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GAO United States 
Genera l  Account ing Off ice 
Wash ington, D.C. 20548 

Resu lts in Br ief 

Nat iona l Secur ity and 
Internat iona l Affa irs Div is ion 

B-263473 

May 18,1993 

The Honorab l e John W. Warner 
Un ited States Senate 

Dear Senator Warner: 

Th is report responds to your request that we (1) prov ide informat ion on 
the potent ia l use of Space Stat ion Freedom by the Department of Defense 
(DOD) for nat iona l secur ity purposes; (2) update the informat ion prov ided 
in our May 1,1991, test imony on the tota l cost of the Nat iona l Aeronaut ics 
and Space Admin istrat ion’s (NASA) space stat ion program; and (3) ident ify 
other ex ist ing and p l anned space stat ions. NASA i s in the process of 
eva luat ing a lternat ives to its current space stat ion des i gn in an attempt to 
reduce the overa l l  costs of the program. As you requested, th is report 
addresses the space stat ion’s ex ist ing des i gn and does not ref lect the 
rev is i ons that are expected to be announced next month. 

DOD has no forma l requ irement for a manned space stat ion for nat iona l 
secur ity purposes. In fact, for many of DOD'S space research needs, the 
fac i l i t ies of Space Stat ion Freedom wou l d be less su itab le than those 
current ly ava i l ab le on the space shutt le. Some research that DOD current ly 
conducts on the shutt le, part icu lar ly that wh ich wou l d benef it from 
extended stays in orb it, cou ld be enhanced by the capab i l i t i es of the space 
stat ion. However, certa in shutt le upgrades might sat isfy add it iona l DOD 
research needs. 

In March 1993, NASA rev ised its cost est imate for the stat ion to 
$31.3 b i l l i on. At the same t ime, NASA stretched the schedu l e for hav i ng 
permanent occupants in the space stat ion to 2000. The $31.3 b i l l i on 
est imate, l i ke prev ious est imates, exc l uded substant ia l budgetary 
resources requ ired to successfu l l y comp lete deve l opment and support the 
stat ion over its p l anned 30-year l ife. Add it iona l fund ing necessary to 
support and outf it the stat ion for permanent occupancy wou l d be another 
$11.7 b i l l i on, Further, at least $78 b i l l i on wou l d be requ ired to br ing the 
fac i l i ty to its fu l l p l anned capab i l i ty and ma inta in, supp ly, and operate the 
stat ion after permanent occupancy was ach ieved. When these costs are 
inc luded, the space stat ion fund ing requ irements through 2027 wou l d be at 
least $121 b i l l i on. 
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The on ly ex ist ing space stat ion is Russ i a’s Mir. It is thought to be beyond 
its des i gn l ife; however, it cont i nues in use=d ma jor upgrades are 
p l a nned in 1 994 to add remote sens i ng and atmospher i c stud ies 
capab i l i t i es. In the longer term, Russ i a p l ans to bu i l d a  more capab l e space 
stat ion, Mir 2; deta i l s about the program are uncerta in. 

Background p l an to prov i de Space Stat ion Freedom e l ements and crew members. Over 
its expected 30-year l ifet ime, Space Stat ion Freedom is to prov i de 
pressur ized laborator ies that a l l ow researchers to interact with 
exper iments in a  “sh irt s l eeve” env i ronment over extended per i ods of t ime. 

Disc ip l i nes that NASA expects to benef it from the space stat ion are l ife 
sc i ences, micrograv ity research, and techno l ogy deve l opment. L ife 
sc i ences act iv it ies wi l l focus on bas i c b io log ica l processes of ce l ls, p lants, 
an ima ls, and humans. Micrograv ity research wi l l study f lu ids, combust i on, 
mater ia ls, b i otechno l ogy, and fundamenta l  phys i cs to i ncrease the 
understand i ng of grav i ty-dependent phenomena. Techno l ogy deve l opment, 
wi l l i nvest igate h ow micrograv ity, rad iat ion, and other aspects of the 
env i ronment affect the funct ion i ng of space systems. DOD current ly 
conducts research in each of these areas and a lso in earth observat ion, 
space env i ronment mon itor ing, and the ro le of the “mi l itary man in space.” 

