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MAN- IN- S P A C E  

1 .  fn t r  oduction - 

Trt e l v ~ v c  been  plunged into a r a c e  f o r  tile conquesi: of ou i z r  s p a c e ,  
As a r e a s o n  f o r  t h i s  under taking s o m e  look t o  the  new and e::citili!; 

' \\\ b\'. 
I "  

sc ien t i f i c  d i s c o v e r i e s  which a r e  c e r t a i n  to  be  m a d e .  Othhcrs f e e l  the  
cha l l enge  to  t r a n s p o r t  m a n  beyond f r o n t i e r s  hc s c a r c e l y  clarecl c l r c a ~ m  about \\\ 
unt i l  now,  But  a t  p r c s e n t  the  m o s t  impe l l ing  r e a s o n  f o r  ou r  ef for t  h a s  
been  the  in te rna t iona l  pc' ' t i ca l  s i t i ~ a t i o n  which demands  tha t  we d c m o ~ l s t r a t c  
ou r  technological  capabi i - , ies  ~f we a r e  to main ta in  o u r  posit ion 01 l c a d c r -  
s h i p ,  !?'or ali of t h e s e  r e a s o n s  we have emba rked  o:i a complex  and cos t ly  
adv en tu r e .  It i s  the  purpose  05 th i s  r e p o r t  to  c l a r i f y  the goa l s ,  the n-iissions 
and the  c o s t s  of t h i s  ef for t  in the fo r e s - cab l e  f u t u r e ,  pa r t i cu l a r l y  with 
regascl to  the  m a n -  in- space  p rog ra r a  . ':: 

' f i l is  r e p o r t  has  bcerl m a d e  pcss ib le  by the comple te  coopera t ion  of 
t he  Nat ional  Aeronautics and  Spnce Admin i s t r a t i on .  Cff ic ia ls  of the  NASA 
p r e s e n t e d  n v e r y  i m p r e s s i v e  de sc r i p t i on  of th::ir de ta i l ed  plans f o r  dc- 
ve lopment ,  u t i l iza t ion and c o s t s  of the  Sa tu rn  vch ic le .  They a l s o  provided 

L 

t echn ica l  in format ion  on possi61e follow-on veh i c l e s ,  advanced propuls ion 
t e chn iques ,  and poss ib le  development  and  funding scheclulcs.  A s  f a r  as  we 
can  t e l l ,  the  NASA p r o g r a m  i s  wel l  thought th rough ,  and  wc be l i eve  t ha t  tlie 
m i s s i o n ,  s chedu l e s  and  c o s t s  a r e  a s  r e a l i s t i c  a s  poss ib le  at "L j s  t irnc.  

2. The ~ V a r r -  in- Space  P r o g r a m  

The ini t ia l  A m e r i c a n  a t t emp t  t o  l aunch  a manned  capsu le  in to  o rb i t a l  
f l igh t ,  P r o j e c t  N e r c u r y ,  i s  a l r e a d y  wel l  advanced .  It is a somewhat ' . 

'No attempt has been made to inclucle manned space p r o g r a m s  in i t i a ted ,  o r  
t o  be in i t i a ted ,  by the  DO 
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rnasi:inal e f f ~ r t ,  l i m i t e d  by the  t h r u s t  of the  At las  b o o s t e r ,  It h a s  a s  i t s  
goal  thi: launching of a one man capsrllc Into o rb i t  a round  the e a r t h  and i t s  
success fu l  r e t u r n  t o  e a r t  The Pact that  the  t h r u s t  o i  any ava i lab le  
Arnericail  b o o s t e r  i s  b a r e l y  s ta i ' f ic ic~i~ f o r  the  pr:';>ose ~-fican:; that  iiL i s  
diff icult  to a c l ~ i e v e  ,a hir;h probabi l i ty  of a succdss fu l  fllght while zlsc, pro-  
vrd~rz:; acicguntc c;ai^c;ty Sos the  Ac,;ronaut,  iic'ia1;cving rolictbzl,ity o n  b o ~ t i '  
accourl ts  w i l l  s t r a i n  o u r  c apab i l i t i e s ,  R dlfi icult  dcc i s lon  wil l  s o ~ i :  be  
xaeccss,lry a3 i o  tvllcn o r  whe ther  a i-ilanned fl ight  should be l aunched ,  The  
ch le i  j u i t l i i c ~ ~ i o r z  foi- pushing T r o j ~ c t  Pnercury on the p r e sen t  tirile s c a l e  
l i e s  in the  ,101itlcal d e s l r e  el t i ler  co be the  f i r s t  nation t o  send  a  rnan into 
o r b l t ,  o r  a t l e a s t  to  b e  a  c l o se  second .  

