  p a r t  would afford f r a i l  
support  for  a reasonable c la im of sovereignty.  I a m  there- 
fore  compelled to s ta te ,  without now adverting to other con- 
siderations,  that this Government cannot admit that such 
taking of possession as a discoverer  by M r .  h u n d s e n  of 
a r e a s  explored by him could establish the bas i s  of rights 
of sovereignty in  the Polar r e  ion, to which, it i s  under-  
stood, he is about to depart ." K 
The United States has  consistently followed Sec re t a ry  Hughes' 

position and maintained that, althought she will r e s e r v e  a l l  r ights  
granted he r  by the a c t s  of her  cit izens through international l a w ,  
she will a s s e r t  n o  c la im and  wi l l  recognize no c l a ims  a s s e r t e d  by 
other nations in the absence of actual occupation. 
that efforts by claiming nations to date have not been sufficient to 
constitute such occupation, and i t  would fur ther  appear  that the 

It appears  ce r t a in  

1. Secre ta ry  Hughes to the Norwegian Minister,  H .  H. Bryn,  
2 April  1924, MS Department of States,  f i l e  857.014/6. cf. Hall, , 

International Law, 8th ed. by Higgins (1924) 124M; "As the regions 
of both the North and South Poles a r e  incapable of permanent  
set t lement ,  they do not appear to be  ' t e r r i t o ry '  suscept ible  of 
acquisition by occupation. 
5th ed by Lauterpacht,  440. 

See a l so  1 Oppenheim's International-Law, 
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United States’ position is  not without wisdom. 
ourselves the right to make later determinations in our own interest  
and have avoided becoming obliged to accept a rb i t ra ry  agreements 
o r  arrangements which may later prove a hindrance. 

We have reserved  to 

While such precedents need not and indeed would not be binding 
in the lunar rea lm,  i t  may be said that, considering the Antarctic 
experience of nations, there is neither controlling nor governing law 
o r  principle to l imit  o r  circumscribe American activity, nor basis 
for any other nation asserting a bar to American activity in the new 
dimension. 

. .-- 

W e  must,  however, recognize the need for continued activity by 
the United States following the initial establishment of he r  base, The 
display of state activity should be continuous and should not be inter- 
spersed o r  followed by protracted periods of inactivity. 

At all events some practical actions a r e  required to constitute a 
basis for America speaking at all  or asserting arguments p ro  or  con 
claims by ourselves or  others in this area. 
operating base on the lunar surface, i s ,  a s  a practical mat te r ,  en- 
titled to no more  right to speak, o r  claim for itself, o r  r e s i s t  a 
claim of another state which i s  operational on that surface,  than has 
Nepal o r  Ecuador, 
new dimension i s  unthinkable. 

America, without an  

Such a position of weakness for America in the 

3. THE LAW OF SPACE 

Since studies which have been made reveal no binding or con- 
trolling precedents to guide the present operation, the conclusion 
follows that there is nothing that is  proposed in Project HORIZON 
which seriously could be said t o  constitute a violation o r  even dis- 
regard of settled international l aw  o r  law generally. By the same 
token, there appears to be nothing that settled international l a w  r e -  
quires of the United States with respect to her  activities in outer 
space, except to the extent that war  is waged from outer space on 
a nation o r  nations on earth. 

1. In the Island of Palmas arbitration it was pointed out: “The 
intermittence and discontinuity compatible with maintenance of the 
right necessarily differ according a s  inhabited o r  uninhabited regions 
a r e  involved, o r  regions enclosed within terr i tor ies  i n  which sover- 
eignty i s  incontestably displayed, or again regions accessible from, 
for instance, the high sea6. I ’  22 AJ. J. I. L. (1928) 867, 877. 



In view of these things, we should de t e rmine  our asp i ra t ions  and 
needs  and  proceed  with their prosecution, being content to  face the 
technological difficulties without conjuring u p  possible  legal impediments. 

Undoubtedly, as we proceed,new and novel si tuations will p resent  
lega l  o r  quasi-legal problems, but w e  should wait  on such pract ical  . 
presents- ion,  l e s t  in  our has te  to define r u l e s ,  we compromise  our 
national position in the future to find that a rule, which appears  to 
b e  viable today, will in  the future  b e  something l e s s  than what we can' 
l i v e  with i n  v i e w  of a new and unpredictable s e t  of facts or c i rcumstances  
that m a y  then present  themselves.  
potential  u s e r s  of outer space and lunar su r faces  w i l l  r e q u i r e  we cannot 
a t tempt  definiticns of controlling lega l  f ac to r s .  
facts might  induce i r r epa rab le  adve r se  effects upon our national 
in te r  es ts . 

Until we know what we o r  the 

To do s o  with insufficient 

Nor i n  so doing should we have any compunctions l e s t  we be 
charged  with dealing unfairly with other nations. At the p re sen t  time, 
and in  the ensuing period with which we a r e  h e r e  concerned] we can  
a s s u m e  that only the Soviet Union and we s h a r e  the potential to opera te  
in space.  
i n t e r e s t  to do so.  
develop in response to Soviet technical achievements  and Soviet 
poli t ical  r eyuir ements . 

-Union is  not l ikely to permi t .abs t rac t  pr inciples  of f a i rnes s ,  just ice  
and law to hinder her  practical  and technological p rog res s ,  and any 
uneas iness  flowing f rom our adoption of a f lexible  position is bound to 
pass. 
hes i ta te ,  should we espouse or  adhere  to what might be called principles 
o r  ru l e s  of law, to bind u s  to them and thereby a t  l e a s t  r e s t r i c t  our 
mobility and flexibility. 

The Soviet Union employs law selectively when it is in h e r  
Soviet legal doctrine m a y  therefore  be expected to / 

We need only remind  ou r s  elves that the Soviet 

On the other hand we  can note that the Soviet Union will not 

We should a l so  not re ly  upon what individual Soviet cit izens,  
however learned ,  may have writ ten o r  sa id  to  t ry  to reach an estimate 
of what the Soviet Union's position in a given situation wil l  be ,  
s ta tements  of Soviet scholars ,  though they m a k e  interest ing reading, 
c a n  hardly be credited with authority to s t a t e  the Soviet national 
position as of the t ime of writing, l e t  alone on in the future.  

The 

Thus while the Soviet legal scholar ,  E. Korovin, has  dec lared l  
that  the sending of an  American reconnaissance satel l i te  through 
outer space  over the Soviet Union would not b e  regarded  a s  a n  a c t  of 

1. International Life ,  January 1959. 



war,  but that shooting down another country's sputnik would 'be, he 
also indicated: 

"Two groups of acts  should be  differentiated from' 
the standpoint of world relations and international law: 
actc in  the Cosmos that a r e  acts  of war but which serve  
in international relations a s  expressions of mistrust ,  ill 
will, and similar cold w a r  consequencee. 

"Clearly one cannot lump together the destruction 
of another country's sputniks by means of anti-missile 
missi les  with the presence of photo and T V  equipment in 
a satellite, even if  employed for reconnaissance." 

Interesting though these thoughts may be, and they a r e  state- 
ments clearly directed to activities in space, and not to those on the  
high seas  or Antarctica, for  example, they hardly constitute a basis 
for  anticipating or  predicting the action the USSR would take i f  she 
shot down another nation's satellite. 
re ly  on this statement to argue that the Soviet Union would view with 
equanimity an American satellite conducting effective reconnaissance 
over Soviet terr i tory and air  apace, 

It would also be recklees to 

The same  thing may be said for  the oft-reported statement of 
Doctor of Juridical Sciences G. 2adorozhynyi:l 

"The Soviet artificial satellite does not violate 
the air sovereignty of any state, i f  only because it does 
not f ly  into the space over other states. 
terr i tor ies  of these states, by dint of the earth 's  rotation, 
pass so to speak under the satellite's orbit,  which is fixed 
in relation to the earth and the s ta rs .  
of the appearance of the satellite over the terri tory of one 
o r  another state would be just a s  absurd and ridiculous as 
disputing the appearance over a given terri tory of the moon, 
the sun o r  any other heavenly body. 

Instead the 

Disputing the legality 

In general, i t  can be said that outer space is open and a thing 
in  common to a'll nations of the earth and incapable of ownership by  
any one state.  
vehicles in outer space or  for lunar and like surfaces. 

There is  no basis for another rule for orbiting 

1. SovetskaialRoseiia, 17 October 1957. 
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Though we recognize sovereignty with r e s p e c t  to earth surfaces 
and a l so  with r e spec t  to a tmospheric  space,  that within which aircraft. 
fly,  and, fo r  the sake  or argument ,  what Dr. John Cobb Cooper cal la  
ltGontiguous Space, 
these.  
Nor can it be sa id  that the r ights  and duties in space  will o r  ought 
n e c e s s a r d y  to be  consequences of sovereignty on the e a r t h  or even in 
the atmosphere,  t roposphere o r  thermosphere.  The l aw of space must 
be  permit ted to develop over  the fu ture  a s  a web of a r rangements  
appropriate  to  that  milieu with f u l l  opportunity for  promoting to the 
maximum the full u s e  of the r e sources  of talents of the nations which 
will u s e  it. 

our concern here in  is with space beyond all of 
A5 to such space,  r ights  have not been  determined or  defined.. 

4. POLITICAL IMPLICATIONS 

In turning to the political implications of Pro jec t  HORIZON 
observe,  at the threshold, that the first duty of a s ta te  or  nation is 
that  i t  be durable. One need not go so far as Spengler in finding "an 
abs t r ac t  idea of justice" only "in the minds of those whose sp i r i t  is 
noble and s t rong and whose blood is weak," to  recognize his m o r e  
significant conclusion that "the fact  world of h i s tory  knows only the 
success  which turns  the law of the s t ronger  into the law of all. Over 
ideals,  it marches  without pity, and if  ever  a man o r  a people renounces 
i t s  power of the moment in  order  t o  remain  righteous - then, certainly,  
his  o r  its theoretical  fame i s  a s s u r e d  in the second world of thought and 
truth,  but a s s u r e d  a l so  is the coming of the moment  in which it will 
succumb to another l i fe  - power that has  bet ter  understood 

' 

We need to remind ourselves  of this and a l so  that, as Just ice  Holmes 
recognized, fo rce  is the ult imate sanction of the law.2 

This is not the place to  r ehea r se  the decline and disappearance of 
the g rea t  powers of Western Europe and the Orient and the r i s e  to 
preeminent  power of the Soviet Union and the United States,  a rmed  

I .  2 Spengler, The Decline of the West, 364 (knopf ed 1928). 
2 .  "I do think that man a t  p resent  i s  a predatory animal. 

that  the sacredness  of human life is a purely municipal ideal of no 
validity outside the jurisdiction. 
as  may be by good manners ,  is the ult ima ration, and between two groups 
that  want to make  inconsistent kinds of worlds I see  no remedy except 
force."  2 Holmes-Pollock Let te rs ,  3 6  (1942).  He a l s o  stated,  I I . . .  when 
man differ in tas te  a s  to the kind of wor ld  they want, the only thing to do 
,is to go to work killing," 

I think 

I believe that force ,  mitigated so far 

1 Ibid 116, 
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with nuclear  as well  as conventional weapons. Nor do we need to 
elaboeate upon' the Soviet position of pro t rac ted  conflict  o r  "peaceful 
coexistence,  l'..,dyring which the aims of communism may b e  promoted. 