DOD exper iments that requ ire a pressur ized env i ronment or human 
interact ion are f l own in the m id-deck locker area of the space shutt le. On a 
much sma l l er sca le, th is env i ronment is s imi lar to that to be prov i ded by 
the laborator ies of Space Stat ion Freedom. DOD researchers have found the 
m id-deck area of the shutt le to be we l l -su ited for test ing and eva l uat i ng 
techno l ogy, In that env i ronment, DOD can conduct proof-of-concept test ing a 
re lat ive ly i nexpens i ve l y because the exper iments do not have to operate 
autonomous l y in the harsh env i ronment of outer space. S ince 1989, at least 
12 d ifferent DOD organ izat i ons have f l own 62 exper iments on the space 
shutt le’s mid-deck, represent ing more than 20 percent of the shutt le’s 
m id-deck capac ity by we ight. 

The space stat ion wou l d prov i de another fac i l ity for those DOD 

exper iments that requ ire a pressur ized env i ronment or d irect h uman 
interact ion. A September 1988 space stat ion i ntergovernmenta l agreement 
among the internat iona l partners a l l ows the space stat ion to be used for 
nat iona l  secur ity purposes, The agreement stresses the civ i l nature of the 
space stat ion and states that the stat ion is to be used for peacefu l  
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purposes. However, each internat i ona l  partner determ i nes whether the 
proposed u s e s  of its l aboratory are for peacefu l  purposes. 

DOD Has Not In March  1988, the Secretary of Defense prepared a report at the request of 

Ident if i ed Any the Senate and Hous e  Armed  Serv i c es Comm i t t e e s  on the potent i a l  u s e  of 
the space stat ion.’ T h e  report conc l u ded that DOD had no requ i rements for 

Requ i rements for the ma j or pay l o ads that wou l d  u s e or un i que l y  requ ire the space stat ion. 

Space S tat ion Neverthe l ess, the report noted that, depend i n g upon its des i gn, a man n e d  
space stat i on cou l d  be usefu l  for research i ng potent i a l  m i l i t ary 
app l i c at i ons s u c h  as: 

l d irect observat i on for purposes of batt le manag ement,  surve i l l a nce, 
weather support, and mon i tor i ng nava l  act i v i t i es; 

. deve l o pment of s y s t ems to ident ify, co l l ect, and r emove space debr i s; 

. on-orb it ma i n t enance and repa ir of sate l l i te s y stems; 
l deve l o pment of techn i q ues for a s s emb l y  of sate l l i te s y s t ems on orb it; 
l detect i on of m i s s i l e s  l a unched from land, sea, and a i rborne p l atforms; and 
. deve l o pment and test i ng of techno l ogy, s u c h  a s  e l ectr i ca l  power for space 

systems. 

Beca u s e  the des i g n of Spa c e  @& i o n  F r e e d om has changed over t ime, 2  
certa i n app l i c at i ons c i ted i n DOD’S  1988 report m a y  no l onger be re l evant. 

DOD st i l l  h a s  no forma l  requ i rement for the space stat ion, but it appears 
l i ke l y that DOD researchers wou l d  u s e it for s ome  types of exper iments. 
However, DOD has no exper iments p l a nned for the space stat i on at th i s 
t im e  and s ome  DOD researchers ma i nta i n  that it i s too ear l y to do so. If the 
space stat i on i s bu i l t, DOD researchers wou l d  cons i der the re lat i ve costs of 
accomp l i s h i n g  the ir research on that fac i l i ty i n compar i s o n to other 
p l atforms such  a s  u nmann e d  s y s t ems or the shutt l e.3 

‘A  Report to the Comm i t tees on Armed  Serv i c es of the Senate and the House of Representat i ves o n  
Potent ia l  Department of Defense Use of the Permanent l y  Manned Space Stat ion, Off ice of the 
Secretary of Defense, Mar. 1,1988. 

‘Quest i ons Rema i n  on the Costs, Uses, and R i s k s  of the Redes i gned Space Stat ion, 
(GAO/I’-NSIAD-01-26, Ma y  1, 1001). 

“NASA is current ly study i ng strateg ies for future access to space. Opt i ons under cons iderat ion i nc l ude 
reta in ing the shutt le as the pr imary mean s  of access to l ow earth orb it at least through 2006 and 
perhaps through 2030. 
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Much  of DOD’s 
Shutt l e-Based 
Research Cou l d  Not 
Be  Done  on S tat ion 

Character i st i cs of the current space stat i on des i g n ma k e  it l e ss su i tab l e 
than the shutt l e for ma n y  of the act i v i t i es DOD current l y conducts on the 
shutt le. S ome  types of DOD shutt l e-based research m i g ht benef i t from the 
capab i l i t i es of the space stat ion, espec i a l l y  research that requ i res more 
t im e  than current l y ava i l a b l e dur i ng the norma l  durat i on of a shutt l e f l i ght. 
However, g i v en NASA 'S  p l a ns to upgrade the shutt l e to extend f l i ght 
durat i on to near l y a month, coup l e d w ith i ncreased research capac i t y 
ava i l a b l e when  the Space h a b  modu l e  i s f l own in the shutt l e bay, DOD 

researchers wou l d  h ave i ncreased research capab i l i t y ava i l a b l e e ven 
w ithout the space stat ion. 