This marg i i i a l  capabi l i ty   cann no^ b e  c!:angcd c u b s t a n ~ i a l l y  urii11 the 
Saturn b o o s t e r  becormcs ava l l ab l c ,  ?'lie NASA p r o g r a m  f o r  ~ztlllz:ng Sa tu rn  
involve;  the  deve lopment  of tile so-  csl let i  A pollo s p a c e c r a l t  , The L;-,iurn 
roclici  cviilcli is  being developed now ( C -  1 )  should be  capable  of launcl~lmg a 
spacecrnf i .  of about 1 9 , 0 0 0  l b s  lnlo a low e a r t h  o r b i t .  The p roposed  Rpollo 
s p a . c e c ~ ' a f ~  wc ig I~ t  of 1 5 ,  0 0 0  l b s  1s well  wlthln thl:; liml'c and wo:lld enable 

.o-ital qu~ l l f i c ; i i l on  f l i g h t s  of Chc Apollo spacec r a f t  ( s o m e  r ~ a n n e d )  about 
1966- 1968,  Such z manned  fliglit would occilr  a f r e r  about 2 5  Sn turn  C-  1 Is 
have b c e : ~  tt:sLcc! a113 m u c h  depends  on whether  a  demonc i ra ted  re l i ab i l i ty  L 

can b e  altal,ieil  in  t h i s  r a t h e r  sn-la11 number  of t e s t s .  The Apollo s p a c e c r a i t ,  
a s  p r c s e n i l y  env i s ioned ,   would c a r r y  t h r e e  m e n  who would e x e r c i s e  con t ro l  
froin tvitliln tllc s p a c e c r a f t  and be  ab le  t o  r e t u r n  t o  e a r t h  wiihln a  f a i r l y  wcl l  
c3cfl:ned a r c c % ,  The cliief pu rpose  of the  e a r l y  Apollo rnis  s ions  would be  t o  
gain  e : ip~  r i cnce  in manned  i l ight  , to l e a r n  m o r e  of the p r o b l e m s  encounte red  
by c r e w s  under  such  new condi t ions  and t o  a id  in  the  development  of a 
s p ~ c c c r a i " L o r  nlore ambi t ious  rn i s s l ons .  

'1 1 I Lie fr;ll capab i l i t i e s  of tile Sa tu rn  boos t e r  cannot b e  u t i l ized unti l  a 
!argc ilyclrogen-oxygen1 second s t age  h a s  been  developed.  The C- 2 S a t u r n ,  
u t i l iz ing the new h igh -pe r fo rmance  s t age ,  is expected t o  e n t e r  the t e s t  phase  
about I S 6 5  a r ~ d  m a y  b e  ava i lab le  fo r  manned  f l ight .  (No. 1 7 )  in 1968 o r  1969.  
The r e  is aga in  a  ques t ion  a s  to  whe ther  16 f l ights  will be  enough t o  
demonstrate suff ic ient  r e l i ab i l i ty  f o r  i t s  use  in manned  i n i s s i o n s .  