I 

Because  international activity is a continuous s t ruggle  f o r  power,  
we  m u s t  bea r  in mind  that  resourcefulness  and courage  in t ime of 
peace,  as in t i r i e  of war ,  indeed i n  all things, a r e  necessa ry  to promote 
the national in te r  est .  

The c u r r e n t  policy of the United States,  with r e spec t  to  activit ies in 
space  recognizes  that the nation's securi ty  is the first consideration; 
that  to achieve peace  Amer ica  seeks to prevent  war  at any place and in 
any dimension; that our  f o r c e s  must  b e  flexible; that  advancement i n  
space  technology is urgent  and inevitable in  view of the need to  a s s u r e  
that  full advantage i s  taken of the mi l i ta ry  potential of space  and the 
effect  on national pres t ige  of accomplishments in space  science and 
exploration. Amer ican  policy also recognizes  that a space  p r o g r a m  to 
include the development of vehicles capable of car ry ing  ins t ruments ,  
equipment and l iving organisms into space,  and the  preservat ion of the 
r o l e  of the United States as a leader  in  aeronautical  and space  science 
and technology, m u s t  have high pr ior i ty;  that  projects  pr imar i ly  
assoc ia ted  with mi l i ta ry  operations and requirements  and weapons sys tem 
development should b e  dealt  with by the  mi l i ta ry  and that space  science 
act ivi t ies  should be  dealt  with by civilian agencies  because  "a civilian 
sett ing f o r  the adminis t ra t ion of space  functions will emphasize the 
concern of our nation that outer space  be devoted t o  peaceful and 
scient i f ic  purposes.  

. 

The Conference Committee Report  on the National Aeronautics and 
Space Act  of 1958 included the following: 

"This country is not unmindful of what . . . Soviet 
achievements mean in t e r m s  of mi l i ta ry  defense, of in-  
ternational prest ige,  and of general  scientific advance, 
At the s a m e  t ime  a properly developed United States p ro -  
g r a m  to explore the potential u s e s  of space m u s t  and can 
s tand on i t s  own r ights ,  
conceived and soundly administered. I t  mus t  not fa l te r ,  
then r u s h  ahead only when prodded by some spectacular  
Soviet success ,  but r a the r  must  advance a s  a broad-based, 
sustained,  long range effort to u s e  the properties of space, 
and to explore space either by proxy through instruments ,  
o r  by sending m a n  himself. ' I  

The p rogram must  be soundly 



It i s  recognized fur ther  that United States mi l i ta ry  capabili t ies 
in space  a r e  necessa ry  to insure  that space wi l l  not be used fo r  
mi l i t a ry  purposes  against  the f r e e  world; that  m a n  will move into 
space  both for  mi l i ta ry  reaaons  and fo r  scientific exploration, and that, 
to quote the Conference Committee Report  again: 

. .  

"The establishment of a national space program is 
a ma t t e r  of the highest  urgency both for r easons  of im- 
media te  national defense and  to in su re  that in the long run 
outer space  is effectively uti l ized f o r  peaceful purposes 
the decision to enter into the space  age  is not one the 
United States can  ignore or  defer. 
r equ i r e s  it. ' I  

Our national survival 

More recent ly  the Report  of the House Select Committee on 
Astronaut ics  and Space Exploration said:  

"The mi l i ta ry  potentialities of space  technology, 
which the United States would p re fe r  to s e e  channeled 
to peaceful purposes,  a r e  grea te r  than general  public 
discussion to date suggests. 
a r e  technically inseparable f r o m  peaceful capabilities 
which a r e  well worth pursuing in their own right. 
Reconnaissance fo r  merchant-ship lane patrol  and for 
peaceful mapping of r e sources  can a l so  b e  used to 
locate mil i tary targets .  
global relations can a l so  b e  used to control 'mil i tary 
forces .  Rockets f o r  cargo and passenger  delivery can  
a l so  c a r r y  thermonuclear weapons. 
to re turn  men f r o m  an orbi t  to a preselected point can 
a l so  deliver bombs. 

Military space capabilities 

Communications to improve 

Satell i tes designed 

It i s  believed that the foregoing shows that the policy of the 
United States requi res  "HORIZONII; that indeed the failure vigorously 
to prosecute  such a program is to d is regard  the plain intention, i f  not 
direction, of the executive and legislative branches of t h e  Government 
to take proper  m e a s u r e s  to  i n su re  our national survival. 

5. SPECIFIC PROBLEMS 

The following specif ic  problems have been submitted by m e m b e r s  
of the commit tee  on the Army Study for Establishment of a Lunar 
Outpost for  legal analysis:  



P r o b l e m  1: 

What affect  would the following Russian claims have on a U. S. 
program to put man on the moon: 

the USSR f lag ,  document, or  monument and, based on that, c la im the 
ent i re  lunar s-rirface for  the USSR? 

(b)  The Russians soft-land a vehicle containing the USSR 
flag, monument, radio t ransmit ter  or  l ight and, based on that, claim 
the entire lunar  surface for the USSR? 

(a) The Russians hard-land a vehicle on the moon containing 

( c )  Same as  l l (b) l '  above except the vehicle contained men?  
(d) Same as "(c)" above except the USSR states that the 

Russians on  the moon have the capability to  destroy any aggressor  
and w i l l  do so? 

Opinion: 

The h a r d  o r  soft landing of men o r  f lags  o r  even a ship bearing a 
f lag  would have no affect upon te r r i to r ia l  c la ims to the lunar sufrace 
a s  a ma t t e r  of l a w .  
international l a w  . 

Symbolic occupation has  never been recognizedin 

Based upon our experience in the Antarctic which has  been described 
above, i t  is believed that we would not claim o r  recognize the claim of 
another based only upon any of the events s e t  forth. Our position would 
s e e m  to be that a s  a mat te r  of law, nothing short  of actual settlement 
o r  actual occupation would be cognizable and only to the extent that a 
particular sur face  was in fact  held and actually settled. 

We could, of course,  in the face of the threat described in 'l(d)ll, 

Whether the  principle would be 
do nothing at our peril ,  for then a new principle of lunar l a w  might be 
postulated based  on that experience, 
one which w e  would find so  harsh  a s  to fee l  that we would want to fight 
to establish i t s  unacceptability would be a political decision leading to 
resolution of the i ssue  by the ultimate a rb i t e r ,  force,  

Problem 2:  

Assuming the Russians land men on the m o o n  prior  to the U.  S . ,  
and they claim a section of the lunar surface,  would we be obligated 
to respect  their  claim assuming i t  was a reasonable a rea  (approximately 
2000 squa re  mi les )?  
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Opinion : 

The answer to this question is the s a m e  as that to P rob lem 1. T h e  
reasonableness  of the a r e a  sought to b e  controlled would not be the 
determinant.  Rather ,  effectiveloccupation which includes effective 
possess ion  or  actual set t lement  would s e e m  to be qequired. 

. on a fri:.ge of an a r e a  would probably a l s o  not be  accepted as vesfing 
r igh ts  beyond the a r e a  actually occupied. 

Sett lement 

At a l l  events,  the determination of a dispute concerning areas of 
control i s  recognized to b e  a political question for  resolution by the 
polit ical  agencies of government rather than the judiciary. In such 
m a t t e r s ,  of course ,  national strength and even r e s o r t  to war may be 
r equ i r ed  for  its determination. 

P rob lems  3 and 4: 

3 .  Assuming we a r r i v e  on the moon, before o r  after the Russians,  
and find a concentration ( the only known concentration) af very valuable 
r e sou tc  es : 

( a )  Do we have a right to c la im the subject a r e a ?  
(b) Lf we rightfully claim the r e sources  and the Russian6 

t r e s p a s s ,  what action would, o r  should be  taken? 

4. Same assumption as 3 only r eve r sed  (the Russians find and 
c l a im re sources ) ,  would we ignore their  c la im and make them force-  
fully keep u s  out of the a r e a  ? 

Opinion: 

The fac t  that valuable r e sources  were  present  in an a r e a ,  it  i s  
believed, would not a l ter  the fundamental position of the United States 
that  an ac t  of discovery coupled with the taking of possession would 
have no significance once effective or  actual occupation or  set t lement  
of the par t icular  a r e a  was broken off or  terminated. 
position which the United States had adhered to with respec t  to Antarct ica  
and while, a s  has  been indicated, that i s  not necessar i ly  binding in 
lunar  activit ies i t  is c i ted as suggesting what m a y  b e  regarded  as the  
bas ic  position of the United States in the premises .  

This is the 

As to pa r t  "(b)" of the question, it  is  believed that the power. i n  
actual  possession of a particular a r ea  should be respected in its 
claimed position, 
a r e a  having r e sources  of grea t  and significant value, it i s . reasonable  

Thus, if American forces  a r e  in possession of an 



to anticipate that her peaceful occupancy or holding would be respected. 
So, too, with respect to a like holding by the USSR. 

Trespass  connotes an injury to possession a s  by simply entering 
upon another's land or  by invading forcefully. 
something more  than peaceful entry. Trespass,  a s  A n g l o - h e r i c a n  
jurisprudence mderstands it, presupposes the right to enjoy what one 
possesses,  and a right is either what a court, backed up with'the 
necessary executive or compelling power, will enforce or  ultimately 
what men will fight for. 

Our hypothesis is of 

Obviously, recourse to the courts in the solution of this problem 
It must  be recognized that there will probably be  no is apocryphal. 

for judicial resolution. 
be developed as a basis for judicial determination. 
this that, a t  best, the case would be one for diplomatic o r  political 
negotiation; more  likely, and fo r  the wors t ,  it would be for resolution 
by the more  violent form of political action known as war. 

. tribunal to which the conduct of the alleged intruder could be submitted 
It is doubtful if even the facts  of the case  could 

I t  appears  f rom 

Problem 5: 

Assuming both the U. S. and USSR occupy separate locations on the 
moon, and do so on a cold-war type basis: 

Russian Sector, and they refuse to release the personnel or  give any 
information a s  to the subject landing, what would we do? 