Space Stat i on Wou l d  Not 
Be Su itab l e for Certa i n 
DOD  Uses 

Muc h  of the DOD research present l y done on the space shutt l e wou l d  not 
be poss i b l e  on the space stat i on because the stat i on l a c ks su i tab l e 
w i n d ows for “d irect v i ew” exper iments. D irect v i ew exper iments, wh i c h  
have accounted for about ha lf of DOD 'S mid-deck exper iments, i nvo l v e 
astronauts d i rect l y observ i ng the earth or p h e n omena  tak i ng p l a ce outs i de 
of the shutt le. T h e  fo l l ow ing DOD exper iments i l l ustrate s ome  of the types 
of test and eva l uat i on act i v i t i es that have used or w i l l  u s e  the shutt l e 
w i n dows: 

l T h e  Army ’s  “Batt lef i e l d baser Acqu i s i t i o n Sensor Test” i nvest i gated the 
concept of conduct i n g c ommun i c a t i o n s  between ground personne l  a nd 
orb it i ng spacecraft, Sensors p l a ced on the shutt l e w i n d ows successfu l l y  
l o cked onto ground-based l asers a s  the shutt l e p a ssed overhead. T o  the 
m i l i tary, s u c h  a capab i l i t y wou l d  be usefu l  for covert c ommun i c a t i o n s  w ith 
troops, sh i ps, or even d owned p i l ots. 

. In “Terra Scout,” the sk i l l s  of an Army  imagery ana l yst were used to 
i nvest i gate the h uman/mach i n e  i nterface w ith remote sens i n g dev i c es. 
Th i s  research m a y  a i d i n the deve l o pment of more powerfu l  a nd versat i l e 
sensors. b 

l T h e  Nav y ’s  “M i l i t ary App l i c at i on of Sh i p  Tracks” exper iment w i l l  a na l y ze 
sh i p  track s i gnatures to determ i ne the ir i nte l l i g ence potent i a l  i n i dent i fy i ng 
threats to the f leet. 

l T h e  Aurora l  a nd Interact i ons Photography Exper iment sponsored b y  the 
A ir Force w i l l  quant i fy em i s s i o n s  i n duced b y  the space env i r onment on 
spacecraft surfaces. Th i s  type of data cou l d  be usefu l  for i dent i fy i ng and 
track i ng spacecraft,. 

Un l i k e the w i n d ows of the shutt le, the w i n d ows of the ex i st i ng s p ace 
stat i on des i g n wou l d  not be usefu l  for d irect v i ew exper iments. Ear l y 
s p a ce stat i on des i g ns i n c l u ded w i n d ows in the U.S. laboratory modu l e  that 
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were su i tab l y l ocated for the type of d irect v i ew exper iments that MOD 

conducts. However, the w i n dows were de l eted dur i ng an ear l i er space 
stat ion redes i gn exerc i se to save mone y  and we ight. The w i n dows 
i nc l uded in the current space stat ion des i gn are not l ocated where they 
wou l d  be usefu l  for d irect v i ew exper iments. These w i n dows are i ntended 
for crew recreat i on and operat i ona l  act iv i t i es, and not for research. 
However, one of the three space stat ion des i gn opt i ons under 
cons i derat i on may  i nc l ude w i n dows su i tab l e for d irect v i ew exper iments. 
It shou l d be noted that ne ither the w i n dows spec i f i ed for the space stat ion 
nor those of the shutt le are of h i gh opt i ca l  qua l i ty. DOD researchers have 
noted that improv i ng the opt i ca l  qua l i ty of the w i n dows wou l d  enhance 
d irect v i ew research. 

DOI) off ic i a l s po i nted out other aspects of the space stat ion that cou l d l im it 
DOI)‘S interest in us i ng it. For examp l e, the presence of fore ign nat i ona l s on 
the space stat ion wou l d  l im it DOD 'S i nterest in us i ng it for c l ass i f i ed 
purposes. The shutt le, on the other hand, has been used on e i ght ded i cated 
INI) f l i ghts, s ome of wh i ch i nc l uded c l ass i f i ed research. 