Tlie S a t u r n  C-2 i s  expec ted  t o  l i f t  about 4 0 , 0 0 0  l b s  info low cart'h o rb i t  
and ~t i s  planned t o  u t i l i ze  t h i s  capabi l i ty  t o  send  up  a n  l1oYbitilag l a b o r a t o r y "  
capab le  of s t ay ing  aloft  f o r  two wceks  o r  m o r e .  It is o u r  opinion that  an 

rbi t ing l a b o r a t o r y  of t h i s  s i z e  could protfuce cons iderab ly    no re s c i e r~ t i f i c  
f d o r m a t i o n  i f  it we re  wholly instrumented r a t h c r  than  manned .  Alternatively, 

we be l i eve  t ha t  the val id  scierl t i f ic  n?isuions to be p e r f o r m e d  by a manned 



l abora tory  of this  s ize  could be accoi3nplished us ing a inuch s lmal lcr  in- 
s t rumentcd  sijacecrait  which would iil tu rn  requi re  a srnal lcr  boostcr  sys t em.  
Tile m.an11ed orbiting labora tory  ~ r r r i g ~  be of value a s  a l ife sc iences  labora tory  
to acqui re  phyc;iolo~ical and psychdai;icaldata on h u n ~ a n s ,  to  study life 
support mechan i sms ,  to pe r fo rm 'biological s tudies ,  and to c a r r y  out 
engineering t e s t s  uncler gravity f r e e  conditions. In shor t ,  i t s  rntljar rnission 
appea r s  to be the preparat ion for  f u r ~ i l e r  s teps in the manned explazalion 
oi  s2ace .  

To take s u c h  s'ieps, the flpolio spacecraf t  may be launched En.;o 
successively .ixore elliptical orb i t s  which cas.ry it f u r t h e r  2nd fur;:!.;er 
the e a r t h ,  cul-ii?iriatil~g about 1970 in a :manned flight around the nooi l  arid 
back to the ezr th .  The 1i.pollo progrclm in itself docs not rezcil wlla: might 
be co~?siclcred to  be the next znsjor goal in _mannecl space f ' l igi~t,  i .  c ,  
rxanned lancling on the :.noon. It does ,  however, appear  to represent  'i logical 
approach to that goal in that it will develop space craf t  and c r e w s  for  space 
fligl1tancl will enable us  to gain experience in navigation and successlul  
r e t u r n  f r o m  increasingly difficult t r i p s .  In the meantime it should be 
possible to  obtain f a r  m o r e  detailed information about the moon by uninanned 

>acecraf t  and lunar  landing craf t  than the c rew of the circumlunar  flight 
Lould gain.  

. 
None of the boos ters  now planned fo r  development a r e  capable of landing 

on the moon with sufficient auxiliary equipment to  r e tu rn  t h e  c rew safely 
to  e a r t h ,  To achieve this  goal,  a new program much l a r g e r  than Saturn 
will  be needed. It i s  likely to  take one of three  f o r m s :  

1 .  An al l -chemical  liquid-fueled rocket ,  the Nova, might be developed 
to  ~nalce the t r i p  d i rec t ly .  It would requi re  a booster  with a b o u t 6  tirrscs the 
thrust-  of the Saturn and utilizing e i ther  kerosene  o r  hydrogen-oxygen. The 
upper stage of the Nova would requi re  hydrogen-oxygen and a t  l e a s t  one 
s tage would probably be a n  existing stage f r o m  the Saturn development 
p rogram.  

2 .  If a suitable nuclear  upper stage could be developed, the Nova 
vehicle could conceivably become a combination chemical-nuclear sys t em.  
This  sys t em would s t i l l  requi re  the developi-nent of a f i r s t  stage chemical 
boos ter  with th rus t  of the s a m e  o r d e r  of magnitude a s  that descr ibed  f o r  the 
al l -chemical  system. If the nuclear development should be a s  successful  
as  i t s  proponents hope, it might open the way fo r  future developments ' 

beyond the possibil i t ies envisioned fo r  chemical rockets .  Howcver, a souxld 
-1ecision Gn the p romise  of nuclear  rockets  cannot be made  until about 1963. 