(b)  Same as It(a)II except the payload contained equipment 
rather than men? 

(c) Same as "(a)" o r  l'(b)'' except the Russians destroyed 
the vehicle before landing and w e  knew that they had destroyed i t ?  

(d )  If a Russian or  unidentified vehicle approached the U. S. 
sector,  wouldwe attempt to destroy i t ?  If so,  who would make this 
decision ? 

(e)  What would we do i t  the Russians started movements, 
b y  ground, into the U. S. sector and would not respect our request to 
"stay on their side of the h i l l ? "  

supply vehicle to the moon and claimed that i t  was a hazard o r  threat 
to their outpost; what would the U. S. d o ?  

(a)  If a U. S. manned vehicle accidentally lands in the 

( f )  The Russians started intercepting and destroying our 

Opinion: 

With respect to items 5a through 5e, i t  may be observed that, a s  
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a prac t ica l  m a t t e r ,  the capture  and r e fusa l  to r e l e a s e  personnel  or 
equipment of another nation is  one ult imately f o r  political action and 
not for judicial  determination even in day-to-day dealings between 
nation6 on ear th .  
s i tuat ions in which the USSR has been involved is not always predictable. 

And it may b e  observed that the outcome of such 

W i t d  r e s p e c t  to  i t em Sd, it is a recognized principle of international 
law that a s t a t e  at a l l  t imes  owes a duty to  other  s ta tes  to protect  them 
agains t  injur ious ac t s  by individuals within o r  under its jurisdiction. 
It is to  be hoped that this doctrine wi l l  find acceptance by nations operat- 
ing in space  o r  on the lunar surface. 

It may also b e  considered that  entry into a i r  space of a nation 
This had been defined by under  d i s t r e s s  conditions is recognized. 

P r o f e s s o r  Lis sitzyn of Columbia University in  the following t e rms :  

Despite the unqualified a s se r t ions  of the sover -  
eignty of the subjacent s ta tes  over the a i r space  and the 
express  prohibitions of unauthorized entry of foreign 
s t a t e  a i r c r a f t  wwch a r e  found in international conventions, 
t h e r e  i s  a r ight  of entry for  all foreign a i r c ra f t ,  s ta te  o r  
c i v i l ,  when such.entry is due to d i s t r e s s  not deliberately 
caused by persons in control of the a i r c r a f t  and there  is 
no reasonably safe  alternative. In such cases ,  the entry 
may  be  'intentional'  i n  the sense that the pilot knows he 
is entering foreign a i r space  without express  permission,  
but the probable a l ternat ives ,  such a s  c r a s h  landing o r  
ditching, expose the a i r c r a f t  and its occupants to such 
unreasonably g rea t  risk that the entry must be  regarded 
as  forced by circumstances beyond the pilot 's  control 
( force  majeure) .  
may not b e  subjected to penalties or to unnecessary 
detention by the te r r i to r ia l  sovereign fo r  entry under such 
c i rcumstances  o r  for entry caused by a mistake,  at  l e a s t  
when the d i s t r e s s  or mistake has  not been due to negligence 
chargeable  to the persons in control of the a i r c ra f t ,  '$1 

Foreign a i r c ra f t  and their occupants 

F u r t h e r ,  speaking generally, the question of the right of a state 
to destroy the ship o r  personnel of another s ta te  on the lunar surface 
involves questions of the permissible  force which may be employed by  
a sovereign against  another. In general ,  no more fo rce  may be u s e d  

1. Liss i tzyn,  "The Treatment  of Aerial Intruders in Recent 
P r a c t i c e  and International Law, ' I  47 American Journal of International 
Law, 559, 588-589 {1953). 



than is necessary to repel o r  r e s i s t  the actual or apparent danger. 

In view of these considerations i t  is believed that we would have 
no power o r  right to destroy an unidentified vehicle headed into an 
a rea  held by our people. 
vehicle would turn upon establishment of a threat and the fact  that the 
fo rce  used was appropriate to and required to deal with the particular 
threat. 
would have to be sought in political action with the r i sks  of satisfaction 
inherent i n  such proceedings. 

The right to take action against such a 

Again i f  the action taken was not in  fact appropriate the remedy: 

With,respect to item 5e,  a s  has been indicated, the m e r e  claim 
to an a rea  would not require recognition by other states of the claim. 
In the event, however, that a state actually occupying a particular 
a r e a  felt sufficiently strongly about i t s  needs in the circumstances to 
r e s o r t  to destruction of intruding craft  and flight personnel to insure 
i t s  exclusive position, it would probably have to r isk the consequences 
of i ts  violent action taken to exclude those which it regarded as intruders, 

It wil l  probably be the position of nations operating in space that 
there  i s  no governing law and that space is beyond the point a t  which 
sovereignty can be exercised by nations on earth. 
recognition that space i s  an area open and common to all nations. In 
view 6f this, interference with supply vehicles operating in space, 
regardless of the basis alleged to justify such action, would have nq 
recognizable legal foundation. The wrong inflicted, nothwithstanding 
the lack of the right to infiict it ,  would be a matter for settlement in 
political o r  diplomatic channels or  possibly by resorting to violent 
action simply because the nations of the world have provided no 
appropriate courts or  tribunals to deal with'such matters judicially. 
What the United States would do in the situation postulated is a t  all 
events a matter for political rather than legal determination. 

The result  is 

Problem 6: 

Assume that a U. S. lunar return vehicle accidentally landed in 
Russia and the USSR would release no information, or  the personnel, 
what would the U. S. Government do? 

Opinion : 

This question is closer to reality and i s  a matter on which principles 
of international law governing i t  can be found, 
that the landing was accidental, 

The question assumes 
In such circumstances, the right of , 



innocent passage or transit  is recognized. 
principles of international law would require the return of a vehicle 
which accidentally landed in another state to the state originating the 
flight. 
such a holding. 
action and in  our dealings with the Soviet Union, it is idle to try to 
predict the outcome of such proceedings 

It would seem that 

Here again, however', there a re  no tribunals which can enforce 
Resort would have to be had to political or diplomatic 

The review of the practical problems postulated serves  further to 
show the uncertainty of any rights and duties in connection with opera- 
t ion  by nations in space o r  on lunar surfaces. .Experience rather than 
logic must, in  the new dimension, as on earth, be  recognized as the 
life of the law,  The practical objectives of America, as has been 
suggested, must therefore be prosecuted to the fullest possible extent 
and can be without l e t  or  hindrance from principles or rules of general 
o r  international law. 
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APPENDIX G: TECHNICAL SERVICES SUPPORT CAPABILITIES 

The exploration of space and the ce les t ia l  bodies will r equ i r e  
maximum utilization of a l l  national ski l ls  and r e s o u r c e s  which r e l a t e  
to  space technology. Prominent among these ski l ls  and resouces  a r e  
those of the U. S. Army ' s  seven Technical Serv ices :  Ordnance, 
Engineers  , Signal, Quar te rmas ter  , Chemical , Transportat ion,  and the 
Medical Service.  

The Army Technical Services own and ope ra t e  approximately one 
billion dol la rs  worth of r e sea rch  and development faci l i t ies ,  
r e s e a r c h  and development resources  of the Army include approximately 
40 ,000  personnel ,  with a high percentage of scientific and engineering I .  

ta lent  capable of conducting and controlling the m o s t  advanced effor ts  
i n  r e s e a r c h  and development. 
personnel  and facil i t ies represent  an annual operating expense of over  
$400 million. They a r e  supported during the c u r r e n t  f i sca l  y e a r  by a n  
approximate $ 3 / 4  billion effor t  f r o m  industry and private insti tutions,  

The 

These r e s e a r c h  and development 
I 

These  activit ies include r e sea rch  and development in four genera l  
categories:  

1. The development of mis s i l e  weapons sys t ems  for  land and a i r  
combat  and for  mis s i l e  defense,  and the development of space  vehicles 
and  payloads. 

2. Research  and development to maintain m a n ' s  operating effective- 
n e s s ,  r ega rd le s s  of environmental conditions, 

3 .  Electronics  r e sea rch  applicable to both weapons sys t ems  and to 
space  exploration. 

4. Construction, mapping a n d  engineering mater ia l .  

Within the f ramework  of t hese  four categories ,  the Army Technical 
Serv ices  a r e  conducting a significant portion of the United States '  m i s s i l e  
and  space  p rograms .  These programs a r e  being conducted f o r  the A r m y ,  
f o r  other branches  of the Armed F o r c e s ,  for the Advanced Resea rch  
P ro jec t s  Agency of the Department of Defense,  and  for the National 
Aeronautics and Space Administration, 

89 



RESOURCES AND CAPABILITIES 

Or dnanc e 

The r e s e a r c h  and development ski l ls  and  faci l i t ies  of the Ordnance 
Corps  have  steadily increased  in value, keeping pace with dernandi’for 
sophisticated weaponry. 
r e s e a r c h  and development has  produced many specialized ski l ls .  
Table  1. ) 
been construct ively influenced by this growth of m i s s i l e  and  space  
t e c hnol o gy . 

Increasing Ordnance activity in m i s s i l e  s y s t e m  
(See 

Every  m a j o r  a r e a  of Ordnance r e s e a r c h  and development h a s  

The Diamond Ordnance Fuze  Laboratory (DOFL) i n  Washington is 
one of the  nation’s outstanding r e s e a r c h  labora tor ies .  It has extensive 
faci l i t ies  for developing and testing Ordnance electronic s y s t e m s ,  and 
h a s  won nation-wide recognition fo r  i t s  successful  micro-minia tur iza-  
tion p rogram and f o r  its adaptation of proximity fuzes  to guided miss i les . .  
I n  1958, DOFL won the top award  in a nation-wide competition for 
having m a d e  the gr eate,st advances in miniature  e lectronics .  

The Atomic Weapons Laborator ies  a t  Picatinny Arsena l  ope ra t e  as 
the n e r v e  center  for all activit ies in atomic munitions development for  
the  Army.  
faci l i t ies ,  including high temperature  ovens,  alt i tude chambers ,  v ibra-  
tors cold- rooms iner t ia l  machines ,  and oscil loscopes.  The Packing 
Labora to ry  a t  Picatinny is  well equipped to develop and t e s t  the mos t  
advanced techniques for  assur ing  that ma te r i e l  reaches  i t s  t e r r e s t r i a l  
or ce les t ia l  destination in the h e s t  possiblc condition, 

Picatinny a l so  opera tes  a wide variety of c l imat ic  t e s t  

The  Ordnance Tank-Automotive Command in Detroit  has  extensive 
faci l i t ies  a t  its disposal  for  studying terradynamics,  the sc ience  of 
land vehicle movement;  and for developing and testing both combat and 
t r a n s p o r t  vehicles to meet  special  requirements .  