Space Stat ion Capab i l i t i es Certa i n types of research that DOD current ly conducts on the space shutt le 
Cou l d  Enhance Some DOD may benef it from the capab i l i t i es of the space stat ion. Three recent 
Research exper iments f l own i l l ustrate the k i nds of research that DOD cou l d adapt for 

the space stat ion laborator ies: 

. The Army conducted the “M i crocapsu l e s in Space” exper iment to 
demonstrate that better pharmaceut i ca l  m i crocapsu l e s cou l d be des i g ned 
in the m icrograv i ty of space. The test was cons i dered a success in that the 
capsu l e s were more perfect ly formed and conta i ned fewer impur i t i es than 
those produced in the earth’s grav ity. For the mi l i tary, these super i or 
m i crocapsu l e s m ight be usefu l  for i nocu l at i ng troops and treat ing wounds 4 
on the batt lef ie ld. 

l The Army conducted its “Space T i ssue Loss” exper iment to study bone 
and musc l e  ce l l  degradat i on that occurs wh i l e i n orb it. ‘Th i s research has 
potent ia l  m i l i tary re l evance in treat ing batt lef ie l d trauma, such as bone 
fractures. 

. The Strateg i c Defense In it iat ive Organ i zat i on sponsored the “Cosm i c  
Rad i at i on Effects and Act i vat i on Mon i tor” exper iment to measure the 
rad iat i on env i ronment of l ow-earth orb it i n order to he l p eng i neers des i gn 
more effect ive rad iat i on sh i e l ds for e l ectron i c equ i pment in spacecraft. 
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Each of these exper iments was conducted on the shutt le over a per i od of 
days. The space stat ion wou l d  offer the opportun i ty to conduct the 
research for much  l onger per i ods, thus perm itt i ng the use of much  greater 
samp l e  s i zes and more iterat ions to i ncrease researchers’ conf i dence in the 
va l i d i ty of the ir work. In add it i on, in research such as “M i crocapsu l e s in 
Space,” the add i t i ona l  t ime wou l d  perm it the product i on of far greater 
quant i t i es of pharmaceut i ca l s. 

Shutt le Upgrades Cou l d  If DOD were to requ ire greater research capab i l i t i es than those prev i ous l y 
Enhance Its Usefu l ness for ava i l ab l e, shutt le upgrades m ight meet its needs. For examp l e, 
DOD Research exper iments that wou l d  benef it from longer t ime in space cou l d be f l own 

for up to 16 days on “extended durat i on” m i ss i o ns made  poss i b l e by recent 
upgrades to the shutt le orb iters. By 1999, “l ong durat i on orb iters” cou l d 
a l l ow f l i ghts of up to 28 days-about 3 t imes as l ong as current f l i ghts. To 
date, DOD researchers have not proposed exper iments requ ir i ng e ither 
extended durat i on or l ong durat i on shutt le f l i ghts. 

If DOD had a need for more laboratory space, it cou l d take advantage of the 
add i t i ona l  capab i l i ty prov i ded by Spacehab. Schedu l e d for its f irst f l i ght in 
June 1993, Spacehab is a modu l e  that can be p l aced in the shutt le’s cargo 
bay to i ncrease the vo l ume of laboratory space beyond that ava i l ab l e i n 
the m id-deck. Spacehab is pr ivate ly bu i l t and owned and i ntended to 
prov i de commerc i a l  a ccess to space research. Present l y, DOD has n o  p l ans 
to l ease l ockers on the fac i l i ty because the cost is muc h  greater than f ly i ng 
exper iments on the shutt le’s m id-deck. 

The shutt le’s usefu l ness for DOD'S d irect v i ew research cou l d be enhanced 
by upgrad i ng the orb iter’s w i ndows. In the past, DOD expressed interest in 
hav i ng the shutt le w i n dows upgraded to h i gh opt i ca l  qua l i ty g l ass. 4 
Accord i ng to NASA off ic ia l s, the tota l cost wou l d  have been rough l y 
$6 m i l l i on to rep l ace panes in the overhead w i n dows of the three shutt le 
orb iters that ex i sted at that t ime. To date, however, the w i n dows have not 
been upgraded. 