3 ,  IZcndczvous techniq1.1es uti l izing e i t he r  the Caturn C - 2  o r  an  
advanced Sat:?:-n could be  employed to  l if t  into an  ear t l i  o rb i t  a s p a c e c r a f t .  
anti fucl  c c c c s s a r y  to perlorim the  manned luna r  landing These  
tech:iiqucs will r e q u i r s  cons iderab le  clevelopment, and a r c  at p re sen t  only 
in a p re l i r r~ ina ry  s tudy phase .  

It i.s c l e a r  that  any of the  rou t e s  to  land a rnan on the  n l o o ~ ~  r e q u i r e  a 
d e v c l o p ~ n e n t  mych  m o r e  ambi t ious  than the p re sen t  Sa turn  p r o g r a m .  Not 
only lmusl: much  b igger  b o o s t e r s  probably be developed, but roclcets and 
gu ida~ lcz  ~ n e c h a n i s r n s  f o r  the  safe  landing and then f o r  r e t u r n  f rom moon 

. . 
to e a r t h  by lneails ,  of addit ional rocke t s  m u s t  be  developed and t e s t e d ,  
Neve r the l e s s ,  it  131ust be pointed out that  th is  new, m a j o r  s t e p  i s  impl ic i t  
in  the p re sen t  Sa turn  p r o g r a m ,  f o r  the f i r s t  r ea l l y  big a c h i e v e n ~ e n t  of the . - 

. .  : . 
man-in-  space  p r o g r a m  would be thc l una r  ianding.  . , , .. _ . .  . . . , , .  . 

,> , .. ,... . 
j ' .  , 

'The succeeding s t ep ,  imal111~Cl flight t o  the vicinity of Venus o r  iL3a.r~ 
r e p r e s e n t s  a p rob lem a n  o r d e r  of magnitude g r e a t e r  than that  involved in  
the  i-naancc-l l u n a r  landing.  !$Tot olily does  it  appea r  to  be  insoluble in t e r m s  
of c l i e i i~ ica l  r o c k e t s ,  thus  requi r ing  the  developmenC of sui table  nuc lear  
r c  .e ts  c r  nuc lear -powered  e l e c t r i c  propulsion dev ice s ,  but it  a l s o  poszs  
s e r i o u s  prob1em.s in  t e r m s  of l ife support  ancl radia t ion shielding f o r  journeys 
r equ i r i ng  t i l i1 .c~ r a n g i ~ l g  from: many  1-nonThs to yca ra  , 

- 7 3 .  Unmanned P r o g r a m s  Related t o  &/Ian- in- Space 

A g r e a t  pa r t  of the  unmanilerl p rog ram fo r  the  scientir'ic explorat ion of 
space  i s  a n c c c s s a r y  p re r equ i s i t e  to p a n n e d  fl ight.  The p r o g r a m s  which 

/-- a r e  now planned f a l l  in  the  following gene ra l  c a t ego r i e s :  

1 .  The gene ra l  sc ient i f ic  explorat ion of space .  This  will t ake  place 
in a contiauing s e r i e s  of f l ights .  This  p r o g r a m  has  beenmoving  along well  
and has  been m a r k e d  by solid sc ient i f ic  achievement ;  it  could probably be  
c a r r i e d  on t o  a high s t a t e  of a d v a n c e n ~ e n t  us ing launch vehicles  no l a r g e r  
than Centaur  ( a n  At las  with hydrogen- oxygen upper  s t age ) .  

2 .  A rough landing on thc  moon,  with te levis ion record ing  of the impact  , 

ancl with a surviving se i s rno ine te r  t o  make m e a s u r e m e n t s  on the  l u n a r  s u r f a c e ,  
may b e  m a d e  in 1962 o r  1963 using a n  Atlas-Agena-B vehicle .  