The. Ordnance Materiels Research Office a t  Watertown Arsena l  
studies all types of meta ls  used in weapons and space vehicles. 
nuclear  r e s e a r c h  reac tor  for testing mater ia l s  will 
Watertown by December 1959. 

A 
be in operation a t  

The U .  S. A r m y  Ordnance Missile Command (AOMC) is assigned 
responsibi l i ty  for  the f u l l  range of rocket and mis s i l e  management f r o m  
concept s tudies  to field support of weapons systems,  and is  responsible  
f o r  broadly d ive r se  programs of basic  and applied r e s e a r c h  which 
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TABLE 1-1 

ARMY ORDNANCE RESERVES 

R&D Skills and  Fac i l i t i es  by Category 

-. 
1 2 3 4 5 6 7 

Missile System Land Conventional Ordnance  
D esign, Testing Vehicle Ammunition Weapons 0 r dnance Mat e rials 

FY and Evaluation Design Design Design Elec t ronics  R e s e a r c h  Ballistics 

Dollar Value of Fac i l i t i es  (Millions) 

55 106.9 14.5 7.1 4.5 15.2 2.3 5 . 3  

57 196.7 14.7 7.7 4. a 18.1 2.4 5.5 

59 254.4 15.4 9.9 5.7 22.4 5.2 6.8 

60 (est. ) 311.0 15.8 10.4 6.2 23.7 5.3 6.9 
P e  r s onne 1 

~~ ~~ 

55 5,457 1390 2401 1564 2399 441 1285 

57 8,565 1085 22 65 11 97 1959 437 1020 

59 10,178 996 21 44 1310 1773 49 9 600 

60 (est.) 11,510 1100 2330 1348 1285 51 1 . 600 

FY 1959 Out-of-House Support by Category 
(In Millions of Do l l a r s )  

470.9 
628.7 

5.1 
35.6 
- 

Indus t ry  GOCO Institutions 
Other  Ordnance 157.8 30.5 13.1 
AOMC 
Total 

: 1 . 9  
15.0 
- 



support  national mi l i ta ry  and civil ian space  p rograms .  
r equ i r emen t s  of its cus tomers ,  
r e s e a r c h ,  development, production and support  talents of government,  
p r iva te  insti tutions and Amer ican  industry.  The AOMC organization is 
s ta f fed  with m e m b e r s  of Army Technical Serv ices  and the conbat arms,  
AOMC miss ion  elements include the Army Ballist ic Miss i le  A g a c y ,  the 
A r m y  Rocket acd  Guided Missi le  Agency, and  the White Sands Miss) le  
Range. 

To meet the 
AOMC management in tegra tes  the 

The  A r m y  Ballist ic Missi le  Agency has  responsibil i ty f o r  all 
ballistic missile activity concerning long range  rocke ts .  
the Agency numbers  approximately 400 mi l i ta ry  and 5000 civil ian,  of 
whom a high percentage a r e  scientific,  technical o r  profess iona l  
personnel .  The l a r g e s t  segment  of ABMA is the Development Operations 
Division, under the technical direct ion of Dr.  Wernher von Braun.  

Pe r sonne l  of 

The  Army Rocket and Guided Missile Agency is responsible  fo r  
development,  production and field support  of sur face- to-sur face  and 
su r face - to -a i r  weapons sys t ems .  
personnel ,  civilian and mil i tary.  

This Agency emp1oy.s about 3400 

The White Sands Missi le  Range is charged with the operat ion of a n  
integrated mis s i l e  range f o r  u se  by all mil i tary se rv ices .  It pursues 
r e s e a r c h  and development in electronic applications, and provides tes t  
and  evaluation se rv ices  for  the Army’s  miss i le  and rocket  programs.  
White Sands personnel totals about 17,000 of whom 4200 civil ians and 
2500 mi l i ta ry  a r e  p a r t  of the A r m y  Ordnance Missi le  Command. 

Labora tor ies  operated under the Command include: Missi le  F i r ing  
Labora tory  a t  Cap,e.Canaveral, Aeroballist ic Laboratory,  Guidance and 
C ont r ol Lab0 r a tory , M i s  s i le  Electronic s Laboratory , Propulsion La- 
bo ra to ry ,  Rocket Vehicle and Warheads Laboratory,  and many o thers .  

AOMC has the established managerial  and technical r e s o u r c e s  and 
capabili t ies to a s s i s t  in developing, producing, and launching f r o m  
e a r t h  and orbi t ,  the space vehicles requi red  to accomplish P r o j e c t  
HORIZON. 

Engineers 

The  Corps  of Engineers is well equipped to a s s i s t  the national 
space  program.  It i s  presently assigned the national mission of d i r ec t -  
ing a n  engineering, construction, and r ea l  estate s e rv i ce  for the Army,  
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in addition, to developing, providing, and serv ic ing  engineer material .  
In keeping with this national m i s s i o n ,  the Corps  of Engineers  has  an 
important  cu r ren t  ro le  i n  supporting the national guided mis s i l e  and 
space  program. 

The L .  S .  Army Engineer Research  and Development Laborator ies  
a r e  the principal f ield agency of the Corps of Engineers  devoted to  the 
development of improved methods and equipment. 
si tuated on a 240-acre t r a c t  of land bordering the Potomac River a t  the 
Engineer Center and F o r t  Belvoir. The Labora tor ies  employ approxi- 
mately 1300 civilian engineers ,  sc ien t i s t s ,  and technicians. 
enlisted men ,  including many in the scientific-professional category, 
are used at operational levels. 
e rous  field,  including chemical ,  civil ,  mechanical ,  e lectr ical  and 
sani tary engineering, and chemis t ry ,  biology, physics ,  and mathematics.  

The Laborator ies  are 

In  addition, 

These technical people represent  num- 

The Waterways Experiment Station is the principal facility of the 
Corps f o r  r e sea rch  and engineering investigations in the scientific fields 
of hydraul ics ,  concrete ,  soil mechanics,  ground mobili ty,  and flexible 
pavement design. 
works and mil i tary miss ions  of the Corps of Engineers.  In addition to  
i t s  own p rogram,  W E S  has  technical supervision over  a l l  other hydraulic 
model investigations performed f o r  the Corps ,  and over such soi ls  and 
concrete investigations a s  may be directed by the Chief of Engineers. 

It a s s i s t s  in the accomplishment of both the civil  

The Army has  been designated the cognizant agency for  the Depart- 
ment  of Defense for the development of nuclear power plants to produce 
heat and electricity. 
ass igned to the Chief of Engineers ,  who conducts a joint p rogram with 
the Atomic Energy Commission. 
develops the nuclear power plants required by the mi l i ta ry  serv ices ,  
using both AEC and mi l i ta ry  funds, 
by the us ing  service. 
two major  field facil i t ies for the implementation of i ts  a s  signed objectives. 
The Nuclear Power Field Office (NPFO) i s  located a t  F o r t  Belvoir. 
Army  Reactors Experimental  Area i s  a t  Arco ,  Idaho, 
nuclear plants a r e  under construction. 

The Army responsibil i t ies have been fur ther  

The Army Nuclear Power P rogram 

Funding for  field plants i s  provided 
The Army Nuclear Power P r o g r a m  has access  to 

The 
Several  field 

The Snow, Ice,  and Pe rmaf ros t  Research Establ ishment  conducts 
bas ic  and applied r e sea rch  in the fields of snow, i c e ,  and frozen ground, 
The SIPRE c a r r i e s  out its basic mission through five main branches 
devoted to scientific r e s e a r c h ,  and four other branches which provide 
se rv ices  and support to the main branches.  
in Il l inois,  Michigan, Alaska,  Greenland, the Arc t ic ,  the Antarctic,  
and Canada. 

I ts  installations a r e  located 



Its spec ia l i s t s ,  totaling some 102,  include c rys t a l  phys ic i s t s ,  c rys t a l -  
logr  aph e r  s ,  c ryophy s ic is  ts , geologists , glaciologists , glacial  geologists , 
soils engineers ,  s t ruc tura l  engineers,  metegrologis ts ,  physical  chemis ts ,  
engineering geologists , mathematicians,  instrumentation phys ic i s t s ,  and 
g eophysici s ts . 

The  Arc t i c  Construction and F r o s t  Effects Labora tory  has the 
assigned'  mi s s ion  of carrying out investigations to develop and  improve  
engineering c r i t e r i a  for  mi l i ta ry  construction in  a r e a s  of both seasonal  
f reez ing  and  permafros t .  The ACFEL is located at Waltham, M a s s , ,  
under the direct ion of the Corps of Engineers  New England Division. 
T h e  total number of employees at ACFEL i s  45,  of which 15 a r e  in the 
professional  ca tegor ies  of soil mechanics  engineers ,  civil engineers ,  
general  engineers ,  geologists, and engineering a ides  and draf tsmen.  
ACFEL maintains  three  field tes t  s i tes :  
Maine; P e r m a f r o s t  Research  Area  a t  Fa i rbanks ,  Alaska, for permafros t  
investigations;  and  Greenland Investigational Area  fo r  cold c l ima te  
t e st ing . 

F r o s t  T e s t  Area at  Limestone, 

The Rigid Pavement  Laboratory is responsible  fo r  the development 
and continued improvement of design, evaluation, and  construction 
c r i t e r i a  for r igid,  r igid overlay, non-rigid (flexible) overlay,  r e in -  
forced  and p r e - s t r e s s e d  airfield pavements.  In addition, the labora-  
to ry  suppo-rts the U .  S. Army Ordnance Missi le  Command and other  
agencies  i n  the field of blast deflection and r e f r ac to ry  ma te r i a l s  for 
b l a s t  r e s i s t an t  application. 
complement  of 95  people including civil,  mechanical,  ma te r i a l s ,  and 
electronic engineers;  geologists; mathematicians;  and chemis ts :  many 
of whom a r e  used in the Rigid Pavement Laboratory program.  
Labora tory  is supported by an acce lera ted  traffic t e s t  t rack  located a t  
Sharonville,  Ohio. Thermal  effects studies a r e  made  to study the 
e f fec ts  of exhaust gas velocities up to Mach 4 .  5 and tempera tures  up to 
2800°F. 
high-speed motion picture sys tem.  