Space Stat i on Cost 
Est imate 

In May  1991, we test if i ed that NASA'S est imate of $30 b i l l i on d i d not i nc l ude 
s ome cost e l ements attr ibutab le to the space stat ion program. F irst, it d i d 
not i nc l ude at l east $10 b i l l i on in program cost attr ibutab le to the program 
pr ior to permanent occupancy. Second, it d i d not i nc l ude at l east 
$78 b i l l i on in fund i ng requ i red after permanent occupancy. Whe n  these 
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costs were cons i dered, the space stat ion est imate was at least $118 b i l l i on. 
We  caut i oned in our test imony that the rema in i ng techn ica l  cha l l enges and 
r isks assoc i ated with the program cou l d a l so be understated. We  noted 
that some cost e l ements were sti l l undef i ned and s ign if icant cost growth 
cou l d occur dur ing hardware deve l opment.4 

In test imony before the Congress on March 2,1993, NASA acknow l edged 
substant ia l  n ew cost growth for research and deve l opment of the space 
stat ion program through permanent occupancy. The pre l im inary resu lts of 
a program cost assessment rev iew team attr ibuted the program cost 
growth to 

. an inab i l i ty to meet the management cha l l enges that had been 
incorporated into the program as a resu lt of the 1991 restructure; 

. an inab i l i ty to ach i eve product iv ity ga i ns assumed in contractors’ and 
subcontractors’ b ids and pro ject ions; 

l an overa l l  l ack of space stat ion des i gn matur ity, wh i ch resu lted in 
underest imat i ng costs; 

l change orders i ssued by NASA to its contractors; 
l unant i c i pated i ncreases in contractors’ overhead rates; and 
l the need to beg i n fund i ng spare parts that requ ire a l ong lead-t ime. 

NASA po i nted out that the data support i ng the f isca l year 1991 redes i gn cost 
est imate were i ncomp lete and costs became h igher than ant ic i pated. For 
examp l e, the av ion i cs and software des i gns and ver if icat ion requ i rements 
and imp lementat i on p l ans were not fu l ly deve l oped, and the av ion i cs 
themse l ves were more comp l ex and expens i ve than ant ic i pated. 

Whe n  we test if ied o n NASA'S or ig ina l $ 3 0 b i l l i on stat ion est imate in May 
1991, we po i nted out that the cost of other p l a nned e l ements, such as an 
assured crew return veh ic le, a  centr ifuge fac i l ity, sc i ence exper iments, and 4 
add it i ona l shutt le costs, wou l d a dd about $10 b i l l i on, br ing ing tota l costs 
to $40 b i l l i on. Today, based on rev ised NASA f igures, these e l ements are 
est imated to cost about $11.7 b i l l i on. Together with NASA'S rev ised est imate 
of $31.3 b i l l i on, the tota l cost of the current program to permanent 
occupancy in 2 000 is est imated at $43 b i l l i on. Tab l e 1  prov i des a 
breakdown of the current cost e l ements that make up the space stat ion 
program and the annua l  appropr iat i ons that wi l l b e  requ ired to support 
those e l ements. It covers both NASA'S l atest est imate of $31.3 b i l l i on a nd 

‘For a more deta i l ed d iscuss ion see Quest. ions Rema in on the Costs, Uses, and Risks of the Redes i gned 
Space Stat ion (GAO/T-NSIAD-91-26, May 1, 1991). 
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those add it i ona l i tems we be l i eve are a lso attr ibutab le to the space stat ion 
program through 2000. 

A 
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-~~ __~~ 
Tab l e 1: GAO Eat lmate of Space Stat lon Coat Through F i sca l  Year 2000 l May  1903 Est imate8 (NASA Data Except Wh e r e  
Noted-In B i l l i ons of T h e n  Year Do l l a rs) 
Cost Components Pr ior 1994 1995 1996 1997 1998 1999 2 0 0 0  Tota l  
Research and Deve l o ument 
Deve l o pment  

Operat i o n s 

8.921 2.210 2.131 1.827 ,892 ,581 ,342 ,123 17.027 

,030 ,309 ,843 1.688 1.919 1.858 1.902 8.549 
Shutt l e Mod i f i c at i o ns ,205 ,089 ,106 .107 .058 .060 ,625 

F l i ghf Te l erobot i c Serv i c er ,283 ,283 ------ 
Prog r am Def i n i t i on ,612 ,010 ,622 
Space F l i ght, Contro l and Data Commun l c at l o ns 
Shutt le Transportat ion 
Commun i c a t i o n s  &  Data Svst ems .033 

,012 ,031 .168 .230 ,367 ,350 ,324 1.482 
.033 

Construct l on of Fac i l i t i es 
Construct i on of Fac i l i t i es .I71 .031 ,043 ,044 ,027 ,019 .004 ,339 