3 .  The (;eAtaur rocke t ,  wl~icl l  should rr,ake i t s  f i r s t  flight in 1,961 , will 
ms i t  poss ib le  t o  fly ins t rurncnts  past  Venus and M a r s ,  making close-up 

J , , ; s ~ - ~ - t ; i , r  ;, , I r f , ; r  t i  J 1 , I  ,, ,II 1 / ' , 1 4  ,. ' L  r . i r ' ~ i l r ,  -; rl  s f l z t b a  1 1 3  " ' ' 
2 ' 
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scien$ific o b s e r v ; ~ t i o r ~ s  fo r  a sl iort  t i m e ,  in 1962 o r  1964. It niay even be 
poss lb lc  to  land a 10 l b s  ins t run len t  capsule  through the i r  a t r aosphe re s  . 

4. 'i'hc-: C e ~ z t a ~ l r  sl-lould a l s o  m a k e  it posslble to  soft land 170 113s of 
scientific: gear  on the  swrface of the rnoon ( I ? G 4 -  1965) and to  ma!<..: su r f ace  
observ,xiions i ro rn  n v c r y  c lose  orb i t  aSout t t ic  m-oon, including photography 
comparab le  to  sa te l l i t e  pl~otography of the e a r t h  (Samos ) .  

5 .  Thc Sa turn  C- 2 will be  l!le f ir  st 
adoquatc!y ins l rum-nled  spacec ra f t ,  weighing 
orb i t  ;?bout TJelins o r  :\/ars, ~ E C I  t o  l a n d  a 225 
atinospl:c:-e, giving u s  d i r e c t  a tmosphe r i c  and su r f ace  mcasu:-cr,zcl-, , ior  
the firs; t l m e  in  about 1967 o r  1968. It may  then be  possiblc  to  obtain ZlcfiniLc 
eviclencc: r ega rd ing  l i fe  on fihars. Although such  s tudies  can bc s t a r l cd  with 
the S a ~ u r n  C- 1 in  1965 o r  1966, they r ea l l y  i.ccluire the C-2 to  give reasonable  
ins t rument  weights .  

6 .  A roving aulolxatic velllclc equlppcc:' with te lcvls lon s12cl o ther  
sens ing  in s t rumen t s  to  make  observa t ions  on the sur face  of t h ~  ~ 1 0 0 1 1  can 
f i r s t  b e  landed with the  C-2 in  about 1 9 6 7 ,  and i s  included in  p re sen t  NASA 
p lans ,  

7 .  It should a l s o  be possible  to soft land an object on the moon which 
i s  l a r g e  enough to  send a capsule  back to  e a r t h  with a few pcunc! s ample  of th2 
s u r f a c e  of the  moon .  This  a l s o  r e q u i r e s  the C-2  and could be triecl beginning 
in abcu.t 196 8. 

8. Fina l ly ,  no boos te r  s ~ n a l l e r  than the C- 2 can c a r r y  scient i f ic  in- 
s t r u m e n t s  t o  the  vicinity of Mercu ry  o r  Jup i t e r ,  Th i s ,  too ,  should be poss ib le  
a round  1968 to  1970.  

_ _--- 
4,  Relation between Manncd and tTn-manned Space Exploration 

Cer ta in ly  among the  m a j o r  r ea sons  fo r  a t tempting the manned explor-  
a t ion of space  a r e  emotional compuls ions  and national a sp i r a t i ons .  These  
a r e  not sub jec t s  whicli c an  be  d i s cus sed  on tecllnical grounds.  However ,  i t  
can bc asli-cd whether  the  p re sence  of a m a n  adds  to  the  var ie ty  o r  quali ty 
of the  observa t ions  which can be made  f r o m  unmanned v e l ~ i c l e s ,  in  sho r t  
whether  t l lcrc  i s  a sc ient i f ic  justi i ication to  include m a n  in  space  vch ic les .  