The Division Laborator ies  have a total 

The 

Supersonic blast  problems a r e  studies with a Schlieren optical 

.The Marine Division, Philadelphia Distr ic t ,  i s  responsible for the 
desi(gn and development of specialized floating plants.  
under  design a r e  new and improved dredges ,  surveyboats,  launches,  
b a r g e s ,  and flbating power plants. The office i s  staffed by general  
engineers ,  mechanical engineer 8 ,  electr ical  engineers ,  naval a r ch i t ec t s ,  
and draf tsman.  

Among the items 
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In addition to the seven principal agencies  for  performing r e s e a r c h  
and development activit ies within the Corps  of Engineers ,  ce r t a in  divi- 
sion and other  laborator ies  a r e  available.  
tes t ing purposes  and have the ability to handle l imited-scope research . .  . 
and development projects.  
var ious p i r t s  of the U. S. 

These  exist  p r imar i ly  for 

They a r e  14 in  number ,  and a r e  located in 

As of 
30 June 1955 

520 

Of the seven major r e s e a r c h  and  development establishments of the 
Corps  of Engineers ,  by f a r  the grea tes t  concentration of personnel  and 
funds a r e  in USAERDL, WES, ANPP, and SIPRE. Personnel  and f i sca l  
data f o r  these four establishments,  and for  out-of -house support ,  a re  
summar ized  in Tables 2 through 6. 

A s  of As of As of 
30 June 1957 30 June 1959 30 June 1960 

(est)  (es t )  
515 454 500 

Table 1-2 

$43,700,000 

PERSONNEL AND FISCAL DATA 
U. S. ARMY ENGINEER AND DEVELOPMENT LABORATORIES 

$44,314,000 $41,813,000 $41,519,000 . 

ITEM 

1. Technica l  P e r s o n n e l  

2. Supporting P e r s o n n e l  

3. 

4. E s t i m a t e d  Book Value 

Tota l  P e r s o n n e l  (1 plus  2) 

As of 
30 June  1957 

159 

599 

758 
e .  

- 

As of As of 
30 June 1959 30 June 1960 

(e s t )  (es t )  

150 160 

539 530 

690 689 
, I  

.. . ) * I b  

$5,630,000.  _ * I -  . 

1042 1075 888 953 

1562 1 1590 I 1342 I 1453 1 

Table 1-3 

PERSONNEL AND FISCAL DATA 
U. S. ARMY ENGINEER WATERWAYS E X P E N W N T  STATION 

ITEM 

1. Technica l  P e r s o n n e l  

2 .  Supporting P e r s o n n e l  

3. 

4. E s t i m a t e d  Book Value 

Tota l  P e r s o n n e l  (1 plus 2) 

As of 
30 June 1955 

~~ ~~ 

136 

566 

702 



Table 1-4 

As of 
ITEM 30 June 1955 

1. Technical Personnel  21 

2. Supporting Personnel 5 

3. Total Personnel  (1 plus 2) 26 

4. Estimated Book Value 0 

As of A s  of As of 
30 June 1957 30 June 1959 30 June 1960 

(e st)  (est)  

95 204 288 

9 21 25 

104 22 5 313 

$5,200,000* $13,300,000* $24,000,000* 

Table 1-5 

I 

As  of As of A s  of As of 
ITEM 30 June 1955 30 June 1957 30 June 1959 30 June 1960 

(est; (est)  

1. Technical Personnel  24 44 45 47 

2. Supporting Personnel 35 59 57 62 

3 .  Total Personnel (1 plus 2) 59 103 102 109 

4, Est imated Book Value $250,000 $1,375,000 93,200,000 $3,600,000 

The  Army M a p  Service 's  operational mission is to collect  and 
r educe  geodetic control ,  to accomplish topographic mapping on a 
world-wide b a s i s ,  to maintain and opera te  a topographic map  l i b r a r y  
f o r  the Department  of Defense, and to produce Engineer intell igence,  
The  A M s  employs approximately 3500 people in i t s  b a s e  plant and field 
o f f i c e ,  Its personnel  cons is t s  of professional  engineers,  mathematicians,  
geodes is t s ,  ca r tog raphe r s ,  photogramnietr is ts ,  and engineer intelligence 
and graphic a r t s  special is ts ,  many of whom a r e  recognized authorit iee 
in  their  respec t ive  disciplines.  
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Table 1-6 

OUT-OF -HOUSE SUPPORT 
CORPS O F  ENGINEER RESEARCH ESTABLISHMENTS 

E s ta bl i s hme n t F Y l 9 5 9  R and D Out-of-house Support 

Indu s t r y GOCO Institutions Total 

USAERDL . $8, 150, 000 0 $675,000 $8,825,000 

\ 

W E S  298,000 0 161,000 459,000 

ANPP 24, 5 5 9 ,  000 663,000 40,000 25,262,OO 0 

SIPRE 31, 500 53,000 214,300 298,800 

Total $33, 038, 500 $716,000 $1,090,300 $34,844,800 



T h e  Corps of Engineers  is the la rges t  single construct ion agency 
i n  the world. 
outside the U. S. Within the U. S., a fo rce  of some 15,000 o f f i ce r s  
and civil ians pe r fo rm the mi l i ta ry  construction functions, comple-  
mented  by  some  27,500 personnel  performing civil works.  
all construction f1)r the A r m y  is per formed by the Corps ,  except  f o r  
m i n o r  amounts i n  s o m e  ove r seas  a r e a s .  The Engineer C o r p s  is a l s o  
per forming  about eighty percent  of Air F o r c e  construction, all A r m y  
R e s e r v e  and m o s t  A i r  National Guard construction, and small  amounts  
for  the Navy and Coast  Guard. 
R e s e a r c h  P r o j e c t s  Agency and for the National Aeronautics and Space 
Administration. . Work under the Mili tary Assis tance P r o g r a m  is being 
p e r f o r m e d  in Korea,  Pakis tan,  and Iran. The es t imated  bookva lue  of 
the  Mil i tary Construction-Civil  Works P r o g r a m  is some $1 40 million. 
Out-of-house cont rac ts  total  some $2.25 billion year ly .  The operat ing 
budget is s o m e  $215 mil l ion yearly.  

T h e r e  a re  nine Engineer Divisions in  the U. S. and two 

In general ,  

Work is a l so  per formed fo r  the Advanced 

Si enal 

F o r  over for ty  y e a r s  the Signal Corps has  maintained faci l i t ies  for 
r e s e a r c h  and development in the fields of communications and o the r  
information devices.  During this period, the Signal Corps '  p ioneering 
effor ts  in r e s e a r c h  and development have resul ted in ever - improved  
devices and techniques. It has  emerged as a foremost  authori ty  not 
only in  (communications but in components , electron devices,  a tmosphe r i c  
r e sea rch ,  radar ,  e lectronics ,  and other a r e a s  a s  well. 

1 

The Signal Corps  Resea rch  and Development Laboratory,  located 
at F o r t  Monmouth, New J e r s e y ,  is one of the nation's pr inc ipa l  e lec-  
t ronic  r e s e a r c h  and development centers .  
Labora tory  a re  broad; within its aegis  a r e  multiple e lectronic  sc iences  
that made  up the network of communication and information devices 
which in turn  form the nerve and control system of a modern m i l i t a r y  
force.  Cha r t s  1 and 2 highlight the Signal Corps fields of technical 
competency. Conducting this work within the modern r e s e a r c h  facil i t ies 
of the Hexagon Building and Evans Area  a r e  approximately 3500 mi l i t a ry  
and civil ian engineers ,  physicists , chemists , mathematicians,  the i r  
l abora tory  and shop ass i s tan ts ,  and other support personnel  working 
together to  advance the front iers  of science and technology. Of these 
personnel ,  698 hold Bachelor 's  degrees ,  1 0 9  have Mas te r ' s  degrees ,  
453 have Doctor 's  degrees ,  while 135 have par t ia l  c red i t s  leading to- 
wards a degree.  
f i e l d s  within the provipce of Signal Corps responsibility and have a t  the i r .  
d isposal  complete laboratory equipment, 
date commerc ia l  deviceB, but extensions of theee advances to  m e e t  

The responsibi l i t ies  of this 

- 

These scient is ts  a r e  working in the m o r e  than 30 

These include not only up-to- 
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specialized needs. 
and modern  machine shop facil i t ies capable of fabricating complex 
e 1 e c t r onic e quipm en t . 

Supporting the efforts of the U. S. A r m y  Signal Resea rch  and De- 
velopmen’ Lab  a r e  thousands of additional scientific and professional  
personnel,  available through the m o r e  than 650 r e s e a r c h  and develop- 
men t  contracts  with the nation’s leading industr ies ,  univers i t ies ,  
r e s e a r c h  foundations, and other  Government agencies.  Cha r t s  3 and 4 
indicate the contractual activit ies of the var ious technical groups within 
the Laboratory.  

Also available a r e  well stocked technical l i b ra r i e s  

Unique among the U. S. A r m y  Signal Resea rch  and Development Lab 
cont rac tors  is the Electronic  Defense Laboratory of Sylvania Elect ic  
Products ,  Incorporated,  a facility working exclusively on projects  sub- 
mi t ted  through the U. s. A r m y  Signal Corps .  Establ ished in 1952 by 
the U. S. Army  Signal Corps  to conduct r e s e a r c h  and development i n  
the spec ia l  field of Electronic  Countermeasures  against  surface t a rge t  
guided mis s i l e s  and to produce special  electronic equipment on a quick 
reaction capability bas i s ,  this facility has  grown into an organization of 
approximately 660 people including 240 scient is ts  and engineers occupy- 
ing two buildings constructed by Sylvania a t  a cost  of $2. 5 million, with 
approximately 89, 000 feet  of floor space. 
Laboratory facil i t ies provided by the Signal Corps and valued at approxi-  
mate ly  $2. 5 million include: anechoic chambers ,  antenna range, high 
power tube tes t  equipment, component t e s t  equipment, hydraulics t e s t  
equipment, electronic t e s t  equipments and s tandards,  GEDA analog 
computer ,  environmental  test apparatus , and fabrication and model  
shops. Over the past  seven years  the combined R&D and quick react ion 
capability work has  built up a t  Electronic  Defense Laboratory a wide 
range of capabilities which has resul ted in outstanding contributions in  
miniaturization, signal processing, versa t i le  receiving, transmitt ing,  
and antenna equipment, sys tern s engineering, and propagation 
r e s  e a r  ch. 