Research and Program Management 
Civ i l  Serv i ce Personne l  ,909 ,182 ,190 .199 .208 .217 .228 ,238 2.371 
NASA Est imates 11.134 2.564 2.810 3.188 3.103 3.163 2.782 2.587 31.331 
Add it i ona l  Appropr lat l ons to Support Space Stat ion Program 
Assured Return Veh i c l ea ,016 ,366 ,369 .332 ,239 ,200 .I50 1,672 
Centr ifuge Fac i l i tyb ,018 .021 ,037 ,084 ,106 ,133 .200 ,200 ,799 

Sc i e n c e Exper imentsb ,064 .077 .155 ,196 ,221 ,236 .300 ,359 1.608 

Add it i ona l  Appropr iat i ons ,098 ,098 .558 .649 ,659 ,608 .700 ,709 4.079 
Al locat ion of Add it l ona l  Shutt le Costs 
Add it i ona l  Shutt le CostC 2.524 2.541 2.567 7.632 

Grand Tota l  11.232 2.662 3.366 3.837 3.762 6.295 6.023 5.863 43.042 
&NASA has  est imated that about $1.7 b i l l i on wou l d  b e  requ i r ed to p r o d u c e  a n  assured return 
veh i c l e  for a  permanent l y  ma n n e d  capab i l i t y. T h e  a g e n c y  is current l y study i n g the feas ib i l i ty of 
deve l o p i n g  a  l ess cost l y return veh i c l e  b y  mod i f y i n g the Russ i a n  Soy u z - TM spacecraft. 
T e n  m i l l i o n do l l a rs is a l l o cated u n d e r  p r o g r am def i n i t i on for th i s p u r p o s e  i n f i sca l  y ear 1994. 
However ,  i n the a b s e n c e  of a n y  n ew deve l o pment est imates we  h a v e  ma i n ta i n e d the $1.7 b i l l i on 
to account for th i s requ i r ement. 

bNASA’s p l a nn i n g d i d not prov i d e fund i n g est imates for d e v e l o pment of sc i e n ce exper iments or 
the centr i fuge b e y o n d  f isca l  y ear 1998. Amoun t s  for f isca l  y ears 1 9 9 9  a n d  2 0 0 0  are not i ona l  
est imates we  deve l o p e d  b a s e d  o n  cont i n u i n g fund i n g requ i r ements a n d  are sub j e ct to c h a n g e  
wh e n  off ic ia l  NASA est imates are ma d e  ava i l a b l e. 

CF i g u r es are b a s e d  o n  NASA’s est imates of 7  a s s emb l y  or ut i l i zat i on f l i ghts per year at a n  a v e r a g e  
$413.5 m i l l i o n per f l i ght l ess shutt l e transportat i on costs a l r eady i n c l u ded i n Its $31.3 b i l l i on 
est imate. NASA’s “av e r a g e  cost per f l i ght” d o e s  not i n c l u de a n y  of the approx imate l y  $ 30.2 b i l l i on 
spent through 1 9 9 2  to deve l o p  the shutt l e, acqu i r e reusab l e  h a r dware a n d  equ i pment, a n d  
construct a n d  mod i f y  fac i l i t i es. Nor d o e s  it i n c l u de a n y  of the mor e  than $ 1  b i l l i on that NASA 
est imates wi l l  b e  n e e d e d  annua l l y  for shutt l e upgrades. 
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Not i nc l uded in tab l e 1 ls an est imated $78 b i l l i on (un inf lated) necessary to 
support the space stat ion after the year 2000. Th i s est imate cons i sts of 
$54 b i l l i on to ma inta i n, supp l y, and operate the stat ion for 27 years at 
$2 b i l l i on annua l l y, and about $24 b i l l i on necessary to br i ng the stat ion to 
its fu l l p l a nned capab i l i ty, prov i de shutt le transportat ion, conduct 
sc ient if i c research, and pay c iv i l  serv i ce sa lar i es. Est imates of these 
out-year costs have not changed s i nce we reported them in 1991. Whe n  
these costs are cons i dered, the tota l s pace stat ion l i fe-cyc le cost est imate 
through 2027 is at l east $121 b i l l i on. 