It i s  sa id  tha t  an  a s t r o n a u t ' s  juclgment, decision-making capabi l i ty ,  
and r c sou rcc fu lnes s  can i n c r e a s e  the  probabil i ty of success fu l  i?ccornplishment 
of a space  rniss ion and expand the var ie ty  and qua1 ity of observa t ions  



, / 

performed. Cn the o ther  hand,  m a n ' s  s c n s c s  can bc  sn t i s iac tor i ly  duplicated 
a t  re lno te  loca t ions  by  the u s c  o l  available ins t rumentat ion and advances  in 

I 

tlzc stsec 01 the a r t  a r c  co~lLinually increas ing  the abil i ty to t r a n s m i t  in- 
fo rma t ion  back  to  a  cen t r a l  receiving point. TJrittl such an  instrumi:nted 
sys t e in ,  illc clccisions requiring man's menta l  capabi l i t ies  can be pe r fo rmed  
by m a n y  lnen in a  n o r m a l  environlxent and with the a id  of e labora te  
c o r n p u t a t i o ~ ~ s l  a i d e ,  v ~ h e  1-a iiccecl snr.y. 

Thc foilowing considerat ions  s e e m  per t inent :  

i , i ~ f o r n ~ a t i  on f r o m  uninanned fl ights i s  a  n e c e s s a r y  prerequisite t o  
lnanned fligiit , 

2, ':L'lie clcgrec of r e l i a l~ i l i t y  'illat can bc acceptcd in the entire ,r;:ccils:~ism 
i s  v e r y  imuc'i? l e s s  f o r  u n ~ n a n ~ l e d  than f o r  rnanned vehic les ,  As l:i:c? s y s t e m s  
bccoimc m o r e  complex this  rnay mslc'e a decis ive difference in what one d a r e s  
to  undertake a t  any given t i m e .  

3 .  Tl-orxl a  p u ~ e l y  scient i f ic  p0in.t of view it should be notcd that  un- 
inanried fl ights to  a given objcctive can bc undertaken much e a r l i e r ,  i lence 
repea ted  observa t ions ,  changes of objectives and the learnirlg by e:iperience 
a r c  m o r e  f ea s ib l e .  I 

le s e e m s ,  t l l e re forc ,  to  u s  a t  the presen t  t ime  that man-in-space cannot 
be  justiliccl on purcly s  clentif ic grounds,  although m o r e  thouglll m a y  show 
tha t  tlzerc a r c  s i tuat ions  f o r  whic2lz th i s  1s not t r u e .  On the othcr  hand, i t  m a y  
be a rgued  that  ni~r?ch of the motivation and dr ive  for  the scientif ic exploration 
of space  is dc r ived  from the d r e a m  of m a n ' s  getting into space h imse l f .  

5 .  Cost  of tlze NASA Man-in-Space F r o g r a m  

The NASA nun- in- space psograi*n, e:;clusive of the lviercury P r o j e c t ,  
revolves  a round tihe u s e  of the Sa turn  and Nova vehicles .  Development of the 
Sa turn  is i a r  enough along that  i t s  cha rac t e r i s t i c s  a r e  f a i r l y  well known, and 

i 
I 

the  cos t s  of i t s  development and use  can  be predicted with reasonable  
I 

a c c u r a c y .  The Nova, rccluired fo r  d i r ec t  manned operat ions  on the I-noon, i s  
I 

based  on the u s e  of the 1 .5 rnillion lbs th rus t  engine,  s ix  of which would ~ 
probably power tllc f i r s t  s tage ,  The cha rac t e r  of the vehicle a s  a whole cannot I 

be c l e a r l y  d e t e r n ~ i n e d  until the  c l ~ a r a c t c r i s t i c s  of th i s  engine a r c  undeu- 
I 

stood. However,  the present t tentat ive designs of the Nova configuration 
a r c  probably adequate to  support  the ve ry  roug11 cost  ana lys i s  presented 
h e r e ,  