The Electronic  Defense 

The Signal Corps consis ts  of some 1 ,916  officers,  11, 442 enlisted 
The Signal Corps’  cu r ren t  annual 

These  figures represent  funds and personnel  
m e n  and 2 3 ,  786 civilian personnel.  
budget is $700,000,000. 
direct ly  under the control of the Chief Signal Officer. An additional 
5000 theater  personnel pe r fo rm work in  A r m y  world-wide communica- 
tions net and the Signal Corps makes  procurement  with other funds. The 
total  value of a l l  Signal Corps  facilities and activit ies is $2, 250, 000, 000. 
The operational functions of the Signal Corps  fall into a number of 
categories ,  

_- - 101 _ -  
- 
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Probably  the m o s t  vital single category of all in which the Signal 
C o r p s  engages is the p r o v i s i w  of a world-wide communications sys tem 
to the Army.  The'Ghief Signal Off icer  is responsible for  planning, pro- 
gramming, designing, engineering, installing, operating and  maintaining 
all fixed communications -electronics  equipment, facil i t ies,  s y s t e m s  and 
networks €or the Department of the Army. 
a r e  provided f rom Headquarters ,  Department  of the Army,  down to  the 
Fie ld  A r m y  leve l .  
A i r  Defense. Fac i l i t i es  include wi re  (voice and teletype), rad io  and 
television. 
improvement  of this sytem totals approximately $1 65, 000, 000. 

T h e s e  fixed communications 

Included a r e  special  networks for  intell igence and 

The annual expenditure €or operation, modernizat ion and 

One of the l a r g e s t  a r e a s  of Signal Corps  operations is Signal logistic 
A total  of m o r e  than 13,000 Signal C o r p s  person-  support  to the Army.  

ne l  a r e  engaged in  this function. 
Support  Agency is a n  800-man organization located at F o r t  Monmouth, 
New Je r sey ,  which wri tes  and reviews production specifications, con- 
ducts sample testing, does production engineering and product improve-  
ment ,  and main ta ins  gauges and s tandards for quality a s s u r a n c e  and 
s tandardizat ion purposes .  
4400-man organization located at Philadelphia, Pennsylvania, which 
m a k e s  all Signal Corps  procurements  and exerc ises  all of its s tock  
control  and r e c o r d  functions. 

The U. s. A r m y  Signal Equipment 

The U. S .  A r m y  Signal Supply Agency is a 

Because of the  continuing rapid advancement in the e lec t ronic  art, 
a dec rease  in the t ime-lag between development of new technical  capabi- 
l i t i es  and the i r  evaluation and application to mi l i ta ry  purposes  is vitally 
necessa ry .  
Proving  Ground (USAEPG),  a 4700-man organization located at F o r t  
Huachuca, Arizona. 
t roop t r i a l  of new electronic  sys t ems  and concepts in communications, 
e lectronic  warfare ,  Army  aviation, meteorology and combat surve i l -  
lance,  in the e a r l y  development s tages .  

The  Signal Corps has  established the U. S .  A r m y  Electronics  

Its m a j o r  mission is to conduct field t e s t s  and 

The Signal Corps  operates  the White Sands Signal Missi le  Support 
Agency, a 2200-man organization a t  the White Sands Missi le  Range. 
This  organization opera tes  an extensive r a d a r  tracking complex, inter  - 
connected by microwave links, complete with data process ing  and 
evaluation equipment. 
t r a j ec to ry  of m i s s i l e s  f i red  on the range, for range safety and cont ro l , ,  
and acquisit ion data for  other instrumentation a t  the range. 
organization is responsible for  the radar  and communications complex, 
all f requency coordination, allocation and monitoring on the range ,  and 
is responsible  for measur ing  data on var ious atmospheric  p a r a m e t e r s ,  

This sytem is used for  determination of the exact 

The  
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In fulfilling i t s  pictor ia l  mission,  the Signal Corps  opera tes  the 
U. S. A r m y  P ic to r i a l  Center ,  a 1000-man organization at Astor ia ,  Long 
Island, New York. This organization produces the bulk of all training 
films used by the Army, aggregating some 400 per y e a r ,  It a l s o  pro-  
v ides ,  on an  average,  some 14  motion picture  production t eams  for  
on-s i te  tilm production and two mobile T V  units fo r  on-the-spot cover- 
age. 

A r m y  Medical Center  

The present  responsibil i ty of the Army Medical Service is to se rv i ce  
and  maintain the highest  possible level of health of the Army, specifical- 
ly  to: 

1. 

2. Evaluate the physical environmental hazards  to health, and 
cooperate  with the appropriate  agency o r  commander  in the control of 
such  hazards  and the minimizing of their  effects on man. 

3.  Provide medica l  c a r e  to mi l i ta ry  personnel, dependents of 
m i l i t a r y  personnel and Department of the A r m y  civilians in ove r seas  
areas. 

P ro tec t  man against  na tura l  biological haza rds  

4. Determine the physical and emotional s tandards for selection, 
retention and elimination of military personnel and the conduct of 
examinations necessa ry  to the application of such standards.  

5. To conduct r e s e a r c h  to evaluate the physical and emotional 
s tandards  for  mi l i ta ry  personnel, the extent and mechanism of action bf 
physical and biological health hazards ,  the means  by which these  haza rds  
m a y  be obviated, and, together with appropriate A r m y  agencies develop 
be t t e r  techniques of preventive and curative medicine,  

6. Conduct biomedical experiments in  space flight, exploiting op- 
portunities for such r e sea rch  as m a y  present  themselves,  with a view 
to contributing medically to the safe  t ranspor t  of m a n  via bal l is t ic  
missiles as a p a r t  of a probable Army operation of the future ,  

The Resea rch  and Development P rogram of the A r m y  Medical Service 
ut i l izes  992 professional  and technical, and 527 support  personnel  in 
eleven laborator ies  located from Washington, D. C. to Pue r to  Rico, t o  
Malaya. 
a r e  MD's  and PhD's.  The 1519 people present ly  employed in r e s e a r c h  
and development can be roughly grouped into the following program 
a r e a s :  

Thir teen percent  of the professional and technical personnel  
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Nutrit ion and Metabolism 29% 430 
Radiation I 20% 303 
S u r g e r y  19% 297 
Infectious Disease  13% 197 
E nvi r o m  en t 11% 167 
Other  870 - 125 

100% 1519 

The U. S. A r m y  Medical Resea rch  and Development Command plans, 
ini t ia tes ,  coordinates ,  superv ises ,  executes and reviews the A r m y  
Medical Serv ice  R&D P r o g r a m ,  designed to m e e t  the needs of the Army 
in  the fields of health. It commands A r m y  Medical Serv ice  R e s e a r c h  
and  Development Units, activities, and installations,  and p e r f o r m s  
r e s e a r c h  and development staff functions for  the Surgeon Genera l  as 
d i r e c  t e  d. 

The  W a l t e r  Reed  A r m y  h s t i t u t e  of Resea rch  conducts r e s e a r c h  and 
evaluation s tudies  in  the mi l i t a ry  aspects  of the biological and med ica l  
sc iences ,  c o r r e l a t e s  these findings with data f rom other  sou rces ,  and 
d isseminates  the basic tenets  derived therefrom in  a graduate educa- 
t ional program as required f o r  the national defense. It plans and con- 
ducts the A r m y  Medical Service 's  medical, dental, ve te r inary ,  and 
a l l ied  sciences advanced technical and graduate educational p rograms 
requ i r ed  for the military aspec ts  of professional prac t ice  i n  support  of 
the  Army 's  mis s ion  in national defense. 
r e s e a r c h  and development in relation to this program on approved pro-  
j e c t s  as assigned by the Surgeon General  and co r re l a t e s  those r e s e a r c h  
act ivi t ies  within i t s  sphere  that a r e  conducted by other  Medical Service 
laborator ie  s.  

The Insti tute plans and conducts 

I t  a l so  provides  advisory se rv ices  on problems i n  procedure o r  
technique in  mi l i t a ry  medicine,  dentistry,  and ve te r ina ry  medicine;  
provides  special  technical quality control where required,  and conducts 
development s tudies  in relation to biologic products present ing problems 
of mi l i t a ry  importance.  It a c t s  as  a diagnostic re ference  source  €or 
installations of the Army for '  difficult medical  se rv ice  problems and 
evaluations that requi re  complicated analyses o r  t e s t s  not available in  
o ther  A r m y  installations. 

The Medical Equipment Development Laboratory,  F o r t  Totten, New 
York,  accomplishes  the design and development of new i tems of mi l i t a ry  
med ica l  equipment; plans and executes improvem ents to existing military 
medical equipment for  the medical  s e rv i ces  of the A r m e d  F o r c e s ,  DOD 
Direct ivc 5160, 2 3 ,  23  March  1957,  vcsttl the tcclinical control and super- 
visidn of joint medical  ma te r i a l  development projects  in the Armed 
Serv ices  Medical Mater ia l  Coordination Committee. 



The U. S. A r m y  Prosthet ic  Resea rch  Labora tory  conducts funda- 
menta l  and applied research ,  development, testing, and training in the 
technique of fitting new devices in the field of orthopedic prosthet ic  
appliances . 

ganization for special  r e sea rch  activit ies being conducted in Malaya and 
North Borneo in  collaboration with the Institute of Medical Research ,  ' -  

Kuala Lumpur,  Malaya, and other governmental  s e rv i ces  in that a r e a .  
. 

1 , .  

The U. S. A r m y  Medical Research  Unit, Malaya, provides an o r -  

The U. S. A r m y  Medical Unit, F o r t  Detrick,  Marylaqd, conducts 
studies of r e s e a r c h  problems of a sensit ive and classif ied nature.  The 
p r i m e  object of these studies being related to defensive aspec ts  of bio- 
logical w a r f a r e  requi res  an effort between the A r m y  Chemical  Corps  
and the A r m y  Medical Service. 

The U. S. A r m y  Tropical Research  Medical Laboratory,  P u e r t o  
Rico, conducts tropical medical r e s e a r c h  unencumbered by additional 
secondary miss ions .  

The U. S. A r m y  Medical Research  Laboratory,  F o r t  Knox, Kentucky, 
conducts basic and applied r e sea rch  on physiological, biochemical, bio- 
physical, psychological, and psychophysiological problems that have 
mi l i ta ry  significance.  This includes r e s e a r c h  on physiological and psy-  
chophysiological responses  to var ious environment fac tors  such as heat, 
cold, radiation, noise, vibration, and all other microenvironmental  
fac tors  which affect the soldier ' s  operating efficiency o r  abil i ty to s u r -  
vive; the biological and medical aspects  of ionizing radiation; r e s e a r c h  
directed toward improvement of X-ray and photographic techniques used 
by the A r m y  Medical Service; field r e sea rch ;  and studies on human 
engineering problems ar i s ing  from expanded global mi l i t a ry  operations.  