NASA has ob j ected to our i nc l ud i ng in the space stat ion est imate the 
add i t i ona l  appropr i at i ons requ i red to support deve l o pment of an assured 
crew return veh i c l e, centr i fuge fac i l i ty, and sc i e nce exper iments and the 
a l l ocat i on of add i t i ona l  shutt l e costs. W e  have i nc l uded NASA’S arguments 
in pr ior reports and its pos i t i on has not changed. In respond i ng to our 
September 1992 report, 6 NASA took except i on to i nc l ud i ng the est imated 
deve l o pment cost of an assured crew return veh i c l e because l ess cost l y 
a l ternat i ves are be i ng cons i dered. NASA a l so c l a imed the i nc l us i on of the 
centr i fuge fac i l i ty and sc i e nce exper iments was inappropr i ate because, in 
its op i n i on, they were ana l o gous to cargo be i ng f l own on a cargo p l ane. W e  
be l i e ve that unt i l  a  dec i s i on is mad e  on the deve l opmenta l  approach for 
the assured crew return veh i c l e, the est imate current ly ava i l ab l e shou l d 
stand. A lso, we d i sagree w ith NASA'S cargo ana l ogy. S i nce the centr i fuge 
fac i l i ty and the sc i e nce exper iments are be i ng des i g ned to meet the un i que 
eng i neer i ng requ i rements of the space stat ion, they shou l d be cons i dered 
as part of that spacecraft’s cost. 

NASA a l so ob j ects to a l l ocat i ng the average shutt le f l i ght cost to the space 
stat ion program. These ob j ect i ons were set out in NASA'S response to our 
recommendat i o n that it a l l ocate th is cost dur i ng the per i od that the space 
stat ion is the predom inant user of shutt le capab i l i t i es6 NASA'S v i ew was that 
most of the e l ements of the average cost per f l i ght were f i xed in that NASA 
i s comm itted to s i x to e i ght shutt le f l i ghts annua l l y  through at l east 2005, 
even if there is no space stat ion program. 

NASA'S pract i ce is to a l l ocate on l y the marg i na l  cost of a shutt le f l i ght to the 
space stat ion program, that is, those add i t i ona l  costs, such as fue l a nd 
other consumab l e s, that are i ncurred or avo i d ed when a f l i ght is added to 

“NASA: Large Programs May  Consume Increas ing Share of l im ited Future Budgets 
(GACYNSIAD-92-278, Sept. 4, 1992). 

‘Space Transportat ion: The Content and Uses of Shutt le Cost Est imates (GAOINSIAD-93-115, Jan. 28, 
1993). 
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or de l eted from the shutt le program. Wh i l e th is pract ice is appropr iate for 
incrementa l changes to the f l ight man ifest, it is not appropr iate with 
regard to the space stat ion. 

NASA c la ims it wi l l f ly the shutt le with or w ithout the space stat ion, but th is 
is based on the prem ise that on ly NASA and the admin istrat ion make 
resource a l l ocat ion dec i s i ons for NASA programs. If th is were true, then 
shutt le costs cou l d b e v i ewed as substant ia l l y i n dependent of the space 
stat ion program. However, we be l i eve the ro le of the Congress needs to be 
recogn i zed and that sound congress i ona l  dec i s i on-mak ing is best served 
by ana l yses recogn iz i ng that the durat ion and content of the shutt le 
program wou l d become an open i ssue if the space stat ion were 
abandoned. NASA'S “fured” costs are most certa in ly sub j ect to 
congress i ona l  rev iew and any s ign if icant f l ight rate reduct ion cou l d reduce 
resource requ i rements and, u lt imate ly, some of those costs. 

NASA shou l d a l so not use marg ina l  cost exc lus ive ly dur i ng the t ime the 
shutt le is substant ia l l y ded i cated to the space stat ion because such heavy, 
pro l onged use imposes an opportun ity cost; that is, other uses of the 
shutt le must be foregone, or at least deferred. Prom th is perspect ive, wh i l e 
it is ent ire ly poss i b l e that even the average cost per f l ight may understate 
the dec is i on-re levant cost of a shutt le f l ight, the average cost is sti l l a  more 
appropr iate measure than the marg ina l  cost. 