Thi s  ana lys i s  i s  ba sed  on the  rule-of-thum.b pr inc ip le ,  genel'slly 
suppor ted  by pas t  exper ix  - c e ,  that  t hc  cos t  of a p r o g r a m  of th is  n a t u r e ,  in- 
cluding cicvi.lopmant, flig.,; t e s t  and u s e ,  should be approximate ly  proport ional  
to t11~-$ d r y  weight of the  boos t e r  vehiclc  and pay!.osd on which the  progu6m i s  
based. The c11.y wcii;ilt of the  Nova vehiclc  i s  about s i x  tim.es th2.t 0;" the 
Saturn vell icle,  and accordin.gly a f a c t o r  of six should  be applied to  tize costs  
of t!ic ,two l-iTogrzims, It i s  pointed cut, howc;ver, by the  NASA "ihnttI:llcre i s  
s o m c  r e a s o n  to  bel ieve that  a somewhat  s m a l l e r  f ac to r  might  be  app rop r i a t e .  
There i s  2 good dea l  of b a s i c  engineerilig that  will c a r r y  ove r  f r o m  Sa turn  
to  Nova, ancl 'cer ta in  of the Nova s t ages  may a l r e a d y  have becn  developed 
f o r  Satu.rn, Such cons idera t ions  a r e  doubt less  val id ,  but they co~~1.d riot 
justify the  u s e  of a f ac to r  s rn s l l c r  than fou r .  In the ana lys i s  that: follows 
two vzlucs of the  mult ipl icat ive  f a c t o r  a r e  u s e d :  f o u r ,  r ep re sen t ing  the lower  
bound on what miglit 13e achieved,  and s i x ,  r ep re sen t ing  a reasonably  
conserva t ive  es t i lxa te  . 

It i s  f u r t h e r  nssun~ec l  that the  t ime  spaw requ i r ed  f o r  the developmeiz'i 
and cxploi,tation 01 the capabi l i t ies  of the No'va a r e  th.e s a m e  a s  that  f o r  
Sa turn .  Pi is  a s s u m e d ,  l ~ o w e v e r ,  that  the Nova devclopment follows that  of 
Sa turn  by seven  y e a r s  , Thus ,  by 1960 ,  Nova i s  in a s t a t e  of developlncnt 
cor responding  to tha t  of Sa turn  in 1961. 

JJL' it11 t h e s e  a s sumpt ions  in  nxind, the rncthod of a r r i v i n g  a t  the  y e a r l y  
costs givcrl i n  thc f igure  can  b e  s t a t ed .  

1.  The known and e s t ima ted  cos t s  f o r  the development and use  of 
Sa turn  a r e  plolLed on the curve  s o  labeled in F igure  1 ,  The cos t s  following 
1 9 7 0  a r c  nol: NASA e s t i m a t e s ,  but a r e  preclicatecl on the  likelihood of some  
continuing use for th i s  vehiclc .  

2.. The "Eaturn" cu rve  i s  now displaced to  thc r ight  by sevcn  y e a r s ,  and 
the  ord ina te  mul t ipl ied by the  f a c t o r s  four  ancl s ix .  This  p roduces  the solid 
sec t ions  of the c u r v e s  labeled "Nova" in F igu re  1 .  The dashed left-hand 
t a i l s  of the Nova c u r v e s  r e p r e s e n t  pure  e s t ima te  and have only reasonableness  
to  r e c o m m e n d  them.  

3.  The "Saturn" and "Nova" c u r v e s  have been  added y e a r  by year to  
qrocluce t he  compos i te  c u r v e s  of F igu re  2 .  These  a r c  talcen t o  r e p r e s e n t  

- rough bounds on the  cos t  of the  NASA man-  in- space  p r o g r a m .  