The tJ. S. A r m y  Surgical Research  Unit, Brooke A r m y  Medical 
Center ,  F o r t  Sam Houston, Texas, investigates problems of mechanica l  
and the rma l  injury and the complications a r i s ing  from such t r auma;  
c a r e s  for  patients with such injur ies ;  and provides 'clinical r e s e a r c h  
ma te r i a l  for adequate studies. 
the management of injured patients. 
both the bas ic  and clinical  levels.  

Teaches and t ra ins  other  personnel  in 
Conducts investigative studies at 

The U.  S. Army Medical Research  and Nutrition Laboratory,  F i t z -  
s immons Army Hospital, Denver, Colorado, conducts bas ic  r e s e a r c h  on 
nutrition and metabol ism,  a s s e s s e s  the health a s  re la ted to nutri t ional 
status of troops in all environments, recommends nutritional measure 's  
designed to insure  that the personnel a r e  as healthy and f i t  as is corn-'" 
patible with local  danger, disease,  and environment; devises and'', ' I :  



r ecommends  nutri t ional m e a n s  to prevent disease and damage  to  t roops  
under all conditions; and  observes  and makes recommendat ions on the 
nutr i t ion and nutr i t ional  s ta tus  of civil populations under military con- 
t rol .  The  labora tory  a l so  conducts r e s e a r c h  on medica l  and  surgical . , 
prob lems  of spec ia l  interest to the Anny.  

The U. S. A r m y  Medical Research  Unit, Panama,  i n  conjunction , 

with o ther  United States  Governmental agencies,  conducts research on 
med ica l  and environmental  problems of mi l i t a ry  impor tance  in the 
Middle Amer icas .  

The  U. S. A r m y  Medical Research  Unit No. 1, Landstuhl, Germany,  
. 

Ini t ia l  s tud ies  will  
conducts r e s e a r c h  on m i l i t a r y  medical  problems of impor tance  to the 
maintenance of the  effectiveness of A r m y  personnel.  
be concerned with radioactivity in man. 

The research and development budget for  F i s c a l  Year  1959 was  
$12.5 million, and  fo r  Fiscal Year 1960 is $1 3 . 3  million. 
dol lar  Galue of the Medical Resea rch  and Development facilities is some  
$225 mill ion.  
of-house contract’s fo r  F i s c a l  Year 1959 totaled $ 6 . 2  million, and  in-  
volved the s e r v i c e s  of some 1550 professional scient is ts  and  716 support  
personnel .  

The to ta l  

The yea r ly  operating budget is some $6. 3 million. Out- 

Quart e rmas te  r 

The Quar t e rmas te r  Corps  develops, provides, and main ta ins  food, 
clothing, individual equipment, petroleum (except field and higher  
echelon maintenance of pipelines) and general  supplies, including a e r i a l  
supply equipment. It provides maintenance and  se rv ices  support  fo r  the 
Army,  and as assigned,  for the Navy, Air  Force ,  and Marine Corps. 
The Quar t e rmas te r  General  is the single manager  fo r  a l l  the A r m e d  
Se rv ices  fo r  food and for  clothing and textiles. In the field of gene ra l  
supplies,  Quar t e rmas te r  responsibil i t ies range from housekeeping and 
off ice  supplies,  through warehouse mater ia l s  -handling equipment, to 
spec ia l  i t e m s  used by the soldier in a var ie ty  of environments. 
Q u a r t e r m a s t e r  Gene ra l  provides for the c a r e  and disposition of the  r e -  
m a i n s  and personal  effects of deceased personnel of the Army,  and 
as d i rec ted  o r  ag reed  upon of the Navy, Air Fo rce ,  and Marine Corps.  
Since the Q u a r t e m a s t e r  Corps has  a continuing responsibil i ty f o r  feed-  
ing, clothing, and equipping Army troops under many different conditions, 
it maintains  a vigorous r e sea rch  and engineering facility. 

The 

The  1620 civilian and 61 7 mi l i ta ry  personnel in the Quar t e rmas te r  
Corps  R e s e a r c h  a n d  Engineering organization form an  integrated 
scientific and technological organization which vigorously supports  the 
Q u a r t e r m a s t e r  Corps  mission. These personnel a r e  located at the 

c 
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Quar t e rmas te r  Resea rch  and Engineering Command, Natick,  M a s s -  
achuse t t s ;  the Quar te rmas ter  Food and Container Insti tute for  the 
A r m e d  F o r c e s ,  Chicago, Illinois; and the Quar t e rmas te r  Field Evalua- 
tion Agency, F o r t  Lee,  Virginia; and the Maynard Quar t e rmas te r  T e s t  
Activity, Maynard, Massachusetts.  F ig .  1-25 po r t r ays  some of the 
p ro fe  sslonal skills of Quar te rmas ter .  The  scientific skills of colleges 
and  univers i t ies  and industry a r e  also used, The Char t e r -  
m a s t e r  Corps  negotiated 385 r e s e a r c h  and engineering contracts  in 
Fiscal Year 1958, 121 of which were  with univers i t ies  o r  non-profit 
organizations.  

(Fig. 1-24 

The no-cost agreement  i s  a technique used extensively by the 
Quar t e rmas te r  Corps  to br ing industry into the Corps  r e s e a r c h  and 
development effor t  and to enable the Army to phase technical know-how 
into the civilian economy a t  an e a r l y  date. 
m a s t e r  Corps has  45 no-cost agreements ;  20 in Foods,  eight in  
Containers  and Packaging, five in Chemicals,  and 1 2  in Cl imatic  Studies. 

At present ,  the Quar te r -  

Among the Technical Services ,  the Quar te rmas ter  Corps has  
achieved the role of "Supply Specialist" of the Army.  
suppl ier ,  the Quar te rmas ter  Genera l  is the key depot opera tor ,  and 
commands a number of General Depots. 
the receipt,  s torage,  issue,  maintenance, and modification of hundreds 
of different i t ems  of equipment. Each depot is s t ra tegical ly  located to 
s e r v e  not only soldiers ,  a i rmen,  sa i lors ,  and m a r i n e s  stationed in the 
United States ,  but a l so  the por t s  through which supplies move to our  
f o r c e s  overseas .  
ma te ly  5500 well-qualified civilian logisticians, in addition to the officer 
and enlisted personnel  of the Corps.  

As the key m i l i t a r y  

These faci l i t ies  accomplish 

The Quar te rmas ter  depot system contains approxi- 

The Quar te rmas ter  General  now manages the procurement  and 
distribution of clothing and textile ma te r i a l  for the Army,  Navy, Marine 
Corps ,  and the Ai r  Fo rce  through the Mili tary Clothing and Textile 
Supply Agency located in  Philadelphia, Pennsylvania. Each yea r ,  con- 
t r a c t s  awarded number approximately 3500 with a total  dollar value of 
around $230, 000, 000. 
separa te  supply sys tems a n d  the control over  supplies located in for ty-  
six depots a c r o s s  the country, occupying near ly  20, 000, 000 squa re  fee t  
of s torage space. 
special is ts  maintained at  a level to mee t  cu r ren t  and foreseeable  peace-  
t ime requirements ,  constitutes a pool of personnel  possessing the skills 
requi red  to manufacture a var ie ty  of i tems.  

This e f fo r t  has  involved the m e r g e r  of four 

The s ta f f  of t ra ined clothing technologists and 

In addition to  supplying clothing for the Armed Services ,  the a a r t e r -  
m a s t e r  General  pe r fo rms  the ful l  j o b  of meeting all food requirements  
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Fig,  1-25. . Quartermaster Corps  
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15 M a y  1959 

Res e a r  c h  

De velopm en t 

Applications 
Engineering 

E T / U T  (O&MA & P E M A )  

Food 
Clothing 
& Allied 

Industry Non-Ind Indus t r y  Non -1nd 

210,213 620,709 38,030 26,500 

26,942 77,888 286,738 139,191 

6,000 1, 124,660 249,908 18,092 

20, 590  309,364 634,674 75,834 

263,745 2, 132,621 1,209,350 259,617 

Contract Research & Development Totals: 

Food . . . . . . .  $2,396,366 

Clothing. . . . . .  $1,468, 967 

Othe r .  . . . . . .  -$2,159, 196 

$6,024,529 

OTHE R AREAS , Includ - 
ing Support  Re s e a r c h  

Industry Non -1nd 

204,655 167,711 

691,779 244,241 

71,336 68,348 

650,231 60,895 

1,618,001 541, 195 

Fig. 1-26. F Y  1958 R and E QM Contracts  



of military installations a t  home and abroad. To feed the m e m b e r s  of 
the A r m e d  Serv ices ,  the Mili tary Subsistence Supply Agency normal ly  
spends about $750,000,000 each f i sca l  year. 

Quartermaste:  Genera l  commands a number of genera l  depots. 
seven mil l ion s q u a r e  feet  of covered s to rage  space and sixty-two million 
squa re  feet of open s torage  space a r e  adminis te red  by Quartermaster 
depots in the  United States.  Quar te rmas ter  personnel  also opera t e  
depots all over  the world; in Europe, Korea,  Alaska, and Panama, 
supplying A r m y  F o r c e s  and those of the A i r  F o r c e  with necess i t i e s  of 
life. 

In the pe r fo rmance  of his  ro le  as a suppl ier  of the Army,  the 
Fifty- 

Transpor ta t ion  

The Transpor ta t ion  Corps '  p r i m a r y  mis s ion  is to move  personnel  
and m a t e r i a l  fo r  the Army,  and in many instances fo r  the Air Force ,  
Navy and o the r  Government agencies. 
supplies and  s e r v i c e s  transportation m a t e r i a l  for  the A r m y  and for  the 
other  s e rv i ces  as required.  At present ,  this responsibil i ty involves the 
management  of over  a billion dol lars '  worth of equipment, about 30 
percent  of which is a i rc raf t .  

The Corps  a l so  develops, 

The Transportat ion Corps  has  a nucleus of r e s e a r c h  and  develop- 
m e n t  s y s t e m s  management  personnel to der ive the maximum benefit 
f rom p resen t  government r e sources  and those r e sources  available 
within industry and pr ivate  institutions. 
and development organizations include the U. S. Army Transportat ion 
Resea rch  and  Engineering Command and the Transportat ion Combat  
Development Group  a t  F o r t  Eust is ,  Virginia (Fig. 1-271 Both organi- 
zations per form special  studies and pro jec ts  pertaining to the t ranspor-  
tation of m i s s i l e s  and supporting equipment. Transportat ion Resea rch  . 

and Engineering Command provides a continuing consultant and r e -  
s ea rch  se rv ice  to  the A r m y  Ordnance Missi le  Command per ta ining to 
the compatibility of Transportation Corps equipment and missile systems.  
Transportat ion Resea rch  Engineering Command a lso  a s s i s t s  in such 
m a t t e r s  as  the evaluation of logistical-type miss i le .  