Russ ia’s Plans to Bu i ld The Russ i an E, l aunched in 1986, is the on ly space stat ion current ly in 

a New Space Stat ion operat ion. Mir is modu l ar in des i gn, hav i ng a core modu l e with s ix ports to 
wh i ch are docked modu l es that house the stat ion’s sc ient if ic a n d support 

Are Uncerta in equ i pment. Current ly docked are Kvant, an astrophys ics modu l e; Kvant2, 
a log ist ics modu l e; and Krista l l, a  mater ia ls process i ng modu l e. Dur ing 
l engthy stays in orb it, the l ongest of wh i ch was 366 days, cosmonaut teams 
have accumu l ated much informat ion on the long-term effects of 
we ight l essness on humans, and have performed cons i derab l e research in 
mater ia ls process ing, astronomy, and earth remote sens i ng. 

a 

Mir is sa i d to have surpassed its des i gn l ife, and quest i ons have been ra ised 
about its structura l integr ity. Neverthe l ess, the Russ i ans cont i nue to use 
the fac i l ity and, in fact, p l an ma jor upgrades in 1994. At that t ime, Russ i a 
p l ans to add two new modu l es-Spectre for atmospher i c stud ies, and 
Pr iroda for remote sens i ng of the earth. 
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- 
Russ i a ’s p l ans for M ir 2, a fo l l ow-on to the current stat ion, have b e c ome a 
matter for specu l at i on. Among  those fami l i ar w ith the Russ i a n space 
program, there s e ems to be genera l  agreement that the Russ i a ns wi l l  g o 
ahead w ith a M ir 2 program; however, spec i f i cs are unc l ear. One expert on 
the Russ i a n space program l i kened the uncerta i nty surround i ng M ir 2 to 
that surround i ng NASA'S Space Stat i on Freedom. Experts be l i e ve a l aunch 
t ime frame of 1997 is probab l e. The Russ i a ns hope that the current stat ion 
wi l l  rema i n operab l e unt i l  that t ime. It appears l i ke l y that the n ew stat ion’s 
des i gn wou l d  be a mod i f i cat i on of the current one; however, it i s expected 
to have more power and poss i b l y a truss structure, s im i l ar to the current 
des i gn of Freedom. 

Scope and 
Methodo l ogy 

In the course of our rev i ew, we focused on potent ia l  DOD research uses of 
the space stat ion; however, we d i d not rev i ew non-defense uses, W e  
interv i ewed: 

. 

. 

. government and pr ivate experts on the Russ i a n space program. 

NASA off ic i a l s respons i b l e for p l ann i ng and coord i nat i ng research on the 
space stat ion and for est imat i ng the costs of the space stat ion; 
representat i ves of DOD organ i zat i ons that may  conduct research on the 
space stat ion, i nc l ud i ng var i ous components of the Army, Navy, Air Force, 
the Advanced Research Pro j ects Agency, and the Strateg i c Defense 
In it iat ive Organ i zat i on;’ 
astronauts who have conducted research for DOD on the space shutt le; 
off ic i a l s from the Nat i ona l  Secur i ty Agency; 
State Department off ic i a l s respons i b l e for space treat ies and agreements; 
and 

W e  rev i ewed: 

DOD stud i es on its use of space stat ions; 
space stat ion agreements and space treat ies; 
space stat ion program documents; and 
DOD shutt le exper iment p l ans. 

W e  conducted our rev i ew from March to May  1993 in accordance w ith 
genera l l y accepted government aud i t i ng standards. As requested, we d i d 
not obta i n wr itten DOD or NASA c omments on a draft of th is report. W e  
obta i ned the v i ews of respons i b l e DOD and NASA off ic i a l s and cons i dered 

‘We  ident if ied these organ izat ions through d i scuss i ons with off ic ia ls from the tr i-serv ices Space Test 
Program who arrange f l ight opportun it ies for DOD exper iments. 
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them ln prepar i ng th is report. Informat ion on the tota l cost of the space 
stat ion in th is report has been prov i ded to Congressman T im Roeme? as 
part of h is request for informat ion re lated to the cost of the space stat ion. 

_-- ..- ~.--.- 
We are send i ng cop i es of th is report to the NASA Admin istrator; the 
Secretary of Defense; the Director, Off ice of Management and Budget; 
appropr iate congress i ona l  committees; and other interested part ies upon 
request. If you or your staff have any quest i ons, I can be reached at 
(202) 512-8412. Ma jor contr ibutors to th is report are l i sted in append i x I. 

Sincere ly yours, 

Donna M. Heiv i l i n 
Director, Defense Management 
and NASA Issues 

“Space Stat ion: Program Instab i l ity and Cost Growth Cont inue Pend ing Redes ign (GAO/NSIAD-03-187, 
May l&1003). 
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Ma jor Contr ibutors to Th is Report 

1 Nat iona l  Secur ity and 
Internat iona l Affa irs 

Frank Degnan, Ass istant Director 
R ichard E iserman, Eva luator- i n-charge 
Mona Zaaura, Sen i or Eva luator 
C laude Adr ien, Staff Eva luator 

D iv is ion, 
Wash i ngton, D.C. 
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