I 

4. Thc in tegra ted  a r e a s  under  the  c u r v e s  r e p r e s e n t  tllc total  espcn-  
I 

d i t u r e s  f o r  the per iod 1'361 tlzrough 1975.  As indicated on the  f i g u r e s ,  the . I 
' t o t a u a t u r n  p r o g r a m  cos t s  8 bil.lion (196T) do l l a r s  up  to 1975. The Nova I 



prozranz  o v e r  t he  same t i m e  pe r i od  c o m c s  to 2 5 . 5  b i l l ion on the  l o w e r  
estii-nate and 38 bi l l ion on  tllc h i g i ~ e s  e s t i i na t c .  (I'c wil l  be noted tha t  these  
t o t a l s  a r e  not: iotrr ancl s i x  t i f i les,  r e spec t i ve ly  , the total Sa tu rn  c o s t .  Th i s  

i s  b e c a u s e  the Yova c o s t s  w e r e  i n t ez r a t cd  oiily out t o  1775,  w11en t!-ic f irst  
manned  l u n a r  landing migh t  he achicvccl. The Sa turn  c o s t s ,  on the otllrr 
I~anc l ,  w e r e  i n t eg ra t ed  o v e r  trlc c n t i r c  esti~ylatcci ~ t r sg ra ln . )  Pigurc. 2 givee  
the total col-nposite expendi tu re  t o  1975 a s  53.5 bil l ion f o r  the  lo we^ e s t i m a t e  
and 46 bj l l ion for thc  h i g h e r .  

T h c  cut-off a t  1975 i s  a r b i t r a r y  and r r ~ i p t ~ t  b e  misleading. During 
thc  f ive  o r  t e n  y e a r  pe r iod  p reced ing  'chis datc  new deve lopments  wi2.l be 
u n d e ~  way  to  irnpleLment new p r c g r n m s  f o r  t!ic post 19'75 e r a ,  It ciccs ilot 
scenz po:jsi7312 at t h i s  t i m e  to estirr,ate the i i icrernentnl  c o s t s  nssoci ,ztcd 
wi th  t h e s e  p r o z r s m s .  

1 

F r a s e n t  ind ica t ions  sugges t  that  a l t e rna t ive  rnctl lods,  clescribed 0 

e l s e w h e r e  in t h i s  r c p o r t ,  of accompl i sh ing  the.tliannct1 l u n a r  landing m i s s i o n ,  
uld not be cxpcc ' icd  to  a l t e r  subs tan t ia l ly  t h e  ove r - a l l  co s t  of m i s s i o n  

as  ana lyzed  h e r e  on  the  b a s i s  of Nova ,  

In tlie event that  addi t ional  f l ight  t e s t ing  is r equ i r ed  t o  a ch i eve  adequate  
reliability in  t h e s e  p r o g r a m s ,  i t  s c e m s  l ike ly  that  the  prograrr* would 
be  stretched o u t i n  t i m e .  Thus  probably  the  annual  e x p e i ~ d i t u r e s  would 
not change app rec i ab ly ,  a l though the in tegra ted  expendi ture  would i n c r e a s e  
acco rd ing ly ,  

6 .  Conclus ions  

1 .  The f i r s t  m a j o r  goal of the man - in - space  p r o g r a m  is t o  o rb i t  
a m a n  about thc  e a r t h .  it wil l  co s t  aboct  350 mi l l ion  d o l l a r s ,  

2. Thc next goal ,  of a n  i n t e rmed ia t e  n a t u r e ,  i s  the  manned  c i r c u m -  
navigat ion of t h e  m o o n ,  It wil l  c o s t a b o u t 8  bil l ion d o l l a r s ,  

3 .  The nccond major goa l ,  landing on the  rrAoon, can  only be 
ach ieved  about  1375 after  an  addi t ional  national expendi ture  in the  vicinity 
of 26  t o  38 bi l l ion d o l l a r s .  

4. The Sa tu rn  p r o g r a m  is a n e c e s s a r y  i n t e rmed ia t e  s t e p  toward  
xnned l u n a r  landing bu t  must be  followed by a m u c h  bigger development  

od f o r c  manned l u n a r  landing is poss ib le .  
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