Transportat ion C o r p s  r e s e a r c h  

The m a j o r  portion of the Transportation Corps R&D dol lar  is spent 
Of each R&D dollar spent outside, well over  90  percent  

Having worked 
out-of-house.  
goes toward A r m y  aviation r e s e a r c h  and development. 
in  c lose relationship with the vas t  aviation industry,  the Transportat ion 
Corps  has  established a v e r y  valuable out-of-house r e source  (Fig.  1-28). 

Universi t ies ,  colleges, and non -profit r e s  e a r  ch organizations have 
These r e sources  been uti l ized in a r e a s  of basic  and applied r e sea rch .  

a r e  utilized to develop the principles f rom which s tem the decisions for  
design and development of prototypes. 



R I D  PERSONNEL RESOURCES , 
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S K I ~ S  AND EXPERlENQ 
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us ?.a 

@ A  ?.I 
a 3  ITS 
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Fig. 1-27. Transportation Corps Resources 
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TRANSPORTATION CORPS 
RESEARCH AND DEVELOPMENT 

FUNDING PROGRAM FY 1953 - 1960 

Appropriation 

R and D 

PEMA 

-- 
ATTRIBUTABLE TO 
INCREASED EMPHASIS 
IN ARMY AVIATION R B D  

Universities, Colleges, 
and Non-Profit Institutions 

In House Industry Total 

3,622,097 10,488,002 3,140,101 17,250,200 

- 40,604,000 40,604,000 . 

1953 I954 1955 1956 1957 1958 1959 IS60 
YEAR 

FY 1959 
R AND D PROGRAM 

RECAP: 

In House $ 3,622,097 
Out-of-House $54,232,103 

Fig. 1-28, R e s e a r c h  and Development Funding P r o g r a m  
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. 
Industr ia l  r e sources  utilized by Transpor ta t ion  Corps  include the 

wide  range of r e s e a r c h  and engineering "know-how" assoc ia ted  with all' 
modes  of t ransportat ion - f rom naval  architects to aeronaut ical  engineers.  
Industr ia l  r e sources  have been used p r i m a r i l y  f o r  design and  develop- 
men t  of prototypes. 

In addition, the Transportation Corps  r e t a ins  the services of pro-  
f e s s iona l  consultants on a continuing basis - both management  and 
engineering consultants who par t ic ipate  r egu la r ly  in r e s e a r c h  and 
development program planning and execution. 

Transportat ion Corps facil i t ies in the continental  United States are 
valued at over 500 mill ion dol lars ,  
some 30,000. Its operational budget, exclusive of r e s e a r c h  and 
development activit ies,  is some 283 mill ion dol lars .  

The Corps '  personnel  s t rength is 

Chemical  

The Chemical  Corps  is present ly  engaged in r e s e a r c h  and develop- 
men t  work on the following p rograms  which r e l a t e  to national space 
programs:  

men t s  (probes and base  si te).  
1. Alpha, beta, gamma, and neutron dose a n d  spec t rum measure -  

2. 

3.  

4. Nuclear weapons effect data. 

5. 

6. 

7 .  

8. Non-electronic signalling devices. 

9. 

Evaluation of thermal  radiation (probe).  

Determination of radiation shielding requirements .  

Chemical  oxygen production and a tmosphe re  regeneration. 

Toxicity studies of chemicals  including propellants. 

Personnel  and equipment she l te r  and lock  system. 

Wound ball ist ic studies on low p r e s s u r e  injury,  high velocity 

Decontamination of m a n  and material f r o m  chemical, biological, 

mi s s i l e  effects, quasi-blast  effects, and synerg is t ic  injury effects. 

10. 
radiological contamination. 

11. Protect ion of m a n  from biological, chemical,  radiological 
hazards .  

The U. S. Army Chemical Corps R e s e a r c h  and Development Com- 
mand Staff provides the direction f o r  each of the agent-munitions 
systems,  as well as defensive m a t e r i a l  development. The engineering 
talent is furnished by the central  engineering group known as the U, S. 
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A r m y  Chemical  Corps  Engineering Command. 
Chemical Corps  Engineer ing Command conducts the n e c e s s a r y  opera-  
t ions to develop and  produce i t ems  for  delivery. 

m o u n t i n g  to $17. -i mill ion in F Y  1959 is being conducted a t  two loca- 
t idns,  Army Chemica l  Center,  Maryland, and Dugway Proving  Ground, 

T h e r e  a r e  two organizations at A r m y  Chemical  Center :  The 
U. S. A r m y  Chemica l  Warfare Labora tor ies  and the U. S. A r m y  
Chemica l  Corps  Engineering Command. Approximately 2250 people 
a re  employed in  the Chemical  work. The Chemical Ware fa re  Labora-  
t o r i e s  compr i se  860,000 square f ee t  of labora tory  space,  supported 
by adminis t ra t ive and  se rv ice  facil i t ies of the A r m y  Chemica l  Center .  
Fac i l i t i e s  used by the Chemical Warfare  Labora tor ies  r e p r e s e n t  a 
capi ta l  investment  of $74 million. 
a r e a  of 2750 acres (including t e s t  a r e a s ) .  Some of the spec ia l  faci l i t ies  
and equipment are  chemica l  process  laboratory,  wound ba l l i s t ics  facili- 
ty, dynamic a e r o s o l  exposure chamber,  vapor-phase chromatograph 
analyzer ,  i n f r a red  spec t  rom e ter ,  nuclear  magnet ic  resonance  spec t ro-  
m e te r, ultraviolet  spec  t r om e te  r , ul t ra  -high sp  e e d photo graphic  
equipment, gassing chambers ,  and high-vacuum evaporating unit. The 
Chemica l  Corps  Engineering Command opera tes  as a cen t r a l  engineering 
agency fo r  the Chemical  Corps and supports  the r e s e a r c h  and develop- 
m e n t  as well as the production organizations of the Corps.  They do 
engineering work on plants and processes  , products engineering, main-  
tenance engineering, specifications and drawings , bas ic  engineering 
s tudies ,  and furnish consulting scrv ice  f o r  design c r i t e r i a  for necessa ry  
Chemica l  Corps  construction, 
60 Enl is ted Special is ts  Professional  Personnel ,  and 24 Officers. 

The U. S. A r m y  

Chemical - R e s e a r c h  and development work  i n  the chemica l  ca tegory  
, 

' Utah.  

These faci l i t ies  are  located on a n  

This  organization coinpris cs  340 civilians, 

Biological - Resea rch  and development work in the biological cate-  
gory amounting to $18.9 million in F i s c a l  Year  1959 is conducted in 
two locations , F o r t  Detrick,  Maryland, and Dugway Proving Ground, 
Utah. 
is supported b y  1,140,  000 square feet of adminis t ra t ive and se rv ice  
faci l i t ies ,  and a t  Dugway Proving Ground there  is an  additional 37, 000 
squa re  f e e t  of laboratory space. Over  90 percent  of the laboratory 
fac i l i t i es  a r e  designated "hot" and the personnel  who work in  these 
environments  a r e  protected from infectious micro-organisms by an 
extensive system of safe-guards. 
ployed in the biological work. 
t o r i e s  and support  facil i t ies represents  $93 million. 
i nc rease  in faci l i t ies  has  been $5 million annually over  the pas t  6 yea r s .  
These  include plants for  la rge  sca le  production of micro-organisms,  

At F o r t  Detr ick,  over 1, 600,000 squa re  feet  of laboratory space  

Approximately 2400 people a r e  em-  
The fixed capital  investment for  labora-  

The average  



greenhouse for  investigation of c rop  pathogens and chemica ls  affecting 
c rop  growth, a 1 , 0 0 0 , 0 0 0  volt X-ray instrument ,  huge an ima l  holding 
and breeding rooms which can hold thousands of guinea pigs at one t h e ,  
a l so  t e s t  chambers ,  Horton t e s t  sphere ,  and  pilot plants  including one 
remote  controlled biological warefare  pilot plant,  

Radiological - The Chemica l  C o r p s  h a s  complete  l abora to ry  facili- 
t ies  f o r  radiological work a t  both U .  S. A r m y  Chemica l  Warefare  
Labora to r i e s  and U.' S. A r m y  Chemica l  Corps  Dugway Proving  Grounds. 
T h e s e  labora tor ies  a r e  equipped with sou rces ,  hot laboratory,  hot cel ls ,  
and f i l t e r ed  exhausts.  At Dugway t h e r e  is a complete  mult i -mega cu r i e  
capaci ty  hot cell ,  waste  holding facil i t ies,  and  f i l t e red  exhausts.  Health 
physics  facil i t ies exist a t  both locations,  Approximately 80 people a r e  
working in the radiological field, and the capi ta l  investment  is $5 I 

million. 

Activit ies of the Chemical  Corps  a r e  c a r r i e d  on a t  five C l a s s  11 in- 
stallations.  These installations a r e :  A r m y  Chemica l  Center ,  P ine  
Bluff Arsenal ,  Rocky Mountain Arsena l ,  F o r t  Detr ick,  and Dugway 
Proving Ground. 
and production equipment r ep resen t  an  investment of $408.3 mill ion.  
Replacement  of these faci l i t ies  (exclusive of land) is est imated a t  
$81 6. 6 million. 

They occupy 516, 322 a c r e s  of land and  the r e a l  e s t a t e  

The Chemical  Corps  h a s  s e v e r a l  r e s e r v e  plants held f o r  mobilization 
purposes .  These include the Marsha l l  Plant ,  Niagara Fa l l s  'Chemica l  
Plant ,  Alabama Phosphate Development Works,  Rocky Mountain Arsenal 
Chemica l  P lan t ,  P ine  Bluff Arsena l  Biological P lan t ,  and Seatt le 
Chemica l  Plant.  

DATA SUMMARY 
PERSONNEL,  FACILITIES, AND FUNDING 

U. S. ARMY CHEMICAL CORPS 

Category  
Chemical  Biological Radiological 

Overa l l  dol lars  (mill ions) 17 .4  18. 9 0 . 6  

Number  of people (R&D) 2250 2400 80 

Pr iva te  en terpr i se  (millions ) 1 . 7  1 . 0  0.1 

Capi ta l  investment (mill ions ) 7 3  9 3  5 



CONC L US IONS 

The Army Techn'ical Services' skills and resources in research and 
development constitute a substantial portion of that required for Pro-  
ject  HORIZON. These capabilities exist today and have demonstrated 
their value to national programs. 

(A considerably more  comprehensive discussion of these skills and 
resources  is contained in the publication "U. S. Army Capabilities in 
the Space Age.") 
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